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Heasn. MccnenoBar BO3MOXKHOCTH CO3JaHHUSI CKOPOCTHOW TPAHCIOPTHOW CHCTEMBI C
MarHUTHBIM TIOJABECOM JJIsi KOHTEMHEPHBIX MEpPeBO30K M0 EBpo-A3naTckoMy CyXOIyTHOMY
MOCTY.

Metoasbl. Mcnionp30BaHbl METO/IbI CUTYallMOHHOTO aHAIM3a, KOMIIBIOTEPHOTO MOJAEIHU-
POBaHMUsI, TPAHCIIOPTHOH reorpaduu, TEXHUKO-3KOHOMUYECKOTO aHAN3a.

PesyabTarbl. AHaIM3 CUTYalll HAa PhIHKE TPAH3UTHBIX KOHTEHHEPHBIX MEPEBO30K I10-
Ka3aJ, YTO OCHOBHBIM MPENSATCTBUEM pealn3alluy TPAH3UTHOTO NoTeHuHana Poccun sBisiet-
Csl OTPaHMYCHHAsI TPOITYCKHAsI CIOCOOHOCTh TPAHCIIOPTHBIX KOpUAOPOB. KapanHanbHEIM pe-
[IEHHEM MPOOIEMbl MOXKET CTaTh CTPOUTEIHCTBO HOBOM BBICOKOCKOPOCTHOM TPAHCIIOPTHOM
CUCTEMbI. BBISIBIIEHBI YCIOBUSI CO3JaHUSI HOBOM TPAaHCHOPTHOW CHUCTEMBI: HCIOJb30BAHUE
TPaHCHOPTHBIX BO3MOXKHOCTEH A30Bo-UepHOMOpckoro OacceiiHa, obecreueHue J0CTYITHOCTH
CEBEPHBIX TEPPUTOPUI, pa3padOTKa TEXHUUECKUX PEUICHUHN JJIs CO3/aHMs TPAHCTIOPTHOM CH-
CTEeMBl C HHU3KO3aTpaTHOW HHPpacTpykTypoil. Pa3zpaboTaHa KOMOWHHUPOBAHHAS TSATOBO-
JICBUTAIIMOHHAS CHUCTEMa Ha OCHOBE MPEJENIbHO MTPOCTOr0 BapHaHTa JIMHEHHOTO peaKTUBHOTO
WHAYKTOpHOTO apuratens. [IpoBeneHsl sKcrepruMeHTaIbHble UCCIEA0BAHUS MOTHODYHKITHO-
HaJbHOW (PU3WUYECKON MOJIeNH TpaHCTOPTHOM TiaTdopmbl. HecmoTps Ha GosbIie nepBoHa-
YanbHbIe KallUTAJIOBIOKEHHUS B MMyTEBYI0 UH(PPACTPYKTYPY, UHBECTULIMOHHBIA MPOEKT UMEET
MOJIOKUTEIBHYIO SKOHOMHUYECKYIO OLICHKY.

IIpakTHyeckas 3HAYUMOCTh. Pa3zpaboTaHa KOMIBIOTEpHAS MOJETh KOMOWHUPOBAHHOMN
TATOBO-JIEBUTALIMOHHON CHCTEMBI HAa OCHOBE JINHEHHOTO PEAaKTUBHOIO MHIYKTOPHOT'O JABUraTe-
ns. [Ipemioxkena KOHLIENINSA TOCTPOEHHSI HOBOM TPAHCIOPTHOW CUCTEMBI C YUETOM XapaKTepH-
CTHK IPENOIaraéMoro mojuroHa dKCIulyaTallii Ha c1abo OCBOGHHBIX Teppuropusix. [Ipenio-
KEH MapIIPyT BBICOKOCKOPOCTHOW Tpacchl, CBSI3bIBAIOIINN A30BO-UepHOMOPCKOro 6accelH
nobepexxbeM THXOro okeaHa, MOJHOCTBIO MPOXOAAUIMM 1o Tepputopun Poccuu, 3arparuBas
ceBEpHbIE pernoHbl. OLEHKa TPaH3UTHOIO INOTEHIMAa MOKa3ana, 4To 3a CUET COKpAIECHUs
BpPEMEHU TPaH3UTa MOKHO IPHUBIIEYb HA MApIIPYT KOHTEHHEPHBIE IPY3bl C 00BEMOM MEPEBO30K
1,52 muH B 20-pyTOBOM SKBHUBAIEHTE.

Konrelinepuslii Tpaduk, KOHBEHEpHBbI KOHTEWHEPHBIH TPaHCHOPT, TPY30BOM MOE3.]
MaruieB, TpaHCIIOPTHBIM KOPHUAOD, JIMHEWHBIM CUHXPOHHBIN JIBUTATEb, BHICOKOTEMIEPATYP-
Hasl CBEPXIIPOBOJIAIIAS TEXHOJIOTHSL.

PaboTa BBIMONIHEHA TPH (UHAHCOBOW MOANEpKKe MUHHCTEpCTBAa 00pa3oBaHus W Hayku Poccuiickoit
denepanuu. Y HUKATBHBIA HASHTHQUKATOP MPUKIAIHBIX Hay9IHBIX nccienoBann RFMEFI57916X0132.
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BBeneHue

OO1ieli TeHACHIIMEH pa3BUTUS MHPOBOM TPAHCHIOPTHOM CHCTEMBI SIBIISCTCS
YCKOPEHHE TPAHCIOPTHOT'O MpoIiecca, JocTuraeMoe (popMUpOBaHUEM TPAHCHOPT-
HBbIX KOPHJIOPOB, COBEPLIEHCTBOBAHUEM TPAHCHOPTHO-JIOTUCTHYECKON CTPYKTYPBI
TICPEBO30K, MTOBBIIIICHUEM CKOPOCTH JBMKSHHS TPAHCITOPTHBIX cpencTs [1].

K 2000 r. chopmupoBanich paboTOCIIOCOOHBIE TEXHUISCKUE PEIICHUS IS
BBICOKOCKOPOCTHOI'O TPAHCIIOPTa C MAarHUTHBIM MOABecOM. B wactHOCTH, 3amy-
meHa mnepBas komMmepueckas auHus B Snonun Tobu Kyuryo Line [2], BeIcOKO-
CKOPOCTHAasl TPAHCIIOPTHAS CUCTEMa Ha MarHUTHOM mojBece Transrapid B Lllan-
xae [3], TpancnioptHas cucrema UMT B FOxHol Kopee [4].

Ha HavanbHOM 3Tamne, Koraa BUAbl CKOPOCTHOTO TPAHCIIOPTA TOJIBKO MOSIBU-
JIMCh, Pa3padOTYUKK CTPEMIITUCH MPOJIEMOHCTPUPOBATH BO3MOKHOCTHA HOBOU TEX-
HOJIOTUH, YCTAHOBUTDH PEKOPJIBI CKOPOCTU JBMKEHUS. B KauecTBe OCHOBHOTO KpH-
TEpUs IPUHSUIA MapLIPYTHYIO CKOPOCTh, OCTABUB B TEHM SKOHOMHYECKHUE U COLIH-
aJIbHBIC A(PPEKTHI.

[Tpu mombITKE JOBECTH MPOEKTHI JO KOHKYPEHTOCTIOCOOHOTO BHJIA BBISICHU-
JIOCh, YTO €CTh TOJIBKO JIBa TPAHCIIOPTHBIX KOPUAOPA, HA KOTOPHIX MOXKHO 0Oecte-
YUTh OKYMA€MOCTh CHUCTEMbl MAarHUTOJICBUTALIMOHHBIX TPAHCHOPTHBIX CHUCTEM
(MJITC): Bo ®panumu u B Anonun. OHU OpOXOAAT Yepe3 I'yCTOHACETICHHbIE paii-
OHBI C OYEHb TUIOTHBIM JIBYKEHUEM U OBUIM CO3/IaHbI JI0 TOTO, KaK Havas npeodJia-
JIaTh aBTOMOOUJTLHBIN TPAHCIIOPT.

et MHTEeHCUBHBIM MOMCK JIOKAJIbHBIX TPAHCHOPTHBIX KOPHUAOPOB, obec-
MEYMBAIOIIUX OKYIAeMOCTh CHUCTEMbl. M3BECTHBI MHOTOUYWCIICHHBIE TPOCKTHI
BHeapenus MJITC [5] B CIIA, BenukoOpuranuu, ['epmanun, SAnonuu, Kurae,
Upane, Unaun u np. Coznanbl komnanuu 11 pazsutust MJITC, nanpumep, The
Northeast Maglev (TNEM), CIIA, corpyauuuatomias ¢ Central Japan Railway
Company (JR Central, Simonus) B Bonpocax BHeapeHuss SCMAGLEV B Coenu-
HeHnupIx Ilrarax; U.S. — Japan MAGLEV, paboraromias Hax BHEIPESHUEM SITTOH-
CKOM BBICOKOCKOPOCTHOW CHCTEMBI Ha OCHOBE CBEpPXMIPOBOASAIIETO 3(deKTa
komnauuu JRC (SCMAGLEV) [6].

Takum 06pa3zom, B MUPOBOM MPAKTUKE STOT BUJ HA3€MHOI'O TPAHCIIOPTA JI0
CUX MOp IIMPOKO HE UCIOJB3YETCS M3-32 BHICOKMX 3aTPaT Ha CTPOUTENILCTBO U
HEJI0CTATOYHO MHTEHCUBHOTO MACCAXKUPOIIOTOKA.

Pa3ButHe TEXHOJOTHM BBICOKOTEMIIEPATYPHOU CBEPXIPOBOJUMOCTU MOPO-
U0 HOBBIE Bo3MOxHOCTH Jyisi MJITC. D10 Hamuio oTpa)keHue B KHUTE James
Powell «The Fight for Maglev: Making America the World Leader in 21st Cen-
tury Transport» [7]. B Heit npennoxkena rpy3oas MJITC, ucnonb3yrormias 3¢-
(GeKT BBICOKOTEMIIEPATYPHOU CBEPXMPOBOAMMOCTH. Hambosee mpuBieKaTehb-
HOMU cdepoii TPY30BBIX IEPEBO30K SBIISIFOTCS KOHTEHHEPHBIE TIEPEBO3KM KOHBEH-
epHoro Twuma [8].
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Panee B CIIIA ¢upma General Atomics co3fana TpaHCIOPTHYIO TPY30BYIO
m1aTpopMy Ha MarHUTHOM MOJABECE JIJISi CUCTEMbl KOHTEMHEPHBIX IMEPEBO30K
KoHBeliepHoro Tuma [9].

B nactosiiiee Bpemsi B Poccun paspabatbiBaeTCsi MarHUTOJIEBUTAIMOHHAS
KOHBeMepHas JIMHUS, OpPUCHTUPOBAaHHAA Ha 00pabOTKy KOHTEHHEPHBIX IPY30B B
Tepmunane nopra Ycre-Jlyral. IIpoekt peanusyercs Ha 6a3e HOBOM MAarHMTOIIE-
BUTAIMOHHOM TexHojoruu «MarTpanCutu» [10].

Hosoe mpumenenus MJITC B cdepe Tpy30BbIX MEPEBO30K TPeOyeT mepe-
OCMBICJICHHSI KOHLIENIIUA UX MOCTPOEHHUSI C YYETOM XAPAKTEPUCTUK MpeAroJia-
raeMoro MoJuroHa dKCILTyaTaluu.

B cTpareruu pa3ButHs xene3HoopoxkHoro tpancnopra g0 2030 r. ocoboe
BHUMAaHHE yJICJICHO TPAaH3UTHBIM KOHTEHHEPHBIM nepeBo3kam [11]. Tepputopus
Poccuiickonn denepanun sBISETCS €CTECTBEHHBIM MOCTOM, CBA3bIBAIOIIMM EB-
pomny co cTpaHaMH A3MaTCKO-THXOOKeaHCKOro peruoHa. g peanuzanuu noJ-
HOT'O TPAH3UTHOTO MOTEHIIMAJIa CTPaHbl CTABUTCS 3aJaya MOBBICUTh MapIIpyT-
HYIO CKOPOCTb KOHTEHMHEPHBIX MO€3110B. B Hacrosilee Bpems TPaHCIOPTHOE
MIPOCTPAHCTBO Pa3BUBAETCS, TJIABHBIM 00pa3oM, 3a CUET JIMKBUAAIMUA Pa3phIBOB
U «Y3KHX MECT» IIyTEM PEKOHCTPYKLIHH U CTPOUTENHCTBA OTACIIBHBIX YUYaCTKOB
TpaHCTOPTHOM ceTh. OCHOBHBIM MPOEKTOM CUUTAETCSI CTPOUTEIBCTBO CKOPOCT-
HOM KEJIE3HOU TIOPOTH U1l YCKOPEHHOW TOCTaBKHA KOHTeHHEepoB u3 Kuras, LleH-
TpanbHOM U Boctounoit Azum B EBporny — TpancbeBpa3niickor KOHTEMHEPHON
MarucTpainu. Takas MarucTpajib MO3BOJUT OPraHU30BaTh KOHTCUHEPHBIE MEpe-
BO3KHU CO CKOpPOCThIO 140—160 kM/4, yBEIUYUT MPOBO3HYIO U MPOMYCKHYIO CITO-
coOHOCTh BocTOUHOrO MonMroHa xene3Hsix gopor Poccun.

Nnes co3zmannss EBpasuiCKOro CyXOIyTHOIO MOCTa C HCIIOJIb30BAaHUEM
TEXHOJIOTUM MarHMUTHOTO IOJIBeCa BO3HHMKIIA AaBHO [12], 0HAKO 10 HACTOSIIETO
BPEMEHHM HE MCCIEI0BAIACh BO3MOXXHOCTH HCIOJb30BaHuss MIJITC mis cko-
POCTHBIX KOHTEIHEPHBIX MEPEBO30K 10 EBp0-A3MaTCKOMY CYyXOMMYTHOMY MOCTY.

[ens nameit paboThl — HCCIIEOBATh BO3MOXKHOCTh CO3/IaHUSI BBICOKOCKO-
POCTHOM TPAaHCHOPTHOW CHUCTEMBI C MArHUTHBIM TMOJBECOM I KOHTCHHEPHBIX
nepeBo3ok 1Mo EBpo-A3uaTckoMy CyXOMyTHOMY MOCTY.

1. NMNocTaHOBKa 3aaaum

OcHOBHBIE 331a4U JaHHOUN pabOTHI:

® OLICHWUTb CUTYalMIO Ha PBIHKE KOHTEUHEPHBIX NIEPEBO3OK;

® BBISIBUTH (PAKTOPBI, OMPEICISAIONINE YCIOBUS CO3JaHUsI HOBOM TpaHC-
IMOPTHON CUCTEMBI;

® CIIPOTHO3UPOBATh 00BEM KOHTEWHEPHBIX TPAH3UTHBIX NEPEBO30K HOBOM
BBICOKOCKOPOCTHOM TPAHCIIOPTHOU CUCTEMBI;

® BBISIBUTH (PAKTOPHI, OMPEICIIAIONINE MAPIIPYT TPACCHI;

L http://port-ustluga.ru/en.
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® JWCCIIEJIOBaTh TEXHUYECKHE PEIICHHUs, 00eCIEeUMBAIONINE PEATU3AINIO
MIPOEKTA;
e O1eHUTH 2P (HEKTUBHOCTH MHBECTUIIMOHHOTO TIPOEKTA.

2. MaTtepuanbl n meToabl uccnegoBaHus

OcCHOBHBIE MCTOYHUKH WHGOPMAIMK, UCIOJb30BaHHBIE MPU MOJATOTOBKE:
TpancnopTHasa ctparerus Poccuiickoii @enepanuu Ha nepuon a0 2030 romal,
0030p Mopckoro TpancnopTa (nepuogudeckoro usnanus IOHKTAJL)?, moxnan
EBpomnetickoit skoHommueckoir komuccuu OOH (EDK OOH) mo Espo-
A3HaTCKUM TPaHCIIOPTHBIM CBA3AM°, MaTepuansl KoMuTeTa MO BHYTPEHHEMY
tpancnopry (KBT) EDK OOH* wmarepuansl KoopauHAMOHHOTO COBETA MO
Tpanccubupckum nepesoskam (KCTII)®, uadopmanus oneparopoB KOHTEHHED-
HbIX noe3nos Kuraii — Espona — PXKJ1®, Tpanc Konreiinep’, DB Schenker®, Far
East Landing Bridge (FELB)?.

B kadecTBe HcCie10BaTeNIbCKOr0 HHCTPYMEHTAPHUS UCTIOIb30BaHbl METOIbI
CUTYaIllMOHHOT'O aHaJIN3a, KOMIIBIOTEPHOTO MOJICIUPOBaHNS, TPAHCTIOPTHOM reo-
rpaduu, TEXHUKO-3KOHOMUYECKOTO aHaJIN3a.

3. PesynbTaThl
3.1. OueHka cutyauum Ha pblHKE KOHTEMHEPHbLIX NEPEBO30K

CeromHsi OCHOBHAsI 4acTh IPY30B, JOCTaBIsAeMbIX U3 A3uu B EBpomny u 00-
paTHO, MEPEBO3UTC MOPCKHUM TPAHCIIOPTOM, C 3THUM CBSI3aH PE3KHM POCT KOH-
TEHHEPHOr0 TPy30000p0OTa MEXKIy JABYMs KOHTHHEHTaMH. BTopoe mecTo 1o
CTOMMOCTHU OOCITy’KUBA€MBbIX MMOCTABOK 3aHMMAET BO3AYLIHBINA TPaHCIOPT, a 3a-
MBIKAIOT CITUCOK KEJIE3HBIE JOPOTH.

N3-3a TOrO, 4TO B CXEME JOCTABKHU T'PY30B MpeodsiagacT MOPCKOU TpaHC-
MOPT, MOCTENIEHHO MCUYEPIBIBACTCS PE3EPB MPOIMYCKHOMN CIIOCOOHOCTH CEBEPOCB-
POIIENCKUX TTOPTOB. B CBSI3U C 3TUM MHOTHE JIOTUCTUYECKHE KOMIIAaHUU B EBpo-
e U A3UM HaydaJll BCE Yallle UCIOJIb30BaTh JJIsI TPAHCIIOPTUPOBKHA TOBAPOB Ha
€BpPONEHUCKUN PBIHOK MOPTHI 10kHOTO CpennzemMHoMopbi. [Ipu nmocraBkax uepes
I0’)kHYI0 EBpony KpyInHbIE MOPCKHE Cy/ia, CIeAyIolnue U3 A31u, MPOBOJSAT B Y-
TH HA TPU-UETBIPE IHS MEHbIIE. B COBPEMEHHBIX YCIOBUAX CYLIECTBYIOIIAS

! https://www.mintrans.ru/activity/detail. php?SECTION.

2 http://unctad.org/en/PublicationsLibrary/rmt2014_ru.pdf.

3 https://www.unece.org/fileadmin/DAM/trans/main/eatl/docs/EATL_Report_Phase_I1-Ru.pdf.
4 http://www.unece.org/trans/main/eatl.html.

S http://icctt.com/transsib.

& www.rzdlog.com.

T www.trcont.ru.

8 https://www.dbschenker.com.

® www.felb.world.
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MPOIYCKHAsI CHOCOOHOCTh TOPTOB CTAHOBUTCS HEIOCTATOYHOM, U HEKOTOPbIE U3
HUX YXe TpUOINKAIOTCA K peeIbHOMY 00beMy Tpy30000poTa.

Camas Oounbmias mpobiema EBpo-A3MaTckoro MOPCKOTO TpaHCHIopTa —
OYEHb NPOJOJKUTEIBHOE BPEMS IIEPEBO3KHU.

AJIbTEpHATUBON MOPCKOMY TPAHCIIOPTY SIBISIOTCS HA3€MHBIE IEPEBO3KH,
CIOCOOHBIE YAOBIETBOPUTH 3HAYUTEIBHYIO YaCTh OKUIAeMOro B OyayIeM J0-
ITOJIHUTEIBHOTO CIPOCa Ha TPAHCIIOPTHBIE yCIIyru. PaccTosiHue mo Cyiie Mexay
EBpormoit u A3uel, kak MpaBuiio, KOpOUe PacCTOSIHUS MO0 MOPIO, OCOOEHHO €Cliu
MYHKTBI OTIIPAaBKU U HA3HAUCHUS IPy3a JIeKaT B IITyOMHE 000UX KOHTUHEHTOB.

KenesnogopoxxHoe COOOIIEHUE CTAHOBUTCA ONTUMAJIBHBIM CIOCOOOM
oOecrieyeHus: CBS3M NMOPTOB C BHYTPEHHUMH palioHaMu Marepuka. DPQPeKTUB-
Hasl HKCIUTyaTalllsl TAKUX KEJIE3HOJOPOKHBIX MapLIpyTOB, Kak TpaHnccubupcekas
MarucTpaib! u ceBepHblii TpaHncasuaTckuii KOpugop? depes Teppuropuio Kuras,
MO3BOJIUT CO3AaThb BECOMYIO JOINOJHUTEIBHYIO IMPOBO3HYIO CIOCOOHOCTh U
copMuUpOBaTh HHUIIEBOI CIIPOC HA YCKOPEHHBIE epeBo3ku [13].

CeronHst MapHIpyTHasi CKOPOCTh KOHTEHHEPHBIX 10e3710B 1o TpaHccuOy co-
craBisieT 1550 kM/CyT. DTO JOCTUTHYTO B OCHOBHOM 3a CYET MOBBILICHUS Maplll-
PYTHOM CKOpPOCTH ITyTEM COKPAILEHUS KOJMYECTBA U MPOJOJLKUTEIBHOCTH TEXHO-
JIOTMYECKUX OMNepaluii ¢ MOe3IHbIMH (POPMHPOBAHUSAMH, YTO, HECOMHEHHO, MO-
BBIIIIAET KOHKYPEHTOCIOCOOHOCTh JTAHHOTO BHJA TMEPEBO30K. B TO ke Bpems
CTPEMJICHHE K JOCTHMIKEHUI0 MAKCUMAJIBbHO BO3MOYKHOM TEXHHUYECKOW CKOPOCTH
OrPaHUYMBAETCS MOTEPSMHU OCTATIBLHOM YaCTH IPY30BOI0 IBHXKEHUS 110 TpaHccuoy.

Crnenyrommii BOIpoc cBs3aH ¢ 00bEMOM MEPEBO30K. B TUPEKTUBHBIX JTOKY-
MeHTax Poccuiickoit denepanyy, KacarolMXCcsli TPAHCIOPTHOM CTPAaTeTvu, 3asiB-
JICHHBIN 00bEM TPaH3UTHBIX NIEpeBO30K 1Mo Tpanccubupckoit maructpanu B 2030 .
JOJDKeH cocTaBuTh 1,44 muH nBaanarudyrtoBoro skBuBaieHTa (JIDD). OgHako
IJIaBHOM mpo0eMoii MJIaHOB YBEJIMUYEHHS TPAH3UTHOTO MOTOKA IPY30B SBISIETCS
MPOIYyCKHasi crocoOHOCTh Tpanccnbupckoit maructpanu. [locne peKoHCTpyKIUu
maructpaimu Kk 2018 r. COBOKyIHas MPOIYyCKHAs CIIOCOOHOCTh COCTaBUT 185 MIIH T
B roj. IIpu 3TOM 1071 KOHTEHHEPHOTrO TpaH3uTa MOXKET Bo3pactu A0 0,5 MuH
JADD, uTO SIBHO HEAOCTATOYHO ISl OCBOCHUS IJITAHUPYEMBIX 00bEMOB IIEPEBO30K.

Ouenka TpaH3uTHOrO noreHunana Poccuiickoin denepanm B OTHOLIEHUN
TOBAPONIOTOKOB MeXAy A3ueld m EBpONENCKUM COO30M IOKa3bIBAET, YTO 3a
CUeT cOoKpauleHusi BpeMeHu Tpan3uta Ha 25-30 % MOXHO MpuUBIEYL TPY3bI C
Mopckoro myTH. [Ipu 3ToM oluiast 1051 CyXOImyTHOTO €Bpa3uilcKOro TPaHCIOp-
Ta MOXKeT ObITh yBenuueHa ¢ 1,9 1o 18,5 %. B ta6:1. 1 npuBeneHsl JaHHbBIE MPO-
rHO3a pacrpeesieHnss 00beMOB KOHTEHHEPHOIO TPAH3UTA MEKY KOPUIOPAMH.

L http://www.transsib.ru/cat-geo.htm.
2 http://www.unescap.org/sites/default/files/tarsc-fulltext_1980.pdf.
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Tabmuma 1

Pacnpenesienne 00beMOB KOHTEHHEPHBIX
NepeBO30K MeK1y TPAHCIIOPTHBIMHM Kopuaopamu, %0

TpaHCIIOPTHBIN KOPUIOP 2020 rox
Tpanccubupckas sxene3Hasi Jopora 8,1
CesepHnblii TpaHca3zuaTckuii KOpuaop 6,0
Mapuipyt uepe3 CysuKkuid KaHai 81,5
[Ipoune MapuipyThbl 4.4
Hroro 100

[Tonarasi, 4To CpemHEroJ0BON MpHUPOCT oObema mepeBo3ok Tpancuda co-
cTaBuT 5,6 %, 1 UCIONB3Yys JaHHBIE O MOPCKUX KOHTEHHEPHBIX MEPEBO3KAX U3
Asun B Espony B 2016 1. (15,3 mun JI®D)}, MOKHO BBEIMHMCIHTEL OXKHIAEMBII
o6beM mepeBo3ok mo TpanccuOy B 2020 r. OH MOXeT cocTaBuTh 1,52 MIH
J®3. Takum o0Opa3oMm, IPOTHO3UPYEMbI 00BEM TPAH3UTHBIX KOHTEHHEPHBIX
MEPEBO30K CYIIECTBEHHO MPEBBIIIAET 3asIBJICHHBIC TUPEKTHUBHBIE TOKA3aTEIN.

KapaunansHbeIM pelieHreM mpo0eMbl MOKET CTaTh CTPOUTETHLCTBO HOBOM
CKOPOCTHOM TPAHCIOPTHOM CHUCTEMBI CO CKOPOCTBIO TEPEIBUKECHUS KOHTEM-
HEpHBIX Tpy30B He MeHee 2500 km/cyT. DTO coBmagaeT ¢ BbIBoJaMu EBpormeii-
CKOM SKOHOMHYECKOM Komuccuu. Tak, B gokiane «EBpo-Asuarckue TpaHc-
MOPTHBIE CBA3U» OTMEYEHO, UYTO CYIIECTBYET MOTPEOHOCTh B AUBEPCUDUKALINU
HBIHEITHUX M B OTKPBITUU HOBBIX AJIbTEPHATHUBHBIX MapuIpyTOB Mexay EBpo-
noi u A3uel U B JadbHEUIIEeM pa3BUTHHU TPAHCCUOMPCKOTO COOOIIICHUSI.

HoBas TpancnopTHasi cucteMa MOMOXKET YBEIMYUTh MPOIYCKHYIO CIIOCO0-
HOCTb JKEJIE3HBIX JIOPOT JIJIsi TPY30BBIX MEPEBO30K, OY/IET CIIOCOOCTBOBATH TPSsi-
MOMY Oecrieperpy304HomMy cooOIIeHuo Mexay EBporoit u A3ueid, a mpu cooT-
BETCTBYIOIIEH TMPOKIAJKE MapIIpyTa MOXKET OOECHEYHUTh OCTYIMHOCTh TPaHC-
MOPTHBIX YCIIYT TIO MEepeBO3Ke rpy30B B paiionax Kpaitnero Cesepa, Cubupw,
JanpHero Bocroka u B ynaneHHbIX pernoHax Poccnn.

3.2. ®aKkTopbl, onpeaensowmne ycnoBus Co3gaHus
HOBOW TPAHCMNOPTHOW CUCTEMDbI

3.2.1. llpeanosiaraemMmsblii MApIIPYT TPacChl

T'eononumuyueckuii oaxmop. B CKIapIBAIOIIMXCS T€OMOJIUTHIECKUX PEaTH-
AX LEIeCO00pa3HO PacCMOTPETh BOMPOC CTPATErMYECKOro MCIOJb30BaHus Poccu-
el TpaHCIIOPTHBIX BO3MOXKHOCTEN A30BO-UepHOMOpPCKOro OacceiiHa B J0JArocpoy-
HoM niepuoze [14]. Kpome Toro, /s CHU>KEHHS TOTUTUYECKUX PUCKOB JKelaTelb-

L' World Maritime Review, 2016.
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HO, 4TOOBI MapuIPyT ObUT MPOJIOKEH MO TEPPUTOPUH OJHOM CTPAHBI C HAYATILHBIMU
NyHKTaMu Ha TuxookeaHCKkoM ToOepexbe Poccun M ¢ KOHEYHBIMHM MyHKTaMHU B
KPYITHBIX JIOTUCTUYECKUX IIEHTpax A30Bo-UepHoMopckoro bacceita.

Daxkmop mpancnopmuou 00CmynHocmu cesepHulx meppumoputi. Ctparte-
TMYECKH HEOOXOAMMO MPUOPUTETHOE CTPOUTEIHCTBO HOBBIX JMHUN OOJBIION
IIPOTSHKEHHOCTH B MAJOOCBOEHHBIX CEBEpPHBIX permoHax Poccuiickonn Penepa-
MU B IIMPOTHOM HarpaBieHuu ceBepHee Tpanccuba u bAMa, rae HaxoasTcs
NEPCIEKTUBHBIE MECTOPOKACHUS TIOJIE3HBIX NCKOMaeMbIx [15].

Texnuko-sxonomuyeckutl paxmop. 3-3a OONBIIMX PACCTOSTHUN M BRICOKOU
yAEIbHOM CTOMMOCTHU 3cTakaaHoro nyrenporoga MJITC HeoOX0auMO NpH BbI-
Oope Tpacchl peanu30BaTh KOHILEMIIMID MUHUMAJIBHOTO PACCTOSHUA. DCTaKal-
HbIi mytenpoBoa MJITC, B oTimdue OT JKeJIe3HbIX JOpOoT, He TpeOyeT pacuucT-
KU TaWTH, BBIPABHUBAHUS TPYyHTa, 00XOJa €CTECTBEHHBIX HA3E€MHBIX MPEMST-
cTBuit. OOecneurBaeTcsi THOKOE BKIIFOUEHUE MyTEBOW CTPYKTYpPHI B JaHAIIA]T,
YTO CO3JAET MPEINOCBUIKH JIUISl COPSIMIIEHHSI TPACCHI.

C yueToM OCHOBHBIX (PAKTOPOB, ONPEEIIAIOMINX MpPearoIaraeéMblii Mapui-
PYT Tpacchbl, MOXXHO HAMETHUTh CIJIEIYIOIINA MapUIpyT: HAYaJbHBIM MyHKT — Ha
TuxookeaHCKOM MOOEpeXKbE, KOHEUHBIH NMYHKT — OJMH U3 HOPTOB A30BO-
Yepuomopckoro 6acceitna. FOxubie mopTel Poccun HaxoasITCS Ha MepeceuyeHUu
MHUPOBBIX TOPTrOBBIX MYTEH, Uepe3 HUX MPOXOJAT HECKOJIBKO TPAHCIOPTHBIX KO-
PUAOPOB, KPOME TOT0, 3TO HarbOosee KOPOTKUI MyTh OT KPYMHEHIIINX MPOMBIIII-
JeHHbIX HeHTpoB Poccun B EBporty, ctpansl bamxnero Boctoka, A3um.

B xauecTBe HA4aJIbHOTO MYHKTa MaplIpyTa Ha THXOOKEAHCKOM MOOepexbe
MOYKHO BBIOpaTh MOPCKOM mopt Baruno! (puc. 1a). D10 — TpaHCIIOPTHBIHA y3ell,
CBSI3BIBAIONTUI BOEIUHO JKEJIE3HOJOPOKHBINA, MOPCKOW U aBTOMOOMJIBLHBIN MyTH
coobuienusi. Yepes BaHnHO MoCTaBIsIOTCS IPy3bl B CEBEPO-BOCTOYHBIE PErHO-
Hbl Poccun, B SAnonuto, FOxuyro Kopero, Kutaii, ABctpanuto, CIIIA u npyrue
cTpaHbl. BeironHoe reorpaguueckoe pacronokeHue IopTa OTKPbIBAET BBIXOJ K
MOpIO Tpy3am, uaymum 1o baiikano-Amypckoit u Tpanccubupckoit xene3Ho-
JIOPOKHBIM MaruCTpaIsiM.

Koneunslit myHKT 1iesiecoobpa3Ho BEIOpaTh B paiioHe TaMaHCKOTo MOTyocCT-
pOBa, Tak Kak B COOTBETCTBUU CO «CTparernen pa3BuTUs MOPCKOM MOPTOBOM HMH-
¢pactpykrypsl Poccun 10 2030 roga»? npeanonaraeTcs CyleCTBEHHO YBEIUYHUTh
rpy30000pOT MOpcKuX NOpToB A30BO-UepHOMOpCKOro OacceifHa 3a CHET CTpOu-
TENBCTBA HOBOrO MOPCKoro nopra Tamans® cymmapHoii MomHOCTBIO K 2030 1. 60-
nee 100 mau T B roa. [IpeanonaraeMoe MECTOINOIOKEHUE MOPTa — PaiOH MbICa
[MTanarus (puc 10), pacroyioKEHHOrO Ha IOro-3amajae TaMaHCKOTrO TOJIyOCTpOBa
brvkaimmi xKene3HoA0pOKHbIN y3e1 — ropoa KpsiMck.

! http://www.vaninoport.ru.
2 http://www.rosmorport.ru/media/File/State-rivate_Partnership/strategy_2030.pdf.
3 http://taman-seaport.ru.
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Puc. 1. I'eorpaduueckoe mosoKeHne Ha4aIbHOTO (2) U KOHEYHOTo (0) MyHKTOB MapIipyTa

Ha puc. 2 noka3zan npeanonaraemMbiii MapIpyT BHICOKOCKOPOCTHOM Tpacchl

MUITC.
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Puc. 2. Mapuipyt BeicokockopocTHOU Tpaccsl MJITC

[Ipennonaraemsiii Mapuipyt Tpaccel MJITC xapaktepusyercsi BecbMa
OOJBINION MPOTSHKEHHOCTHIO (OKOJO 7 THIC. KM), TIOTCHIIMAIILHO MMEET 3HAYH-
TEJIbHYIO MOJIOCY BAPbUPOBAHUS, IIMPUHA KOTOPOU MOXKET COCTABJISATH HECKOJIb-
KHUX COTEH KHUJIOMETPOB B 3aBUCUMOCTH OT OCOOEHHOCTEH penbeda MECTHOCTH,
WHXEHEPHO-TEOJOTUYECKUX YCIOBHM, MECTOMOJIOKEHUS OJIArONPUATHBIX CTBO-
POB MepeceueHus: KPYMHbIX PeK, a TaKKe OT CEHCMUYECKUX U JPYrUX HeOmaro-

MNPUSATHBIX YCIOBUI HA YYaCTKaX HaIpaBJiICHUs] MarucTpaly.
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MapipyT y4uThIBaeT KIto4deBble (haKTOphI: CBA3bIBaET A30BO-UepHOMOp-
ckuil 6acceliH ¢ mobepexkbeM TUXOoro okeaHa, MOJHOCTHIO MPOXOJUT MO TEPPUTO-
pun Poccuiickoit denepaiu, 3atparubas ceBepHbie TeppuTopuu (10 60 © c. 11.),
a ero MpOTSHKEHHOCTH Ha 25 % KOopoude NPOTSKEHHOCTH UMEFOIINXCS MapIIPYTOB.

3.2.2. Texuuueckasi peajiu3anus TPAHCHOPTHOM CHCTEMBbI

HeoOxoaumocTh co37aHusi BBICOKOCKOPOCTHBIX T'PY30BBIX TPAHCIIOPTHBIX
CUCTEM, UMEIOLTNX 000COOICHHBIH MyTh C 3CTAKaTHOM MPOKIAIKOMN, BBIHYKIAET
UCKATh TEXHUYECKUE PELICHUs, MO3BOJIAIOIINE CHU3UTh 3aTPAThl HA CO3JJaHUE U
skcruryaranuo MJITC.

[Tpenmonaraemasi Tpacca HNPOXOJUT uEpe3 YIAJICHHbIE MaJO00KUThIE
TPYAHOJOCTYIHBIE palloHbl (BOJIHBIE IPErpajbl, TOpPHbIE XpeOThbI, 3a00J0UEH-
HYIO MECTHOCTb U T. [I.) C XOJIOJHBIM KJIMMATOM. B 3THX yCIIOBUSX HEOOXOAUMBI
TPAHCIIOPTHBIE CUCTEMbI C HM3KO3aTPaTHON MH(PACTPYKTYpOH M TEXHUYECKUE
penieHus1, obecreunBaronie o6ecrnepeOoiHOCTh TPAHCIIOPTHOTO MOTOKA 10 Ma-
TUCTPAJIN.

HanOonbiias BenMunMHa NEpBOHAYAIBHBIX WHBECTULMM CBs3aHa C Cylle-
CTBEHHBIMHM KaIlUTAJIOBJIOKEHUSIMU TIPU BO3BEIECHUM ITyTEBOM MHQPACTPYKTYpPHI
s MJITC. D310 006CTOSTENBCTBO OTIYTUBAET MOTEHIIMATBHBIX MHBECTOPOB. Ogi-
HAKO €CJIM Ha XOPOIIO OCBOECHHBIX TEPPUTOPHUSX C Pa3BUTOM TPaHCHOPTHOM HH-
bpactpykTypoit skoHomuueckas 3pdexktuBHocTh MJITC ompenensieTcsi KOHKY-
PEHTHOM CpEJIo, TO B CEBEPHBIX TPYIHOMOCTYIHBIX pailoHax IjIsi oOecreueHus
YCTOMUYMBBIX TPY30MOTOKOB HaJl CHETOM M 30HAMH MHTEHCHUBHOIO BOJOPOIHOIO
M3HOCA KOHCTPYKLHI BBICOKOCKOPOCTHBIE I'PY30BBIE TPAHCIIOPTHBIE CUCTEMBI 3C-
TaKaJIHOrO THUIIA HA MAarHUTHOM II0/IBECE IO CYIIECTBY O€3a1bTepHATUBHBI.

B Poccun 3A0 «HTL] IIPUBOJ-H»! B pamkax ®denepanbHOM LEeNeBOi
IporpaMMbl pa3padaThIBaeT 3JEMEHThl TPAHCIIOPTHONW CHUCTEMBI C MarHUTHBIM
MIOJIBECOM, OPUEHTHUPOBAHHONW Ha BBICOKOCKOPOCTHYIO TPAaHCIIOPTHPOBKY KOH-
TEHHEPHBIX IPY30B MO C1a00 OCBOCHHBIM CEBEPHBIM TEPPUTOPHUSIM.

Pa3zpaboTunku mpoekTa BBIABHUHYJIM TUIIOTE3y O BO3MOXHOCTH CO3/IaHUA
POCTON KOMOWHHUPOBAHHOM TATOBO-JIEBUTALMOHHOW CUCTEMBI HA OCHOBE Ipe-
JeIBHO MPOCTOTr0 BapuaHTa JUHEHHOTO PEaKTUBHOTO MHIYKTOPHOTO JBUTATENS
(JIPMJ), ciocoOHOro 0THOBPEMEHHO 0OeceunBaTh JIEBUTALINIO, TATY U KypCO-
BYIO cTabunu3anuio. Takass KOMOMHUPOBaHHAs TATOBO-JIEBUTALIMOHHAS CUCTEMa
MO3BOJISIET HMCIIOJIb30BaTh IMACCUBHYIO JUCKPETHYIO MYTEBYIO CTPYKTYpPY CO
CHIW)KEHHOM MarepuanioeMKocTbio. KpoMe Toro, mpocrora KOHCTPYKIIMK Hampsi-
MYIO CBSI3aHA C BAKHEWUIIMMH 3KCIUTYyaTallMOHHBIMU MTOKA3aTeJIMA, TAKUMH KaK
KUBYYECTh U HAJIE)KHOCTh CUCTEMBI.

L http://privod-n.ru.
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qDYHKIlI/IOHaJIBHaﬂ cXCMa KOM6HHI/IpOBaHHOﬁ CUCTCMBEI JICBUTALIMU U TATH,
BBIIIOJIHECHHAS! HA OCHOBE JIMHECHHOT'O PCAKTHUBHOTO HMHAYKTOPHOI'O ABUIATCIIA,
IIOKa3aHa Ha pUcC. 3.

“l

kg . . — ) )
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Puc. 3. ®yHKIMOHaNbHAs cXeMa KOMOMHUPOBAHHON CHCTEMBI JIEBUTAIMH U TATH:
1 — cucrema ynpaBiieHus; 2 — CUJIOBOM K04 ITpeoOpa3oBarTes;
3 — TATOBO-JIEBUTALIMOHHBIA MOYJIb

Cuctema ymparieHus 1 reHepupyer kommyTanuoHHy ¢yHkimio K(t),
YIOPABISIIONIYIO MEPEKII0YEHNEM CHIIOBBIX Kirouei mnpeoOpazoBarens 2. Ilox
nercTBueM HampspkeHus nutanus Uy mpeoOpazoBatens 2 ¢popMupyeT (pasHbie
TOKH Ix B OOMOTKaxX TATrOBO-JIEBUTAIMOHHOTO Moayis 3. IIpu 3ToM co3marores
cuna taru Fy u mogremuas cuna F,. Ilox neiictBueM cuiiel Taru Fy 00BEKT 1e-
peMeIIaeTcst CoO CKOPOCThIO Vy, MPEOI0IICBAs CUITY COTIPOTHBIICHHS ABHKCHUIO fy
(6mok 4). ITompemuas cuna F, obGecrieunBaeT JeBUTAIIMIO OOBEKTA, KOMIICHCH-
pys Bec o0bekTa P u neiictBue Bo3mytmatonux cui f, (6mox 5). Iox neictBuem
TUX CHJI OOBEKT MEepPEeMeIaeTCcsl B BEPTUKAIbHOM HAMpPaBJICHUH CO CKOPOCTHIO
V,. Curnan 3a3opa zZ popMupyercst Ha BbIxoze 00ka 6 myTeM HHTETPUPOBAHUS
CKOPOCTH BEPTUKAIBHOTO MepeMelleHus V;, cpaBHUBAETCS C 3aJaHHbIM 3Haye-
HUEM Zs,; B OJIOKE 7, a cUrHaji omMOKu AZ MoJaeTcsi Ha BXOJ CUCTEMbI yIpaBJie-
Hus. Kpome atoro, mpu dopmupoBanuu kKommyTtaroHHoH ¢yHkimu K(t) uc-
MOJIL3YIOTCS CUTHAIBI Vy, V7, Ik M CHTHA 3aJIaHUsT CKOPOCTH JBHKCHUS Vi 50

Oco0EHHOCTBIO MAaTEMAaTUYECKON MOJIENIN KOMOMHUPOBAHHOM CUCTEMBI TS~
M M TOJIBEca SIBJISETCS OMMCAaHUE MOTOKOCUEIJIEHUs (Pa3HOTO KOHTypa Kak
GyHKUIHUU TpEX MEPEMEHHBIX:

Y, =1, X 2),
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rae Ik— TOK B KOHTYPE;

X — KOOpJIMHATa TOPU30HTAJILHOTO MEPEMEIICHNS;

Z — KOOpJAMHATa BEPTUKAIBLHOTO TTePEMEIIICHHS.

B o6miem Buje maTteMaTtuueckas MOEIb MPEICTABISET CUCTEMY ypaBHE-
HUH, OMUCBHIBAIOIINX

e 0ajaHC HaNPSYKEHUU B 3JIEKTPOMArHUTHBIX KOHTYpPaXx;
® TIPOLIECCHI ANEKTPOMEXAHUIECKOTO MPEOOPA30BAHMSI SHEPTUH;
® ypaBHEHUS JBUKEHUSI 00BEKTA.

+8\|/k(ik,x, z).di oy, (i, X, z) dx 8\|Jk(|k, X, z) dz
Ol dt OX dt 0z dt’
b i
0 . :
F, :Z& E[\Vk(lk’ X, z)di ’

i=const
z=const

F, =Zb:g jwk(ik, X, z)di ;

k=1 OX 0 i:_constt
2
m d—Z(:FX— f;
dt
d2
m- ——F -m-g-f,,
dt :

rae Ik — TOK DJIEKTPOMArHUTHOTO KOHTYPA;

X — KOOpJMHATa MepEeMEIEHUSI B TOPU30HTAIHLHOM HAIPABIICHUH;

Z — KOOpJIMHATA TEPEMEIICHNS B BEPTUKATHHOM HAIPaBIICHUH;

¥y — moTOKOCLEIIIIEHHE IIEKTPOMArHUTHOTO KOHTYPA;

K — HOMep 3JIeKTPOMArHUTHOTO KOHTYpa;

b — KOMYECTBO ANEKTPOMATHUTHBIX KOHTYPOB;

g — yCKOpeHHe CBOOOTHOTO TIaJICHUS;

M — Macca JEBUTUPYIOLIET0 00bEKTa;

R — akTUBHOE CONPOTUBIICHUE KOHTYPA;

Uk — HampsHKeHHE, TIOJIBOANMOE K JIEKTPOMArHUTHOMY KOHTYPY;

Fx — ropu3oHTanpHas cuiia, co3iaBaeMas HJIeKTPOMarHUTHBIM KOHTYPOM;

F, — BepTHKanbHas cuia, co3gaBaeMasi SJIEKTPOMAarHUTHBIM KOHTYPOM;

fx — crma conpoTHBIICHHS ABHKCHUIO;

f, —Bo3aMymIaromee Bo3aencTBHE.

Ha 6a3e maremaTtnyeckoil MOAENH TATOBO-JEBUTALMOHHON CHUCTEMBI pa3-

paboTaHa ee KOMITbIOTEpHAs peajn3aius B rpaduyecKoil cpeae UMUTAMOHHOTO
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mozaenupoBanusi Simulink. KommbroTepHass Mozeslb MO3BOJISIET MOJEIUPOBATH
JTUHAMUYECKUE PEKUMBI paOOTHI.

Ha puc. 4 npezacraieHsl pe3yibTaThl MOJCIMPOBAHUS AJIEKTPOMEXaHUYE-
CKHUX IPOLIECCOB B TATOBO-JIEBUTAIIMOHHOM cucTteMe. [IpuBeeHbl oCMILIorpaMMBl
MT'HOBEHHBIX 3Hau€HUI (ha3HBIX TOKOB B OOMOTKAX TSATOBO-JIEBUTAIMOHHOTO MO-
TyJisi, MTHOBEHHBIX 3HAYCHUH CHJI [0 KOOpJWHATaM X, Y, Z. ®a3Hbie TokH Ik (op-
MHUPYIOTCSI TAKUM 00pa3oM, YTOObI CyMMapHOE MOIEMHOE YCHIIE, CO3/1aBaeMOe
(ba3HBIMI KOHTYpaMH, 00ECTIEUNBAIIO JIEBUTAIINIO OOBEKTA, & CYMMAapHOE TATOBOE
yCUIIMe — 3aJJaHHYI0 CKOpOCTh JIBWKeHusl. Ha puc. 4 mokazaHo, 4TO TIpU BO3ECH-
CTBUM BO3MYILIEHHS II0 KOOPJAMHATE Y BO3HUKAECT cHila OOKOBOro cmeuieHus Fy,
oOecrneynBaromiasi KypcoByl0 CTaOMIN3AINIO ABMXKYIIIETOCS O0OBEKTA.

Puc. 4. OciumiorpaMMbl AJIEKTPOMEXaHUUECKHUX MTPOIIECCOB

[To pe3ynbpTaTaMm KOMITBIOTEPHOTO MOJICIUPOBAHUS MPOIECCOB B KOMOWHU-
POBAHHOI CHUCTEME TATH U TMojABeca pa3paboTaHbl OCHOBHBIE TEXHUUYECKHUE pe-
meHus. [ SKCmepuMeHTaTbHON MPOBEPKH KOHICMIIUK Oblila M3TOTOBJICHA
noJHO(QYHKIMOHATbHAs (U3NYEcKasi MOJENb TPAHCIIOPTHOU TIaT(GOPMBI, TTIPO-
BEJICHBI SKCIIEPUMEHTAIbHBIE UCCIIEIOBAHUS CUCTEMBI.

OcHOBHas 11eJ1b SKCIIEPUMEHTA — MPOBEPUTH BO3MOKHOCTH COBMEIICHHUS B
OJIHOM 00BekTe (GYHKIUHN jgeBuTanuu u Tsaru. [logodue nmporeccoB, mpoTeKaro-
nux B (U3MYECKOM MoJenu, obecrieunBaeTcsl mojgooueM KoHPUTypaluu mar-
HUTHOW CHUCTEMBbl MaKeTa TATOBO-JIEBUTAIIMOHHOTO MOJYJs, BBIMOJHEHHOTO B
MmacmTabe 1:7, UACHTUYHOCTHIO TOTIOJIOTHH CXEM CHJIOBBIX TIpeoOpa3oBarteneit
MO ¥ 00BEKTa, MICHTHYHOCTHIO AJITOPUTMOB YIIPABIECHUS U CTPYKTYPHI CH-
CTeMbl ympaBJieHHs. TpaHCIOpTHas MmiaaTdopMa OCHAIIEHA YETHIPbMS TATOBO-
JIEBUTAIMOHHBIMU MOAYJISIMHU.
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Ha puc. 5 nokazana ¢yHkiuonanbHas cxema moayns. Oomorku L1, L2, L3
Moayiass Al BKIIOYEHBI B CHIIOBYIO CXEMY ITOJYMOCTOBBIX IPeoOpa3oBaTeiCH
UZ1-UZ3, xoTopble Moay4yaroT NUTaHue OT akkymynstopHoit 6atapen Gl. Cu-
cTeMa yIpaBlieHus (pOpMUPYET aIrOpUTM KOMMYTAIlUH CHUJIOBBIX Kiroued VT1,
VT2 npeobpazopateneit UZ1-UZ3, obecrneunBaromuii JeBUTAIIUI0O O0BEKTa U
€ro JIMHCWHOE TEepEeMEIICHNE BIOJb MyTEBOW CTPYKTYphl. Ha BXOn cucTembl
YIPABJICHHS TTOCTYIMAOT CUTHANBI, MTPOTIOPITMOHAIBHBIE TOKAaM B OOMOTKaX la1,
lb1, lc1 oT maTumkoB Toka 741-TA3, BO3aymIHOTO 3a30pa 01 OT JaTYMKa 3a30pa
B1, a Taxke normueckue CUTHANBI, (PUKCUPYIOIIUE MOJOXKEHUE TOTIOCOB Mar-
HUTHOM CHCTEMBI MOIYJISl OTHOCHUTEIBHO ITyTEBBIX JIEMEHTOB OT OJIOKA JaTdh-
KOB mojioxenns BL1-BL3.

AATYMK 3A30PA | 'Al

~OTF of or|

CUCTEMA YIMPABJ/IEHWNA

Puc. 5. ®yHkunoHanbHas cxema MOAYJIS

KOHCTPYKTHBHO TSATOBO-JIEBUTAIMOHHBIM MOJYJIb IMOJHOCTHIO aBTOHOMEH
U MOXET OBITh aJalTHPOBAH K Pa3IUYHBIM KOHCTPYKTHUBHBIM (popMaM TpaHC-
MOPTHOM TUIATPOPMBI.

Ha puc. 6 moka3an oOmuii Buj GU3HUECKOM MO TPAHCIIOPTHOM TIaT-
bopMBL.

Mopnenb CoOaepKUT YETBIPE TATOBO-JICBUTAIMOHHBIX MOJYJIS, YCTaHOBJICH-
HBIX Ha TPAHCTIOPTHOM TeNIeXkKe; TIaT(GopMy ¢ DIIEKTPOHHBIM 000pYyI0BaHUEM,;
JIOTIOJTHUTEIBHYIO TEXHOJOTHYECKYI0 TUIaT(hopMy, Ha KOTOPOW pacrojiaraercs
Tpy3 IIPH IKCIIEPUMEHTAX.

Bo BpeMst SKCTIEpUMEHTOB MOJIEIh MIEPEBOINUIN B JICBUTHUPYIOIIEE COCTOSI-
Hue. JIJ1g 3TOro B OOMOTKH TATOBO-JIEBUTAIIMOHHBIX MOAYJIEH MOIaBalii MOCTO-
SHHBIA TOK, PETYJIMPYEMBIN MO BEIUYMHE B (DYHKIIMM BEIUYWHBI BO3IYIIHOTO
3a30pa MEXKy MOJTI0CaMH MOJTYJICH U IyTEeBBIMU dJieMeHTamMu. Jlanee 3amyckanu
CUCTEMY TPUBO/IA, TIPU ATOM MEPEKITIOYAINCH TOKH B (Da3HBIX 0OMOTKaX MO CHUT-
HajaM JaT4yuKoOB moyioxkeHus. [Ipu stom TpancmopTHas miatpopma OECKOH-
TaKTHO MepEMEIIAIaCh BIOJIb MYTEBOU CTPYKTYPHI.
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Puc. 6. O6muii Bug pusndeckoit Moaenu

Ha puc. 7 npuBegeHsl OCHMIIIOTPaMMBbI AIEKTPOMEXAHUYECKUX MPOLECCOB
IIpU MEPEX0JIE TATOBO-JIEBUTALMOHHOW CHUCTEMBI M3 PEKHMMa JIEBUTALIUUA B pe-
JKAM JIEBUTUPYIOILIETO MEPEMELICHUS BIOJIb MYTEBOM CTPYKTYyphl. Ha ocumiuio-
rpamMmax IMokas3aHbl azHble TOKM MOAyHeH lia—lsc, CUTHANBI AATUHMKOB 33a30pOB
01—04, CUTHAJIBI JATYUKOB NOJIOKEHUS D,, Dy, De.
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UccnenoBanus ¢Gu3nuecko MOJENM TPAaHCIOPTHOW MIaThOpPMbI MPoOJie-
MOHCTPHPOBAJIH €€ PadboTOCIOCOOHOCTH [16].

[To pe3ynbTaram KcClIeIOBAaHUM MPEITTI0KEHA KOHIEMINS TOCTPOCHUS IPy-
3oBoii MJITC nnst skcrtyaranii Ha cjiabo OCBOEHHBIX TepputTopusx. [Ipema-
raemasg MJITC nomxHa conepkaTh MACCUBHYIO MIyTEBYIO CTPYKTYPY CTaKagHO-
rO TUIIA U CIEMHBIE COCTABbI, COCTOSIIUE U3 ABTOHOMHBIX TPAHCIIOPTHBIX IJIaT-
dopm s mepemereHus KoHTeiiHepoB. Kaxkmas mmardgopma ocHamaeTcs
JIETKOCHhEMHBIMH TSTOBO-JIEBUTAIIMOHHBIMU MOAYJISIMU U 3JIEKTPOXUMUYECKUMU
HaKoOMUTENSAMU dHEepruu. [loBMKHOI COCTaB MOKET MOJIy4aTh SHEProcHadxe-
HUE KaK OT aBTOHOMHBIX DHEPreTUUECKUX YCTAaHOBOK, TaK M OT KOHTAaKTHOU ce-
tu. Ha puc. 8 mokazaHo nomnepeyHoe ceueHrne TPaHCIOPTHON MIaTPOPMBI.

Ha puc. 8 mokazanbl: myTeBOo€ MOJOTHO 1, ommparomieecss Ha Omopy 2;
TpaHcnopTHas miardopma 3, ocHalleHHas: KOJIECHBIMU Osiokamu 4, 5 Ui TpaHc-
MOPTUPOBKU TIaT(HOPMBI BAOJb ITYTEBOTO MOJIOTHA; MIEPEaTOUHbIe YCTpOoiicTBa 0,
7, CBSI3BIBAIOIINE CTATOPBI JMHEWHBIX ABUTaTeNeit 8, 9 u TpaHCcopTHYIO miaTdop-
My 3; anemeHThl poropa 10, 11, ycTaHOBIEHHBIE B psi[ HAa ITyTEBOM MOJIOTHE 1
C IIaroM, PaBHBIM TOJIFOCHOMY JIEJICHUIO JIMHEWHOTO ABUTATENS; POJIMKOBBIE KAaTKH
12, 13, orpanuunBaromiye 60KOBOe cMeIIeHre T1aThopMbl OTHOCUTENIHHO ITyTEBO-
ro nosjotHa. Ha moBepXHOCTH MyTEBOro MOJIOTHA | BMOHTUPOBAHBI CTAJILHBIC T1J1a-
ctuHbl 14, 15, KOTOpBIE SBISAIOTCS MOCAIOYHOM MOBEPXHOCTHIO A Kosec 4, 5
TPAHCMOPTHOM MIATPOPMBI 3.

Puc. 8. Ilonepeynoe ceueHne TpaHCTIOPTHOM MIIAT(HOPMBI:
1 — myreBoe NoJ0THO; 2 — onopa; 3 — TpaHcnopTHas wiardopma; 4, 5 — KoslecHbIe OJIOKH;
6, 7 — mepegaTouHbIe YCTPOMCTBA; 8, 9 — CTATOPHI IMHEHHBIX ABUTATEIICH;
10, 11 — snemenTs! poTopa; 12, 13 — ponukoBbie kaTku; 14, 15 — cTanbHbIe MIACTUHEI;
16, 17 — npeobpazoBarenbHbIC yCTPOMCTBA
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[Ipu nogade UMIyJIbCOB TOKAa B OOMOTKHM CTaTOPOB JIMHEWHBIX JBUTATEIEH
OoT mpeoOpa3oBaTeIbHBIX YCTPOHUCTB 16, 17 BO3HHMKAeT CHIOBOE B3aMMOJICH-
ctBue U-00pa3HbIX MarHUTOIPOBOJIOB CTaTOpa U pOTOpa 4Yepe3 peryaupyemblii
[0 BEJIWYMHE BO3AYIIHBIN 3a30p. Co3gaeTcsl TAroBoe€, MOABEMHOE U OOKOBOE
CTaOMIIM3UpYIOIee YCUIIMe, KOTOPOe MepeaacTcs yepe3 nepeiaTrouHble yCTpOou-
CTBa K TPAHCIOPTHOM 1iaTdopme. ITo obecrieunBaeT OECKOHTAKTHOE TepeMe-
[ICHUE TPAHCIIOPTHOM MIAaTGOPMBI BIIOJIb TyTEBON CTPYKTYPHI.

KoHnreliHepHBIil 1MOE3/l, COCTABICHHBI M3 22 TPaHCIOPTHBIX IUIATHOPM,
OTKCaHHBIX BbIIIE, 001mel Maccoit 1800 T MoxeT TpaHCcOpTHpPOBaTh 43 enuHu-
1161 40-QyHTOBBIX KOHTEHEpa ¢ MapiipyTHOH ckopocThio 180 km/4. CKOpOCTH
NepeIBIKEHUS] KOHTEHMHEPHBIX Tpy30B — He MeHee 3600 km/cyT. UToObl peanu-
30BaTh MPOTHO3UPYEMBII TOJOBOM 00BEM TPAH3UTHBIX KOHTEHHEPHBIX MEPEBO-
30K B 1,52 muimuona JI®D, HeoO6XoauMo, 4ToObl KOHTEHHEPHBIS 1Moe3/a ClIe/10-
BaJli C MHTEPBAJIOM, paBHbIM NpuMepHO 0,5 4 (49 KOHTEHHEpHBIX MOE3/10B B
cytku). [Ipu 3TOoM Ha IMHUM B OOOMX HAIPaBJICHUAX OJHOBPEMEHHO JOJKHBI
HaxoAUThCs 156 KoHTeHHEepHBIX Moe310B. [lapk TpancnopTHBIX MaThOpM 10J1-
JKEH cocTaBisITh 3432 enuHuIlsl (0e3 yuera pe3epna).

Takum oOpa3oM, IpeIoKEHHAs] KOHUENIUS TOCTPOEHHUSI BBICOKOCKOPOCT-
HOTO KOHTEHHEPHOro noe3aa (U3HYecKu peajuzyeMa U 00ecleuynBaeT MporHo-
3UPYEMBII r0/10BO 00bEM TPAH3UTHBIX KOHTEHHEPHBIX EPEBO3OK.

4, OueHka 3(1)d)eKTVIBHOCTM MHBECTULUMNOHHOIO NPOEeKTa

D@ heKTUBHOCTh MHBECTULIMOHHOTO MPOEKTa OLIEHUBAIH B COOTBETCTBUH C
MeronudyeckuMu peKOMEHAAUUSIMHU, JNEUCTBYIOIIUMU Ha Teppuropun Poccuii-
ckoil @enepanuu. ['opuzoHT muianupoBanus npoekra — 40 ner. JleHexxHsie no-
TOKHU MPOEKTOB (POPMUPYIOT CIEIYIOIIME CTaThU 3aTpaT: WHBECTUIMOHHBIE 3a-
TPAaThl, KCILTyaTallMOHHBIE PACXO/IbI, IUIATEKH M0 HAJIOTY Ha UMYILIECTBO.

B xadyecTBe OCHOBHBIX MOKa3aTelel, HCIOIb3YEMbIX JUIsl pacueToB I ek-
TUBHOCTH MHBECTULIMOHHOTO MPOEKTA, BHIOPAHBI: YUCTBIA OXOJ, YUCTHIN JHC-
KOHTHPOBAHHBIN JOXOJ, BHYTPEHHSAS HOpMA JOXOOHOCTH, UHAECKC AOXOAHOCTH
WHBECTULINN, UHIEKC JOXOAHOCTH AUCKOHTHUPOBAHHBIX MHBECTULIUN; CPOK OKY-
MTa€MOCTH.

["onoBoit skoHOMUYECKUN ADEKT ONpeaenseTcs Kak pa3HOCTh MEXKIY Je-
HEKHBIMHU MMOTOKAaMH COOTBETCTBYIOIIETO TO/Ia MPOEKTa ¢ 3IeKTpoBo3oM 1120
[17] u mpoekra MJITC ¢ ee mocnenyromuM ITUCKOHTHpOoBaHUEeM. [loka3zaremnu
s dextuBHoCcTH ipoekta MJITC npuBenens! B Tab. 2.

PacueTHble 3HaU€HMsSI OCHOBHBIX MoKa3arenel 3((HEeKTUBHOCTH MO3BOJISIIOT
cAenaTh BBIBOJ, YTO Ipeasiaraemblii mpoekT npumenenuss MJITC anst koHTel-
HEPHBIX MEepPeBO30K siBisieTcs A3hhexkTuBHBIM. HecMOTpst Ha OOBIIYI0 BETUYUHY
NepPBOHAYAIIbHBIN MHBECTHUIINNA, CBSI3aHHBIX C 00JI€e CYIIECTBEHHBIMHU KaIllUTaI0-
BJIOKEHUSIMU B TyTeByl0 uHOpactpykTypy MIITC, 3HauutenbHass 3KOHOMUS
DKCIUTYaTallMOHHBIX PACXOJ0B BBIBOJAUT MPOEKT HA MOJOKUTENbHBIM SKOHOMHU-
YECKUH pe3ynbTar.
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Tabmnuua 2

IToxa3artenu 3¢pdexTuBHocTn npoekta MJITC

[Toka3aTenb 3HaueHue
UucTslit 10X01, MIIH pYO. 264 5244
UHCThIi TUCKOHTUPOBAHHBIN TOXO]I, MIIH PYO. 7 555,6
BuyTpeHnHss HopmMa 10X0IHOCTH, %o 10
MNHnexc 1oXOMHOCTA MHBECTUIIAN 2,33
Wunekc ZIOXOZIHOCTH JNCKOHTHPOBAHHBIX 1,04
WHBECTUIUI
Cpox oKkynmaeMocCTH (pPOCTOM ), JET 10,1
Cpok OKynaemMocTu JUCKOHTUPOBAHHBIH, JIET 26,03

[Ipu pacderax HE YYHTHIBAIMCH JOMOJHUTEILHBIC JTCHEKHBIC MTOTOKHU IS
orepaTtopa, CBs3aHHble ¢ TapudHON cocTaBiswonied (0T pocTa Koddhduirenta
MPOU3BOIUTEIILHOCTH), @ TaK)KE COIMAJIbHBIE ACIEKThl JAHHOTO TPOEKTa IS
PErHMOHOB CTPaHbl, B KOTOPBIX Oy/IET pealn30BaH JaHHbIN MPoekT. C yueToM Ta-
KOT0 MYJIbTUIUIMKATUBHOTO 3 dexTa sKoHOMHYECKas IEeIecOo00pa3HOCTh H
MPUBJIEKATEILHOCTH MPOEKTA 3aMETHO BO3PACTAET.

3aknroyeHue

Pa3Butue TpancnoptHoil uH(ppacTpykTypsl Poccuiickoit denepanuu cBs-
3aHO C reorpauyuecKkuM IMOJIO0KEHUEM CTPaHbl KaK €CTECTBEHHOTO TPaHCHOPT-
HOTO KOPHIO0pa, COeNUHSIOMEro EBpornenicknii, A3uaTcKo-TUXO0OKEaHCKUM pe-
ruoHbl. Co3aHHE BBICOKOCKOPOCTHOM EBPOa3naTcKoil TPAaHCHOPTHOW CHCTEMBI
COOTBETCTBYET NUPEKTUBHBIM JOKYMEHTAM, KaCarOIIMMCs TPAHCIIOPTHOM CTpa-
terun Poccuiickoii @enepanuiu 1Mo Pa3BUTHUIO IOTEHIMANAa €BPO-a3MaTCKUX
TPAHCIIOPTHBIX CBA3EM U TPAH3UTHBIX IIEPEBO30K I'PY30B.

TpancnopTHas cuctemMa MOKET ObITh OCHOBaHa Ha COBPEMEHHOM MarHuro-
JIEBUTALIMOHHOM TE€XHOJIOTHH, MO3BOJIAIOIIEH CYIIECTBEHHO CHU3UTH JDKCILTyaTa-
IIUOHHBIE PacXo/bl, a CJIE0BATEeIbHO, U TPAHCIIOPTHBIE U3ACPKKHU 3a cueT Oec-
KOHTAKTHOTO MEepEMEIICHUs TPAHCTIOPTHOM T1aT(HOPMBI OTHOCUTENBHO ITyTEBOM
CTPYKTYPBI.

HoBas TpaHcnopTHasi cucrteMa OylieT crnocoOCTBOBATH BBICBOOOXKIIEHHUIO
MPOIMYCKHON CITOCOOHOCTH KEJIE3HBIX JOPOT JIsl TPY30BBIX MEPEBO30K, MPSMO-
My Oecreperpy304HoMy cooOIeHro Mexx1y EBponoit u Azueit, a mpu cooTBeET-
CTBYIOIIEH MpOKJIaJAKe Mapupyrta OOECHeYUT JOCTYIMHOCTh TPAHCHOPTHBIX
yCIIyT 10 IepeBo3Ke Ipy30B B pailoHax Kpaitnero Cesepa, Cubupu, JlanbHero
Bocroka u B ynaneHHbIX pernoHax Poccun.

21



TECHNOLOGIES AND PROJECTS

Bubnuorpadunyecknm cnncok

1. BnagumupoB C.A. MupoBasi TpaHCIIOpTHAsl CUCTEMa U JIOTUCTHKA: OC-
HOBHBIE HanpaBieHus pa3sutus / C.A. Bnagumupos // PernonaibHas 5KOHOMHU-
ka u ynpasienue. — 2016. — Ne 2 (46). — URL.: http://eee-region.ru/article/4602
(maTa oopamenus 10.04.2017).

2. Yuyama Y. The tobu kyuryo line (popular name: linimo) a magnetic lev-
itation system / Y. Yuyama // The 18th Int. Conf. Magnetically Levitated Sys-
tems and Linear Drives, 26-28 Oct. 2004, Shanghai, China. — URL:
http://www.maglev.ir/eng/documents/papers/conferences/maglev2004/topic2/IM
T _CP_M2004_T2_6.pdf (mara o6pamenus 10.04.2017)

3. Shanghai Maglev Transrapid Technology. Presentation Siemens AG,
2007. — URL.: http://www.ft.dk/samling/20061/almdel/tru/bilag/361/363482.pdf
(mata obopamenus 27.09.2017).

4. Maglev for Urban Transit. — URL: http://www.discovery.org/scripts/
viewDB/filesDB-download.php?command=download&id=950 (mata oOparie-
Hus 27.09.2017).

5.Wiegand D. Magnetschellbahn Moskau — Berlin: Maglev -
Hocheschwindigkeits magistrale Ost-West / D. Wiegand // The Int. Mag-
levboard. — Miinchen, 2010. — Juni. — P. 237-245.

6. Superconducting Maglev the World’s Fastest Train — Coming to Ameri-
ca. Website Company USIMAGLEV, 2012. — URL: http://www.usjmaglev.
com/usjmaglev/Home.html (nara o6pamenus 10.04.2017).

7. Powell J. The Fight for Maglev: Making America the World Leader in
21st Century Transport / J. Powell, J. Jordan, G. Danby. — USA: Create Space,
2012. — 402 p.

8. James K. Maglev Freight Conveyor Systems / K. James. — URL:
http://www.maglev.ir/eng/documents/papers/conferences/maglev2008/topicl/IM
T _CP_M2008_T1 5.pdf (nara obpamienus 10.04.2017).

9. General Atomics. Maglev Technologies. Website Company General
Atomics (GA). — URL: http://www.ga.com/urban-maglev (mata oOpamieHwst
10.04.2017).

10. AutonoB HO.®. Texuonorus «Martpancutu» B mnpoekre «CaHKT-
[TerepOyprckuit Marnes» / HO.®. AntonoB, A.A. 3aiiue, E.1. Mopo3osa,
10.®. Xosukos // U3s. III'VIIC. — 2013. — Bemm. 4. — C. 5-17.

11. TpancnioptHas ctparerusi Poccuiickoit deneparuu Ha niepuon a0 2030
roja (yTB. pacniopsbkeHreM rpaButesbetBa PD ot 11 uronst 2014 r. Ne 1032-p). —
URL: http://www.mintrans.ru/activity/detail.php?SECTION_1D=2203#document_
19188 (marta oopamenus 10.04.2017).

12. Tennenbaum J. The New Eurasian Land-Bridge Infrastructure Takes
Shape, 2001. — URL: http://www.larouchepub.com/eiw/public/2001/eirv28n42-

22


http://eee-region.ru/article/4602/
http://www.maglev.ir/eng/documents/papers/conferences/maglev2004/topic2/IMT_CP_M2004_T2_6.pdf
http://www.maglev.ir/eng/documents/papers/conferences/maglev2004/topic2/IMT_CP_M2004_T2_6.pdf
http://www.discovery.org/scripts/%0bviewDB/filesDB-download.php?command=download&id=950
http://www.discovery.org/scripts/%0bviewDB/filesDB-download.php?command=download&id=950
http://www.maglev.ir/eng/documents/papers/conferences/maglev2008/topic1/IMT_CP_M2008_T1_5.pdf
http://www.maglev.ir/eng/documents/papers/conferences/maglev2008/topic1/IMT_CP_M2008_T1_5.pdf
http://www.mintrans.ru/activity/detail.php?SECTION_ID=2203#document_�19188
http://www.mintrans.ru/activity/detail.php?SECTION_ID=2203#document_�19188
http://www.larouchepub.com/eiw/public/2001/eirv28n42-20011102/eirv28n42-20011102_016-the_new_eurasian_land_bridge_inf.pdf

TEXHOJIOI'MX U ITPOEKTDI

20011102/eirv28n42-20011102_016-the _new eurasian_land_bridge inf.pdf
(mata oopamenus 01.09.2017).

13. The Euro-Asian Transport Links (EATL) project. — URL:
http://www.unece.org/trans/main/eatl.htm (gara ooparenus 10.04.2017).

14. Paposckuii I1.LE. Poccuiickuif 3KCHOpT TPaHCHOPTHBIX YCIYT B COBpeE-
meHHbIX yenoBusix / [1.E. Paposckwuii / Poc. 6rom. poccuiickoro ¢onga. — 2016. —
Ne 5. - C. 116-131. — URL.: http://www.rfej.ru/rvv/id/0003F43CB (mata oOpariie-
Hus 27.09.2017).

15. Konbsinenko B.A. Pacmupenue cetu keine3HbIX JOpOr B MAJIOOCBOEH-
HBbIX peruoHax Poccun — oiHa U3 BaXXHBIX 3a7a4 Pa3BUTHUS JKEJIE3HOIOPOKHOTO
tpancnopta crpanbl B XXI Beke / B.A. Konbuienko, FO.A. beikos, 1.B. Typ-
oun, B.B. Kocmun // Hayka u tpancnopt. MojiepHU3aius >ke1e3H0I0pOAKHOTO
tpancnopta (ITpun. x xypH. Tpancnopt P®). — 2008. — Ne 4. — C. 4-7.

16. Kireev A.V. Starting operating mode of the combined traction levita-
tion system of the vehicle equipped with magnetic suspension / A.V. Kireev,
G.N. Kononov, A.V. Lebedev // Int. J. Power Electronics and Drive System
(IJPEDS). — 2017. — Ne 8 (1):176. — P. 176-183.

17. TTapxomenko A. JlokomotuBsl HOBOro Kiacca EP20 HoBoro nmokosenus
PX]I / A. ITapxomenko // Railvolution. The Prof. Two-Monthly Magazine of
Rail Transp. Worldwide. — T. 12. — Ne 4/12. — C. 85-92. — URL:
https://library.e.abb.com/public/175¢cd263dc51cad2¢c1257
a860040bcd2/Railvolution04-12-ABB-Traction-transformers-EP20.pdf  (mara
obpamenus 10.04.2017).

Caenennst 00 aBTOopax:

KWPEEB Anekcannp BnagumupoBud, K. T. H., JIOIEHT, TeHEPAJIbHBIN TUPEKTOP.
E-mail: akireev@privod-n.ru

KOXEMSKA Hukonait MuxaitnoBud, K. T. H., TEXHUYECKUNU TUPEKTOP.

E-mail: nkozhemyaka@privod-n.ru

KOHOHOB TI'ennaauit HukonaeBud, Beayuiuii crieuaiucT.

E-mail: gkononov@privod-n.ru

3A0 «Hayuno-rexanueckuii nentp [IPUBO/I-H, r. HoBouepkacck

© Kupees A. B., Koxxemsika H. M.,
Kononos I'. H., 2017

23


http://www.larouchepub.com/eiw/public/2001/eirv28n42-20011102/eirv28n42-20011102_016-the_new_eurasian_land_bridge_inf.pdf
http://www.unece.org/trans/main/eatl.htm
http://www.rfej.ru/rvv/id/0003F43CB
https://library.e.abb.com/public/175cd263dc51cad2c1257%20a860040bcd2/Railvolution04-12-ABB-Traction-transformers-EP20.pdf
https://library.e.abb.com/public/175cd263dc51cad2c1257%20a860040bcd2/Railvolution04-12-ABB-Traction-transformers-EP20.pdf
mailto:akireev@privod-n.ru
mailto:nkozhemyaka@privod-n.ru
mailto:gkononov@privod-n.ru

TECHNOLOGIES AND PROJECTS

UDK 629.027:621.318.3
V. Kireev, N. M. Kozhemyaka, G. N. Kononov

PREREQUISITES FOR THE CREATION OF A HIGH-SPEED
CONTAINER TRANSPORT SYSTEM

Date of reciept 01.10.2017
Decision on publication 26.10.2017

The new scope of application for vehicles equipped with magnetic suspension is the
fright container transportation. In order to realise the transit potential of the country, the in-
crease in mean speed of the container trains is required.

Objective. The purpose of the work is to explore the possibilities to develop the high-
speed transport system equipped with magnetic suspension for container transportation
along Eurasian land bridge.

Methods. The following methods and analysis have been used as research instru-
ments: case study, computer modeling, transport geography and technical and economic
analysis.

Results. The market analysis results of the transit container transportation have shown
that the major challenge for Russian transit development is the constrained traffic capacity
of the existing transport corridors. The drastic solution of the problem can be the construc-
tion of a new high-speed transport system. The following factors determining the conditions
for the creation of the new transport system have been identified: the use of the Azov-Black
sea basin transportation facilities, provision of the accessibility of the northern areas; the de-
velopment of technical solutions ensuring the design of the transport system with low cost
infrastructure. The combined traction levitation system has been developed based on the ex-
tremely simple design of the linear switched reluctance motor. The experimental researches of
the full-functional physical model of the transport platform have been performed. The as-
sessment of investment project efficiency has shown that despite large start-up investment in
the track infrastructure, the project has positive economic effect.

Practical importance. The computer model of the combined traction levitation sys-
tem based on the linear switched reluctance motor has been designed.

The concept of the new transport system construction has been introduced taking into
account the characteristics of the supposed operating test sites in poorly developed areas.
The high-speed route has been proposed connecting the Azov-Black sea basin with the Pa-
cific coastline and completely passing through the territories of Russia including some
northern regions. The transit potential assessment has shown that due to the transit time re-
duction it is possible to attract the container freights with traffic volume of 1.52 million in
twenty-pounds equivalent.

Container traffic, conveyor container transport, maglev freight train, transport corridors,
linear synchronous motor, high-temperature superconducting technology.

The work has been carried out with the financial support of Russia’s Ministry of Education and Science.
The unique identification code of studies RFMEFI57916X0132.
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Introduction

The general tendency for the development of the world transport system is
the acceleration of the transport process, achieved by the formation of transport
corridors, improvement of the transport and logistics structure of transportation,
and the increase of speed transport modes [1].

By 2000, workable technical solutions for high-speed magnetically sus-
pended transport had been formed. In particular, the first commercial line in Ja-
pan Tobu Kyuryo Line [2], the high-speed transport system on the magnetic
suspension Transrapid in Shanghai [3], the UMT transport system in South Ko-
rea [4].

In the beginning, once high-speed modes of transport emerged, the devel-
opers already showed aspiration for demonstration of the new technology capa-
bilities. This stage is characterised by the desire to set speed records. As the
main criterion the route speed was put forward, leaving in shadow the economic
and social effects.

Attempting to give the projects competitive status, the developers found out
that there were only two transport corridors where recoupment of magnetic levi-
tation transport systems (MLTS) could be ensured. These are ones in France and
Japan, running through densely populated areas with heavy traffic. These corri-
dors were established before the dominance of road transport.

The active search for local transport corridors that could ensure recoupment
of the system is being observed. Many MLTS implementation projects are
known now [5] in the USA, Great Britain, Germany, Japan, China, Iran, India
and others. The companies for maglev implementation emerged: The Northeast
Maglev (TNEM) — American company which cooperates with the Japanese Cen-
tral Japan Railway Company (JR Central) in implementation of SCMAGLEYV in
the USA, the American company US — Japan MAGLEV working at implemen-
tation of the Japanese superconductor-based maglev system of the company JRC
(SCMAGLEV) [6].

Thus, it is obvious that the world practice has not broadly deployed this
kind of ground transport yet, due to high construction expenditure costs and lack
of intensive stable passenger traffic.

The development of high-temperature superconductor technology gave
birth to new vision of MLTS. That was reflected in the book by James Powell
“The Fight for Maglev: Making America the World Leader in 21st Century
Transport” [7]. In the book, the freight high-temperature superconductor-based
MLTS has been proposed. The most attractive type of freight transportation is
conveyor container transport [8].

Earlier, in the USA the work of construction of transport freight platform
with magnetic suspension had been conducted by General Atomics [9]. The
transport was intended for conveyor transportation.
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At present, Russia is developing maglev conveyor line for processing con-
tainer goods in Ust-Luga Port Terminal®. The project is being realised on the ba-
sis of new maglev technology “MagTranSiti” [10].

New application of MTLS in the sphere of freight transportation requires
reconsideration of concept of its construction taking into account the properties
of the area intended for operation.

The railway transport development strategy up to 2030 has special chapter
for transit container transportation [11]. The territory of the Russian Federation
is a natural bridge connecting Europe and Asia-Pacific Region states. For reali-
sation of transit potential of the country, the task is set to increase container
trains speed. Now, the development of transport area is conducted at the expense
of liquidation of gaps and “narrow sections” by virtue of reconstruction and con-
struction of separate sections of transport network. The main project is consid-
ered to be construction of high-speed railway for accelerated delivery of con-
tainers from China, Central Asia and Eastern Europe to Europe — the Trans-
Eurasia Container Mainline. This mainline will enable organisation of container
transportation with the speed of 140-160 km/h, ensure release of carrying capac-
ity of Russia Far East railways.

Meanwhile, the idea of establishment of Eurasian Land Bridge deploying
magnetic suspension technology [12]. However, until now no researches had
been carried out to access capabilities of MLTS-based container transportation
on the Eurasian Land Bridge.

The purpose of the work consists in studying the possibility of creating
high-speed transport system with magnetic suspension for container transporta-
tion on Eurasian Land Bridge.

1. Setting task

The basic tasks that were solved during the research are as follows:

e assessment of container transportation market situation;

e identification of factors that determine the conditions for the creation of
a new transport system;

e forecasting the volumes of container transit traffic of a new high-speed
transport system;

e identification of factors determining the route of the line;

e research of technical solutions ensuring realisation of the project;

e assessment of the project efficiency.

L http://port-ustluga.ru/en.
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2. Materials and methods of research

The main information sources used for the work are: the Russian Federa-
tion’s Transport Strategy up to 2030%, sea transport review (regular publication
issued by UNCTAD)?, the UN Economic Commission for Europe (UNECE) on
the Euro-Asian Transport Links (EATL)?®, materials of UNECE Inland Transport
Committee*, materials of the Coordinating Council on

Trans-Siberian Transportation (CCTT?), information provided by container
transportation operators China-Europe: JSC “RZD”®, Intermodal container oper-
ator “Trans Container’, DB Schenker®, Far East Landing Bridge (FELB)®.

As an instrument of research, the situation analysis methods were used,
computer modelling, transport geography, technical and economic analysis.

3. Results
3.1. Assessment of container transportation market situation

Today, most of the cargo transported from Asia to Europe and back is car-
ried by sea, which is associated with a sharp increase in container freight turno-
ver between the two continents. The second place in the cost volume of supplies
is air transport. The list is closed by railway transport.

The prevailing scheme of goods delivery by sea has led to a gradual ex-
haustion of turnover capacity reserves of the North European ports. In this re-
gard, many logistics companies in Europe and Asia began to increasingly use
the ports of the southern Mediterranean to transport goods to the European mar-
ket. When delivering through southern Europe, large ships navigating from Asia
spend three or four days less on the way. In modern conditions, the existing ca-
pacity of ports is becoming insufficient, and some of them are already rapidly
approaching the maximum volumes of cargo turnover.

The biggest problem that exists in Euro-Asian maritime transport is related
to very long shipment time.

! https://www.mintrans.ru/activity/detail. php?SECTION...

2 http://unctad.org/en/PublicationsLibrary/rmt2014_ru.pdf.

3 https://www.unece.org/fileadmin/DAM/trans/main/eatl/docs/EATL_Report_Phase_I1-Ru.pdf.
4 http://www.unece.org/trans/main/eatl.html.

5 http://icctt.com/transsib.

6 www.rzdlog.com.

7 www.trcont.ru.

8 https://www.dbschenker.com.

% www.felb.world.

27


https://www.mintrans.ru/activity/detail.php?SECTION
http://unctad.org/en/PublicationsLibrary/rmt2014_ru.pdf
https://www.unece.org/fileadmin/DAM/trans/main/eatl/docs/EATL_Report_Phase_II-Ru.pdf
http://www.unece.org/trans/main/eatl.html
http://icctt.com/transsib
http://www.rzdlog.com/
http://www.trcont.ru/
https://www.dbschenker.com/
http://www.felb.world/

TECHNOLOGIES AND PROJECTS

An alternative to maritime transport is land transportation, which can meet
a significant part of the expected additional demand for transport services in the
future. Distances by land between Europe and Asia are generally shorter than
the distances by sea, especially if the points of departure and destination of the
cargo lie deep in both continents.

Railway transport is becoming an optimal way of ensuring connections be-
tween ports and inland regions of a continent. Efficient operation of such rail-
way routes as the Trans-Siberian Railway! and the Trans-Asian Railway?
through China will enable creation of additional passage capacity, making it
possible to form the niche demand for enhanced transportation [13].

Today, the journey speed of container trains along the Trans-Siberian
Railway is 1550 km per day. This is achieved, mainly, by increasing the journey
speed by reducing the number and duration of technological operations with
train units, which undoubtedly increases the competitiveness of this type of
transportation. At the same time, the desire to achieve the maximum possible
technical speed is limited by the loss of the rest of the freight traffic along the
Trans-Siberian Railway.

The next issued is bound with the transportation volume. In the directive
documents of the Russian Federation concerning the transport strategy, the de-
clared volume of transit traffic along the Trans-Siberian Railway in 2030 is ex-
pected to reach 1.44 million TEU. However, the main problem in the implemen-
tation of plans to increase the transit flow of goods is the capacity of the Trans-
Siberian Railway. After completion of the reconstruction of the highway by
2018, the total capacity will be 185 million tons per year. At the same time, the
share of container transit can increase to 0.5 million TEU, which is clearly not
enough to reach the planned traffic volumes.

The assessment of transit potential of the Russian Federation in terms of
goods traffic between Asia and the EU indicates that the at the expense of transit
time by 25-30 % the sea way goods can be taken as well. The total share of land
Eurasian transport can be increased from 1.9 to 18.5 %. Table 1 shows the fore-
cast data for the distribution of container transit between corridors.

Table 1

Distribution of transit volume between corridors, %

Transports corridor 2020
The Trans-Siberian Railway 8,1
The Trans-Asian Railway 6,0
The Suez Canal route 81,5
Other routes 4.4
Total 100

! http://www.transsib.ru/cat-geo.htm.
2 http://www.unescap.org/sites/default/files/tarsc-fulltext_1980.pdf.
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Using the data of Table 1 for the TSR (8.1), supposing that the average
volume grow makes 5.6 %, as well as data of sea container transportations to
Europe in 2016 (15.3 million TEU)!, we can calculate the expected transporta-
tion volume on the TSR in 2020. The expected transportation volume may reach
1.52 million TEU. Thus, the forecast transportation volume significantly ex-
ceeds the volume stated in the directive documents.

A cardinal solution to the problem might become the construction of new
rapid transport system with containers carried at least 2500 km per day. This would
coincide with UNECE articles. Thus, the Euro-Asian Transport Links report sug-
gests that there is need in diversification of today’s routes and opening of new al-
ternative ones between Europe and Asia, further developing the trans-Siberian
communication.

The new transport system can facilitate the release of the capacity of rail-
ways for freight traffic, direct uninterrupted communication between Europe and
Asia, and, if properly routed, can ensure the availability of transportation ser-
vices for carrying goods in the Far North, Siberia, the Far East and remote re-
gions of Russia.

3.2. Factors determining the conditions
of creation of new transport system

3.2.1 The expected route

Geopolitical factor. In the forming geopolitical realia, it is reasonable to
consider the issue of Russia’s using the transport strategic capacities of the Azov
and Black Sea Basin in the long run [14]. Besides, to decrease political risk, it
would be highly advisable to have the entire route laid on the territory of one
country, for example with the starting points on Russia’s Pacific coast and ter-
minal points in logistical centres of the Azov and Black Sea Basin.

Northern territories’ transport accessibility factor. There is a strategic need
of priority construction of new extended lines in the poorly developed Northern
regions of the country, for example north to the TSR and Baikal-Amur Mainline
where the prospective natural resources can be found [15].

Technical and economic factor. Vast territory and high unit cost of MLTS
flyover dictates demand in realisation of minimum distance when choosing the
route. Unlike conventional railways, a MLTS flyover does not require cleaning
taiga territories, levelling the ground, bypassing natural obstacles. The flexible
inclusion of the structure into landscape is ensured, creating prerequisite for
straightening the track.

L' World Maritime Review, 2016.
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Taking into account the main factors determining the proposed route, we can
outline the following route: the starting point is on the Pacific coast; the terminal
point is one of the ports of the Azov and Black Sea basin. The southern ports of
Russia are at the crossroads of the world trade routes, several transport corridors
pass through them, in addition, it is the shortest way from the largest industrial cen-
tres from Russia to Europe, the countries of the Middle East, and Asia.

As the starting point of the route on the Pacific coast, we can choose the
seaport of Vanino (fig. 1a)l. It is a transport hub connecting railway, sea and
road routes. Through Vanino shipments are delivered to the northeast regions of
Russia, Japan, South Korea, China, Australia, the USA and other countries. The
favourable geographic location of the port opens the way to the sea for cargoes
travelling along the Baikal-Amur and Trans-Siberian railways

It is advisable to make the Taman peninsula area as a terminal point. Since
Russia’s sea infrastructure development strategy up to 20302 forecasts signifi-
cant increase of cargo turnover of the Azov and Black Sea basin at the expense
of construction of the port of Taman® with the expected capacity of more than
100 million tonnes by 2030. The proposed location of the port is Panagia Cape
area (fig. 1b) located in Southwest of Taman Peninsula. The nearest railway hub
is the city of Krymsk.

Fig. 1. Geographical location of starting (a) and terminal (b) points of the route

The fig. 2 shows the proposed high-speed MLTS route.

! http://www.vaninoport.ru.
2 http://www.rosmorport.ru/media/File/State-rivate_Partnership/strategy_2030.pdf.
3 http://taman-seaport.ru.
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Fig. 2. MLTS high-speed route

The prospective route of the MLTS route is characterised by a very large
length (approximately 7 000 km), potentially has a significant range of variation,
the width of which can be several hundred kilometers, depending on the terrain
features, geotechnical conditions, location of favourable crossings of broad riv-
ers, and also from seismic and other unfavourable conditions on the sections of
the direction of the mainline.

The route takes into account key factors: it connects the Azov and Black
Sea basin with the Pacific coast, completely passes through the territory of the
Russian Federation, including northern territories (up to 60° N), and its length is
25 % shorter than the length of existing routes.

3.2.2. Technical realisation of the transport system

The critical need in creation of high-speed freight transportation systems,
having a separate flyover route, generates the task to search for technical solu-
tions, enabling us to decrease costs for construction and maintenance of MLTS.

The proposed route passes through remote low-accessible areas (water bar-
riers, mountain ranges, wetlands, etc.) with a cold climate. In these conditions,
transport systems with low-cost infrastructure and technical solutions are needed
to ensure uninterrupted traffic on the mainline.
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The largest amount of initial investment is associated with significant capi-
tal investment in the construction of a track infrastructure for MLTS. This cir-
cumstance discourages potential investors. However, if the economically effec-
tive MLTS is determined by a competitive environment in well-developed terri-
tories with a developed transport infrastructure, in high-traffic areas of the
northern hard-to-reach areas to ensure stable cargo flows over the snow and
zones of intensive hydrogen wear of structures, the high-speed cargo transport
systems of the flyover type on magnetic suspension are essentially non-
alternative

In Russia, Ltd. “PRIVOD-N! within the Federal Target Programme (Fed-
eral’'naya Tselevaiia Programma) is developing transport system elements with
magnetic suspension aimed at transporting goods through poorly developed
northern territories.

The developers of the project have formulated a working hypothesis about
construction of simple combined traction and levitation system on the basis of
the switched reluctance motor, capable to simultaneously ensure levitation, trac-
tion and stabilisation. This combined traction and levitation system enables us-
ing the passive discrete guideway with a decreased materials consumption. Be-
sides, the simplicity of the construction is directly related to the most important
operational factors, such as survivability and reliability of the system.

The functional scheme of the combined traction and levitation system, ar-
ranged on the basis of the switched reluctance motor, is shown in the fig. 3.
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Fig. 3. Functional system of combined traction and levitation system

L http://privod-n.ru.
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The system of operation 1 generates commutation function K(t), operating
switches of power keys of converter 2. Under the influence of the supply voltage
Uyq, the converter 2 generates phase currents iy in the windings of the traction and
levitation module 3. This generates the traction force F, and the lifting force Fz.
Under the action of the traction force Fy, the object moves at a speed Vy, over-
coming the resistance to movement f, (block 4). Lifting force F, provides levita-
tion of the object, compensating the weight of the object P and the action of the
disturbing forces f, (block 5). Under the action of these forces, the object moves
in the vertical direction at a speed V,. The gap signal z is formed at the output of
the unit 6 by integrating the vertical travel speed V,, is compared with the set
value zs in the block 7, and the error signal 4, is supplied to the input of the
control system. In addition, when forming the switching function K(t), the sig-
nals VX, Vz, ix and the speed reference signal Vy < are used.

A peculiarity of the mathematical model of the combined traction and sus-
pension system is the description of the linkage of the phase contour as a func-
tion of three variables:

Y, =1, X 2),

where iy — contour current;
X — horizontal motion coordinate;
z — vertical motion coordinate.
Generally, the mathematical model shows the system of equations describ-
ing:
e current balance in electromagnetic contours;
e electromechanical energy converters processes;
e Object motion equations.

+8\yk(ik., X, z) di, +8\|/k(ik, X, Z) _%+a\pk(ik, x,z) dz.

Uk - ik . R 8 ’
I, dt OX dt 0z dt
oo .
F=>—||v.(, X z)di ,
éax [! o i=const

z=const

0 i=const
z=const
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d?z
L2 _FE _mg-f1,
m dt2 z g z

where i, — electromagnetic contour current;
X — horizontal motion coordinate;
z — vertical motion coordinate;
¥\ — electromagnetic contour linkage;
k — number of electromagnetic contour;
b — number of electromagnetic contours;
g — gravitational acceleration;
m — weigh of levitated object;
R — active resistance of contour;
ux — voltage applied to the electromagnetic contour;
F« — horizontal force generated by electromagnetic contour;
F, — vertical force generated by electromagnetic contour
fx — force of resistance to motion;
f, — disturbing action.

On the basis of mathematical model of traction and levitation system, its
computer realisation in the graphical environment of imitation modelling Sim-
ulink has been developed. The computer model enables conducting modelling of
dynamic regimes of the work.

The fig. 4 shows results of modelling of electromechanical processes in
traction and levitation system. The oscillograms of instant values of phase cur-
rents in traction and levitation module windings, instant force values on the co-
ordinates x, y, z. Phase currents are formed in such a way that the total lifting
force produced by the phase contours provides levitation of the object, and the
total traction force — the predetermined speed. The picture shows that when a
disturbance on the coordinate y acts, a lateral displacement force F, appears,
which provides a course stabilisation of the moving object.

Based on the results of computer simulation of processes in the combined
traction and suspension system, the main technical solutions were developed.
For experimental verification of the concept, a full-featured physical model of
the transport platform was made and experimental studies of the system were
carried out.

The main purpose of the experiment was to test the possibility of combin-
ing the functions of levitation and traction. The similarity of the processes taking
place in the physical model is ensured by the similarity of the configuration of
the magnetic system of the model of the traction and levitation module made on
a scale of 1:7, the identity of the topology of the schemes of power converters of
the model and the object, the identity of the control algorithms with the structure
of the control system. The transport platform is equipped with four traction and
levitation modules.
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Fig. 4. Elektromechanical processes oscillograms in traction and levitation system

The fig. 5 shows functional scheme of the module. Windings L1, L2, L3 of
the module Al are embedded into the power scheme of push—pull converter
UZ1-UZ3, which are powered by accumulator battery G1. The control system
forms algorithms of commutation of power keys VT1, VT2, converters UZ1-
UZ3, ensuring levitation of the object and its linear motion along the guideway.
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Fig. 5. Functional scheme of the module

The input of the control system receives signals proportional to the currents
in the windings la1, Ip1, Iz from the current sensors 741-TA43, the air gap 6; from
the gap sensor B1, and also the logic signals fixing the position of the poles of
the module magnetic system relative to the track elements from the block of po-
sition sensors BL1-BL3.
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In terms of construction, the traction and levitation module is fully auton-
omous and may be adapted to various construction forms of the transport plat-
form.

The fig. 6 shows the general view of the physical model of the transport
platform.

Fig. 6. General view of the physical model

The model has four traction and levitation modules, installed on the
transport bogie; a platform on which electrical equipment is installed; additional
technological platform on which cargo is installed during experiments.

During the experiments, the model was given a levitation regime. To
achieve this, the windings of traction and levitation modules were supplied with
DC, adjustable in magnitude as a function of the magnitude of the air gap be-
tween the module poles and the track elements. Further, the drive system was
started, at which the currents in the phase windings were switched by the signals
of the position sensors. The transport platform moved contactlessly along the
track structure all this time.

The fig. 7 shows oscillograms of electromechanical processes during transi-
tion of traction and levitation system from levitation regime to levitated motion re-
gime. The oscillograms show the phase currents of the modules 1,14, the signals
of the gap sensors 6:—04, the signals of the position sensors D,, Dy, D,

The research of the physical model of the transport system has proved its
working status [16].

After the research, the construction concept of freight magnetic levitation
transport system was proposed for operation in poorly developed areas. The
proposed MLTS should have passive guideway structure of flyover type and
coupled stock consisting of autonomous platforms for carrying containers. Each
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platform is equipped with easily-dismounted traction and levitation modules and
electric and chemical energy accumulators. Power supply of the rolling stock
may be carried out both from autonomous power plants and contact network.
The fig. 8 shows cross-sectional view of the transport platform.
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Fig. 8. Cross-sectional view of the transport platform
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The fig. 8 shows: guideway 1, resting on support 2; transport platform 3,
equipped with wheel blocks 4 and 5 for moving platform along the guideway;
transfer units 6 and 7, connecting stators of linear motors 8 and 9 and transport
platform 3; rotor elements 10 and 11, installed in a row on the guideway 1 with
the step equaling pole pitch of linear motor; rollers 12, 13 limiting lateral dis-
placement of the platform. The surface of the guideway 1 has steel plates 14, 15
which serves as the groove for wheels 4 and 5 of the platform 3.

When current pulses are directed to the windings of the stators of linear
motors from the converter devices 16, 17, a force interaction of the U-shaped
magnetic circuits of the stator and the rotor occurs via an adjustable air gap.
A traction, lifting and lateral stabilising force is created, which is transmitted
through the transfer units to the transport platform. This ensures a non-contact
motion of the transport platform along the track structure.

A container train consisting of the 22 transport platforms described above
with a total mass of 1,800 tonnes can transport 43 units of a 40-pound container
at a speed of 180 km / h. The speed of motion of container cargo is not less than
3600 km / day. To realise the designed annual volume of transit container traffic
of 1.52 million TEU, it is necessary that container trains follow with an interval
of approximately 0.5 hours (49 container trains per day). At the same time, 156
container trains must be simultaneously on the line in both directions. The park
of transport platforms should be 3432 units (excluding reserve).

Thus, the proposed concept of constructing a high-speed container train is
physically feasible and provides the forecasted annual volume of transit contain-
er traffic.

4. Assessment of efficiency of investment project

The assessment of the efficiency of the investment project was carried out
in accordance with the Methodological Recommendations of the Russian Feder-
ation. The horizon of project planning is 40 years. The cash flows of projects
form the following items of costs: investment costs; operating costs; payments
on property tax.

As the main indicators used to calculate the effectiveness of the investment
project, the following ones are selected: net income; net present value; internal
rate of return; profitability index; index of profitability of discounted invest-
ments; payback period.

The annual economic effect is defined as the difference between the cash
flows of the corresponding year of the project with the electric locomotive EP20
[17] and the MLTS project with its subsequent discounting.

Indicators of MLTS project are shown in the table 2.
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Table 2

Indicator Value
Net income, million rubles 264 524,4
Net present value, million rubles 7 555,6
Internal rate of return, % 10
Profitability index 2,33
Wnnekc IIO)‘(’OIIHOCTI/I JUCKOHTUPOBAHHBIX 1,04
HHBECTULIN
Payback period, years 10,1
Discounted payback period, years 26,03

The calculated values of the key performance indicators allow us to con-
clude that the proposed MLTS project for container transportation is effective.
Despite the large amount of initial investment associated with more substantial
investments in the MLTS track infrastructure, a significant saving in operating
costs leads the project to a positive economic result.

The calculations did not take into account the additional cash flows for the
operator associated with the tariff component (from the growth of the productiv-
ity ratio), as well as the social aspects of the implementation of this project for
the regions of the country in which the project will be implemented. Taking into
account such multiplicative effect, the economic feasibility and attractiveness of
the project is substantially increased.

Conclusion

The development of the transport infrastructure of the Russian Federation
is connected with the geographical location of the country as a natural transport
corridor connecting the European and Asian-Pacific regions. The creation of a
high-speed Euro-Asian transport system complies with the directive documents
relating to the transport strategy of the Russian Federation for developing the
potential of Euro-Asian transport links and transit freight.

The transport system can be implemented on the basis of modern magnetic
levitation technology, which allows significant reducing operating costs, and,
consequently, transport costs, due to contactless running of the transport plat-
form along the track structure.

The new transport system will facilitate the release of the capacity of rail-
ways for freight transport, the direct transfer of cargo between Europe and Asia,
and, if properly routed, will ensure the availability of transport services for the
transportation of goods in the Far North, Siberia, the Far East and remote re-
gions of Russia.
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