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MepcneKTusbl UCNOAb30BaHUA BOAOPOAHbIX TONJUBHbBIX
3/1eMEHTOB Ha YXe/N1Ie3HOAOPOXHOM TPaHcnopTe

Jlanmayc bopuc MouceeBuu

JIOKTOp SKOHOMHUUYECKHUX HayK, mpodeccop
npezacenareas MexIyHapoaHOTO COBETa MO KeJIe3HOA0pOkKHBIM HcciienoBanusiM (IRRB),
npeacenarenb OobenuHeHHOro yueHoro copeta OAO «PXK]I»

dpeina3oH AnekcaHapa SAKoBsieBHA

Kananpgar xuMrdecknx Hayk,
Crapumit HayuHbli coTpyaHuk LlenTpa @otoxumun PAH

30.08.2019



MMPOBbIe TPpeHAbl N NnepcCcrieKTnuBbl NCIMOJIb30BaHNSA

IJIEKTPOMNOABMNIKHOIO COCraBa Ha TOIJIMBHbIX 3J1IEMEHTaX

MunpoBble TpeHAbl KOMMEPYECKOro MCNo/ab3oBaHMA TI Ha
TpaHcnopTe 6a3npyrTCA Ha YHMKAJIbHbIX CBOMUCTBAXxX T3:
v 3KONIOMMYHOCTH,
v'BbICOKON  3PdEKTUBHOCTH 6e3  Mcno/sb30BaHUA
3/1IEKTPUYECKUX CeTen

Pa3paboTka cobCTBEHHOrO 31EKTPONOABUMKHOIO COCTaBa Ha
T2 B PHO P® nepcnektTmBHo AnA nNPUMEHEHMA B
rycToOHace/ieHHbIX PaNoHax ana 3KOHOMUMU Ha
SNEKTPUPUKALUUU  KEeNe3HOAOPOXKHbIX AUMHUM U ANA
COKpalLeHMA «yrnepoaHoro» BAUAHUA HKene3HOAOPOXKHOro
TPaHCNOpPTa Ha 3KOJIOTUIO0

* B. Tanuayc, A. ®peiiasoH 30.08.2019



Bogopoa — 4ncrbin n 6e30rnacHbIN SHEProHOCHUTE b

BO,EI,OpOD, ABNsAeTCA YHNCTbIM, 0e3onacHbIM U YHUBepcCasibHbIM 3HeproHocuTesnem

MoxeT 6bITb 0becneyeHa ero TpaHCNOPTMPOBKA Ha [pon3BoACTBO YNCTO SHEpPrUv U/nnv Tenna Ans
AanbHye pacCTOSAHNS, YTO NO3BOMUT pacnpeaenvTb TPaHCMOPTHBIX HYXA U CTaLWOHapHbIX obnacTen
SHepruo Mexay ctpaHamu npyMeHeHns

/9
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TpebyeTcsa B kayecTBe

Ero nponsBoacTBo BO3MOXHO 6e3 MmeeT BbICOKYIO yaemnbHYo
Bbibpocos CO2 nocpeacTtsom 3HEepruto, YTo AenaeT BO3MOXHbIM WCXOAHOTO CbIpbsi B
3NeKTponM3a nnm napoBoro €ro JoSiIroBpeMeHHOe XpaHeHne NPOMBILWNEHHOCTU NMPU

pudopmMuHra metaHa (SMR) + nepepaboTke cobpaHHoro CO2

TexHonorns no coopy u XxpaHeHuto
yrnepoga (CCS)

* B. Tanuayc, A. ®peiiasoH 30.08.2019



Bogopoa — acbcdpbekTtnuBHOE TON/INBO

KnroyeBble noka3atenu Bogopoaa

¢ Hanbonblwas maccoBasi ISIOTHOCTb AHEPINM MO CPaABHEHUIO C
0ObIYHLIMY BUgamMu Tonnunea (KoadpuuneHT 2,4-2,7)

¢ HaumeHbluass 06bemMHasi NfIOTHOCTb 3HEPTNK -> HEODXOANMOCTb
cxatus (35 unu 70 Mrla) nnun cxmxeHna (Tow = -253°C)

¢ He 3arpsasHseT okpyxatoLLyto cpeny, He TOKCUYEH

En.n3m. Bonopoa MeTtaH BeH3unH On3ton- | MetaHon
NINBO

MnotHoCTL Kr/m3 0,0898 0,71 702 855 799
Huswas rennora MIDx/kr 120 50.4 42.7 41.9 19.9
cropaHua (LHV)
no Mmacce
Huswas rennora MOx/m3 10.8 36.1 31 200 36 500 18 000
cropaHua (LHV) no
obbemy Shell 2017

* N3 maTepuanos npodeccopa, A.T.H. Mapka AHToHn (MCHKA) 4



Kak sTto pa6boraer?

Ucnonb3oBaHue 6aTtapen ¢ NPOTOHO-OOMEeHHbIM
MeMOpaHHbLIM 3M1IEKTPOSIN3OM npeodpasyeT
XUMMUYECKYIO 3HEPruo BoAopoaa B 3NIEKTPUYECTBO
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* B. Tannayc, A. ®peiigszoH 30.08.2019 5



YCcTpOHCTBO TON/INBHOIO 3/71IeMEHTa

TonAUBHbIA 3N€MEHT — YCTPOMCTBO A8 NONYYEHUA S/TIEKTPUYECTBA M3 BOAOPOAa (MM boratoro BogopOAOM TONAUBA) U
Kucnopoga 6e3 ropeHua n npeobpasoBaHUA TENNOBOW SHEPTUU

—  OTAnYyaloTCs BbICOKOM 3HEProadPeKTUBHOCTbIO M IKONOTMYHOCTLIO, MOCKO/bKY Ha Bbixoge obpasyeTca ToNbKo BoAa
— PabortatoT noka nocTtynaeT Ton/neBo (BoAOPOA) U KUCNOPOA, 1 He TPEeOYIOT 3apsAaKN OT SNEKTPUUYECKUX CETEN UM UCTOYHMKOB

AneKTpoAabl

Anode/Catalyst
R MpOTOYHbIE NNACTUHDI:

NoABOAAT BOAOPOA U KUCN0POA,

(2 g + 4H+ + de- => ZH:D

= Water/Heat

Anode/ Cathode/! Anode/ Cathode/!
Catalyst PEM  Catalyst Catalyst PEM  Catalyst

Mem6paHHbIii npouecc Ha aHoae Mem6paHHbIM Npouecc Ha Katoae

(2 2H; => 4H+ + de- (B

?

AHop: anA pacwenneHna monekyn  Katoag: ans npucoegmHeHus
v e BOAOPOAA Ha aTOMbI U MPOTOHOB M 3/IEKTPOHOB K
Y y paclienseHmsa aToMOB BOAOPOAa  MOJIEKYNaM KUCA0POoAa
Ha NPOTOHbI U 3N1EKTPOHbI

baTtapes TON/IMBHbIX 3/1IeMEHTOB

v e OfMVH TONAUBHBIN 31€MEHT
2;‘;‘:‘;‘;‘ PEM g:aa‘:’ 2;-;7:;‘ e g:a;:«‘aa ) MaIOMOLWHbIN: gaeT

HanpaXeHne meHblue 1 B.
MpoTtoHoO6MeHHasa membpaHa: nponycKkaeT NPOTOHbI OT AaHOAA {!
Fuel Cell

K KaToAy, TOrAa Kak 3/IeKTPOHbI MAYT Yepes BHELHHO Lenb, Stack
[,aBaA 3N1eKTPUYECKUI TOK

*  [nAa nonyvyeHnA 4OCTAaTOYHOrO
HaMNPAXEHUA N MOLLHOCTH
obbeaunHsaoT B 6baTapen oo
HECKONIbKMX COTEH 3/1EMEHTOB

—

* B. Tanuayc, A. ®peiiasoH 30.08.2019



lNpenMmyLyecrBa cucreMm Ha TI

YaenbHaa sHEProeMKoCTb CUCTEM HA OCHOBE TD MHOMOKPaTHO NpeBbIaeT SHEProeMKOCTb
JTKOBbIX akkymynaTopHbix 6aTtapent. JaHHOe NpenmyLLeCTBO NO3BOJIAET COKPATUTL BEC
noacuctembl aHeproobecneyeHusa B 1,5-5 pas

BO3MOXHOCTb ANNTENBHOIO XpaHeHUA. BbicOKOTeMnepaTypHble TBEPA0-OKCUAHbIE TON/IMBHbIE
3/1IEMEHTbI U CUCTEMbI SNEKTPONUTAHUA HA X OCHOBE MMEIOT FraMMaA-NMPOLLEHTHbIN CPOK
coxpaHaemoctu npmu FTAMMA =95 % He meHee 15 net

MpocToTa KOHCTPYKUMKU. OTCYTCTBUE ABUNKYLLMXCA U TPYLLMXCA YAaCTEN, CUCTEM CMA3KMW.
BO3MOXHOCTb 3KCNIyaTaLunm B HEOOC/IYKMBAEMOM PeEXKMUME

EMKOCTb M MOLLLHOCTb CUCTEM Pa3AeNieHbl, YTO NO3BOSET TMOKO MmacwTabupoBaTb TOT UAK APYTON
napameTp OTAENbHO, B 3aBUCUMOCTU OT LLe/IEBOr0 Ha3HAYeHUA CUCTEMBI, U TEM CaMbIM
obecneunTtb popmmpoBaHMe WNPOKOro TMNo-paaa IXI Kak No MOLWHOCTU, TaK U NO
SHEepProemMkoCTU. BbICOKMIN YHUDUKALMOHHbBIN NOTEeHUMaN

JHEepProemMKoCTb He 3aBMCUT OT TeEMNepaTypbl OKPYrKaloLLen cpeapl

CnaboBblpaxKeHHbIN TENA0BOM cnef no cpaBHeHMo ¢ ABC 1 HU3KKNIA ypOBEHDb LLIYMa
OTcyTcTBME camopa3psaga U «addeKkta namatn». Het Heob6xoa4MMOCTM B NPEBEHTUBHOM 3aMeHe

JKOJIOFMYHOCTb
H0.A. JobpoBonbckui, A.B. JleBueHko, A.M. KawuH, C.M. AngoLimnH.

ONeKTPOXMMUYECKNE UCTOYHWKN SHEPTUW Anst TpaHcnopTa
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lNMpeanocbizikn BHegpPEeHNs1 NoABUXXHOIo cocraBa Ha T3

AJ1A )KeJIe3HOQ4OPO)XIHOIo TpaHcrnoprTa

MoTuBaUus U TEXHONOrMYECKME BO3MOXHOCTU AN HEANEKTPUDULNPOBAHHbBIX
Xerne3HoOopOoXHbIX NepeBo3ok 6e3 CO2

¢ 418 TbiIc. KM (48,8%) Poccunckunx Moesna n maHeBpoBas
enesHbIX JOpOor He anekTpuduLmpoBaHa. pabota 6es Bbibpocos
Ha cetv paboTatoT Gonee 6422 ANSA NnHWI Bes

KOHTaKTHOW ceTu
N3ernbHbIX TOKOMOTUBA

MoBbIWeHWe ueH Ha au3enb U
NCKonaemomy TorJjinBy

OONroCpOYHON NEPCNEKTMBE

3akoHOOaTenbCTBO U OXKUAAHUSA CokpalueHue BbibpocoB
noTpeéuTenei B OTHOLLEHMN KaYyecTBa W lyma

BO3AyXa 1 CHMKEeHNA YPOBHA LUyMa

CBoeBpeMeHHas peakuus Ha 3akpenneHue
pasBuBaoLLMecs B MMpe 1 ctpaHe nvanpyowmx nosmumn
TeHaeHUnn o 3anpeTe AN3erbHOro Tonnmsea KENe3HoA0pPOXHOro

TpaHcnopTa

* B. Tannayc, A. ®peiigszoH 30.08.2019 8



lMepcnekTrnBa Ncrosib30BaHUS BogopoAaa
B >K€JIe3HOA4OPOXHON OTpac/im

NMpoekt HYDRAIL

Bopopoa npuxogut Ha cMeHy
AN3enbHOMY TOoMnmnBy

HYDRAIL @

Kak B cBOe Bpemsi An3ernbHoe TOMMMBO
NPULLNO Ha CMeHy napy

* N3 maTepuanos npodeccopa, A.T.H. MapKa AHToHn (MCHKA) 9



lMepcnekTrnBa Ncrosib30BaHUS BogopoAaa
B >K€JIe3HOA4OPOXHON OTpac/im

[Mpnmep pelleHust npobnemsl cHUXeHust BbibpocoB CO2 angd
pernoHanbHbIX NMHUK (Coradia ilint)

DIESEL ~
vn3stonamneo
<>

BoasHoM nap

FUEL-CELL

TONNUBHbLIN 3IEMEHT

JOunsenbHan [un3encHbIi TONNBHbIN aKKyMYNATOP U TAroBbIit MHBEPTOP
CM/I0BasA YCTaHOBKa pesepsyap scnomorare/bheln Mpeo6pasosarent -
npeobpasosatesib «MOCT.TOK/NOCT.TOK» U

Tarosbli ,Cl,BMFaTeﬂb _
|
" ) ) Diesel -
|
Looowmhn Isootn.onlcn >> .--
N |

BcnomoraTenbHble

TFlI'afTDpMO}KEHME

»
BcnomoratenbHble i [, m
TAra/TopmoskeHune Brald

* N3 maTepuanos npodeccopa, A.T.H. MapKa AHToHn (MCHKA) 10



lMepcnekTrnBa Ncrosib30BaHUS BogopoAaa
B >K€JIe3HOA4OPOXKHON OTpac/m

[Mpumep peweHns npobnembl CHUXeHNs BoibpocoB CO2 ans pernoHarbHbIX
nuHuM (Coradia ilint)

MapameTp Tvn LINT 54 LINT 41 (EVB)
CunoBas ycTaHOBKa vzens | TorvmBHbM anemeH]  Juvsens
Makc. ckopocTb 140 km/y | 140km/a | 120kw/y
2 x 390 KBT
MoLLHOCTb ABUraTens 2 x 200 kBT 2 x 315 KBt
3 x390KBT
bopToBasA MOLIHOCTb ANA 780 KBT 850 kBT 630 KBT
TAroBbIX M
2 x390KB 2 x315KB
BCMOMOraTe/IbHbIX X S7URET 2 x200 kBT X31IRET
cmcTemM Tor/mBHbIM 3NEMEHT]

+

LI 2 X 225 KBt
HaTUB-
HbILA MaKkcrmyM Gatapeu:
BapuaHT 1.300 KBT
1.170 kBT
3 x 390 KBT
Macca>kMpoBMECTUMOCTb 327 | 327 | 232
l.  Cuaaumx mect 138-180 | 138 | 116-118
|. B nosioxeHuu cros: 149 -189 ‘ 189 ‘ 114
4 nacc./m?
O6beM BOJOPOHOrO 2 x800 ‘ 178 kr ‘ 2 x800 1
pesepByapa
/laNbHOCTb C/1eI0BaHUS oK. 1,600km | oK. 600-800 km* | oK. 1,600 KM

* U3 matepunanos npodeccopa, 4.1.H. MapKa AHToHM (MCHK/) 11



lMMepcnexkTBa ncrnoJsib30BaHUsA Bogopoaa

B >KeJ/1e3HO4OPOXXHOMU OTpac/im

MHoroobpasue HanpaBneHun gesatenbHoOCTU ¢ Havana 90-x rogo

FopHOPYAHbIM Tpameai1 Quingdao MaHeBpOBb I JIOKOMOTUB,,Green
nokomoTtumB (HOAP, 2012) (Ucnanma, 2011) (Kuran, 2015) Goat“, (Konopazo,2009)

JHepreTMyecKas yCTaHoBKa Ha Mpy1ropoAHbIM NACCaKMPCKMM NOE3/, MaHeBpoBbIM
T2 (Poccna, PHKA, 2013) (Anonua, 2006) nokomoTms (CLLIA)

I'foe3p, Ha ,qpop,e Noe3n Ha Bop,e
(Ffepmanma, 2018) (BenmkoGputarma, 2019)

* B. Tannayc, A. ®peiigszoH 30.08.2019 12



rmébpmnagHasi cxema ans1 s¢pcdpeKTMBHON yTuansaymm SHeprmm

e

AKKYMynAaTopbl

CobunpatoT U3NNLLKN SHEPTUU

N KoHBepTopb! MoTopbl

Bogopog, BopopogHbin T3

Mponssoaut ApanTtupyoT
3/IeKTPMNYECTBO 3a cyeT XapaKTePUCTUKN
okucneHua H, 3Heprun ana MoTopos

PEI'EHean,MFI 3Heprum TopmoXxeHua
CynepKoHaeHcaTopbl :

CobU1patoT SHEPTUI0 TOPMONKEHUA

% )
o

o

|_M6pM,£I,HaFI cXema no3BondeT NpMMeHATb OTHOCUTE/IbHO Ma/IOMOLLHbIE 13

* B. Tannayc, A. ®peiigszoH 30.08.2019 13



HOpMaTMBHbIe AOKYMEHTbI, npaBsunjia N CraHA4apTbi

ISO TC197 — BopoopoAHble TeXHONOormm

CrtangapTtmnsauymsa B obnactn CUCTEM 1 YCTPOUCTB ON1H
Nnpon3BOACTBAa, XpPaHEeHUs, TPAHCNOPTUPOBKWU,
N3MEPEHNS N UCMONb30BaHNA Bogopoaa

Ony6nukoBaHo Crangaptbl ICO

ctangaptos MCO: B cTaamu pa3paboTku:

published ISO standards * SO standards unde Participating membe Observing members

inder the direct responsibility — CEVEIODMENT YyreHoB-y4aCTHUKOB yneHoB-HabnwgaTenewn
of ISO/TC 197 under the direct responsiblility y A

of 1ISO/TC 197
Mop npsimon oTBeTCTBEHHOCTLIO ISO/TC 197

* Mo matepunanam MCK/ 2018 r. 14



Poccuuckue HayuHble

rpynnol, Beayuwiue
pa3paboTku 8 obnactu TI




LleHTp KOMneTeHUUn No
TEeXHONOrMAM HOBbIX U MOBUAbHbDIX
MCTOYHUKOB 3Hepruu npu UHcTutyre
Mpobnem xumuueckon pusukmn PAH

ENERGY

H0.A. JobpoBonbckui, A.B. JleBueHko, A.M. KawuH, C.M. AngoLimnH.
ONEKTPOXMMUNYECKME NCTOYHUKN SHEPIM NS TpaHcnopTa 16



KoHcopuynym LjeHTpa

UHAaycTpmuanbHble NapTHepbl:
000 «UHaHEpaKM»

OO0 «2NeKTPOoTPaAHCNOPTHbIE TEXHONOTUNY

000 «Hay4Ho-npon3BoacTBEHHOE 06beanHeHmne «MxkeBckMe HBecnmuaoTHbIE CUCTEMBI» ENERGY
AO «CapanynbCKuUn paanmo3aBosa»

OO0 «HINK MopcBA3baBTOMaTHKa»

OO0 «KoHcTpyKTOpCKOE bopo Byna»

OO0 «MHTenneKkTyanbHble CUI0BblE CUCTEMbI»

MAO OAK

MAO Kamas

UNAM um. I1.U. bapaHoBa

000 «Jluteko»

MapTHepbl N0 HayYHbIM UCCAe[0BaHUMAM U 06pa3oBaHUIO:

* B. Tanuayc, A. ®peiiasoH 30.08.2019

MOCKOBCKMI rocysapCcTBEHHbIN yHUBEpPCUTET MMeHn M.B.JlomoHocoBa

ABTOHOMHas HEKOMMepYecKasa obpasoBaTenbHasA opraHM3aums Bbiclero obpasoBaHuA
«CKONKOBCKMI MHCTUTYT HaYKN N TEXHOIOTUIN»

PU3NKO-TEXHUYECKNI MHCTUTYT UM. A.®. Modde Poccminckoit akagemmnm Hayk

FOKHO-PoccuincKkunii rocygapcTBeHHbIN noanTexHmyeckuin yumsepcutet (HMU) umenn M.U. MNnaToB.a
POCCMMNCKNI XMMUKO-TEXHONIOTMYECKMI YHMBepcuTeT umenn .U. MeHgeneesa

MOCKOBCKMIN PU3NKO-TEXHUUYECKUIA MHCTUTYT (HALMOHANbHbINA NcCcneaoBaTeNbCKUN YHUBEPCUTET)

17



lMepe4yeHb NPOEKTOB, BbIMNOJ/IHSIEMbIX L|eHTpOM

OTBeTCTBEeHHbIN

Ne MpoekTt YYaCTHUK
KOHCOpuMuyma

1 BbICOKOEMKME KaToaHble maTepurasbl Li-MOHHbIX aKKYMYNATOPOB Ha OCHOBE C/IOUCTbIX OKCUAO0B CkonTtex

2 Pa3paboTKa BbICOKOBO/IbTHbIX MAaTEPMAIOB U SNEKTPOAUTOB ANA ANTUIA-UMOHHbIX aKKYMYNATOPOB Mry

3 MOCT-NMNTUIN-NOHHbIE aKKYMYNATOPbI (HaTPUI-MOHHBIE U KANNN-NOHHbIE) MTY, Ckontex

4 Pa3paboTka cnocoboB nosiy4eHnss HAHOPA3MEPHOTO KPEMHUS U CO3A4aHNE BbICOKOEMKUX MaTepPManos NMNXd PAH
OTPULLATENIbHOIO 3NEKTPOAA ANA INTUEBLIX aKKYMYNATOPOB

5 Pa3paboTka MO6UIbHOro 3/1IEKTPOXMMUNYECKOrO reHepaTopa Ha TONJIMBHbIX 3/IEMEHTAX C NUNXD PAH,
npumMmeHeHnem BOAOPOAHOrO TONIMBa 000 «UH3Hepan»

6 Pa3paboTka dyHKLNOHANAbHbIX MaTeEPUA/ZIOB ANA NOAYYEHUA BOAOPOAA U3 HEOPraHMYECKUX TONIUB UMXd PAH

7 Pa3paboTKa 3/1eKTPOKaTaIM3aTOPOB NPAMOro OKUCAEHUS CNMPTOB UMXd PAH

8 Pa3paboTka HeopraHUYEeCKNX SNEKTPONUTOB A5 CPpeAHEeTEMNEPATYPHbIX TOM/IMBHbIX 3/IEMEHTOB A0 NMNXd PAH
+250°C

9 Pa3paboTka MUKPOBHbIX U BUOTONANBHBIX 3/1EMEHTOB UMXdD PAH

10 Pa3paboTKa HOBbIX MPOTOYHbIX aKKYMY/IATOPOB NOBbILUEHHOW MOLLLHOCTU Ckontex, UMXP PAH

11 Pa3paboTka HOBbIX MaTepnanos Ana GpoToBOAbTaNYECKMX Npeobpa3oBaTeneit ¢ Bbicokum Kz, ®TU nm. Nodpde PAH

NMXd PAH

12 Co3paHue X040BbiX MAaKeTOB TPAHCNOPTHbIX CPEACTB C 3/1IEKTPUYECKOI NPONYAbCUBHOM YCTAHOBKOM C 000 «3TT»
IN1EKTPOXUMUYECKUM UCTOYHUKOM TOKA B COCTaBe UCTOYHUKA reHepauunu sHeprum NNX® PAH (CKB)

13 Co3aaHMe NONHOCTbLIO 3/IEKTPUYECKOM NeTaTeNbHO NAaTHOPMbl CAMONETHOIO TUNa U 6ecnuaoTHOro 000 «UH3HepaKN»

NleTaTeNbHOro annapara cenbCKo- U 1eCOX03AMCTBEHHOro Ha3HaYeHUA Ha ero OCHoBe

UMX® PAH (CKB)

18




OcHoOBHbIe pa3paboTku LjeHTpa B obsacru TD

Conmesnan Gatapen

* Pa3paboTaHbl BbICOKO3hHEKTUBHbIE MOAY/bHbIE CUCTEMDI

3NeKTponuUTaHnAa mowHocTbio 1 - 10 KBT Ha ocHoBe

TON/IMBHbIX 3/1IEMEHTOB B COMETAHUM C AOMNONHUTENIbHLIMM / \
YCTPOMUCTBAaMM XPaHEHUSA SNEKTPOIHEPTUM U FeHepaLUn

BOAOpPOAA. l-\

AXKYMYNRATOP

- “',:'

e
eneparo s
hd CO3,£|,aHbI pe3epBHble NICTOYHUKU NMUTAHNA U MOJTHOCTbIO r-oan:m: §
(3nexrposmsen) o
\ e AKKYMYIHDOBaHWE M &
dBTOHOMHbIE CNCTEMDbI 3I'IeKTpOCHa6)'KeHMF| Ha OCHOBe s oo g
Nonyuenne, INEKTPHUECTBA x
TONNINUBHbLIX 2N1eMeHTOB, B TOM Yncne B KON\6I/1HaLI,VIVI C XBaHEeHHe W

MCNONb30BaKWE - >

BO306HOBI’IﬂeMbIN\VI MCTOYHUKAMU JTEKTPONUTAHUA. s mm /

Crucrema ynpasaennn

* PaboTtocnocobHocTb Npu Temnepatypax ot -50 go +60 °C
* Pa3paboTaHbl akkymynAaTopHble 6aTapen ans

3N1EeKTPOTPAHCMNOPTHbIX CPEACTB C SHEPrOEMKOCTbIO Avcyuynarop soaopoa
15-35 KBT*y

. i ol s z
SR b b 2 b - ~ 1
3 3 L [TomeleHe B KOTOPOM CMOHTMPOBAHbIY

* OCTasIbHbIE KOMNOHEH T BCHIMAD, ~

Tonnuowui snement

Eannouunn aonoAa ot

* B. Tannayc, A. ®peiigszoH 30.08.2019 19



UccnenoBaresnibCknn MeMOGpaHHbIA EHTP

NHucrurtyra Hegprexmmmnueckoro cnHresa PAH

[MonyyeHue n uccnenoBaHue
nepdTopcynbPoHaATHbIX MembpaH,
MmoandnduuMpoBaHHbIX
HEeopPraHM4YeCKMMM HaHOYaCTULAMU
NccnepoBaHWe XMMUYECKMX peakuni,
NpoOTEeKaoWmMx Ha MeMbpaHHbIX
KaTa/in3aTopax pas/IMyHOM NpuUpoabl
e Co3aaHuMe HOBbIX KOMMO3UTHbIX
MeMbpPaHHO-KaTaNUTUYECKNX CUCTEM U
nccnepoBaHME UX KaTaIMTUYECKUX U
MeMbpaHHO-cenapauMOHHbIX CBOMCTB

* B. Tanuayc, A. ®peiiasoH 30.08.2019
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JlabopaTopusi NosiN371€eKTPOJ/INTOB M buonosimmMepos

Xnmnyeckoro ¢pakynbrera Mry

* Pa3paboTka noAnMMepHbIX MaTePUANOB ANA INEKTPOXPOMUYECKUX YCTPOMCTB XPaHEHUA
N Npeobpa3oBaHMA SHEPTUM
* Moandukaums membpaH HaHOBOJIOKHAMMN U HAHOTPYHKamM

* B. Tannayc, A. ®peiigszoH 30.08.2019




AO «Hay4yHO-nccnegoBaresIbCKUNU MHCTUTYT XKeJIe3HO4OPOXHOIro TpaHcrnopra »

Pa3paboTKa NENCTBYIOLLLETO obpa3ua KeNnesHo40pPOKHOM
SHEepPreTM4Yeckom YCTAaHOBKM Ha TOMJAMBHbLIX 3/1eMeHTax nns
3/IEKTPONUTAHNA NYTEBOM TEXHUKWU. Pa3paboTka npoekta rmbpuaHoro
JIOKOMOTMBA HA TOMNJIMBHbIX 3/1IeMEHTAX

HANPABNIEHUA PABOT U UCCNIEQOBAHUNA

» TexHMKO-3KOHOMMYECKas oueHKa 3G PeKTUBHOCTM NPUMEHEHNA MarUCTPabHbIX
rMbpunaHbIX TOKOMOTMBOB. KOMNOHOBOYHbIE pelleHns, UCNob30BaHMEe NPUPOAHOro
rasa B KayecTBe MOTOPHOrO TOM/IMBA;

\ 4

Co3gaHne MmakeTHbIX 06pa3L0B NTOKOMOTMBOB Ha TOMJIMBHbIX 3N1€MeHTaXx;

Y

[MpoBeaeHMe nccneaoBaHUM B LENAX:
u pa3pa60TKM TeEXHNYEeCKNX Tpe6OBaHMl\;1 K TONZIMBHbIM SN1€MeHTaM As1d TOKOMOTUBOB,

. pa3pa60TKM HOpMaTMBHOIZ 6a3bl ANnA obecneyeHns 6esonacHom KCNAyatTaunm TexHU4ECKNX Cpeacrts
Ha OCHOBeé BOAOpOAHOVI IHEPIreTUKH,

. OTpa6OTKM TEXHONOMNM AKUMNPOBKU U TPAHCMOPTUPOBKU BOOOPOAA.

. OUEHKHN I'IOTpE‘6HOCTM B cune tTArm " MOWHOCTU MaHEBPOBbLIX JIOKOMOTUBOB, pa3pa60TKa TUMaXa
MaHeBPOBbIX TOKOMOTUBOB;

=  OnpeaeneHne 0b61acTM NPUMEHEHNA BOAOPOAHOWN sHepreTuku B xo3amcrteax OAO «PXHI»

* B. Tanuayc, A. ®peiiasoH 30.08.2019 29



BbiBOo/AbI

Bopopona, Kak YMCTbiN, 6e30nacHbIM U YHUBEpPCasibHbI 3HEProHOCUTErb, SBIISIETCA YacCTbio
9KOMNOrM4yeckoro nepexoaa 1 UrpaeT KIYeBy porb B CO30aHMM BO30OHOBSIEMON SHEPrOCUCTEMDI
N pgekapboHmzaumm  KOHe4YHbIX obnactem npuMeHeHus. Bogopoa — eAWHCTBEHHbIN
3HeproHocuTenb ¢ Hyrnesoun amuccuen CO..

BOJJ,OpOJJ,HbIe TEXHOJIOTNN AOCTAaTO4YHO pPa3BUTbl U UMEIOT 3Ha4YNTENbHbLIN MOTEHLNAN BO BCEX ccbepax
npuMmeHeHnd, B 4acCtHOCTW, TaM, r[Ae HeobxoauMbl BbICOKasi none3Has Harpy3kKa, BbiCOKas
aBTOHOMMS N TMOKOCTb.

H, & TonnuBHbIE 3nemMeHTbl cerogHAa cyuwecTBylT! CerogHs Habniogaetca mMexayHapoLHbIv
MMMNynbC BO BCEM MUpe C TBepaoun nosuumen B Asum (AnoHuun, Pecnybnuke Kopee, KHP) n Espone
(PpaHumn, lepmanHun, BenukobputaHuu, cnaHuu) B TeCHOM coTpyaHudecTBe [1pOoMbILLIEHHOCTH
(BopopogHas Esponenckaa NHaoyctpusa) n UccnegosaHuin (EBponenickne uccregoBaHusi B obnactu
BOLAOPOAHbLIX TEXHOSTOMMN).

CospaHue penbCoOBOro anekTponoaBmM>XHONro COCtaBa Ha TOIMJIMBHbLIX 3NneMeHTax — MVIpOBOVI TpeHq
TPaAHCNOPTHbLIX WHHOBAaL M

B PO NPUCYTCTBYIOT BCE HeobxoauMble TEXHONOrMN AN Co30aHus NPOTOTUMNA 3JTIEKTPOBO3A HA T2.
Hay‘-IHO-TeXHOJ'IOFMLIeCKI/Ie KoOoMneTeHunn p836pOC8HbI no pas3rimnyHbIM Hay4YHbIM LEHTPaM.

npOMbILLIJ'IeHHOe npomn3BoacrBoO KOMMNOHEHTOB B PO NPakKTU4ECKN OTCYTCTBYET, HO MOXET ObITb
OpraHn3oBaHoO MNpum HaJiIM4nMn pbiHKa Cripoca

TpebyeTca eauHbIn 3aka3dyMK M HaydHbI WHTErpaTop npoeKTa CO34aHus JNeKTPONnoaABUMMKHOMO
coctaBa Ha T3

* B. Tanuayc, A. ®peiiasoH 30.08.2019 23
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