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PaccmaTpuBatoTcst pa3iauuHble BUJbl HA3€MHOTO TPAHCIIOPTA AJIs PErYJSIPHBIX Macco-
BBIX I'PY30BBIX IepeBo30K. OueHuBaercss uxX 3p(EeKTUBHOCTh HA OCHOBE CTOMMOCTHBIX, JKC-
IUTyaTallMOHHBIX U 3KOJOTMYECKUX XapaKTEPUCTHK.

Beenenne. UToObl oOecneunTh pEryJsipHbIE MAacCOBBIE I'DY30Bbl€ IEPEBO3KU MEXIY
IOro-Bocrounoii Asueii u EBpomnoid, HeoOxoaumMo 3(pPEeKTHBHO HCIONB30BaTh PAa3INUHbIC
BH/Ibl HA3EMHOTI'O TPAHCIIOPTA, HOBEUIINE JOCTUKECHUS B TEXHUKE U TEXHOJIOTHUSX, ITOBBIILIATH
CKOPOCTb I'PY30BBIX IIEPEBO30K Ha JaJIbHUE PACCTOSIHUSA U YBEJIMUYUBATH X 3KOJOTUYHOCTH U
0€30I1aCHOCTb.

Anaym3. CTOUMOCTHBIE XapaKTEPUCTUKH Pa3IMYHbIX BUJIOB TPAHCIIOPTA JJII MACCOBBIX
IPY30BBIX MEPEBO30K MOKA3BIBAIOT, YTO caMasi HU3Kasi CTOMMOCTh HH(PACTPYKTYpHl — y Tpa-
JUIMOHHOTO JKEJIe3HOJOPOKHOI0 TPAaHCIOPTa; HauUMEHbIIas ce0eCTOMMOCTh IEePEeBO30K
o0ecnieunBaeTcs MarHUTOJEBUTAIMOHHBIM TPAHCIIOPTOM Ha MOCTOSHHBIX MarHuTax IO TeX-
Hosorun «PocMarneB»; HaUMEHbBIIYI0O KOMMEPUECKYI0 BBITOAY Ha COBPEMEHHOM YpPOBHE
pa3BUTHS TEXHUKHU U TEXHOJIOTMH MIPEAJIAraeT BaKyyMHbIN TPAHCIIOPT.

ITo skcmTyaTallnOHHBIM XapaKTepUCTUKaM JUAUpyeT npoekT «PocMarnesy», HauMeHb-
mast 3PPEKTUBHOCTb JOCTUTAETCS MIPU UCTIOIH30BAHUU BaKYyMHOTO TPAHCIIOPTA.

C TOYKM 3peHHs DSKOJOTMYHOCTH U O€30HacHOCTH IEPEBO30K KEJIE3HOJOPOKHBIM
TPAHCHOPT 3a MOCIETHHE IECATUIeTUs: TOOMICS CyllecTBeHHOro nporpecca. OgHako Gosee
DKOJIOTMYHBIMH OKa3bIBAIOTCS MarHUTOJIEBUTALIMOHHBIN ¥ BAKYYMHBIM BHABI TPAHCIIOPTA, YTO
00yCIJIOBJIIEHO OTCYTCTBUEM OT HUX BBIOPOCOB M MHBIX BHUJIOB 3arps3HEHHUS, B TOM YHUCIIE IIY-
MOBBIX.

B oGnactu 6e30macHOCTM MarHUTOJIEBUTALIMOHHBINA TPAHCIOPT SIBISETCS CaMbIM KOH-
KYpEHTOCIIOCOOHBIM, BAKYyMHBII — HanboJjiee OrnacHbIM.

PesyabTaTsl. [IJ11 MaccoBBIX Ipy30BbIX MEPEBO30K TPAHCIOPTOM OyIyIIEro, Mo MHe-
HUIO aBTOPOB, SIBJISIETCS MArHUTOJIEBUTAIIMOHHBIM HAa MOCTOSHHBIX MarHuTax Mo POCCUHCKOM
TexHojoruu «PocMarinesy», O3BOJISAIONIEN CYIIECTBEHHO ONTUMHU3UPOBATh 3aTPaThl HA CTPO-
UTEJIbCTBO MH(PAcCTpyKTyphl. Bropoe MecTo MOXHO OTAATh TPaJUIIMOHHOMY >KEJIE3HOO-
pPOXHOMY TpaHcnopTy. OHAKO IpU HEBBICOKOM 0OBEME CIIpoca Ha MEepeBO3KU M MpPU BHEI-
peHUH 3HEProdPPEeKTUBHOTO TATOBOTO IMOJABHKHOTO COCTaBa BBICOKOCKOPOCTHOW TPY30BOM
KENE3HOIOPOKHBINA TPAHCHIOPT MOXKET COCTABUTh KOHKYPEHIIMIO, OCOOCHHO B CTpaHaX C pas-
BUTOM CETHhIO BBICOKOCKOPOCTHBIX Maructpaineid. Ilocienqnee MecTo yBepeHHO 3aHUMAET Ba-
KYYMHBII TPaHCIIOPT.

BobiBoabl. LlenecooOpa3HOCTh BHEAPEHHUS MarHUTOJIEBUTAIMOHHOTO TpaHCIOpTa JUIs
MacCOBBIX TPY30BbIX MEPEBO30K O4eBHIHA. MIcIIOMB3yeMble B HACTOSIIEE BPEMsI B Pa3IMYHBIX
CTpaHax MHpa TEXHOJOTHH U MepeMEelICHHUs MacCaXUpoB, 0a3upyroluecss Ha MarHUTHON
JIEBUTALIUY, YK€ 3apEKOMEHI0BAIM ce0sl KaK BBITOAHbIE, Oe30macHble U y1oOHble. TexHuue-
CKasg «3pEJIOCThY» TAKMX TEXHOJIOIMH IO3BOJSET Y4YECTh BCE JOCTHIKCHHS NP BO3BEICHUU
MarHMTOJIEBUTALIMOHHBIX JIMHUHN JUIsl TPY30BOTO IBUYKEHUS, YTO BECbMA IEPCIEKTUBHO B CBE-
T€ OCTPOH HEOOXOAUMOCTH MOUCKA ATIbTEPHATUBHBIX MOPCKUM CIIOCOOOB NEPEBO3OK.
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S5KOHOMUKA TPAHCIIOPTA

Kene3HonopoXHbI TPaHCIOPT, BBICOKOCKOPOCTHAs MarucTpallb, MarHUTOJIEBUTALIM-
OHHBIM TPAHCIOPT, BAaKyyMHBIM TPaHCIOPT, CTPYHHBIM TPAHCIIOPT, PETYJAPHBIE T'PY30BbIE

MEPCBO3KH, CTOUMOCTD, SKCILNTYaTAlIMOHHBIC XaPAKTCPUCTHKHU, SKOJIOTUYHOCTD, 6630HaCHOCTB,
MNEPCIECKTUBLI BHEAPCHU A, TEXHOJIOI'UA «PocMariesy.

BBeneHue

B coBpeMeHHOM Mupe MPOYHO YCTOSUIMCH Teorpaduyeckue LEHTPbl MPOu3-
BOJICTBa U noTpedseHus. [lepseoiit pacnosnoxken B FOro-Boctounoit A3un u BKITIO-
yaet KuTail, HO He OrpaHUYMBAETCS UM, BTOPOU — B EBpoIie, IpenMyIIECTBEHHO B
ee 3amaaHoi yacty. Ha mpoTshkeHuM MHOTHX JIeT HaOJII0JaeTcsl YCTOMUMBBINA TO-
BapOOOOPOT MEXKIY 3TUMH PETMOHAMH, B TIOCIEAHUE TO/Ibl TIOKA3bIBAIOLIUI POCT.
B cBs3u ¢ HEOOXOIUMOCTBIO O0ECTIEUNTh PETYISIPHBIE MACCOBBIE TPY30BbIE TEPE-
BO3KH Mexay FOro-Boctounoit Asueit u EBporioii aktyaneH Bornpoc 3QPeKTuBHO-
CTH UCHOJIb30BAHUS PA3JIMYHBIX BUJOB HA3EMHOI'O TPAHCIIOPTA.

HecMoTpst Ha 3HaunMTenbHO OOJiee MHTEHCHUBHBIA MOTOK TPY30B U3 CTpaH
FOro-Bocrounoit A3un B EBpomy, ux nepemMerieane B 00paTHOM HamlpaBlIEHUU
Takke umeeT Mecto (puc. 1). CHmkeHre 00beMOB TOBApOOOOPOTa B pe3yIbTaTe
MHPOBOTO PKOHOMHUYECKOTO Kpusuca, Hadmogaromierocs ¢ 2008 r., He cMOTJIO
NEPEIOMUTh OOIYI0 TEHACHIIHIO, YTO KOCBEHHO MOJTBEP)KIAETCS aKTUBHOMN

npopaboTtkoii nmpoektoB [llenkoBoro mytu, IllenkoBoro BeTpa u UM MoI0OHBIX
co ctoponsl Kurasi.
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Puc. 1. MupoBbie TpaHCHOPTHBIE TOTOKH
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ECONOMICS OF TRANSPORT

Hawubonee emkuii mo rpyzoobopoty mapupyt — Deep Sea (FOxHbiit Mop-
CKOM TyTh), mpoxoxasmuii yepe3 CydslKHI KaHal, — HE OTBEYAET YCIOBUAM
YCKOPCHHUS IBHYKCHHS TOBAPHO-ICHEKHOM Macchl (puc. 2). DTO OTKPBIBAET BO3-
MOKHOCTU JUIsl pa3paOOTKHM HOBBIX BHJIOB TPAHCIOPTAa M HOBBIX CIIOCOOOB
TPaHCTIOPTUPOBKHU [1].
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Puc. 2. Mapmpytsl CeBepHoro u KOxHOTO MOPCKOTO ITyTH

B eBponeinckux crpaHax, HECMOTPsL Ha OTHOCUTEIIBHO HU3KYIO IIPOTSKEH-
HOCTb MapIIpyTOB I'PY30BbIX MEPEBO30K, TAKKE BO3HUKIJIA MOTPEOHOCTH B MPO-
PBIBHBIX TEXHOJIOTHSIX T'py3omnepeBo3ok. C OJHOW CTOpOHBI, OHA OOBSCHSETCA
IKOJIOTMYeCKUMHA MoThBamMu. C JApyroi CTOPOHBI, Psii CTpPaH, B TOM YHUCIE
[IBeitiapusi, Hy>KIal0TCA B MOBBIIEHUH 3((HEKTUBHOCTU TpaH3UTa yepe3 coo-
CTBEHHYIO Tepputopuio. Co ctoponsl ctpan FOxxHOW EBponbl, B CBOIO 04epenb,
BO3HHUKAET 3alpOC Ha IMOBBIIIEHWE CKOPOCTH I'PY30BBIX MEPEBO30K HA JTAJIbHUE
paccrosaus — B ctpanbl CeBepHol 1 Boctounoii EBporel, B Poccuro.

AHanus

Hcxons U3 HBIHEITHETO YPOBHS PAa3BUTHUSI TEXHUKU U TEXHOJIOTUH, a TAKKe
MEPCTIEKTUB MX Pa3BUTHUS ISl CpaBHEHUS d(P(HEKTUBHOCTH UCIOJIb30BAHUS JIJIS
MAaCCOBBIX TPY30BbIX IEPEBO30K, ONPEAEIEHbI CAEAYIOIINE BUIbI TPAHCIIOPTA!

® TPAJAULUOHHBIN KEIE3HOJOPOKHBIN;

® BLICOKOCKOPOCTHOM >keJie3H010p0kHbIN (BCM);
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OKOHOMUKA TPAHCIIOPTA

® MarHUTOJICBUTAIIMOHHBIN (Ha JEKTPOMArHUTHOM MOJBECE, AJIEKTPOJIH-
HAMUYECKOM TOJ/IBECE, HA OCHOBE TTOCTOSIHHBIX MarHuTOB);

® BaKyyMHBIN;

® CTPYHHBIN.

D¢} dexTuBHOCTH BUIOB TPAaHCIOPTA OLICHUBAIH IO CIEAYIOLUIUM MapameT-
pam:

1) CTOMMOCTHBIC XapaKTEPUCTUKU (JIETATU3AIUS CTOUMOCTH CTPOUTEIIb-
CTBa UH(PACTPYKTYPHI, CEOECTOUMOCTD MEPEBO30K);

2) 3KCILTyaTallMOHHBIC XapaKTePUCTUKH,

3) 9KOJIOTHUYECKHE XaPAKTEPUCTHKH U O€30MaCHOCTb.

CTOMMOCTBh CTPOUTENBCTBA MH(PACTPYKTYPBI KEIE3HOJAOPOKHOIO TPaHC-
IOpTa 3aBUCHUT OT YCJIOBUW CTPOUTENILCTBA U MECTHBIX yciaoBuil. Tak, B Poccun
CTOMMOCTb CTPOUTENILCTBA HOBOUM HEANEKTPUPHUIIMPOBAHHON JIMHUA HAYMHAETCA
ot 500-600 muH py6. 3a 1 kM nmyTu. DnexkTpuduKanus JUHUK 100aBiseT Oonee
30 % Kk yka3zaHHON CTOMMOCTH.

CebecToMMOCTh IPY30BbIX MEPEBO30K TPAAUIIMOHHBIM 5KEJIE3HOIOPOKHBIM
TPAaHCIIOPTOM Ha POCCHUMCKUX KEJIE3HBIX J0porax B JEHCTBYIOIIMX LEHAX HE
npesbimaeT 600 kor. 3a 10 TkMm [2].

3aTpatbl Ha coopyxkeHue naccaxxupckux BCM cymectseHHo Beime. Tak,
CTOMMOCTb CTPOMTENIbCTBA Maructpaiu Mexay MockBoit u IlerepOyprom
BCXM-1 no kaxxaomy U3 IByX BapHaHTOB (DMHAHCUPOBAHUS COCTABIIAET OoJjiee
1 tpau py06., wimm 1,52 mupx py6. 3a 1 km nytu (#a 2012 r.) [3], maructpanu
Mocksa — Kazanp BCM-2 — 1,26 tpau py0., wiu 1,64 mupa py0. 3a 1 kM niyTH
(Ha 2017 r.) [4].

3atpatel Ha BCM, npenHazHauyeHHbIE U1l PETYISPHBIX IPY30BBIX MEPEBO-
30K, MPEBBIIAIOT YKA3aHHbIE 3HAUYEHHUSI, OJHAKO TOYHBIX LIU(P HET, MOCKOIBbKY
peanbHble MPOEKThl HAXOAATCS B cTaauu pa3zpadborku. Hanbonbmmii uHTEpEC K
JAHHOMY BUJy TIEPEBO30K MposiBisieT OTKPBITOE aKIIMOHEpHOE 0011ecTBO «Poc-
cuiickue xene3nsie noporum» (OAO «PXK»), a Takxe UtanbsHckas Keae3HO-
JOpOKHas accouuanusi WHxeHepoB [2, 5]. IIpoBens mapasmienu ¢ maccaxup-
CKUM JBWXCHHEM, MOXXHO YTBEpXJaTh, 4YTO MPOeKT Tpy3oBoii BCM Oymer
UMETh 0oJiee BBHICOKYIO C€0ECTOMMOCTh MEPEBO30K IO CPABHEHHUIO C TpaaWLIU-
OHHOM KeJIe3HOU JT0poroit [6].

CTOMMOCTBh CTPOUTENBCTBA MAarHUTOJIEBUTALIMOHHON MarucTpanu JJis pas-
HBIX MPOEKTOB UMeeT pazdopoc oT 500 miH pyO. mo 1,4 mupa py6. 3a 1 kM myTH.
bonee moporumu SIBISIFOTCS JIMHUM, B KOTOPBIX JUISl JIEBUTALUHA IPUMEHSIOTCS
MOCTOSIHHBIE MarHUThl, B CUJTy 3HAUYUTEIBHON CTOMMOCTH IMOCJEIHUX KaK Hecy-
niero sjaeMeHta uHpacTpykrypbl. HaumbOosiee nemieBbIMU 37€Ch BBICTYNAIOT
MPOEKTHI JIETKOTO MACCAKUPCKOIO0 TPAHCIOPTa Ha JJIEKTPOMArHUTHOM WIIH
ANEKTPOANHAMHUYECKOM MOJIBECE.

Oco0OEHHOCTBIO JIMHUM, OCHOBAaHHBIX HAa MAarHUTHOM JIEBUTAIUH, SIBIIAETCS
BO3MOYKHOCTh MX ACTaKaJHOTO MCIIOIHEHHs, B pe3yJbTaTe X MHPPacCTpyKTypa
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MOKET OBITh pa3/iefieHa Ha aKTUBHYIO U naccuBHylo. [laccuBHas yacth uHbppa-
CTPYKTYpPBI SIBJISIETCS aHAJIOTOM HEANEKTPUPUIIMPOBAHHON >KEJIE3HOI0POKHOM
auanm [7, 8]. Tak, HayuHo-oOpa3oBaTe/bHbIN HH)KEHEPHBIN Kinactep «Poccwuii-
ckuii MarneB» («PocMarnieB») cTouMOCTh | KM MacCUBHON HMHMPACTPYKTYPHI
JUIS. MAarHUTOJIEBUTALIMOHHBIX MarucTpajiei oleHuBaeT meHee yeM B 450 muH
pyO., 4TO conmocTaBUMO CO CTOUMOCTHIO 1 kM myTH no «IIpoekty “beakomyp”™»
[9, 10]. O6mas e crommocth 1 kM myTH npoekTa «PocMarines» cooTBETCTBYET
1 muipa py0. 3a cHET MPUMEHEHUSI THHOBAI[MOHHBIX PEIICHUI B 00JaCTH MOCTO-
STHHBIX MarauToB [11].

B oTHOmIEHNN TPOEKTOB MATHUTHOW JIEBUTALIMU CIEAYET PACCMOTPETH OT-
JIETIbHO TEXHOJIOTHIO HA MOCTOSHHBIX MAarHUTAX U OCTAJIbHBIE TEXHOJIOTHH.

[Tonsecwl anexkrponuHamuueckuii (Maglev, SAnonust) u 37eKTpOMarHUTHBIN
(Transrapid, KuTaif) He mpuMeHSIIOTCS B TPY30BbIX MepeBo3Kkax. bosee Toro, cepb-
€3HbIX Pa3pabOTOK B JaHHOM 00JIaCTH HE MPOBOJWIOCH, TaK KaK YKPYIHEHHbIE
pacueTsl OKa3ajid, YTO SHEPro3arparbl Ha CO3/IaHUE U IMOJAJIEPKAHUE JIEBUTALIUN
OyIlyT HEONpaBJaHHO BBICOKMMHU. B IPOTUBOMOIOKHOCTh YIIOMSIHYTBIM TEXHOJIO-
T'UsM, IOCTOSIHHBIE MAarHuWThl OOECIEUMBAIOT MEPMAHEHTHYIO JIEBUTALUIO, YTO
KOMIIEHCUPYETCS W3JIUIIHE BBICOKOM CTOMMOCTBIO HMH(pacTpyKTypbl. Pemienue
JTAHHOM MPOOJIEMBI B POCCUHCKUX YCIOBHUSX MO3BOJIWIO BBIMTH HA PACUETHYIO Be-
JIMYHHY SKCIUTyaTallMOHHBIX PAacxoloB Ha 24 % HWXKE TPaIWLIHUOHHOW KEJIE3HOU
noporu [11-13].

CTOMMOCTBH CTPOMTENHCTBA BaKYyMHOM MarucTpajiv BKJIIOYaeT B ceOs 3a-
TpaTbl HAa CTPOUTEIHCTBO MArHUTOJEBUTALMOHHOM JIMHUM W Ha BO3BEACHUE
YCTPOMCTB AJIA CO3JaHUsl M TMOJJICpKAaHUS TEXHHYECKoro Bakyyma. K Takum
yCTpOMCTBaM OTHOCSTCS (POPBaAKyyMHbIE HACOCHI, TE€TTEPhI WJIM BHICOKOBAKYYyM-
HbIE€ HACOCBhl. JKOHOMHUYECKAsl OLICHKA CO3/IaHMs U MOJAECPKaHUA BaKyyma OT-
CYTCTBYET, IIPH 3TOM, 10 MHEHHUIO CIIEHUATUCTOB, AJIs MPOTSKEHHON TPYOBb! BbI-
COKOI'0 JMaMeTpa Takue 3aTpaThbl OyIyT OUEHb BHICOKUMHU.

CrpoutenbcTBO | KM Tpacchl CTPYHHOIO TPaHCIOPTa OLICHMBAETCS Ha
ypoBae 800 mutH py0. 6€3 ydeTa MPOEKTHHIX paboT MO OJHH MYTh B YCIOBHUSIX
OMBITHOTO MoJiuroHa. CeGecTOMMOCTh MEPEBO30K CTPYHHBIM TPAHCIIOPTOM HE
omnpenesieHa. 3aJeKJIapUPOBAHO CHIKEHHE DKCIUTyaTallMOHHBIX pPACXOJI0B B
2 pa3a Mo CPaBHEHMIO C TPAJAMIIMOHHBIM KEJIE3HOJIOPOKHBIM TPAHCIIOPTOM, OJI-
HaKo MH(pOpMaIK 00 SKCIUTyaTallMOHHBIX pacXxoAax AJid IPy30BOM JIMHUM HET.
VYuuThiBasi KOHCTPYKTUBHBIE OCOOEHHOCTH CTPYHHOT'O TPAHCIIOPTA, MOXKHO MPO-
THO3UPOBATHh BBICOKHE 3aTPaThl HA MHCIEKIUI0O U TEXHUYECKOE OOCTYy>KMBaHHUE
nuHuM [14].

Pe3toMupysi CTOMMOCTHBIE XapaKTEPUCTHKU HCIIOJIb30BAHUS Pa3IUYHBIX
BHUJIOB TPAHCIIOPTa JJII MACCOBBIX I'DY30BBIX IIEPEBO30K, MOKHO CIEIaTh Cie-
JIYIOLNE BBIBOJIBL:

e camasi HU3Kasi CTOMMOCTh MH(PACTPYKTYpbl XapakTepHa i TPaauIU-
OHHOT'0 KEJIE3HOJOPOKHOTO TPAHCIIOPTA;
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® HaWMEHbIIAs CE0ECTOMMOCTb IEPEBO30K 00ECIIEUYNBACTCS MArHUTOJIEBH-
TallMOHHBIM TPAHCIOPTOM Ha IOCTOSHHBIX MAarHuTax IO TexHoyoruu «Po-
cMareBy;

® HAMMEHBIIIYI0 KOMMEPUYECKYIO BBITOJy HA COBPEMEHHOM YpOBHE pa3BU-
THSI TEXHUKU U TEXHOJIOTUH TMpeJjiaracT BaKyyMHbBIM TPaHCTIOPT.

Bormpoc 3kcrlyaTallMOHHBIX XapaKTEPUCTHK JKEJIE3HOIAOPOKHOIO TPaHC-
nopta riyooko npopadoran. B CIIA u Kanane KypcupyrOT cOCTaBbl AJIUHOM
cBbiiie 100 BaroHoB, KaKIbIii M3 KOTOPHIX HeceT 1Mo 2 KoHTeitHepa. MHbpa-
CTPYKTypa U CaMU BaroHbl paccuuTanbl Ha ckopoctu 140 u Beime km/4. OnHaKO
CYyTOYHAasl CKOpPOCTb JIOCTABKH TPY30B MO-TIPEKHEMY HeBbICOKa. Hampumep, B
npoekte «Tpanccud 3a ceMb CyTOK» CTaBUTCSI aMOUIIMO3HAS 1I€JIb — IPOXOJAUTh
1400 kM 3a 1 cyTku [15].

Uranesaackuil npoekt rpy3oBoit BCM mnpenmnonaraer JOCTUXKEHUE CKOPO-
ctu 250 km/4. OgHAaKo mpu ATOM JJIMHA COCTaBa HE MPEBBINIACT 16 BaroHos
C 2 KOHTCHHEepaMH Ha KoM [5].

B skcrumyaranmoHHble XapakTepUCTUKH npoekTta «PocMarnesy 3anoxxena
JUIMHA cocTaBa 71 yCIOBHBIA BaroH, YTO COOTBETCTBYET MAaKCUMAaJIbHOW JIJIMHE
COCTaBa Ha POCCHICKHX >KeJIe3HBIX jJoporax. Kaxpas TpaHCHOpTHAs €IWHHLA
criocoOHa HECTH MOPCKoOM KoHTelHep. [Ipu 3TOM panuoHaibHas JUIMHA MOe3/1a
3aBUCUT OT TOPMO3HOro nyTtu cocrasa. [Ipu mranupyemon no mnpoekry «Po-
cMarneB» ckopoctu 250 KM/4 3Ta BeIMYMHA TpEBbIMAeT 3 KM. TexHomoruye-
CKHU CKOPOCTh MOXET ObITh yBenuueHa A0 500 KM/4, 0JJHAKO KCIIOb3yemas ce-
roJiHs Tapa (KOHTEHHEPHhI) HEe CIIOCOOHA BBIJCPKUBATH JCHCTBUS BO3HUKAIOIIUX
CHII.

[IpoexThsl BaKyyMHOTO TpaHCHOpTa, B yacTHocTH, Hyperloop, npenanosnara-
10T JIBMKCHUE €TMHUYHBIX TPAHCIIOPTHBIX CPEICTB, YTO TEXHOJIOTHYECKU HEI (-
¢dextuBHO. Kpome Toro, Ha 3asBiaeHHBIX ckopocTsax (no 1000 km/4) BO3HUKAET
o0O3HaueHHas TpobsieMa LETOCTHOCTH KOHTEHHEpOB. OKCIUTyaTalus Xe Ha
ckopoctd 250 M HMKE KM/4 HE TpeOyeT CO3/aHMs BaKyyMHOT'O MPOCTPAHCTBA,
YTO CTABUT MOJl COMHEHHUE LIEJIECO00PA3HOCTh MPOEKTOB BAKYYMHOT'O TPaHCHIOP-
Ta B 11es1oM [16].

[To sKCruTyaTallMOHHBIM XapaKTEPUCTUKAM Ha JIMJUPYIOIMIUX TMO3UIUAX
okasbiBaeTcs MpoekT «PocMarnesy, Haumenbias 3pHEKTUBHOCTh TOCTUTACTCS
MIPU UCIOJIb30BaHUU BAKYYMHOTO TPAHCIIOPTA.

C TOYKHM 3peHUs] FKOJIOTMUYHOCTH M OE30MaCHOCTU MEPEBO30K KEIE3HOIO0-
POKHBIN TPAHCTIOPT 3a MOCIETHUE JACCATHIICTUS TOOWIICS CYIIECTBEHHOTO MPO-
rpecca. OmHako 0oJiee IKOJOTUYHBIMU OKA3bIBAIOTCS MAarHUTOJEBUTAIIMOHHBIH
¥ BaKyyMHBIM BHJBI TPAHCIIOPTA, YTO OOYCJIOBJICHO OTCYTCTBHEM OT HHUX BHI-
OpOCOB U UHBIX BUJIOB 3arPSI3HEHHUS], B TOM YHUCJIE IIIYMOBBIX.

B oOnactu 0€30MacHOCTH MarHUTOJIEBUTAIMOHHBIA TPAHCIOPT SIBISIETCS
CaMbIM KOHKYPEHTOCIOCOOHBIM, OCOOEHHO MO CPaBHEHHUIO C BAKYYMHBIM. JTO
CBS3aHO C TEM, YTO B HMCKYCCTBEHHOW BAaKyyMHOW CpeEl€ CYIIECTBYIOT MOBBI-

209



ECONOMICS OF TRANSPORT

HICHHbIE PUCKU H3-3a CKayKa IJIOTHOCTU cpenbl. [Ipu Maneiem HapylnieHUH
KOHIIEHTpAI[MU YaCTHI] Ta3a Nepe TPAHCIIOPTHOM eIMHUIIEH BOZHUKAET CBOEO0-
pa3Hasl CTeHa, C KOTOpPOM MPOUCXOIUT CTOJIKHOBeHHE. [Ipu cymiecTByromiem
YPOBHE Pa3BUTHUS TEXHUKH M TEXHOJOTUHA BaKyyMHBIA TPAHCHOPT CTAHOBUTCS
HanOoJIee OMacHBIM U3 BCEX PACCMOTPEHHBIX BUIOB HA3EMHOT'O TPAHCIIOPTA.

Pe3ynbTathbl

CpaBHuTenbHash XapakTepucTuka d3(PPEeKTUBHOCTH BHUIOB HA3EMHOTO
TPaHCIIOPTa JJIsI MACCOBBIX I'PY30BBIX IIEPEBO3OK IIPEACTABIICHA HA PUC. 3.
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T pamHEOHHBI BCM Poccimickini Marnes  BakyyMHBIH CTpyHHBIH
A

h

B CTOHMOCTE HHpP aCTPYKTY phI M CeGecTONMOCTB TIePeB0o30K M CKOPOCTh ITep €BO3KIH IPY30B

B O6beMbl ep €BOSKH IPy30B M Be3omacHoCTh B BKOTOTHYHOCTh

Puc. 3. Utorosas tabimima 3pPpekTHBHOCTH BUI0B HA3€MHOTO TPAHCTIOPTA
JUTSL MACCOBBIX TPY30BBIX MEPEBO30K

JIJ11 MacCOBBIX IPY30BbIX MEPEBO30K TPAHCIOPTOM OyayILEro, 0 MHEHUIO
aBTOPOB, SIBJISETCS MAarHUTOJICBUTALMOHHBIA HA IIOCTOSIHHBIX MarHUTax IO poc-
curickon texHosnorun «PocMariesy, MO3BOJIAIOMIEN CYLIECTBEHHO ONTHUMU3U-
pOBaTh 3aTpaThl HA CTPOUTEIHLCTBO UHPPACTPYKTYPHI.

Bropoe MecTo MOXHO OTHATh TPAOULUOHHOMY IKEIE3HOAOPOKHOMY
TpaHcnopty. OgHaKO NMPU HEBBHICOKOM OOBEME CIpoca Ha MEPEeBO3KU U TpHU
BHEJPEHUU 3HEProd((HEeKTUBHOTO TATOBOTO MOJBMKHOIO COCTABa BBICOKOCKO-
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POCTHOM TPY30BOM KEJIE3HONOPOKHBIA TPAHCIIOPT MOXKET COCTABUTH KOHKY-
peHIInI0, 0COOCHHO B CTpaHax ¢ pa3BuToi cetbio BCM.

[TocneqHee MecTo yBEpEHHO 3aHMMAaEeT BaKyyMHbIM TpaHcnopT. Ha cero-
JTHS TEXHOJIOTUU BAaKYyMHOI'O TPAHCIIOPTA €IIE ChIPbIE, U TPYIHO CIPOTHO3UPO-
BaTh, OCYIIIECTBUM JIU MPOEKT, moao0Hki Hyperloop. [1o onenkam crienuanu-
CTOB, C YYETOM HBIHEIIHErO YPOBHS HAyYHO-TEXHUYECKOIO IIpOrpecca W JuHa-
MHKH €T0 MU3MEHEHHUS JUId JAOBEACHUS TPAHCHOPTHOW TEXHOJIOTMH O CTAIHH
BHenpeHus: Tpedyetcs ot 30 go 50 ser. [lo3TOMy MOKHO TOBOPUTH O TOM, UTO
BpEMsI MATHUTOJIEBUTALIMOHHOTO TPAHCHOPTA KAK CIEAYIOLIEN CTYNEHH Pa3BH-
THS KEIE3HOJOPOKHOIO TPAHCIIOPTA yKE MPULLIO. JTO YXKE TOKA3aHO KAK TEX-
HOJIOTMYECKH, TaK M S3KOHOMHYECKH. [IpuieT 1 BpeMsi BAKYyMHBIX TEXHOJIOTUI
KaK CIIEIYIOLIEH CTYNEHU Pa3BUTHS MAarHUTOJIEBUTALIMOHHOTO TpaHCIOpTA —
CTaHET ACHO uepe3 2025 ner.

BbiBoabl

[{enecooOpa3HOCTh BHEIPEHUS MAarHUTOJIEBUTAIIMOHHOTO TPAaHCIIOPTa IS
MAacCCOBBIX T'PY30BbIX MEPEBO30K O4UE€BUIHA. VICTIOIB3yEeMble B HACTOSAIIEE BPEMS
B Pa3HBIX CTpaHaX TEXHOJOTHH JJIsl IEPEMEILICHUS MTacCaXUPOB, OA3UPYIOLIHECs
Ha MarHUTHOM JIEBUTAIlMHU, Y€ 3apEKOMEHJ0BaIu ceO0sl KaKk BBITOJHbIE, 0e3-
omacHble U yAoOHbIe. TexHHUuecKas 3peioCcTh TaKMX TEXHOJOTUM TO3BOJISET
Y4€CTh BCE JOCTH)KEHUS MPU BO3BEJACHUN MAarHUTOJEBUTAIMOHHBIX JIMHUU IS
IPY30BOTO JBUKEHUS, YTO BEChMa MEPCIEKTUBHO B CBETE OCTPOH HEOOXOAUMO-
CTHU TIOMCKA aJIbTEPHATUBHBIX MOPCKUM CTIIOCOOOB MEPEBO30K.

HecMoTpst Ha Tekymuii ypoBeHb pa3paOOTOK IO MPOEKTaM, CBSI3AHHBIM C
BAKYYMHBIM U CTPYHHBIM TPAHCHOPTOM, UX MPAKTUUYECKAS peanu3aius — 3aaaya
OTIaJIEHHOTO OynyIiero, TpeOyroiias 3HaYuTEIbHBIX BJIOXKEHUN HA dTamax Te-
CTUPOBAHMS M BPEMEHHBIX 3aTpaT, a TAK)KE IIyOOKOM OIEeHKH 0€30MacHOCTH.
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The article deals with different transport modes for regular mass freight transportation,
their efficiency evaluation is conducted on the bases of cost, operational and environmental
properties.

Introduction. Due to demand in ensuring mass transportations between Southeastern
Asia and Europe, there is a topical issue of efficient application of different types of ground
transport. There is a request rising, to use cutting edge achievements in technology, to in-
crease speeds of freight transportation for long distance and their safety and environmental
friendliness enhancement.

Analysis. Consideration of cost properties of application of different transport modes
for mass freight transportation allows revealing that the lowest infrastructure cost is typical
for conventional railway transport; the lowest prime cost of transportation is ensured by mag-
lev transport with permanent magnets of the “RosMaglev” technology; the lowest commer-
cially profitable mode of transport for today’s level of science and technology is vacuum
transport.

Operationally, the leading project is “RosMaglev”, with the vacuum transport having
the lowest operational efficiency.

From environmental and carrying safety points of view, railway transport has gone pret-
ty far in the recent two decades. However, a more sustainable and safe one is the maglev and
vacuum modes of transport, which is explained by lack of emissions and other types of pollu-
tion, including noise pollution.

In terms of safety, maglev transport is the most competitive mode of transport. Where-
as, vacuum transport is the most dangerous one.

Results. For mass freight transportation, the most promising mode of transport is the
“RosMaglev” permanent magnets maglev transport, according to the authors. The technology
allows significant increase of infrastructure construction costs. The second most promising
mode is conventional railway transport. However, if the demand in transportation is low and
the energy efficient traction rolling stock is implemented, the high-speed freight railway
transport may be highly competitive, especially in countries with developed high-speed rail-
way network. The vacuum transport holds firmly the third place.

Conclusion. The relevance of maglev transport implementation for mass freight transporta-
tions is obvious. The maglev technologies now in use in many countries for carrying passengers
have proved profitable, safe and convenient. Technical “maturity” of these technologies allows
considering all points and factors when constructing maglev freight lines which is very topical due
to increasing need in searching transport routes alternative to sea routes.

Railway transport, high-speed mainlines, maglev transport, vacuum transport, string
transport, regular freight transportation, cost, operational properties, sustainability (environ-
mental friendliness), safety, prospect of implementation, technology “RosMaglev”.
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Introduction

In the today’s world, there are firmly established geographical centres of
production and consumption, with the first one located in Southeast Asia includ-
ing, but not limited by China, and the second one — in Europe, predominantly its
western part. There is a steady goods turnover between these two centres, show-
ing dynamical growth in recent years. Due to demand in ensuring regular mass
freight transportations between these centres, there arises a topical issue of con-
sideration of application efficiency of various ground transport modes.

Despite a more dense goods flow from Southeast Asian countries to Euro-
pean ones, their reverse transportation also takes place (fig. 1). Decrease in
amount of turnover caused by global economic down turn lasting from 2008,
could not break the common tendency, which is indirectly confirmed by active
elaboration of projects of the New Silk Road, the Silk Wind and other projects
by China.

Fig. 1. World transport flows

The most capacious cargo route, the Deep Sea route, also known as the
South Sea Route which passes through the Suez Canal, does not meet the condi-
tions for acceleration of the movement of the commodity and money supply
(fig. 2). This provides opportunities for the development of new modes of
transport and new modes of transportation [1].
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China’s New Shipping Frontier

How the new Northern Sea route compares
to the traditional Suez Canal route
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Fig. 2. The Northern Sea and the Suez Canal Routes

In European countries, despite a relatively low length of freight transporta-
tion routes, there also arose a demand in breakthrough technologies of freight
transportation. This demand, on the one hand, is driven by environment protec-
tion ideas and policies. From the other hand, a number of states, including Swit-
zerland, are in need of transit efficiency enhancement. On the part of Southern
Europe states, in their turn, there is a demand to increase the speed of freight
transportation over long distances - to the countries of Northern and Eastern Eu-
rope, and to Russia.

Analysis

Based on the existing level of technologies and prospects of their further
development for comparison of their application efficiency for mass freight
transportation, the following types of transport are determined:

e conventional railway transport;

e HSR, high-speed railway transport;

e maglev transport (EMS, EDS, permanent magnet suspension);

e vacuum transport;

e string transport.

Assessment of efficiency of transport modes has been carried out in ac-
cordance with the following parameters:

e cost parameters (more precisely, in cost of infrastructure construction,
prime cost of transportation);
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e operational properties;

e environmental properties and safety.

Railway infrastructure construction costs are highly dependent on construc-
tion and local conditions. Thus, in Russian conditions the cost of new non-
electrified line starts from 500-600 million (approximately 8.5-10.3 million
USD) rubles per one kilometre of track. The electrification of this line will in-
crease the initial cost by more than 30 %.

Prime cost of freight transportation by conventional railway transport in
Russia does not exceed 600 kopeck (approximately 0.11 USD) per 10 tonnes per
kilometre [2].

Expenditures for construction of passenger HSR are much higher. Thus, the
cost of construction of the HSR-1 between Moscow and Saint Petersburg at each
of two options of financing makes more than 1 trillion (17.2 billion USD) rubles
or 1.52 billion (17.2 million USD) rubles per one kilometre (as of 2012) [3],
HSR Moscow — Kazan (HSR-2) — 1.26 trillion (21.6 billion USD) rubles or 1.64
billion rubles (28.1 million USD) per one kilometre (as of 2017) [4].

Cost of regular freight traffic designed HSR is higher than the cost above,
but there is no precise data, since the real projects are being developed. JSC
“RZD” (Russian Railways) and the Italian Railway Engineers Association ex-
press their utmost interest in this type of transportation [2, 5]. Drawing parallels
with passenger transportation, we are sure that freight HSR will demand higher
costs compared to conventional railways’ ones [6].

The cost of construction of maglev mainline for different projects varies
from 500 million rubles (8.6 million USD) to 1.4 billion rubles (24 million
USD) for one kilometre of track. Infrastructure deploying permanents magnetics
has a higher cost. The cheapest mode in this case is light-rail metro on electro-
magnetic or electrodynamic suspensions.

The peculiar feature of maglev lines is that they can be installed in the form
of flyovers, giving the possibility to divide the infrastructure into active and pas-
sive. The passive part is similar to non-electrified railway line [7, 8]. Thus, the
Scientific and Engineering Cluster “Russian Maglev” (“RosMaglev’) estimates
one kilometre of passive infrastructure for maglev lines less than 450 million ru-
bles (7.4 million USD) which is comparable to the cost of one kilometre of the
Project “Belkomur” [9, 10]. The overall cost of one kilometre of “RosMaglev”
is estimated 1 billion rubles (17.1 million USD) which became possible with the
help of cutting edge solutions in permanent magnets technologies [11].

In terms of maglev projects, it is advisable to separately consider perma-
nent magnets technology and other technologies.

Electrodynamic (Maglev technology, Japan) and electromagnetic
(Transrapid technology, China) suspensions have no application in freight trans-
portation. Moreover, serious developments in this area have not been carried
out, as enlarged calculations have shown that the energy costs for creation and
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maintenance of levitation will be unreasonably high. In contrast to these tech-
nologies, permanent magnets provide permanent levitation, which is compen-
sated by the excessively high cost of infrastructure. Solution of this problem in
Russian conditions allowed us to reach the estimated value of operating costs by
24 % lower than that of the conventional railway [11-13].

The cost of construction of vacuum mainline includes expenditures for
maglev line construction and installation of equipment for preservation of vacu-
um. These are forevacuum pumps, getters or high-vacuum pumps. There is no
economic assessment of creation and maintenance of vacuum. At the same time,
according to experts, to lay a long tube with large diameter will be very costly.

Construction of 1 km of string transport route is estimated 800 million ru-
bles (13.7 million USD) without considering the design work for one track in the
conditions of an experimental test site. The prime cost of transportation by string
transport is not defined. A reduction in operating costs by 2 times compared to
traditional rail transport has been declared, but there is no information about op-
erating costs for the freight line. Taking into account the structural features of
string transport, it is more possible to forecast high costs for inspection and
maintenance of the line [14].

Summing up the cost properties of application of various modes of
transport for mass freight transportation, we can make the following conclu-
sions:

e the lowest price of infrastructure is the feature of conventional railway
transport;

e the lowest prime cost of transportation is ensured by maglev transport
with permanent magnets “RosMaglev’’;

e the lowest commercial profit can be gained from the vacuum transport.

The operational properties of railway transport are a deeply studied issue.
In the USA and Canada, trains run with over 100 wagons, each one carrying 2
containers. The infrastructure and the wagons themselves are designed for
speeds of 140 km/h and over. However, the daily speed of delivery of goods is
still low. For example, the project «Transsib for seven days» (Transsib za sem’
sutok-in Russian) sets an ambitious goal, which consists in the passage of a dis-
tance of 1.400 km per day [15].

The Italian project of freight HSR suggests reaching a speed of 250 km/h.
However, the length of the train does not exceed 16 wagons, each carrying 2
containers [5].

The operational properties of “RosMaglev” project include the length of
the train with 71 wagons, which corresponds to the maximum length of the train
on Russian railways. Each transport unit is capable of carrying a sea container.
In this case, the rational length of the train depends on the stopping distance of
the train. With the speed of 250 km/h planned for the “RosMaglev” project, this
value exceeds 3 km. Technologically, the speed can be increased to 500 km/h,
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but the containers that exist today are not capable to withstand the impacts of the
arising forces.

Vacuum transport projects, in particular Hyperloop, suggest the motion of
single vehicles, which is a technologically inefficient solution. In addition, at the
declared speeds (up to 1000 km/h), the above mentioned problem of container
integrity arises. Operation at a speed of 250 km/h or lower does not require the
creation of a vacuum space, which puts under question the feasibility of vacuum
transport projects as a whole [16].

According to the operational properties, the “RosMaglev” project is at the
leading position, the lowest efficiency is achieved with the use of vacuum
transport.

From the environmental and safety points of view, railway transport has
made significant progress in recent decades. However, the maglev and vacuum
modes of transport are more environmentally friendly, which is due to the ab-
sence of emissions and other types of pollution, including noise.

In terms of safety, maglev transport is the most competitive, especially in
comparison with vacuum transport. This is due to the fact that in an artificially
created vacuum environment, there is an increased risk associated with a jump
in the density of the medium. The slightest violation of the concentration of gas
particles, a “wall” springs up before the vehicle, causing collision. With the cur-
rent level of development of technology, vacuum transport becomes the most
dangerous of all types of ground transport considered.

Results

Efficiency comparison of ground transport modes is given in the fig. 3.

As to the authors, for mass freight transportation by future transport the
maglev transport with permanent magnets based on “RosMaglev” technologies
is the future. It enables significant optimising infrastructure costs.

The second place would go to conventional railway transport. However, if
the demand in transportation is low and the energy efficient traction rolling
stock is implemented, the high-speed freight railway transport may be highly
competitive, especially in countries with developed high-speed railway network.
The vacuum transport holds firmly the third place.

As of today, vacuum transport technologies are still “raw” making it hard
to forecast whether or not the Hyperloop, for example, will practically feasible.
According to experts, taking into account the current level of scientific and
technological progress and the dynamics of its change, to bring the transport
technology to the stage of implementation requires from 30 to 50 years. There-
fore, it can be said that the time for maglev transport, as the next stage in the de-
velopment of railway transport, has already come. This has already been proved
both technologically and economically. Whether the time for vacuum technolo-
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gies will come, as the next stage in the development of maglev transport, will
become clear in 20-25 years.
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Fig. 3. Table showing efficiency of ground transport modes for mass freight transportation
Conclusion

The relevance of maglev transport implementation for mass freight trans-
portations is obvious. The maglev technologies now in use in many countries for
carrying passengers have proved profitable, safe and convenient. Technical “ma-
turity” of these technologies allows considering all points and factors when con-
structing maglev freight lines which is very topical due to increasing need in
searching transport routes alternative to sea routes.

Despite the today’s level of vacuum and string projects related technolo-
gies, their practical feasibility is a long-term perspective requiring large invest-
ments at testing stages and thorough safety analysis.
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