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A. B. Kupees, H. M. Koxkemsika, I'. H. Kononos

NMPEOMNOCLINKUA CO30AHUSA BbICOKOCKOPOCTHOM
KOHTEMHEPHOWU TPAHCINMOPTHOW CUCTEMBbI

Hata noctymienus 01.10.2017
Pemenue o my6nukaruu 26.10.2017

Henab. VccnenoBaTh BO3MOKHOCTH CO3JaHUSI CKOPOCTHOM TPAHCIIOPTHOM CHCTEMBI C
MarHMTHBIM INIOABECOM JJII KOHTEMHEPHBIX NEPEBO30K MO EBpo-A3uMaTcKOMY CyXOILyTHOMY
MOCTY.

Metoapl. Mcnonp30BaHbl METO/IBI CUTYallMOHHOIO aHAIN3a, KOMIIBIOTEPHOTO MOJEIIN-
POBaHUSs, TPAHCIIOPTHOM reorpaduu, TEXHUKO-YKOHOMUYECKOTO aHaJIH3a.

Pe3yabTarbl. AHANIU3 CUTYallUH HA PBIHKE TPAH3UTHBIX KOHTEHHEPHBIX IIEPEBO30K I10-
Ka3aJl, YTO OCHOBHBIM IPEMSATCTBUEM peall3alliy TPAH3UTHOTO MoTeHnuana Poccun sBisier-
Csl OrpaHMYECHHAsl MPOITYCKHAasi CIOCOOHOCTh TPAHCIIOPTHBIX KOpUaopoB. KapauHanbHbIM pe-
IICHUEM TPOOJIEMBI MOXET CTaTh CTPOHUTEIHCTBO HOBOM BBICOKOCKOPOCTHOHM TpPaHCIIOPTHOU
CUCTEMBI. BBISBIEHBI yCIOBHS CO3[JaHMs HOBOM TPAHCIOPTHOW CUCTEMBI: MCIOJIb30BAaHUE
TPAHCIIOPTHBIX BO3MOXKHOCTEH A30BO-UepHOMOpCKOro 6acceitHa, odecreueHne JOCTYITHOCTH
CEBEPHBIX TEPPUTOPHIL, pa3paboTKa TEXHUYECKUX PEIICHUH JUIsl CO3aHUs TPAHCIIOPTHOM CH-
CTEMBbl C HH3KO3aTpaTHOM uHMpacTpykTypoi. Pa3paboTana KOMOWHHpOBaHHas TSITOBO-
JIEBUTALIMOHHAs CUCTEMA HA OCHOBE MPEIEIIBHO IPOCTOr0 BapHaHTa JMHEHHOIO PEaKTHBHOIO
MHIyKTOPHOTO JBUTaTeNs. [IpoBeeHpl SKCIIepIMEHTAIbHBIE CCIIeTIOBAHNS TIOTHO(DYHKIIHO-
HaJIbHOW (pM3UUECKOi MoJenn TpaHcopTHOH miatdopMel. HecMoTpst Ha GoJbine nepBoHa-
YaJbHbIC KAIIUTAIOBIOXEHUS B MTyTEBYI0 HHOPACTPYKTYPY, HHBECTUIIMOHHBII MTPOEKT UMEET
MIOJIOKUTENBHYIO0 SKOHOMHUYECKYIO OLIEHKY.

IIpakTHyeckasi 3HAYUMOCTb. PazpaboTaHa KOMITBIOTEpHAST MOAETh KOMOWHHPOBAHHOM
TATOBO-JIEBUTALIMOHHON CHCTEMBI HA OCHOBE JINHEHOT'O PEAKTUBHOIO MHYKTOPHOI'O JABUraTe-
as1. [IpenoxeHna KOHLENIUS TOCTPOEHUSI HOBOI TPaHCIIOPTHOM CHCTEMBI C YUETOM XapaKTepH-
CTHK NPEJIIONaraeéMoro MojauroHa 3KCIulyaTaliy Ha ci1abo OCBOCHHBIX TeppuTopusx. [Ipemio-
KEH MapHIPYT BBICOKOCKOPOCTHOW TpacChl, CBS3BIBAIOMINN A30BO-UepHOMOPCKOTO OaccelH C
nobepexxbeM THXOro okeaHa, MOJHOCTBIO MPOXOAAIIMI Mo Tepputopun Poccum, 3arparubas
ceBepHbIe peruoHbl. OleHKa TPaH3UTHOIO MOTEHIMala MOKa3ana, 4TO 3a CUET COKpAallleHUs
BPEMEHHU TPaH3UTa MOXKHO MPUBJIEYb HA MAapLIPYT KOHTEHHEPHBIE TPY3bl C 0OBEMOM NEPEBO30OK
1,52 mitH B 20-(pyTOBOM SKBHBAJICHTE.

Konrelinepusiii Tpaduk, KOHBEWEPHBI KOHTCHHEPHBIM TPAaHCIOPT, TPY30BOH IOE31
Marines, TpaHCIIOPTHBIM KOPUIOP, JIMHEHHBIM CUHXPOHHBIA JIBUraTellb, BEICOKOTEMIIEPATYP-
Hasl CBEPXIIPOBOJAIIAS TEXHOJIOTHS.

PabGora BeImonHEHa npu (UHAHCOBOHM MojJepkke MuHHCTepcTBa 0Opa3oBaHHMs W Hayku Poccuiickoii
Ddenepanuny. YHUKAIBHBIA UIEHTU(GHUKATOP NPUKIAAHBIX Hay4yHBIX ucciaenoBanun RFMEFI57916X0132.
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BBeneHue

OOweit TeHaeHIMeNd pa3BUTHS MUPOBOIM TPAHCIIOPTHOM CHUCTEMBI SIBISIETCS
YCKOPEHHE TPAHCIOPTHOIO MpoIlecca, T0cTUraeMoe (OpMUPOBAHUEM TPAHCIIOPT-
HBIX KOPHUJIOPOB, COBEPLIEHCTBOBAHUEM TPAHCIOPTHO-JIOTMCTHYECKON CTPYKTYPBI
NIEPEBO30K, MOBBILIEHUEM CKOPOCTH JBUKEHUS TPAHCIIOPTHBIX CPeACTB [1].

K 2000 r. chopmupoBasiuch paboTOCTIOCOOHBIE TEXHUYECKUE PEIICHUS TS
BBICOKOCKOPOCTHOI'O TPAHCIIOPTa C MAarHUTHBIM MOABecOM. B uactHOCTH, 3aIy-
nieHa nepBas komMmepueckas nunus B AAnonun Tobu Kyuryo Line [2], BeicoKO-
CKOPOCTHAs TPAHCIIOPTHASI CUCTeMa Ha MarHUTHOM nojBece Transrapid B I1lan-
xae [3], tpancnioptHas cucrema UMT B FOxnoit Kopee [4].

Ha nayanbHOM 3Tane, korja BUAbl CKOPOCTHOTO TPAHCIIOPTA TOJIBKO MOSIBU-
JIMCh, Pa3padOTYUKH CTPEMILTUCH TIPOIEMOHCTPHPOBATH BOZMOKHOCTA HOBOU TEX-
HOJIOTUH, YCTAHOBUTDH PEKOP/IbI CKOPOCTHU JBUAKEHUS. B KauecTBe OCHOBHOTO KpH-
TepUs IPUHSIIA MapUIPYTHYIO CKOPOCTh, OCTABUB B TEHU SYKOHOMUYECKUE U COLIU-
aJIbHbIE A(PPEKTHI.

[Tpu mombITKE JOBECTH MPOEKTHI A0 KOHKYPEHTOCIIOCOOHOTO BHJIA BBISICHU-
JIOCh, YTO €CTh TOJIBKO JIBa TPAHCIIOPTHBIX KOPUAOPA, HA KOTOPHIX MOXKHO oOecte-
YUTh OKYNAEMOCTb CHUCTEMBbl MAarHUTOJICBUTALIMOHHBIX TPAHCIIOPTHBIX CHUCTEM
(MJITC): Bo ®panuuu u B Anonnn. OHU OPOXOJAT Yepe3 ITyCTOHACEICHHbIE paii-
OHBI C OY€Hb TUIOTHBIM JIBIPKEHHUEM U OBbLITM CO3/IaHbI JI0 TOTO, KaK Hadas rnpeooia-
JaTh aBTOMOOUJILHBIN TPAHCIIOPT.

Vet MHTEHCUBHBIN MOUCK JOKAIBHBIX TPAHCIIOPTHBIX KOPUIOPOB, oOec-
MEYMBAIOUIUX OKYIAeMOCTh CHUCTEMbI. M3BECTHbI MHOTOYMCIICHHBIE MPOEKTHI
BHeapenuss MJITC [5] B CIHA, BenukoOpurtanuu, I'epmanuu, Anonun, Kurae,
Upane, Uaanu u np. Coznanbl kommnanuu 1s pazsutust MJITC, manpumep, The
Northeast Maglev (TNEM), CIIIA, corpynuuuaromiasi ¢ Central Japan Railway
Company (JR Central, fInonus) B Bonpocax BHenpenuss SCMAGLEV B Coenu-
HeHHbIX [lltarax; U.S. — Japan MAGLEV, paboraronias Haj BHEpEHUEM SITTOH-
CKOM BBICOKOCKOPOCTHOM CHCTEMBbI Ha OCHOBE CBEpPXIPOBOJSIIETO 3(dekTa
komnanuu JRC (SCMAGLEV) [6].

Takum 06pa3zom, B MUPOBOM MPAaKTUKE STOT BUJ HA3€MHOI'O TPAHCIIOPTA JI0
CUX TOp IIMPOKO HE MCIOJIb3YETCS M3-32 BBICOKUX 3aTpaT HAa CTPOUTEIBCTBO U
HEJJOCTATOYHO MHTEHCUBHOI'O MAacCaXXUPOIOTOKaA.

Pa3BuTHe TEXHOJOTHHM BBICOKOTEMIIEPATYPHOU CBEPXMPOBOJUMOCTH MOPO-
W10 HOBbIE BO3MOHOCTH Juist MJITC. D10 Hanwo orpaxkeHue B KHHUTe James
Powell «The Fight for Maglev: Making America the World Leader in 21st Cen-
tury Transport» [7]. B meit npemnoxkena rpyzoBas MJITC, ucnonb3yromas 3¢-
(GeKT BBICOKOTEMIIEPATYPHOU CBEpXMpOBOAMMOCTH. Hambosee mpuBieKaTeb-
HOM c(epoii rpy30BbIX MEPEBO3OK SIBIISIOTCS KOHTEHHEPHbBIE MEPEBO3KU KOHBEH-
epHoro tuna [8].



Panee B CIIIA ¢upma General Atomics co3nania TpaHCIIOPTHYIO TPY30BYIO
maTGopMy Ha MarHUTHOM MOJIBECE JJIi CUCTEMbl KOHTEHHEPHBIX MEPEBO30K
KOHBeWepHoro tuna [9].

B nacrosmee Bpemsi B Poccun paszpabaTbiBaeTcsi MAarHUTOJICBUTAIMOHHAS
KOHBEHepHas JIMHUS, OPUCHTHUPOBAaHHAsI HA 00pabOTKy KOHTEHHEPHBIX I'PY30B B
TepmuHaie nopra Ycre-JIyral. IIpoexT peanusyercs Ha 6a3e HOBOM MarHUTOJIe-
BUTAIIMOHHOM TexHonoruu «MarTpaunCutu» [10].

HoBoe npumenenuss MJITC B cdhepe rpy30BBIX MMEpeBO30K TpeOyeT mepe-
OCMBICJICHUSI KOHLEMIMU UX TOCTPOCHHS C YUYETOM XapaKTEPUCTUK IMPEeJIoa-
raeMoro MOJUTIOHA IKCIUTyaTaluu.

B ctpareruu pa3zButus xene3HonopoxxHoro tpascnopra 10 2030 r. ocoboe
BHUMAHHE YJI€JIEHO TPAH3UTHBIM KOHTEHHEPHBIM nepeBo3kam [11]. Teppuropus
Poccuiickonn ®enepannu ABISETCS €CTECTBEHHBIM MOCTOM, CBSI3bIBAIOIIMM EB-
poIy co cTpaHaMu A3MaTCKO-THX00KEaHCKOTO peruoHa. [[ns peanuzauuu mo-
HOT'O0 TPAH3UTHOIO MOTEHLHMANa CTPAHbl CTABUTCS 3aj]laya MOBBICUTH MapILIPyT-
HYIO CKOPOCTh KOHTEHHEpPHBIX MOE3/I0B. B HacTosilee BpeMs TPaHCHOPTHOE
MIPOCTPAHCTBO Pa3BUBAETCS, TJIABHBIM 00pa3oM, 3a CUET JUKBUJIAIMKM Pa3phIBOB
U «y3KHUX MECT» MYTEeM PEKOHCTPYKIIUU U CTPOUTEIHCTBA OTACJIBHBIX YUYaCTKOB
TpaHCOPTHOM ceTh. OCHOBHBIM MPOEKTOM CUUTAETCSI CTPOUTEIHLCTBO CKOPOCT-
HOW KEJIE3HOM JOPOTH JIJI1 YCKOPEHHOM JOCTaBKM KOHTeHHEPOB u3 Kuras, LleH-
TpanbHON U Boctounoit A3uu B EBpony — TpancbeBpa3uilckoli KOHTEHHEPHOI
Maructpaiau. Takas Maructpajib MO3BOJUT OPraHU30BATh KOHTEHHEPHBIE NEpe-
BO3KH CO CKOpPOCThIO 140—160 KM/4, yBEIUIUT MPOBO3HYIO M IIPOIYCKHYIO CITO-
cobHOCTh BOCTOYHOTO MONIMroHa *ene3Hbix Jopor Poccumu.

Nnes co3zpanuns EBpasuiicKOro CyXOIyTHOIO MOCTa C HMCIOJIb30BaHHEM
TEXHOJIOTUM MarHUTHOTO MOJ[Beca BO3HUKIIA JaBHO [12], ogHAKO 10 HACTOSILETO
BPEMEHU HE MCCIEN0BAIACH BO3MOKHOCTH ucnonb3oBanuss MIITC mus cko-
POCTHBIX KOHTEMHEPHBIX NEPEBO30K 1O EBpO-A3uaTCKOMYy CyXOMyTHOMY MOCTY.

[lens Hamieilt paboThl — UCCIIEIOBATh BO3MOXKHOCTh CO3/IaHUSI BBICOKOCKO-
POCTHOM TPAHCIOPTHOM CHUCTEMBI ¢ MAarHUTHBIM TOJIBECOM JIJI1 KOHTEHHEPHBIX
nepeBo30kK o EBpo-A3uaTcKkoOMy CyXOIyTHOMY MOCTY.

1. NocTaHOBKa 3aaaum

OcCHOBHBIE 331a41 JAHHOM pabOTBHI:

® OLECHUTH CUTYAILMIO HA PHIHKE KOHTEHHEPHBIX I1IEPEBO30K;

® BbISBUTH (DAKTOPBI, OMpPENEISAIONINE YCIOBUS CO3JaHusl HOBOM TpaHC-
IIOPTHOM CUCTEMBI;

® CIPOrHO3MPOBATH 00BbEM KOHTEHHEPHBIX TPAH3UTHBIX MIEPEBO30K HOBOM
BBICOKOCKOPOCTHOW TPAHCIIOPTHOM CUCTEMBI;

® BBIBUTH (PAKTOPHI, ONPEECISIOIME MAPIIPYT TPACCHI;

! http://port-ustluga.ru/en.



® Hccle0BaTh TEXHHUYECKHE PEIICHHUsS, OOCCICUHMBAIONINE PCATU3AIUIO
IIPOCKTA;
® OIECHUTH Y3 (PEKTUBHOCTH HHBECTUIIMOHHOTO MPOESKTA.

2. MaTepMaﬂbl n MmetToabl nccrieaoBaHuA

OcCHOBHBIE MCTOYHUKH WH(GOPMAIINH, MCTOJb30BaHHBIC MPU MOATOTOBKE:
TpaHcropTHas crparerus Poccuiickoit ®enepaiuu Ha nepuos g0 2030 ropa’,
0030p Mopckoro Tpancmnopra (nepuoauueckoro uzganus FOHKTAJT)?, mokman
EBponetickoit skoHomuueckoir komuccuu OOH (EDK OOH) no Espo-
A3MaTCKUM TPaHCHOPTHHIM CBA3aM®, MaTepuanbl KomuTera 10 BHYTPEHHEMY
tpancnopry (KBT) EDK OOH®, marepuansl KoopaMHALMOHHOIO COBETA II0
Tpanccubupckum nepesoskam (KCTII)®, undopmanus onepatoposB KOHTEHHED-
HbIX noe308 Kuraii — Espona — PXKJ17, Tpanc Konreitnep®, DB Schenker’, Far
East Landing Bridge (FELB)'.

B kaudecTBe Hccien0BaTeNbCKOr0 HHCTPYMEHTAPHUS UCIIOIb30BaHbl METO/IbI
CUTYallMOHHOT'O aHaJIN3a, KOMIIBIOTEPHOTO MOJIEIMPOBAHUS, TPAHCIIOPTHOM Ieo-
rpaduu, TEXHUKO-IKOHOMUYECKOTO aHAIH3a.

3. Pe3ynbTaThbl
3.1. OueHka cutyauum Ha pbiHKE KOHTENHEPHbIX NEPEBO30K

CeronHsi OCHOBHasi 4acTh Ipy30B, JOCTaBIsieMbIX U3 A3uu B EBpony u 00-
pPaTHO, MEPEBO3UTCS MOPCKUM TPAHCIOPTOM, C 3THUM CBSI3aH PE3KUI POCT KOH-
TEHHEPHOr0 TPy30000pOTa MEXKAY IBYMSI KOHTHHEHTaMu. BTopoe mecto 1o
CTOMMOCTU 00CITY>KMBAaEMBbIX MOCTABOK 3aHMMAET BO3AYLIHBIM TPAHCIOPT, a 3a-
MBIKAIOT CIIUCOK JKEJIE3HbIE JOPOTH.

N3-3a TOrO, 4YTO B CXEME JIOCTaBKU I'Py30B MpeoliasaeT MOPCKOW TpaHC-
HOPT, IOCTENIEHHO UCYEPIIBIBACTCS PE3€PB MPOITYCKHON CIIOCOOHOCTH CEBEPOEB-
POIIEUCKUX MTOPTOB. B CBSI3M ¢ 3TUM MHOTHE JOTUCTUYECKHE KOMIIaHUU B EBpo-
ne ¥ A3MM HayalM BCE Yallle UCI0JIb30BaTh AJI1 TPAHCIOPTUPOBKHU TOBApPOB Ha
€BPOIEUCKUI PHIHOK NOPTHI 105)kHOTO CpennzeMHoMophs. [Ipu nmocraBkax uepes
10’)kHY10 EBpony KpynHbIE MOPCKHUE Cy/a, CAEAYIOIIe U3 A3UH, IPOBOIAT B ITy-
TA Ha TPHU-YETBIPE NIHS MEHbLIE. B COBPEMEHHBIX YCIOBHUSX CYLIECTBYIOIIAS

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

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

4 https://www.unece.org/fileadmin/DAM/trans/main/eatl/docs/EATL_Report Phase II-Ru.pdf.
5 http://www.unece.org/trans/main/eatl.html.

¢ http://icctt.com/transsib.

7 www.rzdlog.com.

8 www.trcont.ru.

? https://www.dbschenker.com.

10 www.felb.world.



IPOIYCKHAsI CHOCOOHOCTh OPTOB CTAHOBUTCS HEIOCTATOUYHOM, U HEKOTOPbIE U3
HUX YK€ MPUOTMKAIOTCS K MPEIeIbHOMY 00beMy Tpy30000poTa.

Camast Gonbwiass mpobinema EBpo-A3uMaTckoro MOpPCKOTO TpaHCIOpTa —
OYECHB IIPOJIOJKUTEIIBHOE BPEMS IIEPEBO3KH.

AJpTEpHaTUBON MOPCKOMY TPAaHCIIOPTY SIBJISIIOTCS HAa3€MHBIE IEPEBO3KH,
CIOCOOHBIE YJIOBJIETBOPUTH 3HAYUTENBHYIO YaCTh OKUIAEMOro B OyIylieM Ja0-
HOJIHUTEJIBHOTO CIIPOCa Ha TPAHCIIOPTHBIE YCIyTH. PaccTosiHME 1O Cyle MEXy
EBpomoii u A3ueii, Kak mpaBuiIo, KOPO4Y€ PACCTOSHUS IO MOPIO, OCOOEHHO €CIIH
IMYHKTBHI OTIIPAaBKU U Ha3HAUECHUS Ipy3a JIeKaT B IIIyOnHe 000MX KOHTUHEHTOB.

XKenesnonopoxkHoe cOOOLIEHHE CTAHOBUTCS ONTHUMAJIbHBIM CIIOCOOOM
oOecrniedeHus CBSI3U MOPTOB C BHYTPEHHUMH pailoHamMu Martepuka. JpQexTus-
Hasl SKCIUTyaTalHsl TAKUX KEJIE3HOJOPOKHBIX MapIIPyTOB, Kak TpaHnccuOupckas
Maructpanb'' u ceBepHbliii Tpancasuarckuii Kopunop'? uepes teppuropuio Ku-
Tas, MO3BOJIUT CO3J]aTh BECOMYIO JIONOJIHUTEIbHYIO IPOBO3HYIO CIIOCOOHOCTh U
c(hopMHUpPOBATh HUILIEBOM CIIPOC HA YCKOPEHHbIE NIepeBo3KkH [13].

Ceroanst MapIpyTHasi CKOPOCTh KOHTEMHEPHBIX 1M0e3/10B 1o TpaHccudy co-
craBisieT 1550 km/cyT. DTO JOCTUTHYTO B OCHOBHOM 3a CUET IOBBIILICHUS Maplil-
PYTHOM CKOpPOCTH ITyTEM COKPAIECHUS KOJIUYECTBA U MPOJOJDKUTEIBHOCTH TEXHO-
JOTMYECKUX ONepalui C Moe3IHbIMU (OPMHUPOBAHUSMHU, YTO, HECOMHEHHO, II0-
BBILIAET KOHKYPEHTOCIIOCOOHOCTh JAHHOTO BHJAa NEpPeBO30K. B To ke Bpems
CTPEMJIEHHE K JOCTH)KEHUIO MAKCHUMAJIBHO BO3MOXKHOM TEXHHYECKOW CKOPOCTH
OrpaHUYUBAETCS MMOTEPSIMU OCTAJIBHOM YacTH Irpy30BOro ABMKeHUs 1o TpaHccuoy.

Crenyrommii BOIIpoc CBsi3aH ¢ 00bEMOM MEPEBO30K. B TUPEKTUBHBIX JTOKY-
MeHTax Poccuiickon ®enepanuu, KacaronMxcs TPAHCIIOPTHOM CTPATErvH, 3asiB-
JICHHBI 00bEM TPaH3UTHBIX IEPEBO30K 10 Tpanccubupckoii Mmaructpanu B 2030 .
JOKeH cocTtaBuTh 1,44 muH nBaauatudyTtoBoro skBuBaneHTa (ADI). OmHako
[JIABHOW MpoOJIeMOl IJIaHOB YBEIMYEHMsI TPAH3UTHOTO MOTOKA TPY30B SIBISETCS
NponycKHas crocoOoHocTh TpaHccubupcekoit maructpanu. [locne pexkoHCTpyKUuu
maructpaiu K 2018 r. COBOKyIHasi MPOIMYCKHAs CIIOCOOHOCTh COCTaBUT 185 MIH T
B rof. IIpu 3TOM 1O KOHTEHMHEPHOrO TpaH3WTa MOXKET Bo3pactd 10 0,5 MiH
JADD, uTO SIBHO HEOCTATOYHO JUIsl OCBOEHUS IJIAHUPYEMBIX 00bEMOB NIEPEBO30K.

Onenka TpaH3uTHOrO noreHuuana Poccuiickoin denepanny B OTHOILICHUH
TOBApOMOTOKOB MEXAy A3ueil u EBpomeicKUM COr30M IOKAa3bIBaeT, 4YTO 3a
CYET COKpalleHUs BpeMeHU TpaH3uTa Ha 25-30 % MOKHO MpHUBIIEYb I'PY3bI C
Mopckoro myTd. [Ipu aToM o61iast 7075 CyXOMyTHOTO €BPa3HiiCKOro TpaHCIop-
Ta MOXeT ObITh yBenudeHa ¢ 1,9 mo 18,5 %. B tabn. 1 npuBeneHs! qaHHBIE TIPO-
THO3a pacnpezenenus 00beMOB KOHTEHHEPHOTO TPaH3UTa MEXAY KOPUIOpaMHu.

! http://www.transsib.ru/cat-geo.htm.
12 http://www.unescap.org/sites/default/files/tarsc-fulltext _1980.pdf.



Taomuma 1

PacnpenesieHne 00beMOB KOHTeIiHEPHBIX
MepPeBO30K MEXKIAY TPAHCIOPTHHIMH Kopuaopamu, %

TpaHcnopTHBIN KOpUIIOP 2020 rox
TpaHCCI/IGI/IpCKa}I JKEJIC3Hast Jopora 8,1
CesepHnblii TpaHca3naTckuii KOpUAOp 6,0
Mapupyt uepe3 Cys1kuil KaHal 81,5
[Ipoumne MapurpyThI 4,4
Hroro 100

[Tonarasi, 4TO CpeIHErooBOM MpUPOCT oObeMa MepeBo3ok TpaHcuba co-
ctaBUT 5,6 %, U UCNOJIB3YSl JAHHBIE O MOPCKUX KOHTEHHEPHBIX MEPEBO3KAX U3
Asun B Esponty B 2016 1. (15,3 M JI®D)!'?, MOKHO BBEIMMCIIUTE 0KUIAEMBIN
o0beMm mnepeBo3ok mo TpanccuOy B 2020 r. OH MoxkeT cocTtaBuTh 1,52 MiH
JAD3. Takum o0pa3oM, IPOrHO3UPYEMbIH OOBEM TPAH3UTHBIX KOHTEHHEPHBIX
NEPEBO30K CYIIECTBEHHO MPEBBIIIAET 3asBJICHHbIE TUPEKTUBHBIC TOKA3aTEIH.

KapaunanbHbeiM pelieHreM npo0sieMbl MOKET CTaTh CTPOUTEIHCTBO HOBOM
CKOPOCTHOM TpPaHCIOPTHOM CUCTEMBI CO CKOPOCTBIO IEPEABMKECHUS KOHTEM-
HEpHBIX Tpy30B He MeHee 2500 kM/cyT. DTO coBmagaeT ¢ BhIBojaMu EBpornei-
CKOM 3’KOHOMHYECKON Komuccuu. Tak, B goknaae «EBpo-A3marckue TpaHc-
MOPTHBIE CBS3M» OTMEYEHO, YTO CYHIECTBYET MOTPEOHOCTh B JAUBEPCH(PUKAIINH
HBIHEITHUX M B OTKPBITUHU HOBBIX AJIbTEPHATUBHBIX MapuIpyToB mexay EBpo-
1ol 1 A3uel U B JaJIbHEHUIIIEM Pa3BUTHH TPAHCCUOUPCKOTO COOOIICHHUS.

HoBast TpaHcnopTHas cucTeMa MOMOXKET YBEJIUYUTh HNPOMYCKHYIO CIOCO0-
HOCTB JKEJIE3HBIX JOPOT JIJs TPY30BBIX MEPEBO30K, OyIeT CocoOCTBOBATH Mpsi-
MOMYy Oecrieperpy304uHomMy cooOuIeHuto Mexay EBpomnoi u A3ueil, a npu cooT-
BETCTBYIOILEH MPOKIAJKE MapLIpyTa MOXKET 00ECHeUYUTh JOCTYMHOCTh TpaHC-
MOPTHBIX YCIYT MO NEepeBO3Ke Ipy30B B paiioHax Kpaiinero Cesepa, Cubupu,
JanbeHero Bocroka u B ynasieHHbIX pernoHax Poccuu.

3.2. ®akTopbl, onpeaensoLwmne ycnoBus Co3gaHus
HOBOW TPaAHCMNOPTHOM CUCTEMbI

3.2.1. lIpeanosiaraemMblii MAPIIPYT TPACCHI

T'eononumuyueckuii paxmop. B CKIaIbIBAIOIINAXCS TEOTIOIUTUIECKUX PEaTH-
X 11€J€CO00pa3HO pacCMOTPETh BONPOC CTPATErMYECKOro UCIoJb30BaHus Poccu-
€l TPaHCIIOPTHBIX BO3MOKHOCTEM A30B0O-UepHOMOPCKOro OacceitHa B 10JIrocpoy-
HoM niepuoje [14]. KpoMe Toro, /i CHU>KEHUS TOJTUTUYECKUX PUCKOB KelaTelb-

13 World Maritime Review, 2016.



HO, 4TOOBI MapLIPyT ObUT MPOJIOKEH MO TEPPUTOPUU OAHOM CTPAHbI C HAYAIbHBIMU
nyHkTaMu Ha TuxookeaHckoM moOepexbe Poccun M ¢ KOHEYHBIMH IYHKTaMH B
KPYITHBIX JIOTUCTHYECKUX LEHTpaxX A30Bo-UYepHOMOpCcKoro dacceita.

Dakmop mpancnopmuou 0ocmynHocmu ceséepHvlx meppumopuii. Ctpare-
TMYECKH HEOOXOAMMO MPUOPUTETHOE CTPOMUTENILCTBO HOBBIX JUHHUN OOJIBIION
MPOTSHKEHHOCTH B MaJIOOCBOEHHBIX CEBEpPHBIX pernoHax Poccuiickoii Pepnepa-
IIMY B IMUPOTHOM HarpaBjeHuu ceBepHee Tpanccuba u bAMa, rie Haxonarcs
MEePCIIEKTUBHBIE MECTOPOXKICHUS TOJIE3HBIX UCKOMaeMbIX [15].

Texnuko-sxonomuyeckutl paxkmop. N3-3a 00NBIINX PACCTOSHHUMN U BRICOKOU
yAEIBbHON CTOMMOCTHU 3cTakanHoro nmyrenpoBoaa MJITC Heo6xoaumo mpu BbI-
Oope Tpacchl peaau30BaTh KOHLEMIMID MUHUMAJIbHOTO PAaCCTOSHUA. DCTaKal-
He1i myTenpoBog MJITC, B oTimure OT JKeNe3HBIX IOpOT, HE TpeOyeT pacuucT-
KA Talru, BBHIPABHUBAHHS TPyHTa, 00XOJa €CTECTBEHHBIX HA3EMHBIX MPEIsT-
cTBuid. ObecneunBaeTcs THOKOE BKIIIOUEHUE MyTEBOM CTPYKTYpPHI B JIAHIIA]T,
YTO CO3AAET NPEANOCHIIKH ISl CIIPSMIICHUS TPACCHI.

C y4eToM OCHOBHBIX (haKTOPOB, ONPEAEISIIOUIMX MPEAIoIaraeMblii MapIi-
PYT Tpacchbl, MOKHO HAMETUTh CIEAYIOLINA MapLIpyT: HAYaJIbHBIM IMyHKT — Ha
TuxookeaHCKOM MOOEpeXbe, KOHEUHbIH MYyHKT — OJWH W3 MOPTOB A30BO-
UYepuomopckoro 6acceiina. FOxubie moptel Poccuu HaxonsTcst Ha nepeceyeHun
MHUPOBBIX TOPTOBBIX ITyTE€H, 4YEPE3 HUX IIPOXOIAT HECKOJIBKO TPAHCIIOPTHBIX KO-
PUIOPOB, KPOME TOTO, 3TO HAaMOOJIEe KOPOTKUH MyTh OT KPYMHEHIITNX MPOMBIIII-
JeHHbIX 1IeHTpoB Poccuu B EBporty, cTpanbl banxuero Boctoka, A3uu.

B kadecTBe HauaJIbHOTO MYHKTA MapUIpyTa HAa TUXOOKEAHCKOM MOOEpexbe
MOKHO BBIOpaTh MOpcKoi mopt Banuno'* (puc. 1a). 10 — TpaHCIIOPTHBIN y3ei,
CBA3BIBAIOLIMI BOEIUHO KEJIE3HOJOPOKHBIA, MOPCKOW U aBTOMOOMJIBHBIA IIyTH
coobuienus. Yepes BaHMHO MOCTaBISAIOTCS TPY3bl B CEBEPO-BOCTOUHBIE PETHO-
Hbl Poccun, B Anoununto, FOxuyro Kopero, Kutaii, ABcrpanuto, CILIA u gpyrue
cTpaHbl. BeirogHoe reorpaduueckoe pacnoyioxKeHHe MOpTa OTKPBIBAET BBIXOJ K
MOpIO Tpy3am, uaymum 1o balikano-Amypckoi u TpanccuOupckoit xene3Ho-
JOPOYKHBIM MarucCTpassiM.

Koneunslil myHKT 11€51€c000pa3Ho BbIOpaTh B paiioHe TaMaHCKOTro MOJIyOCT-
pOBa, Tak Kak B COOTBETCTBUU CO «(CTparerueil pa3BuTrs MOPCKOM MOPTOBOM MH-
dpactpykrypsl Poccun 10 2030 roma»! npeamnosnaraercs CymecTBEHHO YBEIUUMTE
Ipy30000pOT MOPCKHUX MOPTOB A30BO-UYepHOMOpCKOro OacceiiHa 3a CYET CTPOH-
TEJILCTBA HOBOrO MOpCKoro mopra Tamanb!® cymmapnoii mompocteio K 2030 .
oonee 100 miH T B roa. IlpeanonaraeMoe MECTONONIOKEHHE IOPTA — PAiOH MbICa
[Tanarust (puc 10), pacmojIOXKEHHOTO Ha IOTro-3amajie TaMaHCKOTO IMOyOCTPOBa
brroxanmmii xkene3sHoI0poKHbIN y3ell — ropol KpbeIMck.

14 http://www.vaninoport.ru.
15 http://www.rosmorport.ru/media/File/State-rivate_Partnership/strategy 2030.pdf.
16 http://taman-seaport.ru.
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Ha puc. 2 nokazan npeanosiaraeMblii MapuIpyT BHICOKOCKOPOCTHOM Tpacchl
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Puc. 2. MapuipyT BeicokockopocTHOH Tpaccel MJITC

[Ipennonaraemsnii Mapupyt Tpaccel MIITC xapakrepusyercst BecbMa
OOJBIION TPOTSHKEHHOCTHIO (OKOJIO 7 THIC. KM), MOTECHIIMAIBLHO MUMEET 3HA4M-
TEJIbHYIO TI0JIOCY BAPbUPOBAHUS, IHIMPHUHA KOTOPON MOYKET COCTABIATH HECKOJIb-
KHX COTEH KMUJIOMETPOB B 3aBUCHMOCTH OT OCOOCHHOCTEW penbeda MECTHOCTH,
WHKEHEPHO-T€OJIOTUYECKUX YCIOBHM, MECTOMOIOKEHUS OJIarONpUsTHBIX CTBO-
POB IepeceueHus: KPyIHBIX peK, a TaKKe OT CEMCMMUYECKUX U APYTUx Hebyaro-
IPUATHBIX YCJIOBUI HA y4acTKaX HaIllpaBJICHUS MaruCTpasu.
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MapmipyT y4uThIBaeT KIIIOUYEBBIE (PAKTOpHI: CBs3bIBaeT A30BO-UepHOMOP-
CKui OacceiiH ¢ modepexbeM THUXoro okeaHa, MOJHOCTHIO MPOXOAUT 1O TEPPUTO-
puu Poccuiickoit denepanmu, 3arparubasi ceBepHbie TeppuTopuu (110 60 °© c. 11.),
a ero NpOTSHKEHHOCTh Ha 25 % Kopoye MPOTSHKEHHOCTH UMEIOIIMXCSI MAPILIPYTOB.

3.2.2. Texuuveckasi peajau3anusi TPAHCIIOPTHOM CHCTEMBbI

HeobxoaumocTh co3manusi BBICOKOCKOPOCTHBIX TPY30BBIX TPaHCIIOPTHBIX
CUCTEM, UMEIOIUX 000COOJICHHBIN MyTh C ICTAKATHON MPOKIIAIKOMN, BEIHYKIACT
MCKaTh TEXHUYECKHE PEUICHUS, TO3BOJIAIOIIME CHU3UTh 3aTPaThl HA CO3/IaHUE U
skcruryatanuo MJITC.

[Ipennonaraemasi Tpacca MNPOXOJUT Yepe3 YJaJCHHbIE MAaJlO00XUThIC
TPYIHOJOCTYITHBIC PAOHBI (BOJHBIC TIPETpajabl, TOpHBIE XPeOTHI, 3a00104YeH-
HYIO0 MECTHOCTH U T. [I.) C XOJIOJHBIM KJIUMATOM. B 3THX yCITIOBUAX HEOOXOAUMBI
TPAHCIIOPTHBIE CUCTEMBI C HU3KO3aTPATHOW MH(PPACTPYKTYPON M TEXHUUYECKHUE
peuieHusi, odbecrieunBaromie 0ecrnepeO0oHHOCTh TPAHCTIOPTHOIO MOTOKA MO Ma-
TUCTPAJIN.

HauGosnpinas BelMyMHA TMEpBOHAYATIBHBIX MHBECTHIIMI CBA3aHa C CYIIe-
CTBEHHBIMH KaIlUTAJIOBIOKEHUSIMU TIPU BO3BEACHUU IyTEBOW HMH(PACTPYKTYpbI
st MJITC. 31o 00CTOSITETLCTBO OTITYTUBAET MOTEHITMAIBHBIX MHBECTOPOB. Og1-
HAKO €CJIM Ha XOPOLIO OCBOEHHBIX TEPPUTOPHUSX C Pa3BUTOM TPAHCIOPTHOW WH-
bpactpykrypoit skoHOMu4eckas 3¢ dexkruBHocTh MIITC onpenensercss KOHKY-
PEHTHOM Cpeloi, TO B CEBEPHBIX TPYAHOJOCTYIHBIX paioHaX Ijisi 0OecreYeHus
YCTOMYMBBIX T'PY30MOTOKOB HAJ CHETOM M 30HAMH MHTEHCHBHOI'O BOJOPOJHOTO
M3HOCA KOHCTPYKIUNA BBICOKOCKOPOCTHBIC IPY30BbIE TPAHCIIOPTHBIE CUCTEMBI 3C-
TaKaJIHOTO THIa HA MATHUTHOM IO/IBECE IO CYIIECTBY O€3aJIbTE€pPHATUBHBI.

B Poccun 3A0 «HTLI ITPUBO/-H»!" B pamkax demepanbHON LENEBOi
porpaMMbl pa3padaTbiBa€T 3JIEMEHThl TPAHCIIOPTHON CHUCTEMbI C MarHUTHBIM
MOJABECOM, OPUEHTUPOBAHHOM HA BBICOKOCKOPOCTHYIO TPAHCIIOPTUPOBKY KOH-
TEHHEPHBIX TPY30B IO CJ1a00 OCBOEHHBIM CEBEPHBIM TEPPUTOPUSIM.

Pa3paboTunku mpoekTa BBIABUHYJIM THUIIOTE3Y O BO3MOMXHOCTH CO3JaHUS
IPOCTON KOMOWHUPOBAHHOM TATOBO-JIEBUTALIMOHHON CHUCTEMbI HA OCHOBE Ipe-
JEIBHO MPOCTOr0 BapUAHTA JIMHEMHOTO PEaKTUBHOTO UHIAYKTOPHOTO JBUTATENS
(JIPU), crtocoOHOTr0 0JTHOBPEMEHHO 00€CTIeYMBATh JIEBUTAIIUIO, TATY U KypCO-
BYIO cTabunu3anuio. Takas KOMOMHUPOBAHHAS TATOBO-JIEBUTAIIMOHHAS CHCTEMA
MO3BOJIAET HCIOJb30BaTh IMACCUBHYIO JUCKPETHYIO IMYTEBYIO CTPYKTYpYy CO
CHIKEHHOM MaTepuaioeMKoCThi0. KpoMe Toro, mpocTora KOHCTPYKIIMU Hampsi-
MYIO CBSI3aHA C BaXXHEHUIITMMHU HKCIUTYaTallMOHHBIMU MTOKA3aTESIMU, TAKUMHU KaK
YKUBYUYECTb U HAJIE)KHOCTh CUCTEMBI.

17 http://privod-n.ru.
12



DyHKIMOHAJIbHAST cXeMa KOMOMHUPOBAHHON CHUCTEMBI JICBUTALIMU U TSTH,
BBITIOJTHEHHAS. HA OCHOBE JIMHEHHOTO PEaKTUBHOIO WHIYKTOPHOTO JIBUTATEIs,
MoKa3zaHa Ha puc. 3.
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Puc. 3. ®yHknuonanbHas cxeMa KOMOMHUPOBAHHON CUCTEMBI JICBUTAIIMH H TSTH:
1 — cuctema yrpaBieHHs; 2 — CUJIOBOH KJIIOY peoOpazoBaTers;
3 — TATOBO-JIEBUTAIIMOHHBINA MOJTYJIb

Cucrema ympaBieHusi | reHepupyer KOMMYTAIMOHHYIO (yHKIU0 K(7),
YOPABJISIIONIYIO TEPEKIIOYCHHEM CHIIOBBIX Kirouei mpeobpasosarens 2. Ilox
NelcTBUEeM HampspkeHus nutanus Uy mpeoOpasoBarens 2 dhopMupyeT (a3Hbie
TOKH iy B OOMOTKax TATOBO-JIEBUTALMOHHOTO MoxayJis 3. Ilpu 3toM co3natorcs
cuna Taru Fx u nogbemuas cuna F-. [lon nelictBueM cuiibl Tsru Fy 0OBEKT 1e-
peMeIaeTcsi CO CKOPOCThIO Vy, MPeo10JieBast CUIIy COTPOTUBIICHUS IBUXKEHUIO fx
(6nok 4). Ilogpemuas cuna F. obecrieynBaeT JEBUTAIUIO OOBEKTa, KOMIICHCH-
pys Bec 00bekTa P u eiicTBrUe Bo3MyIIaomux cuil f- (61ok 5). [log nefictBuem
ATUX CUJI OOBEKT MepeMelaeTcsl B BEPTUKAILHOM HAMPaBICHUU CO CKOPOCTHIO
V.. Curnan 3a3opa z opMupyeTcsi Ha BbIXojie 0JI0Ka 6 MyTeM UHTErPUPOBAHUS
CKOPOCTU BEPTHUKAIBHOTO MEpEeMEIlleHHs V-, CpaBHUBAETCS C 3aJaHHBIM 3Haye-
HUEM Z3a; B OJIOKE 7, a curHaji omuOKu Az MOJaeTcsi Ha BXOJ CUCTEMBI YIIpaBJie-
Hus. Kpome sroro, mpu ¢opMUpoBaHWM KOMMYyTallmoHHOW (QyHkiuu K(f) uc-
MOJIB3YIOTCS CUTHAMBI Vy, V-, ik 1 CUTHAI 3a1aHUSI CKOPOCTH JBIKCHUS Vi san.

Oc00EeHHOCTHI0O MATEMATUYECKON MOJIETH KOMOMHUPOBAHHOM CUCTEMBI TSi-
TH W TIOJIBEca SBJISIETCS ONMHCAHWE MOTOKOCIEIUICHUS (Pa3HOTO KOHTypa Kak
GyHKIIUA TpeX MePEMEHHBIX:

Y =1@.,x 2),
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€ Ir— TOK B KOHTYPE;

X — KOOpAHATa rOPU30HTAIILHOI'O IIEPEMCIICHM,
Z — KOoOpAanHaTa BEPTHKAJIbHOT'O IICPEMCIIICHUS.
B O6H_I€M BHUAC MATECMATHUYCCKAsA MOICIIb IMPCACTABIICT CUCTCMY YpPaBHC-

HHﬁ, OIMKMCBhIBAIOIIHNX

e 0ajaHC HAMPSOKEHUM B DJIEKTPOMArHUTHBIX KOHTYpPaXx;

® IIPOLIECCHI AIEKTPOMEXAHUYECKOTO MpeoOpa3zoBaHus SHEPTUH;
® ypaBHEHUS JBIXKCHUSI OOBEKTA.

oy, (zk, X, Z) dzk

u, =i, -R+
oo dt Ox dt
b, 0
F =) — iI,,x,z)di ;
! le a-x ( ¢ ) i=const
z=const
b 0
F. =) — X, z)di ;
kz_l“ax k i:_const
dZ
m-——s-=F —f;
a7 .
d2
=F —-m- ,
ar /.

A€  Ix— TOK 3JICKTPOMAarHUTHOI'O KOHTYPa;

X — KOOpAWHAaTa IEpCMCIICHNA B TOPU30HTAJIbBHOM HAIIPABJIICHUH,

0z

z — KOOpArHaTa NEpCMCIICHHA B BEPTUKAJIbHOM HAIIPABJICHUH,

Wi — ITOTOKOCHCIICHHUC 3JICKTPOMAIrHUTHOI'O KOHTYPA,

k — HOMep 3JIEKTPOMarHUTHOTO KOHTYPa;
b — KOTUYIECTBO JIEKTPOMATHUTHBIX KOHTYPOB;
g — YCKOpEHUe CBOOOJHOTO NaJACHMUS;
m — Macca JIEBUTUPYIOIIETO 00BEKTa;
R — aKTUBHOE COMPOTUBJICHUE KOHTYPA;
Ux — HaTIpsKEHUE, TIOJJBOAMMOE K DJIEKTPOMAarHUTHOMY KOHTYPY;
F. — ropusoHTasnbHas cuiia, co3aBaeMas dJEKTPOMArHUTHBIM KOHTYPOM;
F. — BepTHKanbHas cuja, co3faBacMasi 3JIeKTPOMarHUTHBIM KOHTYPOM;
Jfx — cujia CONPOTUBIICHUS IBUKEHUIO;
f- —BO3MYIIAOIICE BO3JICHCTBHE.
Ha 6a3ze matemMaTtuueckoil MOJIE€NU TATOBO-JIEBUTAIIMOHHOW CHUCTEMBI pa3-
paboTaHa ee KOMITbIOTEPHAs peaiu3alus B rpaduyecKoil cpee UMUTAIMOHHOTO
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mozaenupoBanus Simulink. KoMmnberoTepHass Mojesb MO3BOJIIET MOJAEIUPOBATH
JTMHAMHYECKHE PEKUMBI PaOOTHI.

Ha puc. 4 npencraBineHbl pe3ynbTaThl MOJCTUPOBAHUS JIEKTPOMEXaHUIE-
CKHUX MPOILIECCOB B TSATOBO-JIEBUTAIIMOHHON cucTeme. [IpruBeeHbl OCIMILIOrpaMMbl
MT'HOBEHHBIX 3Hau€HUM (ha3HBIX TOKOB B OOMOTKAX TSATOBO-JIEBUTAIMOHHOTO MO-
JTyJ1sl, MTHOBEHHBIX 3HAUEHUI CUJI 10 KOOpJIUHATaM X, V, z. DaszHble TOKH ik pop-
MUPYIOTCSI TAKUM 00pa3zoM, YTOObl CyMMapHOE€ MOJbEMHOE YCHIINE, CO3/IaBaeMOe
(ba3HBIMH KOHTYpaMH, 00€CIIEYnBAJIO JICBUTAIIMIO 00BEKTa, & CYMMapHOE TSATOBOE
yCWiIMe — 33JJaHHYyI0 CKOpOCTh JaBWkeHus. Ha puc. 4 mokazaHo, 4yTo Ipu BO3JeH-
CTBMM BO3MYILEHHS MO KOOpJUHATE y BO3HUKAET cujla OOKOBOro cmeuleHus F),
o0ecrevnBaroiias KypcoByIO CTaOMIM3AIINIO IBUKYILIETOCsl 00BEKTA.

Puc. 4. OciuinorpaMMsl 3J1€KTPOMEXaHUYECKHX IIPOLIECCOB

[To pe3ynpTaTaM KOMITBIOTEPHOTO MOJICIUPOBAHUS MPOIIECCOB B KOMOWHU-
POBaHHOUM CHCTEME TATH M T0JIBeca pa3paOd0TaHbl OCHOBHBIC TEXHHUYECKHE pe-
meHus. s SKCIepUMEHTATbHONH MPOBEPKH KOHIICIIIMKA Oblila HM3TOTOBJICHA
NOJIHO(YHKIIMOHAIbHAS (PU3MUYecKass MOJCIb TPAHCIIOPTHOU IIaT()OPMBI, MPO-
BEJICHBI SKCIICPUMCHTAIBHBIC UCCIICTOBAHMS CHCTCMBI.

OcHoOBHas 11e/1b SKCIIEPUMEHTA — IIPOBEPUTH BO3MOKHOCTH COBMEIIICHUS B
OJIHOM 00beKkTe (PYHKIUN JeBUTAUU U TATH. [lomobue mporeccoB, mpoTeKaro-
X B (U3UYECKOM MOJenu, obecreurBaeTcsl mojo0ueM KOH(GUTyparuyu Mar-
HUTHOW CHUCTEMBI MaKeTa TATOBO-JIEBUTAIIMOHHOTO MOJYJIS, BBIMOJHEHHOTO B
MacmTabe 1:7, MACHTUYHOCTHIO TOTIOJIOTHH CXEM CHJIOBBIX TPeoOpa3oBaTeiei
MOJIENTN 1 00BEKTa, MICHTHYHOCTHIO AJITOPUTMOB YIIPABIECHUS U CTPYKTYPHI CH-
CTEMBI yIpaBieHUsA. TpaHcmopTHas ImiaTdopMa OCHAIIEHA YETHIPEMS TITOBO-
JICBUTAITMOHHBIMH MOTYJISIMH.
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Ha puc. 5 nokasana ¢yHkimonaigbHas cxema Moaysisi. Oomotku L1, L2, L3
MoayJsis A1l BKJIIOUEHBI B CHJIOBYHO CXEMY IOJIYMOCTOBBIX IpeoOpa3oBartelieit
UZ1-UZ3, kotopble NOJy4aroT MUTaHUE OT aKKyMyJsaTopHo#l O6atapeu G1l. Cu-
cTeMa yrpaBlieHHs (OPMUPYET aIrOPUTM KOMMYTAIlMK CUJIOBBIX Kitouert V'T1,
VT2 npeobpazoBareneit UZ1-UZ3, obecnieyuBaronuil JICBUTALUIO OOBEKTa U
€ro JIMHEHHOE TepeMENICHUE BIOJb MyTEBOM CTPYKTyphl. Ha BXOa cucCTeMbI
YIPABJICHHS TTOCTYMAOT CUTHAJIBI, MIPOIIOPIIMOHAIbHBIE TOKaM B OOMOTKaxX /u1,
Ip1, 1.1 ot matunkoB Toka TA1-TA3, BO3MyIIHOTO 3a30pa o1 OT JaTUMKaA 3a30pa
B1, a Taxxe nmoruyeckue CUTHANBI, (PUKCUPYIOIINE TMOJIOKEHUE MOTIOCOB Mar-
HUTHOM CHCTEMBI MOAYJISl OTHOCUTEIBHO IyTEBBIX JIEMEHTOB OT OJOKa JaT4yu-
KOB MoJioxkeHust BL1-BL3.

AATYUK 3A30PA | A1

~O T of oF

CUCTEMA YIPABJ/IEHUA

Puc. 5. ®yHKknmoHaibHas cxemMa MOLYJIs

KOHCTpYKTUBHO TATOBO-JIEBUTAIIMOHHBIM MOIYJb MOJHOCTHIO aBTOHOMEH
U MOXET ObITh aJalTUPOBAH K PAa3IUYHBIM KOHCTPYKTHUBHBIM (hopMaM TpaHC-
MOPTHOM MIIATPOPMBL.

Ha puc. 6 nmokazan oOmuii Buja pu3nueckoil Moenu TPaHCIIOPTHOM TuIaT-
bopMBI.

Mopenb COEpKUT YETHIPE TATOBO-JIEBUTALMOHHBIX MOAYJIA, YCTaHOBJICH-
HBIX Ha TPAHCIIOPTHOM TeNekKKe; MmIaTGopMy ¢ JIECKTPOHHBIM 00OPYI0BaHUEM;
JOTIOJTHUTENBHYIO TEXHOJOTUYECKYIO MaTGopMy, Ha KOTOpPOHM pacmojaraercs
rpy3 OpH SKCIIEPUMEHTAX.

Bo BpeMs 5KCIEpUMEHTOB MOJIENIb IEPEBOJAWIN B JIEBUTUPYIOIIEE COCTOSA-
Hue. /{7 3Toro B 0OMOTKH TATOBO-JIEBUTAIIMOHHBIX MOAYJIEH MOaBalid TIOCTO-
SIHHBIM TOK, PEryJMpyeMblid MO BEIMYMHE B (DYHKIIMU BEJIWYMHBI BO3YUTHOTO
3a30pa MEXIy MOJIFOCaMU MOJYJEN U IyTEBBIMU dJIeMEHTaMH. Jlanee 3amyckanm
CUCTEMY MPHUBOJIA, IPU ITOM MEPEKITIOUATIUCH TOKU B (ha3HbIX OOMOTKaX IO CUT-
HajaM JaT4yuKoB moJioxkeHus. [Ipu sToM TpaHcmopTHas miatrgopma OECKOH-
TAKTHO MEPEMEIIANIACH BJIOJb ITYyTEBON CTPYKTYPBI.
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Puc. 6. O6mwuii Bua pusudeckoir MoIeIn

Ha puc. 7 npuBeneHsl OCHMIIIIOTPAMMBI 3JIEKTPOMEXaHUUECKUX IPOLIECCOB
IIPU IIEPEXOJIE TATOBO-JIEBUTALIMOHHOW CHCTEMBI U3 PEXUMA JICBUTALMU B pe-
KM JIEBUTHUPYIOLIETO NEPEMEILECHUSA BIOJIb IIyTEBOM CTPYKTyphl. Ha ocumiuio-
rpaMMax MokaszaHbl (a3Hble TOKH MOAYJEH [1,—[4c, CHTHAIBI TaTYUKOB 3a30POB
01—04, CHTHAJIBI TATYMKOB HOJIOKEHUS Dy, Dp, D.
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UccnenoBanus (u3nyeckol Mojeld TPaHCHOPTHOM IIaTGOpMbI Tpoje-
MOHCTPUPOBAIH €€ paboToCrOCOOHOCTH [16].

[1o pe3yspTaram HCCIIETOBAHUM MPEJIOKEHA KOHIIENINS ITOCTPOCHUS IPy-
3o0Bot MJITC nnst skcrutyatanuu Ha cliabo OCBOEHHBIX Tepputopusx. [Ipena-
raemast MJITC noskHa conepskarh MACCUBHYIO IyTEBYIO CTPYKTYPY 3CTaKaIHO-
IO TUIIA U CLETHBIE COCTABBI, COCTOSLINE U3 aBTOHOMHBIX TPAHCIIOPTHBIX ILIAT-
dopMm i mepemenieHus KoHTeilHepoB. Kaxmas mmardopma ocHamaercs
JIETKOChEMHBIMU TATOBO-JIEBUTALMOHHBIMU MOJYJIIMU U 3JEKTPOXUMHUYECKHUMHU
HaKOMUTENAMU dHepruu. [IoaBMKHON cOCTaB MOXET MOJIy4yaTh SHEProcHabxe-
HUE KaK OT aBTOHOMHBIX YHEPreTUYECKUX YCTAHOBOK, TaK U OT KOHTAaKTHOM ce-
Tu. Ha puc. 8 nmokasano nomnepedynoe ceueHue TPaHCIOPTHOU TIaT(HOPMEI.

Ha puc. 8 mokazanel: myreBoe mojoTHO 1, ommparomeecs Ha omnopy 2;
TpaHCTOpTHas miatgopma 3, OCHAIEHHas! KOJECHBIMU OJlokaMu 4, 5 i TpaHC-
NOPTUPOBKU M1AT(HOPMBI BJOJIb MTyTEBOr0 MOJOTHA; NEPEJaTOUYHbIE YCTPOICTBA 6,
7, CBSA3BIBAIONIME CTATOPBI JMHEWHBIX ABUraTene 8, 9 u TpaHCHOPTHYIO TaTdop-
My 3; anmemeHTsl poropa 10, 11, yctaHOBIEHHBIE B Psii HA IyTEBOM NOJIOTHE |
C IIarOM, paBHBIM IIOJIFOCHOMY JIEJICHUIO JIMHEWHOTO JIBUTATEIS; POJIMKOBBIE KaTKU
12, 13, orpannumBaronyie 60KOBOE CMELIEHNE TIAT(GOPMbI OTHOCUTENILHO Iy TEBO-
ro nojotHa. Ha moBepxHOCTH IyTEBOro MOJIOTHA | BMOHTHPOBAHBI CTAJIbHBIE ILIA-
ctuHbl 14, 15, KOTOpbIE SABISAIOTCS MOCAJIOYHOM MOBEPXHOCTBIO AJisi Kojec 4, 5
TPAHCMIOPTHOM TIATHOPMBI 3.

Puc. 8. IlonepeuHoe ceueHne TpPaHCIOPTHOM MIaT(HOPMBI:
1 — myTeBO€ MOJOTHO; 2 — onopa; 3 — TpaHcnopTHas miatdopma; 4, 5 — KoJiecHbIE OJIOKH;
6, 7 — nepegaToyHble YCTPOMCTBA; 8, 9 — cTaTOPbI IMHEHHBIX ABUTATEINICH;
10, 11 — snemenTsl potopa; 12, 13 — ponukoBbie KaTku; 14, 15 — cTanbHbIE IUIACTUHBI;
16, 17 — mpeoOpa3oBaTenbHbIE yCTPOHCTBA
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[Ipu nmogadye UMIyJIbCOB TOKa B OOMOTKHM CTaTOPOB JIMHEHHBIX JIBUTaTENeH
OT MpeoOpa3oBaTeNbHBIX YCTPOUCTB 16, 17 BO3HMKaeT CUIIOBOE B3aUMOJICH-
ctBue U-00pa3HbIX MarHUTOIIPOBOJIOB CTATOPa U POTOPA YEPE3 PETYIHPYEMBIit
10 BEJWYMHE BO3AYLIHBINA 3a30p. CozmaeTcst TSAroBoe, MOABbEMHOE U OOKOBOE
CTaOMIIM3UPYIOIIee YCUIINE, KOTOPOE MepeaacTcsl uepe3 nepeaaToyHbie yCTpoi-
CTBa K TPAaHCIOPTHOH miuaTdopme. ITo obecrneunBaeT OECKOHTAKTHOE TepeMe-
IIEHUE TPAHCIIOPTHOM MIATPOPMBI BIIOJIb TyTEBON CTPYKTYPHI.

KoHTeliHepHBIil MOe3]1, COCTAaBICHHbIH M3 22 TPAaHCHOPTHBIX IUIATPOpM,
OMHCaHHBIX BbIlIE, 001Iel Maccoir 1800 T MokeT TpaHCIIOPTHPOBATh 43 eTUHU-
11l 40-pyHTOBBIX KOHTEMHEpa ¢ MapHIpyTHOU ckopocThio 180 km/4. CKOpOCTH
NepeIBIKEHIS] KOHTEHHEPHBIX TPy30B — He MeHee 3600 kM/cyT. UToObI peanu-
30BaTh MPOTHO3UPYEMBIN TOJOBOM 00BEM TPAH3UTHBIX KOHTEHHEPHBIX MEPEBO-
30K B 1,52 muinuona JI®3, HeoOX0auMo, 4TOOBI KOHTEHHEPHBIEC TTOE3/1a CJIEI0-
BaJId C MHTEpPBAJIOM, paBHbIM mpumepHO 0,5 4 (49 KOHTEWHEpPHBIX MOE3/I0B B
cytku). [Ipu 3TOM Ha AMHUM B 00OMX HANPABICHUSX OJHOBPEMEHHO IOJIKHBI
HaxoAuTbcsa 156 KoHTeHEepHBIX Moe30B. [lapk TpaHCMOPTHBIX MIATPOPM T0JI-
JKeH cocTaBlATh 3432 enunHuIlbl (0e3 yuera pe3epna).

Taxum o6pa3zoM, npeiokeHHass KOHIEHIUS MTOCTPOSHHUSI BBICOKOCKOPOCT-
HOT'O KOHTEHHEPHOTO Moe3/ia GU3NYECKH peaian3yemMa U 00ecreurnBaeT mporHo-
3UpPYEMBIi T0I0BOM 00BEM TPAH3UTHBIX KOHTEUHEPHBIX MEPEBO3OK.

4. OueHka 3ppeKTUBHOCTM MHBECTULMOHHOIO NPOEKTa

O} pexTUBHOCTh NHBECTULIMOHHOTO MPOEKTA OLIEHUBAIA B COOTBETCTBUH C
MeroanueckumMu peKOMEHAALUIMHU, NEUCTBYIOIMMHU Ha Tepputopun Poccuii-
ckoii denepanuu. ['opu3oHT mianupoBanus npoekrta — 40 net. JleHexHbIe 1o-
TOKU MPOEKTOB (POPMHUPYIOT CIAEAYIOIIHUE CTAThbU 3aTpaT: UHBECTUIMOHHBIC 3a-
TPaThl, KCIUTyaTalMOHHBIE PACXO/IbI, IUIATEKH 110 HAJIOTY Ha UMYILECTBO.

B kauecTBe OCHOBHBIX MOKa3aTeNeH, UCIOJIb3YEeMbIX ISl pacyeToB A dek-
TUBHOCTH MHBECTULMOHHOTO MPOEKTA, BHIOPAHBI: YUCTBHIA JOXOJ, YUCTHIN JHC-
KOHTUPOBAHHBIM JOXOJ, BHYTPEHHSA HOPMA JOXOJHOCTH, UHIEKC ITOXOJHOCTH
WHBECTULINNA, NHJIEKC JOXOAHOCTH AUCKOHTHUPOBAHHBIX MHBECTHUIIMI; CPOK OKY-
IIAEMOCTH.

["onoBoit skoHOMUYeCKU 3P(DEKT onpeaenseTcs Kak pa3HOCTb MEXKIY Jie-
HEXHBIMU MOTOKaMU COOTBETCTBYIOIIETO T'OJla MPOEKTa C 3eKTpoBo3oM 1120
[17] n mpoexkta MJITC c ee mocinenyronmMm IUCKOHTUpoBaHueM. [lokazarenu
s dextuBHocTr npoekta MJITC nmpuBenens B Ta0I. 2.

PacueTHble 3HauU€HUSI OCHOBHBIX MOKa3aTesed 3(pPeKTUBHOCTH MO3BOJISAIOT
cIenaTh BBIBOJ, YTO Ipearaemelii npoekt npuMenenuss MJITC s konten-
HEPHBIX NMEePEBO30K sBIsETCS 3P dekTuBHBIM. HecMOoTps Ha O0MbIIYI0 BETHUUHY
NepBOHAYATILHBIN WHBECTULIMM, CBA3aHHBIX C 00Jiee CYIIECTBEHHBIMU KaluTallo-
BJIOXKEHUSIMU B TyTeByI0 uHOpacTpyktypy MJIITC, 3HauurtenbHas 3KOHOMUS
DKCIUTYaTallMOHHBIX PACXOA0B BBIBOJIUT MPOEKT HA MOJIOXKUTEIbHBIN dKOHOMHU-
YECKUU pe3yJIbTar.
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Tabmmma 2
IMoka3aTenu 3¢ PpexTuBHocTH npoexkta MJITC

[Tokazaremnn 3HayeHue
YucThlil 10x01, MITH pyo. 264 5244
YHCThIN TUCKOHTHPOBAHHBIN JOXO, MIIH PYyO. 7 555,6
BHyTpeHHA HOpMa JOXOOHOCTH, Yo 10
MNHanexc 1oXOQHOCTH MHBECTUIINH 2,33
Nupekc ZI0XOIHOCTH AUCKOHTHPOBAHHEIX 1,04
WHBECTHUIINI
Cpox oKynaeMocCTH (IpOCTOi), JIeT 10,1
Cpok oKkynaeMocTH JUCKOHTUPOBAHHBIH, JIET 26,03

[Ipu pacderax HE YYUTHIBAIUCH JIOMOJHUTEILHBIC ACHE)KHBIC MMOTOKHU IS
omeparopa, CBs3aHHbIC ¢ TapuHON cocTaBistomen (0T pocra kKodhdureHTa
MIPOU3BOJUTEILHOCTH), @ TAK)KE COIMAJIbHBIE ACIEKTHhI JAHHOTO MPOEKTa IS
PETHMOHOB CTPaHbl, B KOTOPHIX OyACT peaqnu30BaH JNaHHBIN MPoeKT. C y4eToM Ta-
KOr0 MYJbTUIUIMKATUBHOTO 3(dekTa sKOHOMUYECKas I11eJ1IeCO00pa3HOCTh U
NPUBIIEKATEIHLHOCTh IPOEKTA 3aMETHO BO3PACTACT.

3aknyeHue

PazButne tpancnoptHoi MH(pAcTpykTypbl Poccuiickoit deneparuu cBs-
3aHO C TeorpaUUECKUM IOJOKEHUEM CTPaHbl KaK €CTECTBEHHOTO TPaHCIOPT-
HOTO KOpUIo0pa, coeauHstomero EBponeiicknii, A3narcko-THX00KeaHCKUM pe-
ruoHbl. Co3/laHne BRICOKOCKOPOCTHOM EBpoa3znaTrckoil TpaHCIOPTHOM CHUCTEMBI
COOTBETCTBYET AUPEKTUBHBIM JTOKYMEHTAM, KaCarOUIMMCSl TPAHCIIOPTHOM CTpa-
terun Poccuiickon @Penepanuyu no pPa3BUTHUIO IOTEHUHANA €BPO-a3MATCKUX
TPAHCIOPTHBIX CBA3EU U TPAH3UTHBIX NIEPEBO30K I'PY30B.

TpancnopTHas cucreMa MOKeT ObITh OCHOBaHA Ha COBPEMEHHOW MarHUToO-
JIEBUTAITMOHHOMN TEXHOJIOTHH, MO3BOJISIONIEN CYNIECTBEHHO CHU3UTh JKCILTyaTa-
LMOHHBIE PAcXObl, a CJIECAOBATEIBHO, U TPAHCIIOPTHBIE U3JEPIKKHU 3a CUET Oec-
KOHTaKTHOT'O MepeMEIEHUs] TPAHCTIOPTHOM MIaTGOPMbl OTHOCUTENEHO MTyTEBOM
CTPYKTYPBL.

HoBasi TpancnoprtHas cucrema OyneT crnocoOCTBOBATh BBICBOOOKICHHIO
MPOIYCKHON CITOCOOHOCTH KEJIE3HBIX AOPOT ISl TPY30BbIX MEPEBO30K, MPSMO-
My Oecrieperpy304HoMy cooOIeHno Mex 1y EBporioi m A3uel, a mpu COOTBET-
CTBYIOIIEH TMPOKJIAJAKE MapiipyTa OOECHeYUT JOCTYIHOCTh TPAHCIOPTHBIX
yCIIyT TI0 TIepeBo3Ke rpy30B B parioHax Kpaiinero Cesepa, Cubupwu, JlanbHero
Bocrtoka u B ynanennsix perunonax Poccun.
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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 1s 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
basis 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
1s 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;

¢ 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.

18 http://port-ustluga.ru/en.
25



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
1s 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 II-Ru.pdf.
4 http://www.unece.org/trans/main/eatl.html.

5 http://icctt.com/transsib.
6

7

www.rzdlog.com.
www.trcont.ru.
8 https://www.dbschenker.com.

? www.felb.world.
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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.

19 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)?. 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 2030? 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
1s the city of Krymsk.
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Fig. 1. Geographical location of starting (a) and terminal (b) points of the route

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

20 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

2! http://privod-n.ru.
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The system of operation 1 generates commutation function K(#), operating
switches of power keys of converter 2. Under the influence of the supply voltage
Ua, the converter 2 generates phase currents i in the windings of the traction and
levitation module 3. This generates the traction force Fx and the lifting force Fz.
Under the action of the traction force Fx, the object moves at a speed Vs, 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 VZ, 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(z), the sig-
nals Vx, Vz, ir and the speed reference signal V. s 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, =1G,x z),

where i — 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 clectromechanical energy converters processes;
e object motion equations.

a\Vk(ika X, Z) . dik + a\Vk(ik: X, z) -ﬁ-l— a\Vk(ik’ X, z) %

u, =i, -R+ ;
dt Ox dt 0z dt

O,

b o i
F.=Y— jwk(z'k,x,z)di :
O

i=const
z=const

b 0 i
Fzzza iwk(ik,x,z)di ;

i=const
z=const
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where ix — electromagnetic contour current;
x — horizontal motion coordinate;
z — vertical motion coordinate;
Y\ — 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
/. — 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 A1 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.

g

Operation system

Fig. 5. Functional scheme of the module

The input of the control system receives signals proportional to the currents
in the windings 1.1, I»1, Ic1 from the current sensors 741-TA3, the air gap o1 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 61—04, the signals of the position sensors Da, Dp, 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
WNHupekc AOXOZIHOCTH JCKOHTHPOBAHHBIX 1,04
WHBECTHIINI
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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YK 621.376.32
K. T. Dpabinees, A. A. I'easuep, E. I1. Beqiukanosa, H. B. Ilanoxkun

CPABHUTENbHbIW AHANU3 METO4OB YACTOTHOIO
MACLUTABUPOBAHUA ONA OBPABOTKU CUTHAIIOB
B MAJIOFTABAPUTHbBIX NOABWXHbIX NMIAT®OPMAX

Hata noctymienus 22.09.2017
Pemenne o myGaukaruu 26.10.2017

Beenenmne. C pa3BuTHEM anmapaTHBIX W BBIYUCIUTEIBHBIX CHUCTEM, IMO3BOJISIOIIUX
YJIy4IIUTh KauYE€CTBEHHBIE XapaKTEPUCTUKHU PAJapOB C CUHTE3UPOBAHHUEM alepTyphl IPU HX
OTpaHMYEHHBIX TrabdapurTax, MOSBUIOCH MHOYKECTBO HOBBIX CHCTEM, Oyiarojapst KOTOPbIM
MOYKHO HCIIOJIb30BaTh 0ojiee JOCTYIHBIE U PACHpPOCTPaHEHHBIE MOABMKHBIE TIIATPOPMBI, Ta-
KH€ KaK aBTOMOOWIIN, KBAAPOKONTEPHI, OECIMIIOTHBIC JIETATeILHBIC allllapaThl.

ITocTanoBKa npo0JieMbl. 113-3a HOBBIX TUITOB IJIATQPOPM BO3HUKAIOT JOIOJIHUTENIbHBIE
UCKaXEHUSI, CBSI3aHHBIE C OCOOCHHOCTSIMH F€OMETPUUECKHUX IapaMeTpoB paboThl pajgapa U ¢
0osiee CUIBHBIMM TPACKTOPHBIMM HECTAOMIBHOCTSAMU. Takum oOpa3oM, K HOBBIM CHCTEMaM
paaapoB ¢ CUHTE3UPOBAHUEM alePTypPbl JODKHBI IPENBABIATHCS 0COObIE TPEOOBAHUS K MPO-
IPaMMHOM U K allapaTHOM 4acTsAM, KOTOPbIE OTIMYAIOTCS OT KJIACCUYECKUX CUCTEM.

Heab. CpaBHUTH aIrOpUTMBbI, KOTOPBIE MCIOIB3YIOTCSI B COBPEMEHHBIX CHUCTEMax pa-
JUOBUCHUS JJIsl MOJyYeHHs] KaYeCTBEHHBIX PaJMOJOKALMOHHBIX M300paXeHUH U KOTOpbIe
MOTYT UHTETPHUPOBATHCS B TIOJIBM)KHBIC TUTAT(OPMBI.

MeTtoasbl. B kauecTBe 6a30BOro ajqroputMma B3sIT METOJl YACTOTHOTO MacIITaOUpOBaHUS
U €ro MOAu(UKalWU, BKIIOYas JTOMOJHUTEIbHBIE aJIFOPUTMbl KOMIIEHCALIUU TPACKTOPHBIX
HecTaOuinbHOCTEeH. {7151 CpaBHEHUS aJrOpPUTMOB PACCMOTPEHBbI T€OMETPUUYECKHE MapaMeTphl
paboThl CUCTEMBI 111 aBTOMOOMJIBHBIX U CaMOJIETHBIX CHUCTEM M MPOBEACHO UMUTAIIMOHHOE
MOJIEJIMPOBAHUE C TOUEYHBIMU OTPAKATEJSAIMU IIPU PA3HBIX MOKA3aTENAX JAIBHOCTH M XapaK-
Tepe ABUKEHUS MIIaTHOPMBI.

PesyabTatsl. [loka3aHo pasznuuue paccMaTpuBacMbIX alrOPUTMOB Ha Hpumepe OJI0K-
cxeM U MareMatudeckux (opmyn. CoriacHo pe3yiabTaTaM MOJAEIUPOBAHMUS, UCIOJIb30BaHUE
0a30BOr0 aJIropuTMa YacTOTHOTO MACIITAaOMPOBAaHUS HAa PACCTOSHUAX, COOTBETCTBYIOIUX
F€OMETPUUECKUM IapaMeTrpaM pabdoThl aBTOMOOMJIBHON CHUCTEMBI, PUBOAUT K HCKAXKEHUIO
OTKJIMKA BAOJIb azuMyTa. Kpome TOro, MoaM(UIMPOBAHHBIM adroOpuT™M KOMIICHCALMU Tpa-
€KTOPHBIX UCKAXEHU MO3BOJISET KOPPEKTHO CHOKYCHPOBATH LIEJIU HAa Pa3HOM 1albHOCTH.

3akmouenue. [Ipennaraemas KoMOMHAIUs MOJU(PHUIMPOBAHHBIX AaJrOPUTMOB Tpa-
EKTOPHBIX UCKAKEHUI W YACTOTHOTO MACHITA0OMPOBAHMUS MTO3BOJISIET PABHOMEPHO C(HOKYCHPO-
BaTh U300pakeHHUE 110 BCEMY KaJlpy M YJIyUIIMTh KaUeCTBO N300pakeHUs B OJIMKHEH 30HE.

AstomoOunb, BITJIA, paguosunenue, PJIN, PCA, FMCW, FSA.

HccrnenoBanust mpoBoAATCS MpU (PUHAHCOBOHM moanepxke Mwunucrepcrsa OOpa3oBanus U Hayku PO.
Yuukanbusiii uaeaTrdukarop nmpoekra RFMEFIS7815X0130.
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BBeneHue

C pa3BuTuEM allllapaTHBIX U BBIYMCIUTEIBHBIX CHCTEM, MO3BOJISIOIINX
YIYUYIIUTh KAYECTBEHHBIE XAPAKTEPUCTUKHU PaapoB C CUHTE3UPOBAHUEM arep-
Typbl (PCA) nipu ux orpaHuyeHHbIX rabapurax, MOSBUIOCh MHOXKECTBO HOBBIX
cucrem PCA [1-7], Gnaromapss KOTOpbIM MOKHO MCIOJIB30BaTh 00Jiee JTOCTYII-
HbIE M PACHPOCTPAHCHHBIC MOJBUKHBIC TUIATPOPMBI, TaKWE KaK aBTOMOOWIIH,
oecnimiioTHbIe NeTaTenbHbie anmnapatsl (BIIJIA), kBagpokonTepsl, 4eM caMOJIEThI
U cmyTHUKH. Macmtab 3a1a4, KOTOpble MOTYT OBITh pellieHbl Oarogaps TakKuM
cucteMaM, KojioccasieH [8]. ABromoOunu cMoryT opMUpOBaTh pajaroIOKaI-
onHoe m3zobpaxenue (PJIN) 6okoBoro npocrpaHcTBa 3a c4eT CKOPOCTH aBTOMO-
OWJIsA, MCTIONB3YS TOJIBKO OJHY aHTCHHYIO CHCTEMY, YTO YMEHBIAET TpeOOBaHUS
K rabaputam ycTpoiictsa [4, 5].

K HoBbIM cuctemaM PCA [0KHBI IPEABSBISITHCS 0COOBIE TPEOOBAHUS KaK
K MPOrpaMMHOM, TaK U K anmnapaTHOM 4acTsAM, KOTOPbIE OTIIMYAIOTCS OT KIJIACCH-
YECKHUX cUCcTeM. B mpumepax HapaOOTOK aJiIrOPUTMOB M TOTOBBIX pean3aluil
uist MasiorabapuTHeix cucreM PCA MOXXHO BBIJENHUTHh HMCIOJIb30BaHUE HETIpe-
peiBHOTO JIUM-curnana (Frequency Modulated Continuous Wave, FMCW), an-
TOPUTMOB KOMIIEHCAlIMM TPACKTOPHBIX MCKAXKEHUM M METOJOB YAaCTOTHOTO
macimtabupoBanus (Frequency Scaling Algorithm, FSA) [9-13]. Ucnonb3oBa-
Hue FMCW nelicTBUTENBbHO TMO3BOJISIET paboTaTh B OJNMIKHEH 30HE, a TaKXKe
yMEHBIIATh TPEOOBaHUS K apXUTEKType 1 poBoii 06padboTku [6], B TO ke Bpe-
Ms CpeIM METOJI0OB YaCTOTHOro MacmradbupoBanus [12, 13] ecte Moaudukamnmm,
I7Ie UCTIONB3YIOTCS pa3Hble popmysbl. B gaHHO#N cTaThe MOCTaBIEHBI CIEAYIO-
HI1e 3a70a4u:

e cpaBHuTh anroput™ FSA u3 crateu [12] ¢ MoandUIIMpOBaHHBIM aJro-
putmoM FSA u3 ctateu [13] (nanee FSA-M);

® [PUMEHUTH AITOPUTM KOMIIEHCALIUU TPAEKTOPHOI'O UCKAXKEHHUS U3 CTa-
U [12] anst anroputmoB FSA u FSA-M u cpaBHUTH XapakTEPUCTUKHU MOJTY-
YEHHBIX PaJIMOJIOKAIIMOHHBIX H300paKEHUH;

e cpaBHUTH Xapakrepuctuku PJIM mpu pasnuyHbIX HAKIIOHHBIX JAJIbHO-
CTAX U a3UMYTAJIbHBIX MOJIOKEHUSIX TOUEUHBIX OTpakaTeseil sl BBISIBICHUS
Pa3JIMYHBIX TEOMETPUUECKUX UCKAKEHUH.

B nepBoii yactu ctatbu mnpejacraBiieHa reomerpus padbotrsl PCA mnpu wuc-
MOJIb30BaHUU OECNUIOTHOTO JeTtaTenbHoro anmnapara (BIIJIA) u aBTomoOuss B
KauecTBe miaT@opmbl-HocuTens. [lokazaHbl OCOOEHHOCTH M Pa3IMUuUs MEXY
HUMU. Bo BTOpO# yacTu KpaTKO MPUBOJIUTCA anropuT™m oOpabotku FSA u mo-
nuduimpoBanHoro FSA-M. B Tperbeil yacTu JaHbl pe3yibTaThl 00pabOTKH
CUTHAJIOB, TIOJIYYEHHBIX MPU MojaenupoBaHuu pabotel PCA paznuyHbIMH METO-
JaMU CKAaTUS U KOMIICHCAIIUM PAJUOJIOKAIIMOHHOTO W300pakeHus. B koHIe
MIPUBEJICHBI BHIBOJIBI IO MOJYYEHHBIM PE3yJIbTaTaM.
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1. FeomeTpusa pabotbl PCA

[IpenBaputenbHO HEOOXOAMMO 33JaThb HAYaJIbHBIE YCIIOBUSA, a JUJISl ATOrO
pPacCMOTpPUM MPHUHIUI U TEOMETPHUIO padOThI pajiapa ¢ CUHTE3UPOBAHUEM arlep-
Typbl, BbiBelleM (OPMYJy, COOTBETCTBYIOIIYIO MPUHSATOMY CUTHAIY IOCHE Ie-
PEMHOKEHHS C ONTIOPHBIM CUTHAJIOM.

[IpeanonoxumM, 4T0 30HAUPYIOUIMHA CUTHAN S,(f) H3IydaeTcs B MOMEHT

BPEMCHH T, NIPH KOTOPOM JalbHOCTh paBHa R(T) W BO3BpamaeTcs oOpaTHO B
IPUEMHOE YCTPOICTBO B MOMEHT BPEMEHU T+7T,, MpOias paccTosHUE
R(t+7t,). Takum oOpa3omMm, 3a7epKKy IBOHHOIO paclpoCTpaHEHMs] CHUTHala
MO>KHO BBIPA3UTh KaK

_ R(t)+R(t+71,)

Cc

(1)

d

rue R(t+td)=\/R§+v2-(t+td—10)2;

¢ — CKOPOCTb CBETA;

V — CKOPOCTb JBUKEHUS MIaTPOPMBI.

VYopomaem ¢opmyny (1) depe3 kBajpaTHOE ypaBHEHHUE, OIPAHUYMBASICH
KBQIpPATUYHBIMM YJIEHAMU PA3JIOKEHUS, U TOJIy4aeM CIEAYIoHyo (opMmymy
3HAYCHUS 3aJACPKKHU:

2
2 R(7) +v—2('c - T,)
c C
Td(r): 2 . (2)
-2
c

C yuyetom dopmyiibl (2) U UCIIOJIB30BAHUS CUTHANA C JTMHEHHOM 4acTOTHOM
MOAYJISIUEN TPUHATHIA CUTHAT MOYKHO BBIPA3UTh CIEIYIONIUM 00pa3oM:

s, (¢, 1) =o(1,, ro)'St(t_Td(T))'eXp[jznfO (t_rd(r))]’

rae o(ty,7%) — dhPEKTUBHAS IUIOIAAb PACCESHHS LIEIH C COOTBETCTBYIOLIMMU
KOOp/IMHATAMU;

f, —YacToTa HECYLIEero KoJueOaHus;

s,(t) = exp( jnKrtz) — CHUTHAJI C JIMHEWHOM 4YaCTOTHOW MOIYJISILIMUEH, TIe
K, — cKOpOCTb U3MEHEHHUS YacCTOThI, KOTOpasl paccunTeiBaeTcs kak AF/T, rae

AF —11010Ca curHaila,
T — nIUTENBLHOCTh OHOTO UMITYJIbCa (IEPUO U3TYUCHHS UMITYJIbCA).
43



Korpa ncnonesyercs FMCW, npuHATBIA CUTHANI IEPEMHOKAETCS € OIOP-
HBIM KOMIIJIEKCHO-COIPS>KEHHBIM CUTHAJIOM:

5.4 ()= 5. (1) - exp( 2.

ITocne IMCPECMHOKCHHUA C KOMIINICKCHO-COIIPAXKCHHBIM CHUI'HAJIOM ITIOJIYYHUM
CUTHAJ CIICAYIOIICTO BU/JIA:

s, (t, 1) =0(1,,7)" CXp[—jZTCKr’Cd (1) -t] X

xexp[—janord (r)]-exp[—j2nKrrf, (1:)]. ®)

Pazbepem moapobuee dhopmyny (3). [lepBas skcioneHTa popMUpYyET Tap-
MOHWYECKUI CHTHAJ C YaCTOTOM, COOTBETCTBYIOIIEH ITPOU3BEACHUIO 3aJEPKKH
T,(T) ¥ CKOPOCTH M3MEHEHUS 4acTOThl K, M TakuM 00pa3oM OTBEYAET 3a No-

JIoxcenue yeau no oarvHocmu. Bropas sKCIIOHEHTa (POPMUPYET TOIIIEPOBCKUI
CHEKTp BIOJIb a3UMyTa, U IO HEMY MOYKHO OIPEIEIIUTh NOJO0JCEeHUe Yeau no
asumymy. TpeTbsi IKCIIOHEHTA Ha3bIBACTCS OCTATOYHOW BUAeo(a3oi U B OOIb-
[IMHCTBE CITy4aeB KOMIICHCUPYETCS 32 HeHaJ0OHOCThIO [ 14].

Paccmotpum pazamiry mexay BITJIA u aBromoOunem B kauecTBe miaT(opmbl
JUISL CHHTE3UPOBaHUs anepTypbl. [l JEMOHCTpAalK pa3HULIBI B TEOMETPUU Pado-
Tl PCA Ha aBTOMOOWJIbHOM U caMOJIETHON miaTdgopme npuseaeH puc. 1. Jlomy-
CTHM, IapaMeTPbl AHTEHHOW CHCTEMBbI M BBICOTA TOJIETA ISl CAMOJIETHOM ILUIAT-
(OpMBI COCTaBIISIIOT BEJIMYMHBI, IPUBEICHHBIE B TA0IM. 1.

Puc. 1. I'eometpus pabotsl PCA 11t caMmoeTHOM 1 aBTOMOOMIIBHOM TIaT(OPMBI
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Taomuma 1
I'eomeTpuueckue napamMmeTpsl caMoJIeTHOIO U aBTOMOOMIBbHOTO PCA

[Tapamerp 3HaueHue
VYT0JI HaKJIOHA aHTEHHOM CUCTEMEI, 0, , rpaj 45°
[IuprHBl TMarpaMMbl HATPaABJICHHOCTH AHTEHHBI 15°
o a3umyTy, 0, rpaa
[[IupurHBl TMarpaMMbl HATPABJICHHOCTH AHTEHHBI 15°
0 yriry Mecra, 0,, rpax
Bricota camoneTHoi# miatgopmsl, s, M 1000
BricoTa aBTOMOOMIBEHOI TUIATQOPMEL, /12, M 2

Ecnu paccunrtaTh mupuHy 0030pa BAOJb JaJbHOCTU Yepe3 Yrojl HaKJIOHA
aHTeHHbl M mupuny JIH no yriy Mecra, TO IOIy4HTCs CIERYIOIIEE:

AR, =(h /cos(0, +6,/2))—(h /cos(B, —6,/2)) =382 m.

PaccuuTaTh ANIMHY CUHTE3UPOBAHUS allepTYPhl MOXKHO 1O (hopmyJie

L =2-R,-tan(0/2) =372 wm.

Kak BumgHO, pasMepsl 30H MO 00EMM KOOPAWHATAM COU3MEPUMBI, YTO
yAOOHO ISl TIPEACTaBICHUS KOHEYHOTO PaJAMOJIOKAIMOHHOTO H300paKeHUSI.
Ecnmm octaBuTh mapamMeTpbl aHTEHHON CHUCTEMBI TAKUMHU K€, HO TIPH 3TOM pac-
TIOJIO’KUTh €€ Ha aBTOMOOMIIbHOM MIaT(opMe BBICOTOH /1, =2 M, TO IIUpUHA 00-

3opa Oyaer AR, = 0,76 M. B pe3ynbrare Ha KOHEUHOM H300paKEHUU pa3zMep
N300pakeHUs M0 aIbHOCTH cOCTaBUT Bcero 0,76 M, YTO COBCEM HEMPAKTHYHO
JIS. JTAHHOU CUCTEMBI.

[ToaTOMy HEOOXOIUMO HKCIIOJIB30BAaTh AHTEHHYIO CHUCTEMY ¢ Oosee HIMpo-
KOM MarpaMMoOi HAlpaBJIEHHOCTH IO YTy MECTa MPHU UCIIOJIb30BAaHUU aBTOMO-
OWJIBHOM MIAaT(OPMBI WIIM TOW, KOTOpas MpEAIoaraeT Majayl BBICOTY CHUHTE-
3upoBaHus aHTeHHbl. K npumepy, ecim B3ATh aHTeHHY ¢ mupuHou JIH mo yrmy
0, =80°, To AR, =21 M. B HEKOTOpBIX Cilly4asX aHTEHHYIO CUCTEMY pacIoJja-
raroT BBILIE 34 CUET JAOMOJHUTEIbHBIX KPEIUIEHUH, KaK, HallpuMep, B [5, 7], uTo
HEYJIHUBUTEIIBHO, €CJIM HAJI0 MOJYYNUTh JAHHBIE C JAaJIbHUX 30H.

Teneps, xorga copmupoBaHa MaTeMaTHdeckass MOJENIb MPUHUMAEMOIO
CUTHajJla U TeOMETPUYECKHE OCOOCHHOCTH pPAalOOTHI, MPOBEIEM HMUTALMOHHOE
monenupoBanue padotsl PCA u 06paboTtky nanusix anroputmMamu FSA u FSA-
M 1npu HAIMYUU TOYEYHOrO OTpaXKaTellsd ISl CPABHEHUS TapaMETPOB:

e paspemaronieit cnocooHoctu (PC) no 7anbHOCTH U a3UMYTY;

® OTHOIIEHUS ypoBHs 00KOBbIX JienecTkoB (YBJI) k rmaBHOMY;

® MHTErpaJIbHOrO OTHOWEHHUs Y bJI k rmaBHOMY.
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2. Anroputmbl 06paboTKun

Kak y»xe ropopuiioch, B kKauecTBe ajropurmMa o0pabOTKH BO3bMEM JIBE pea-
nuzaruu anroput™Ma FSA, 610K-CXeMbl KOTOPBIX IPUBEIEHBI Ha puc. 2 [12, 13].
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Puc. 2. bnok-cxema anroputmoB FSA (cneBa) u FSA-M (cmipasa)



[Tonnast uapopmManust 06 3Tanax oOpabOTKU U GOPMYIIbl ONOPHBIX CUTHA-
JOB mpuBeAeHbl B ucToyHUKax [12, 13]. Huxke ormerum QopMyiibl, KOTOpbIE
UCIIONB3YIOTCS MO0 NIt OAHOM Moaudukaruu, Judo il KOMIIEHCAIlUU Tpa-
EKTOPHBIX HECTaOMJIBLHOCTEH, KOTOpas Takke Oblla paccCMOTpEeHa B paMKax
TOJIBKO OJTHOW MOu(pUKAIUY.

['maBHOM OCOOEHHOCTHIO AITOPUTMOB C YACTOTHBIM MAacCIITaOMPOBaAHUEM
SBIIAETCS TO, YTO MUTPALIMIO IO JAIBHOCTH JJI PA3HBIX LEJIEH MOKHO KOMIIEH-
CUpOBaTh 0€3 MHTEPIOJIALNU MyTEM MPOCTHIX NEPEMHOKEHUN. DTO MpeumyIie-
CTBO JI€JIa€T JAaHHBIM aJropuTM Oojee MpUBIEKATEIbHBIM JUIsl MHTETPAllUU B
0510k 00paOOTKM CHUTHAJIOB, TaK KakK OIEpaldyd MEePEMHOKECHHS pPean30BaTh
IPOLIE, YEM ONEPALMH C UHTEPIIOJIALIMEH.

BXoaHBIMU TaHHBIMU aJITrOpUTMa SIBJISIETCS MAaCCUB CUTHAJIOB C BBIXOJA Ie-
PEMHOXKUTENS, cornacHo Gopmyre (3).

Anroputm FSA BritogaeT B ce0st cepun npeoOpazoBanuii dypre u daszo-
BbIe NepeMHOkeHus1. Ecu oTOpOoCcuTh 3Tanbl KOMIEHCAIMU COOCTBEHHOIO JBU-
KEHUS TIAT(QOPMBI, TO KIIOUEBBIE PA3IMUUs MEXKAY AJITOPUTMAMU BBIPAKEHBI
clenyomuMu GopmyiaMu.

@dyHKIUs yacTOTHOro maciradbupoBanust st FSA, xotopas youpaer no-
NIUJIEPOBCKUE CIBUTH:

H\(t, f)=exp(—j-(2n- £, t+7-K, -2 (1= D(f.,v)))),

2 2 /,.2.
rae D(fr,v)z\/l—k - f /4v ;
A — JUIMHA BOJIHBI;
f. —4acToTa a3uMyTaJIbHOU CETKH.

dopmyna 11t MoauduupoBaHHoro anroputma FSA-M:
Hl*(t, f)= exp(—j-n-Kr 1 (I—D(fr, v))).

B mMoaudunmpoBaHHOM aaropuTMe Mocje OOpaTHOTO MpeodOpa3oBaHUs
dypbe NIPOUCXOTUT MEPEMHOKEHHE C eIlle TPeMsl (PYHKITUSIMHU:
1) KoppeKIuu JONIUIepOBCKOro (akTopa:

Hpee(t, f) =exp(—j-2n- f,-D(f,, ) 1);

2) cKaTHs IO JAIbHOCTH BTOPOTO MOPSIIKA:
*
H SRC (¢, fr) =
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on-R . -K>-) (D*(f.,v)-1 2.R_Y
. T ref r ( (f;: ) ) D(f;,V)l‘— ref ®

=exp| —
P/ c’ D’(f.,v) c
2n-R, K-\ (D*(f.v)-1 2-R.,Y
eXp _] ref3 r ( (Sf; ) ) D(f;,\/)l‘— ref :
c D (f.,v) c
3) dyHKIIMS TPyNIIOBOTO C/BHUTA (pa3:
H t, =ex jo— "R | — 1] D ,V t_—ref ,
BS( fc) p ] c ref D(f;,V) (fc ) c

rae Rref — OIOpHast JaJIbHOCTh.
Ha mocnexnem sramne mpoucxoauT MEpeMHOKEHHE ¢ (DYHKIMEH coXpaHe-
HUS (pa3bl:

* .4W’Rref f.
Hpoo(f.s f,)=¢€xp| J D(f.v) ,

Tac f;, — Y9aCTOTHasA CETKa I10 JAaJIbHOCTH.

PaccmoTpum 0COOEHHOCTU KOMIIEHCAIIMM COOCTBEHHOTO JBIKCHHS paja-
pa. AJITOPUTMBI, pACCMOTPEHHBIE BBIIIE, YUUTHIBAIM TOJIHKO PABHOMEPHOE MpPsi-
MOJIMHENHHOe JIBUkeHue. B peanbHol cuTyaruu miargopma OyneT HeOaJHOKpaT-
HO OTKJIOHSTHCS OT CBO€M HOMHHAJILHON TPAaeKTOPHHU, YTO CYIIECTBEHHO yXY/I-
IIUT Ka4eCTBO PaIMOIOKAIIMOHHOTO H300paKEeHHUSI.

Ha ocuoBe [12, 15] npennaraercsi CleAyOUIAA aarOpuUTM KOMIIEHCAIIUU
COOCTBEHHOTO ABMXKEHUS. [IpuHATHIN curHan s,(f,T) mepeMHoOXkaercsi ¢ QyHK-

LHEN CIIEAYIOIIETO BUAA:
o, AT, +2n-K, -t-At,, —

Hmc (t’ATre ): cX —J
ST N ek 2n, e, - AT)

G

HOCTb OT IUIaT(OPMBI O TOUEYHON LIETN C YUYETOM U3BECTHBIX OTKJIOHEHUN MpHU
JBUKEHUHU I1aTQOPMBL;
R, — WIeallbHas TPACKTOPUS JBUKEHUS IUIAT(OPMBI sl TOTO KE IMOJI0-

rae R — HAKJIOHHAs ajb-

actual ~ “Mideal actual

JKEHUSA TOUESYHOU IIEJTH.
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Crnenyromuii dTan BbIIOIHSAET AUDPEPESHIMPOBAHHYIO KOPPEKIUIO MOCIe
CXKaTuA MO JAadbHOCTHU, TAe MH(OpPMAIMS O MO3UIUU YCPETHSIETCS BIOJb BCETO
UMITYJIbCa. JTO YTBEPKJCHHUE OMUpaeTcs Ha (PakT, 4To KOrjaa JaHHBIE CKUMa-
I0TCS IO JANbHOCTH, KaXKJas siueika Mo JalbHOCTU (POPMHUPYETCS U3 JAHHBIX,
KOTOpBIE pacipenessitoTcs BI0JIb Bcero uMitysbca. Koppektupyromas GyHKIus
PACCUUTBIBACTCS JIJISl KAXKIOM SIMEUKH O JaTbHOCTH:

Hch (TV’AT}’) =

~—w, At +21-K, -1, At —m-K, AT, + (5)

=exp| J
P/ +0)0-A’Cr—27t-Kr-’Cr°A‘Cr+TE°Kr°A‘Cfef

[IpencraBiieHHass METOAMKA CX0Xa C TPAAULIHUOHHOW KOMIIEHCALUEW JBU-
KEHUS, HO TIPU 3TOM 00JIaJ]aeT PsIOM NMpeuMyIiecTB. Bo-nepBbIX, 3/1eCh YUUTHI-
BAETCS JBWIKEHHE BO BPEMS H3JIYUCHHS, UTO OYEHb BAaKHO UISI MOAYJSALIMH C
HernpepbiBHBIM JTYM. Bo-BTOPBIX, KOPPEKITHUS 3/1€Ch MPOUCXOIUT O€3 UCTIOIbh30-
BAHUS UHTEPITIOJSALINH.

Ternepp BBINOJHUM HUMUTALlMOHHOE MOJEIIMPOBAHUE C MTApAMETPAMHU, IIPHU-
BEJICHHBIMHA B Ta0II1. 2.

Tabnuna 2
ITapameTpbl MOAEIMPOBAHUA

[Tapametp 3HayeHue
Tun monynsuuu cursaia JIYM
CKopocTb ABMKEHUS IaT(HOPMBI 100 km/4
UYacToTta Hecymiero KojaeOanus 10T
JUTUTETbHOCTh UMITYJIBCA 1 mc
ITonoca nepectpoiiku JIUM 50 MI'n
Koopaunats! nienei, [ 1anpHOCTh, M; a3UMYT, M] [650; 0], [20; 01, [300; 0], [100; 0]

CpaBHUM alrOpUTMbI C Pa3HbIMM MOJU(PUKALMUIMH B TaKOH MOCIen0Ba-
TEIbHOCTH:

1) PJIN uenun Ha 650 M, nmonyuyennoe Metonamu FSA u FSA-M ¢ uaeans-
HOU TPACKTOPHOU KOPPEKLHEN;

2) PJIA uenu Ha 20 M, nonyueHHoe merogamu FSA u FSA-M ¢ uneanbHoi
TPAEKTOPHOM KOPPEKLMEN;

3) PJIN nByx neneid Ha 100 m u 300 M, nonydyeHHoe Meronamu FSA wu
FSA-M c rpy6oii TpaektopHOi Koppekuuei, rae 100 M — onopHast 1aabHOCTH;

4) PJIA nByx ueneit Ha 100 m u 300 M, nmonydenHoe metoaamu FSA u
FSA-M c npennaraemoil TpaeKTOpHOU Koppekuuen, rae 100 M — onopHas ganib-
HOCTb.
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3. MogenupoBaHue. Pe3ynbTaTbl 060paboTku

Pe3ynbTaTel MOIENIMPOBAaHMS MEPBBIX JBYX ITYHKTOB IIOKa3aHbl HA pUcC. 3—6

U B Ta0II. 3.
PJIH. FSA
670 0
-5
__ 660
=)
2 -10
% 650
2 -15
=
640
20
630 25
-0.5 0 0.5
AsumyT [M]

PJIH. FSA-M
670 0
-5
— 660
2,
g -10
S 650
=) -
E 15
=
640 20
-25
-0.5 0 0.5
Aszumyt [M]

Puc. 3. PaguonokanuonHoe n300pakeHNue TOYCUHOM [IeJTH, MOJTy9eHHOH MeTogamu FSA
(cneBa) u FSA-M (cmpaBa) npu nansHocTd 650 M

Cpe3nl PJIU BaoJab JaJbHOCTH

Cpess! PJIU BIo1b a3uMyTa

Amvmatyaa [nb]
= dn

—
tn

-0.5 0 0.5
AsumyT [Mm]

Puc. 4. Cpesst PJIU Toueunoit nenu (nanpHocTh 650 M) BIOIL 1adbHOCTH (clieBa)
u azumyTa (crpasa) ais merogoB FSA u FSA-M

-5
)
E-IO
-
=z -15
B
2
< -20
-25
630 640 650 660 670
JlansHocTh [M]
PJIH. FSA
40 0
-5
.30
2z
a -10
5
a 20
& 15
g
10
-20
0 -25
-0.5 0 0.5
AsumyT [M]

PJIH. FSA-M
40 0
-5
.30
2z
a -10
=
820
i -15
g
10
-20
0 -25
-0.5 0 0.5
AsumyT [M]

Puc. 5. PagnonokanmonHoe n300pakeHre TOYSUHOU 11eTH, oTyuyeHHOH MeTonamu FSA
(ceBa) u FSA-M (cnpaBa) npu gasibHOCTH 20 M
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0 Cpessl PJIU Booas gaasHocTH 0 Cpe3ssl PJIH Baoab a3uMyTa
r N [ 78 -
P ——FSA ‘ /i

N
3

Awmnmutyaa [ab]
Ammmntyna [aB]

0 10 20 30 40 -0.5 0 0.5
HaneHOCTB [M] AzumyT [M]

Puc. 6. Cpesnr PJIU Toueunoii nenu (manbHOCTh 20 M) BI0JIb JATBHOCTH (CJIEBA)
1 a3uMyTa (cipaBa) 1ig MmetooB FSA u FSA-M

Tabmnuua 3

Xapakrepuctuku PJIU, monyyennnsix meronamu FSA, FSA-M
NPY MMUTALMOHHOM MO/eJTHPOBAHUM 1eJieH JaJabHOCTH Ha 650 M 1 20 m

XapakrepucTHKa FSA | FSA-M FSA | FSA-M

JanpHOCTH, M 650 20

PC o mansHOCTH 3,6 3,58 35 3,6
PC no azumyty 0,23 0,22 0,27 0.21
VYBJI o mansHOCTH -7,2 -7,2 -7 7.4
YBJI no azumyTy -5,9 -6,8 -5,7 -6,9
Hurerpanbusiii YBJI o nansHOCTH 5,1 5.5 4 5.6
Nurerpansubiii YBJI 1o asumyty 1,4 1,6 1 1,5

[Ipu aHanu3e TpaeKTOPHOU HECTAOMIBHOCTH OBLIO BBEJECHO CUHYCOUWAAIIb-
HOE UCKaXXEHUE B JIBUKEHUE TUIATPOPMBI BI0JIb JaTbHOCTH. OHO MpPEICTaBICHO
Ha puc. 7. COOTBETCTBEHHO, B KaXXJOM I-M HMIIyJIbCE MPOU30iAeT (ha3oBbIii
CIIBUT, COOTBETCTBYIOUIUNA 3HAYECHUIO exp(— j-4-pi -R(i)/k). C yueroMm TOTO,

YTO TPAaeKTOpHUs M3BECTHA, CPaBHUM JiBa MOAXOJA ISl YCTpPaHEHUS COOTBET-
CTBYIOIMX (Pa30BbIX MCKaKeHUU. [lepBbIii ciiyuall — KJIaCCHYECKHUH, IJI1 HETro
ucnonb3yercst Gpopmyna (4), s BToporo (Moau(HUIMpPOBaHHOTO) — (HOPMYIIBI
(4) u (5). OT™MeTuM, 4TO B Ka4eCTBE OMOPHOI OblIa BhIOpaHa nambHOCTH 100 M.
Ha puc. 8—11 u B Tabm. 4, 5 moka3aHbl pe3yJbTaThl MOJETUPOBAHMUS.
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— [3~]

Orknonenne [M]
=
—

III
|II \
\ \
LN N
0 20 40 60 30 100 120 140 160
Homep umnyinsca
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Puc. 8. Pagnonokarmonssie n300paskeHUs] TOUCYHBIX IIeJIeH, ToyueHHbIE MeTo/IoM FSA,

HaXOJSAIMIKXCs Ha MO3UIMAX 1o AainbHocTH 100 M (), 300 M (6), 1 moTyYeHHbIE KITaCCHYECKUM
(cneBa) 1 MOM(UITMPOBAHHEIM (CIIPaBa) METOIOM KOMITCHCAITUH TPACKTOPHBIX NCKAKECHHIH
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Puc. 9. PagunonokarnmoHHbIe H300paskeHHST TOUCYHBIX IIeJIeH, ToTy4YeHHbIe MeToIoM FSA-M,
HaXOJAIMIKXCs Ha MO3UIMAX 1o AainbHocTH 100 M (), 300 M (6), 1 moTyYeHHbIE KITaCCHYECKUM
(cneBa) 1 MOIM(UITMPOBAHHEIM (CIIPaBa) METOIOM KOMITCHCAITUH TPACKTOPHBIX NCKAKECHHIHA
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Puc. 10. Cpessr PJIN Toueunoit nienu (nanpHocTh 100 M), mosrydeHHbie MeTogamMu FSA
1 FSA-M B1ob TaTbHOCTH (CTIEBA) U a3UMyTa (CIIpaBa) JUIsl KIIACCUYECKOro MeToaa (sc)
U JUTsl MO (DUITMPOBAHHOTO MeTOa (MC) KOMITEHCAIIMH TPAEKTOPHBIX UCKAKCHHUM
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Puc. 11. Cpe3sst PJIM Toueunoii uenu (gansHoctsh 300 M), nmosydyeHHble MeTonamMu FSA
1 FSA-M Boib TanbHOCTH (CT€Ba) U a3uMyTa (CIipaBa) JUIsl KIIaCCUYECKOTo MeTo/a (Sc)
U 1151 MOAU(UITUPOBAHHOTO METOo/1a (MC) KOMIIEHCAIIMU TPACKTOPHBIX NCKAKESHUIN

Xapakrepuctuku PJIU, noaydennnbix merogamu FSA
Np¥ UMUTALMOHHOM MO/IeJTHPOBAHUM /ISl TOUEYHBIX IieJIeil ¢ KIaccuuecKoi

Ta0nuua 4

U MOAU(PUIUPOBAHHON KOMIIEHCALMEH TPAeKTOPHBIX HCKAMKEHU

MapameTpst Knaccuueckas MonudunrpoBanHas
KOMIICHCAI[US KOMIICHCAIUS
Howmep nenn 1-s1 nens 2-4 11e1b 1-s1 nens 2-1 11eb
Koopaunats! 1ieneii 1o JaJbHOCTH, M 100 300 100 300
PC 1o mannHOCTH 3,6 3,62 3,6 3,65
PC o azumyty 0,22 0,3 0,21 0,21
VYbBJI o mansHOCTH -7,3 -6,9 -7,3 -7,2
VYBJI no azumyty -6,8 -2,1 -6,8 -6,8
WNurerpansupiit YBJI o nansHOCTH 3,5 -9,7 3.5 -16,2
Nurerpaneusiii YBJI o azumyTty 1,35 0,03 1,32 1,6
Tabnmna 5

Xapakrepuctuku PJIN, nosyyennbix merogamu FSA-M
IPH HMHUTALMOHHOM MO/JETHPOBAHHUH I TOYEYHBIX LieJIel ¢ KJIACCHYEeCKOM
U MOIM(PUIUPOBAHHON KOMIIEHCALMEH TPAEKTOPHBIX HCKAKeHH

Tapamerps1 Knaccuueckas MonudunrpoBanHas
KOMIICHCAITUS KOMIICHCAITUS

Howmep uenn 1-s mens 2-s1 IETTb 1-s mens 2-s1 IETb
Koopaunatsl nienei no JaabHOCTH, M 100 300 100 300
PC no mansHOCTH 3,58 3,64 3,6 3,6
PC no azumyty 0,21 0,31 0,21 0,21
VYBJI 1o nanpHOCTH -7,3 -6,8 -7,25 -7,2
VYBJI no azumyty -6,9 2,1 -6,9 =7
WNurerpansusiii YBJI no nansHOCTH 3,6 11,4 3,6 -15
Wurerpansubiil YBJI o asumyrty 1,32 —0,27 1,3 1,7
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[To pe3ynbpTaTaM MOJETUPOBAHUS MOKHO CJIETIaTh CIAEIYIONINE BHIBOIBI.

Ucnonb3zoBanue anroput™Ma FSA Ha paccTosiHUSIX, COOTBETCTBYIOIIUX T€O-
METPUYECKUM MapameTpaM paboThl aBTOMOOMIIBHOM CUCTEMbI, TPUBOIUT K pa3-
Ma3bIBAHUIO OTKJIMKA TOYEYHOU €I MPEUMYIIECTBEHHO BAOJb a3UMYTaJbHOM
wiockocTu. Eciau cpaBHUTH pe3ynbTaThl, MoIydeHHbIe anroputMom FSA-M, rae
U300paKeHHEe MOTYUUIIOCh OoJiee (POKYCHUPOBAHHBIM, TO pa3peliaroias Crocoo-
HOCTh T10 a3UMYTY yiyuiuiack Ha 23 %, ypoBeHb OOKOBBIX JICTIECTKOB I10 a3H-
MyTy ctan Huxke Ha 1,2 1b. Ypoenb UYBJI o o6eum ocsam cran Gosibliie mpu
MCToJib30BaHUU FSA-M, HO 9TO CBSI3aHHO ¢ YMEHBIIICHHEM pa3peliaroieii cro-
cobnoctu. 1o nanbHOCTH Takke €CTh U3BMEHEHHsI, HO OHU HECYIIeCTBeHHBI. [1pu
FEOMETPUYECKHUX MapaMeTpax padoThl, COOTBETCTBYIONICH JIeTaTEIbHOMY arma-
paTy, TaKXe €CTh YJIy4IIeHUE MPU UCIOJIb30BAHUN MOAUPUIIMPOBAHHOTO aJIro-
putMa FSA, HO He 3HAUMTENIbHOE.

Hcnonb3oBanre MoauUIIMPOBAHHON KOMIIEHCAIIUU TPACKTOPHBIX HCKaXKe-
HUHW, B OTJIMYME OT CTaHAAPTHOM, MO3BOJSET KOPPEKTHO C(POKYCHpOBATH IIEIIH,
HaxOJIAIIAECS Ha Pa3HOM OTHENIEHUH, KaK 3TO BUAHO Ha puc. 11. Uucnenno MYBJI
B MOJIU(UIIMPOBAHHOM CITy4ae JUIsl BTOPOM 1ieiM CTaHOBUTCH Jiyuiie Ha 6,5 ab npu
FSA u na 26,4 nb — npu FSA-M. O6muit ypoBenb MYBJI B MmoguduiimpoBaHHOM
ciydae st oooux MetoioB FSA u FSA-M otnuyaercs Ha 1,2 nb. Takke HaOr0-
JaeTcs yaydllieHue paspemiaroniei cnocoonoctu Ha 30 %.

3akrnro4yeHue

[To pe3ynpraTaM JaHHON pabOTHI MPOBEAEHBI UMUTALMOHHOE MOJEIUPO-
BaHHE NIBYX anropuTMoB FSA (TpamunnoHHOTO W MOIUGMUIIMPOBAHHOTO) IS
00paboTku curHanoB B PCA M uX CpaBHHUTENbHBIN aHAJINU3 MO pa3peliaroiiei
CIIOCOOHOCTH, YPOBHIO OOKOBBIX JIEIECTKOB, HHTETPATbHOMY YPOBHIO OOKOBBIX
aenecTkoB. [lo uToraMm MoaenMpoBaHUsI MOKHO CII€TaTh BBIBOJI, YTO MCIIOIb30-
BaHWE MOJU(PUIIMPOBAHHOTO airoputMa FSA C yCIOXHEHHBIM aIrOpUTMOM
KOMIIEHCAIIUM TPACKTOPHBIX MCKAXXEHUM TMO3BOJISIET MOJIY4YUTh Oosiee Kaue-
CTBEHHOE U C(HOKYCHpPOBaHHOE M300paK€HHWE B HE3aBUCUMOCTU OT T€OMETPHUU-
YecKUX MapaMeTrpoB padOThl CHCTEMbl U BbIOOpa OMOPHON NalbHOCTH IPU
YCTPAaHEHUH TPACKTOPHBIX MCKAKEHUM M TEM CaMbIM MOAXOIUT JJI UCIIOIb30-
BaHUS Ha JIOOBIX TIaTGOpMax.
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Introduction. With the development of hardware and computer systems, which im-
prove qualitative characteristics of synthetic aperture radars, with their dimensions limited,
many new systems have appeared that allow using more accessible and widespread mobile
platforms such as a car, quadcopters, unmanned aerial vehicles (UAV).

Problem. The use of new types of platforms leads to additional distortions associated
with features of the geometry of the radar performance and more severe trajectory instabili-
ties. Thus, new synthetic aperture radar systems should have special requirements for both
software and hardware, which differ from classical systems.

Objective. The aim of the work is the comparison various algorithms that are used in
modern radiovision systems to obtain high-quality radar images that can be integrated into
various kinds of mobile platforms.

Methods. The method of frequency scaling and various modifications of this method
are taken as a basic algorithm, including additional algorithms for compensating trajectory
instabilities. For comparison of algorithms, the system geometry for automobiles and aircraft
systems are considered and simulations were performed with the presence of point reflectors
at different distances and the distortion of the platform motion.

Results. The difference of the considered algorithms in the form of flowcharts and
mathematical formulas is shown. Based on results of the simulation the use of the basic fre-
quency scaling algorithm at distances corresponding to the geometry of the automobile sys-
tem leads to the distortion of the response along the azimuth. In addition, the use of the modi-
fied algorithm for compensating trajectory distortion allows correct focusing the targets at dif-
ferent distances.

Conclusion. The proposed combination of modified algorithms of trajectory distortion
and frequency scaling allows focusing the image evenly throughout the frame and improving
the quality of the image in the near zone.

Automobile, UAV, radiovision, radiolocation image (RLI), synthetic aperture radars
(SAR), frequency modulated continuous wave (FMCW), frequency scaling algorithm (FSA).

The studies are being carried out with the financial support of the Ministry of Education and Science of
the Russian Federation. Unique identification number of the Project REMEFI57815X0130.
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Introduction

With the development of hardware and computer systems, which improve
qualitative characteristics of synthetic aperture radars (SAR) [1-7], with their
dimensions limited, many new systems have appeared that allow using more ac-
cessible and widespread mobile platforms such as a car, quadcopters, unmanned
aerial vehicles (UAV), in comparison with planes and satellites. The magnitude
of the tasks which can be solved by means of these systems is enormous [8].
Cars would be able to generate panoramic radiolocation images (RLI) at the ex-
pense of their speed, using only one antenna system, which would decrease size
requirements of the equipment [4, 5].

The new synthetic aperture radar systems should have special requirements
for both software and hardware, which differ from classical systems. In the con-
sidered examples of the existing elaborations of algorithms and those ready for
realisation in small-size SAR, one may point out the following [9—13]: the use
of frequency modulated continuous wave (FMCW), algorithms for compensat-
ing trajectory distortions, and frequency scaling algorithm (FSA). The use of
FMCW actually allows working in the near zone as well as decreases require-
ments for digital signal processing architecture [6], whereas among the frequen-
cy scaling methods [12, 13] there are different modifications, where different
formulae are used. Consequently, in the article the following objectives have
been set:

e to compare frequency scaling algorithm from the article [12] with the
modified frequency scaling algorithm from the article [13] (hereinafter FSA-M);

e to apply the algorithm for compensating trajectory distortions from the
article [12] for FSA and FSA-M and compare properties of the obtained radiolo-
cation images;

e to compare properties of the radiolocation images at different slant
ranges and azimuth position of point reflectors for detection of geometric distor-
tions.

The article is arranged as follows. In the first part, the geometry of SAR
performance is presented for the cases when UAV and cars are used as the bear-
ing platforms. Their peculiarities and differences are demonstrated as well. In
the second part, the processing algorithms of FSA and FSA-M are briefly dis-
cussed. In the third part, the results of processing of signals are shown, which
are obtained during simulation of SAR performance by virtue of different meth-
ods of compression and compensation of radiolocation image. In the end of the
article, the conclusion is given.
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1. The geometry of SAR performance

First of all, it is necessary to set the source conditions, therefore let us con-
sider the principle and geometry of the synthetic-aperture radar performance, de-
rive formula, corresponding to the received signal after its multiplying by refer-
ence signal.

Let us suppose, that the sounding signals,(¢#) radiates in the moment of

timet at which the distance is R(t) and returns to the receiver in the moment of
timet+t,, covering the distance R(t+7t,). Thus, the delay of signal double
scattering may be expressed as:

. R(t)+R(t+71,)

d

(1

C

where R(r+rd):\/R§+v2-(r+rd —10)2;

¢ — the speed of light;
v — the velocity of the moving platform.
Simplifying the formula (1) by quadratic equation, confining ourselves to
quadratic terms of expansion, we obtain the following formula of the delay val-

2(R(T) +V§(r—ro)j

T, (1) =——— Cvz . ®)
1_7

2
C

Considering the formula (2) and the use of the linear frequency modulation
signal, the received signal may be expressed as follows:

s (t,7) = G(ro,ro)-st(t—rd(r))-exp[jZTCfo (t—rd(r))],

where o(7,, %)) — target cross-section with the corresponding coordinates;
/o — carrier wave frequency;
s, (1) = exp( chKrtz) — linear frequency modulation signal, where K, —

frequency slew rate, which is calculated as AF'/T, where AF — signal band;
T — period of one pulse (period of pulse radiation).
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For the cases when FMCW is used, the received signal is multiplied by ref-
erence complex conjugate signal:

5. () =5, (1) exp(—2f;0).

After multiplying by reference complex conjugate signal we obtain the fol-
lowing signal:

s,(,7) = 6(1,,1,) - exp[—j2nK, 1, (1) - ] x

, , ) 3)
xexp|—j2nf,t, ()] exp[—]2nKrrd (r)].

Let us analyse the formula (3) in detail. The first exponent forms harmonic
signal with the frequency corresponding to multiplication of delay t,(t) and the

frequency slew rate K,, and thus, it 1s responsible for the location of the target

by range. The second exponent forms the Doppler spectrum along the azimuth
making it possible to determine the location of the target by azimuth. The third
exponent is called residual video phase and is compensated in most cases due to
its uselessness [14].

Let us analyse the difference between UAV and an automobile used as
platforms for aperture synthesis. To illustrate the difference in the geometry of
SAR on automobile and aircraft platforms, the fig. 1 is given below. Let us as-
sume that antenna system parameters and the height of the aircraft platform
make the following values, given in the table 1.

Fig. 1. The geometry of SAR on automobile and aircraft platforms
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Table 1
Parameters of the geometry of aircraft and automobile SAR

Parameter Value
Antenna system look angle, 0,, degrees 45°
Width of directional diagram by azimuth, 0, degrees 15°
Width of directional diagram by elevation, 0,, degrees 15°
Height of the aircraft platform, 41, m 1000
Height of the automobile platform, 42, m 2

Now, if we calculate the swath width along the range via antenna system
look angle and width of directional diagram by elevation, we obtain:

AR, =(h [cos(®, +6,/2))—(h /cos(0,—6,/2)) =382 m.
If we calculate the length of aperture synthesis by the formula:
L =2-R,-tan(0/2) =372 m.

As it may be seen, the sizes of zones in both coordinates are commensurate,
which is convenient for displaying the final radiolocation image. If the parame-
ters of the antenna system remain the same, with the antenna system placed on
the automobile platform of 2 metres high (4, =2m), the width of the look will

be: AR, =0,76 m. As a result, in the final image the size of the image in terms of

range will be only 0,76 metres, which is absolutely impractical for this system.

Therefore, it is advisable to use an antenna system with a broader direc-
tional diagram by elevation when the automobile platform is used or any other
platform requiring low height of antenna synthesis. For instance, if we now take
an antenna with the directional diagram width by elevation 6, =80°, then
AR, =21 M. In some cases the antenna system is installed higher by virtue of
additional fastenings, as it may be seen from [5, 7], which is not surprising when
it comes to receiving data from remote zones.

Now that we have formed the mathematical model of the received signal
and the geometry of the performance, let us carry out simulation of the SAR per-
formance and data processing by FSA and FSA-M algorithms with a point re-
flector for comparison of the following parameters:

e the azimuth and range resolution;

e the relation of the side lobes’ level to the main lobe one;

¢ integral relation of side lobes’ level to that of the main one.
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2. Processing algorithms

As it was previously mentioned, let us take two realisation of FSA algorithms
for processing algorithms. Their flowcharts are given in the fig. 2 [12, 13].

5(T) 5,(£.7)
@é)‘ o [z.mw} le[r.mw,}
Azimuth
FFT
®‘ H(t.f.) H(t.f))
Range FFT
@ H,(/.1) ,(1.1)
Range IFFT
SAEE] H,(t.f.)-Hpe (1.£))-
S Hoge (1.£.)-Hys (1. 1)
Range FFT Range FFT
Y Y

Azimuth Azimuth

IFFT IFFT

@-—Hm[ryma} H,_,(r,.A1,)

Azimuth FET Azimuth FET)

@Hg{fﬁRr:} HE[fTJRr]JH;PD{fIJ
Azimuth Azimuth

IFFT IFFT

v v
Final image Final image

Fig. 2. Flowcharts of FSA (left) and FSA-M (right)
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It needs to pointed out straightaway that the full information about pro-
cessing stages is given in the sources [12, 13]. Below, the formulae used either
for one modification or for trajectory instabilities compensations, will be given.
The trajectory instability has also been considered within only one modification.

The main feature of frequency scaling algorithms consists in the range mi-
gration for different targets may be compensated without interpolation, only by
mere multiplication. This advantage makes this algorithm more attractive for in-
tegration into signal processing block, since multiplication operations are sim-
pler than interpolation ones.

The input data of the algorithm are the array of signals from the output of
the multiplier, according to the formula (3).

The FSA algorithm includes a series of Fast Fourier Transformation (FFT)
and phase multiplications. If we reject the stages of compensation of the plat-
form movement, the key differences between the algorithms will be:

Frequency scaling function for FSA, which removes Doppler oscillations,
has the following view:

H\(t, f.)=exp(—j-(2n- f,-t+7-K, -£* (1= D(f.,)))).

where D(f.,v)= \/1 22 'fr2/4V2;
A — wavelength;
/. —azimuth grid frequency.

The formula for the modified FSA-M algorithm is of the following view:
H(t, f.) =exp(~j K, -2 (1= D(f..7))).

In the modified algorithm after Inverse Fast Fourier Transformation
(IFFT), the multiplication by three more functions takes place:
1) doppler factor correlation function:

Hpee(t, f)=exp(=j-2n- f,-D(f,v)1);

2) second range compression function:

H;Rc(tafr) -

2n-R, K} (Dz(ﬁ,v)—l)
i G YV R

2.R Y\
[D(fT,v)-t— ’efj .

c
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2n-R, KA (D(f.v)-1)
I c’ ' D’(f.,v) '

2.R .Y
[D(ﬁ,v)-t— ref} ;

c

3) group phase shift function:

HZS(ts fr) -

B . 4n-K, . 1 . _Z-Rref
_exp{] ; Rref (—D(fT,V) 1)(1)(]::") t ; n,

where R, —reference range.

At the final the multiplication by phase conservation phase:

. 4mt- R
HPPC(fc’f;f)zeXp(j nc & D(]]:r V)j’

where f. —range frequency grid.

Let us analyse the peculiarities of the radar movement itself. The algo-
rithms mentioned above took into account only even, direct movement. Actual-
ly, the platform will often deviate from its nominal trajectory, which will result
in poor radiolocation image quality.

On the basis of [12, 15], the following algorithm of movement compensa-
tion 1s suggested. The receive signal s,(¢,7) 1s multiplied by the function:

®, - AT, +2n-K, -t-At,, —

Hmc (t’ Arre ): X —J
A= | ke, v, -aE)

, @4

where At,,, =2-AR, /c; AR, =R,pa — Rigeus» Where R — slant range

actual
from platform to point target considering known deviations during platform
movement;
R, — 1deal trajectory of platform movement for the same location of
the point target.
The next stage carries out differential correction after range compensation,
where the location information is averaged along the entire pulse. This statement
comes out of the fact that when all data are compressed by range, each cell in
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range is formed from data that is distributed along the entire pulse. Correction
function is calculated for each cell by range:

Hch (TV’AT}’) =
~w, At +2n-K -1 At —m-K_-AT, + (5)

=ex
Pl +0, At —2n-K -1, -At, +7m-K, -Arfef

The introduced method is similar to traditional movement compensation,
but has a number of advantages. Firstly, the movement during radiation is taken
into account, which is crucial for modulation with continuous chirp. Secondly,
the correction here takes place without interpolation.

Now, let us carry out imitation modelling with the parameters given in the
table 2.

Table 2
Modelling parameters

Parameter Value
Type of signal modulation chirp
Platform velocity 100 km/h
Carrier wave frequency 10 GHz
Period of pulse 1 ms
Modification strip of chirp 50 MHz
Targets’ coordinates, [range, m; azimuth, m] [650, 0], [20; 0], [300; 0], [100; 0]

Let us compare the algorithms with different modifications in the following
sequence:

1) radiolocation image of the target at the range of 650 metres, obtained
by methods FSA and FSA-M with an ideal trajectory correction;

2) radiolocation image of the target at the range of 20 metres, obtained
by FSA and FSA-M methods with an ideal trajectory correction;

3) radiolocation image of two targets at the range of 100 metres and
300 metres with a rough trajectory correction, where 100 metres is reference
range;

4) radiolocation image of two targets at the range of 100 metres and
300 metres obtained by means of FSA and FSA-M methods, with a proposed
trajectory, where 100 metres is reference range.
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3. Modelling. Processing results

The results of the modelling of the first two points are shown in the fig. 3—6
and the table 3.

FRadiolocation imaze  FSA - Radiolocation image FSA-M §

g =

£ 660

g

A -10

B6S0)

5 <15
640 20

-25
-0.5 0 0.5 -0.5 0 0.5
Azimuth in metres N

Fig. 3. Radiolocation image of the point target obtained by FSA (left) and FSA-M (right)
methods at the range of 650 metres
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Fig. 4. Point target RLI cut-offs (650 m range) along the range (left) and azimuth (right)
for FSA and FSA-M methods
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Fig. 5. Radiolocation image of the point target obtained by FSA (left) and FSA-M (right)
methods at the range of 20 metres
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Fig. 6. Point target RLI cut-offs (20 m range) along the range (left) and the azimuth (right)
for FSA and FSA-M methods

Table 3
RLI properties obtained by virtue of FSA and FSA-M
methods during imitation modelling of targets at the range
of 650 metres and 20 metres

Parameter FSA FSA-M FSA FSA-M
Range, m 650 20
Range resolution 3,6 3,58 3,5 3,6
Azimuth resolution 0,23 0,22 0,27 0,21
Range side lobes’ level -7,2 -7,2 -7 -7,4
Azimuth side lobes’ level -5,9 -6,8 -5,7 -6,9
Integral range side lobes’ level 5,1 5,5 4 5,6
Integral azimuth side lobes’ level 1,4 1,6 1 1,5

During analysis of the trajectory instability, a sinusoidal distortion was de-
tected during motion of platform along the range. It is shown in the fig. 7. Con-
sequently, in each i-th pulse the phase shift will take place corresponding to the
value exp(— j-4-pi-R@G)/ X). On the assumption that the trajectory is known, let

us compare to approaches for elimination of phase distortions. The first case is a
classical one for which the formula (4) is used, whereas the formulae (4) and (5)
are used for the second one. It needs pointing out that 100 metres value has been
taken as a reference range. In the fig. 811 and in the tables 4, 5 the results of

the modelling are given.

68



o

Deviation in metres

\//

0 20 40 60 80 100 120 140 160
Pulse number

Fig. 7. Trajectory instability of the platform
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Fig. 8. Radiolocation images of point targets obtained by FSA method, at the range
of 100 m (a), 300 m (b), and obtained by classical method (left) and modified method (right)
of trajectory deviation compensation
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Fig. 9. Radiolocation images of point targets obtained by FSA-M method, at the range
of 100 m (a), 300 m (b), and obtained by classical method (left) and modified method (right)
of trajectory deviation compensation
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and for modified method (MC) of trajectory distortion compensation

70



ELI cut-offs along the range. Znd target

"
—
I
-
..

e

Amplituds in dB
e

.IJ

FSA-mc

Fase |
FSA-M-sc

— F5A-M-mc

290 300

Range in meatras

310

320

Amplitude in dB

Azimuth in metres

0

ELI cut-offs along the azimuth, Znd target

FSA-sc |

FSA-M-sc
FSA-mc

— FSA-M-me

1 2

Fig. 11. Point target RLI cut-offs (300 m range) obtained by FSA and FSA-M
methods along the range (left) and along the azimuth (right) for classical method (SC)

and for modified method (MC) of trajectory distortion compensation

Table 4

Properties of RLI obtained by FSA methods during modelling for point targets
with classical and modified methods of trajectory distortion compensation

Parameters Classical compensation | Modified compensation
Number of target 1t target | 2"target | 1%target | 2™ target
Range coordinates of targets, m 100 300 100 300
Range resolution 3,6 3,62 3,6 3,65
Azimuth resolution 0,22 0,3 0,21 0.21
Range side lobes’ level -7,3 -6,9 -7,3 -7,2
Azimuth side lobes’ level -6,8 -2,1 -6,8 -6,8
Integral range side lobes’ level 3,5 -9,7 3,5 -16,2
Integral azimuth side lobes’ level 1,35 0,03 1,32 1,6

Table 5

Properties of RLI obtained by FSA-M methods during modelling for point targets
with classical and modified methods of trajectory distortion compensation

Parameters Classical compensation | Modified compensation
Number of target 1% target 2™ target 1% target 2" target
Range coordinates of targets 100 m 300 m 100 m 300 m
Range resolution 3,58 3,64 3,6 3,6
Azimuth resolution 0,21 0,31 0,21 0,21
Range side lobes’ level -7,3 -6,8 -7,25 -7,2
Azimuth side lobes’ level -6,9 -2,1 -6,9 -7
Integral range side lobes’ level 3,6 11,4 3,6 -15
Integral azimuth side lobes’ level 1,32 -0,27 1,3 1,7
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The results of the studies enable the following conclusions.

The use of FSA algorithm on ranges corresponding to the geometry of the au-
tomobile system performance leads to smearing the response of the point target ba-
sically along the azimuth surface. If we compare the results, obtained by virtue of
FSA-M algorithm, where the image was more sharp, the azimuth resolution im-
proved by 23 %, the azimuth side lobes’ level was lower by 1,2 dB. The level of
integral side lobes on both axis became bigger at FSA-M, but this is connected with
decrease of the resolution. As for the range, there are also some alterations, but they
are not that significant. The geometry of aircraft performance also demonstrates
improvements when the modified FSA algorithm is in use.

The application of the modified trajectory distortion compensation, in
comparison with the traditional one, enables focusing the target correctly, which
are in different planes, as it is shown in the fig. 11. Numerically, integral side
lobes in case of the modified one application for 2" target becomes better by 6,5
dB at FSA and 26,4 dB at FSA-M. The common level of integral side lobes in
the modified case for both FSA and FSA-M differs by 1,2 dB. The improvement
of resolution 1s also observed.

Conclusion

According to the results of the work conducted, the imitation modelling of
two algorithms FSA (traditional and modified) was carried out, for signal pro-
cessing of SAR. Also their comparative analysis was carried out on the subject
of resolution, integral level of side lobes and level of side lobes. The results of
the modelling gives us the opportunity to obtain a more detailed and sharp im-
age irrespective of the geometry of the system performance and choice of refer-
ence range while eliminating trajectory distortions. Therefor it will be suitable
for application on any platforms.
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YK 629.01
I'. E. Cepeaa, B. M. Ctpenerosn

ONPEAENEHWE NHOYKTUBHOCTU SKUMAXHOIO
SNEKTPOMAIHUTA MATHUTONEBUTALUUHHOU
TPAHCIMPOPTHOMN CUCTEMbI

Hata noctymenus 11.07.2017
Pemrenne o my6aukaruu 17.07.2017

Hessn. [TomyunTs HOBBIE aHATTUTHYECKUE BBIPAKEHUS IJISI ONPEACICHUS MHIYKTHBHO-
CTH SKHITQXXHBIX JIEKTPOMAarHUTOB TPAHCIIOPTHBIX JIEBUTALMOHHBIX CHCTEM.

MeTtoasbl. ['1aBHas 0COOEHHOCTH pacyeTHON MOJENN OOPTOBBIX KaTyIIEK IO ONpejaere-
HHIO UX MHIYKTUBHOCTH Ha TPUMEpPE DJICKTPOMArHUTOB MPSIMOYTOJIBHON (hopMBI — ommy1ie-
HHE O MaJiod BEJMYMHE BBICOTHI 10 CPABHEHHIO C IPYTMMH T'€OMETPUYECKUMHU pa3MepamH.
[IpuHATO TakXKe MOMYIIECHNUE, YTO TOJIIMHA CKHH-CJIOS TPOBOAHUKA CYIIECTBEHHO IPEBOCXO-
JIUT TIONIEPEYHBIA pa3Mep MPOBOA, COCTABIISIONIECTO KaTyIIKy. PaccMaTpuBaeTcst 0OTHOBUTKO-
Basl KaTyIIKa, MHIYKTUBHOCTh PEATBHOTO HJICKTPOMArHUuTa IPUHUMAETCS PONOPLIUOHAIEHON
KBaJpaTy 4Kcia BUTKOB. [Ipu pacdere MHIYKTHBHOCTH MCTOJIB3YIOTCS Oe3pa3MepHbIC BEIH-
yuHBL. B KauecTBe HOPMHUPOBKHM BHIOpaHa YETBEPTH MEPUMETPa KaTyIIKU MO CPETHEN JTHHUM.
YcioBueM mosrydeHus pUOIMKEHHONH (HOpMyYITBI pacueTa HHAYKTUBHOCTH TUIOCKOW MPSIMO-
YTOJIBHOM KAaTYIIKH SBISETCS MEHbBIIAs TOJIIMHA OOMOTKH 110 CPAaBHEHHUIO C TEOMETPUYECKH-
MU pa3MepaMu KaTyIIKH.

Pesyabrarsl. [lomydeHO TOYHOE aHAIMTHYECKOE BBIPAKEHHE JISi BETMYUHBI MHIYK-
TUBHOCTH «TOHKOT0» MCTOYHUKA MAarHUTHOTO TOJISl TPSIMOYTOJIBHOM (hOpMBI B BUIE anredpa-
MYECKOW CYMMBI 3JIEMEHTapHBIX (pyHKIMH. Pe3ynbTaThl YHCICHHOTO aHanM3a MOKa3bIBAIOT
3aBHCUMOCTh OTHOCHTEIBHON MHIyKTHBHOCTH IIJIOCKOH KaTYIIKH MPSIMOYTOJIBHON (POPMBI OT
OTHOIIICHHS TOJIIMHBI K €€ MUHHUMAJIBHOMY pa3mepy. MccinenoBaHo BIUSHHUE «BBITSHYTOCTH»
KaTyIIK{ (OTHOWICHHS JUIMHBI K mupuHe). OTMEYEHO, YTO WHAYKTUBHOCTh YMEHBIIAETCS C
YMEHBILICHUEM «BBITSHYTOCTI», & TAK)KE C YBEIMUCHHEM OTHOIICHHS TOJIIUHBI K MUHUMAJIb-
HOMY pasmepy.

IMpakTHyeckasi 3HAYUMOCTB. [lomydeHo npuOImKEHHOE BBIPAKECHUE [T BEIYHCIICHUS
3HAYEHUS UHyKTUBHOCTH, IIOIPELUIHOCTh KOTOPOro He mnpeBbimaeT 14 % B 001acTu n3MeHe-
HUI BCeX reOMETpUYECKUX apaMeTPOB 3JIEKTPOMATrHUTA. Y CTAHOBJIEHBI IPAHUIIBI TPAKTHYE-
CKOTO TIPUMEHEHUS MOJTYYCHHBIX aHATUTHYECKUX BBIPAKCHUN NMPU MPHHATHIX JOMYIICHUSX.
BriBeieHHBIE BBIPKEHUSI OTHOCUTEIBHO MPOCTHI MO CTPYKTYPE U JIETKO MPOTPAMMHUPYIOTCSL.

NHayKTUBHOCTH OOPTOBBIX JEKTPOMArHUTOB, IJIOCKas KaTyIIKa, CKUH-CJIOW, YUCIICH-
HBII aHAIU3.

BBeneHue

Hcnonbp3oBaHrne HHHOBAIITMOHHBIX TEXHOJIOTUMA KaK B MACCAXKUPCKUX, TaK U
B T'PY30BBIX TPAHCTIOPTHBIX IMEPEBO3KaX HA OCHOBE MAarHWUTOJICBUTAITMOHHBIX
TPAHCTIOPTHBIX CHCTEM CIIOCOOCTBYET IMOBBHIIICHUIO UX SKOHOMUYHOCTH M JKO-
jgoruyHoctu [ 1-3].
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OpHMM W3 BapHMAHTOB MAarHUTHOTO TOJBEIIMBAHUS SBISETCS KOMOMHHUPO-
BaHHas CUCTEMa JIEBUTALIUU U TSTW HA OJJHO(PA3HOM IEpEeMEHHOM TOoKe. B Takom
Clly4ae MUTaHUE AJIEKTPOMArHUTOB MPOU3BOAMUTCS OT CTATHUECKHUX MpPeodpaso-
BaTesel 4acToThl. JlomycTUMbIe 3HAUCHUS HAMPSHKEHHUsI OTPaHMYUBAIOTCA Tapa-
METpaMH HCIOJIb3YEMbIX CUJIOBBIX MOIYNPOBOAHUKOBBIX TprubopoB (CII). ¥V co-
BpeMeHHbIX CII nonmyctumoe Hanpsixenue cocrasisier 5000 B [4-6].

Benuunna TpeGyemMoro HampspKeHHsl Ha 3JIEKTPOMarHuTax MpoIopLuo-
HaJIbHA WX UHAYKTUBHOCTH. [Ipy 3TOM TOUYHOCTH YCTAaHOBIICHUSI HHAYKTUBHOCTH
BO MHOI'OM OINpPEJENAeT JOCTOBEPHOCTh PE3YyJIbTATOB HCCIEIOBAHUI 3JEKTPO-
MEXaHUYECKUX CUCTEM.

PacueTr MHAYKTUBHOCTH MPOBOJAIINX CUCTEM — KaK MPABHIO, TEXHUYECKU
CJIOJKHAs TIPOLIeypa, CBA3aHHAS C TPOMO3JIKUMHU BBIYUCICHUSIMH Jake AJIs ca-
MBIX TIPOCTBIX (POPM ITEKTPOMArHUTOB.

MHOXeCTBO CIPaBOYHUKOB MO BBIYMCIEHUIO YKa3aHHBIX BEIUYUH (CM.,
Hanpumep, oubnuorpaduio B [7-9]) comaepKuUT B OCHOBHOM HaOOpbI IMpHOIIU-
KEHHBIX (POPMYJI, Y KOTOPBIX TOUHOCTh M 30HBI UX MPUMEHUMOCTH yKa3aHbI Ja-
JIeKO He Bcer/a.

JlaHHast cTaThsl MOCBSIICHA YCTAHOBICHHUIO BEIMYMHBI MHIYKTUBHOCTU L
JUIS KaTyILIeK OIpeieleHHON KOH(Urypaluu, y KOTOPBIX BEIUYHMHA «BBICOTHD)
ANIEKTPOMArHUTa MPEHEOPEKUMO Maja MO CPABHEHHUIO C IPYTHMH T€OMETpUYIe-
CKMMH pa3MepamMH KaTylKH. Takue 3JeKTpoMarHuThl Oy/neM Ha3blBaTh OecKo-
HEYHO TOHKMMHU (TJIOCKMMH ) UCTOYHUKAMHU MarHUTHOTO TTOJISI.

CrnenyeT 3aMeTUTh, YTO BEJIMYMHA MHIYKTUBHOCTU CYIIECTBEHHO 3aBUCHUT
OT YacCTOTHI NMPOTEKAIOIIETO M0 KaTyIllIKe ToKa. byaeM mpenmnonarare, 4To TOK 7,
OTIpeNIeNIOMMI MarHuTHOE MOJIe€ CHCTEMBI, C1ab0 MEHSETCs, T. €. BelIUYHHA
CKHH-CJIOSl TIPOBOJIHUKA 3HAYUTENBbHO MPEBOCXOJIUT MOINEPEUHBIH pa3mep Mpo-
BOJIa, COCTABJISIOIIETO KATYIIKY.

MeTopgonorusa pacyeTta

OO6mast popMyna mjist onpeneeHUusT MHIYKTUBHOCTH TIJIOCKOTO MCTOYHUKA
MarHUTHOTO MoJisi L1 3a1ae€TCs COOTHOIIECHUEM |7 ]

L

jdpjdp (i, |

T 4 I’ d )

rne dp=dxdy, dp'=dx'dy’;

= (=) H(y =)

(x,y) u (x,y) — IOAXOAAIME AEKAPTOBLI KOOPAMHATEL;
i M i — JINHEHbIE IJIOTHOCTHU TOKA;

S = S'— ToxoHeCYyIIas MOBEPXHOCTh KaTyLIKH;

W — 4uciio BUTKOB KaTYIIKH;

o= 4710”7 I'H/M — MarHUTHAs TIOCTOSTHHAS BaKyyMa.
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PaccMoTpum 0THOBHTKOBYIO Katymiky (W =1), HHIyKTUBHOCTh pEajbHOTO
3JICKTPOMArHuTa IMPOIMOPIIMOHAIEHA KBAJApaTy YHCiIa BUTKOB. B kadecTBe wuc-
TOYHHKA MarHUTHOTO TIOJISI PACCMOTPUM 3JIEKTPOMATHUAT MPSAMOYTOIBHOU (op-
MBI (puc. 1).

2w

—— e e e ————  —————

]
r—-<—-0§————

Puc. 1. PacueTHas cxema SKMIa)KHOTO 3JIE€KTPOMAarHuTa

OTMeTuM, 4TO Ha TEOMETPUYECKHE MapaMeTphl JAHHOTO IUIOCKOTO JJICK-
TpOMarHuTa HaKJIaJIbIBA€TCs ecTecTBeHHOE orpannuenue: 0 < w < min(a, b).

Jns paccmatpuBaeMoil KOHPUTYpal UCTOYHHWKA MAarHUTHOTO MOJI MO-
JyJib JIMHEWHOW TUIOTHOCTH TOKA OMpEesseTcss paBeHcTBoM i =i =[/2w. Tle-

pexons B (1) xk Oe3pa3mMepHBIM KOOpJIMHATAM M COBEpIIasi TaM e MEePBUYHOE
JBYKPAaTHOE€ WHTETPUPOBAHUE, MOKHO IOJYUYUThH CIIEAYIOLIEE BBIPAXKECHUE IS
WHIYKTUBHOCTH TUIOCKOW KAaTYIIKU MPSMOYTOJIbHON (DOpPMBI L:

7 _ 2P

(L(a)+L(B)— M (o, B)—M (0, 0)), 2)
rac
1 5 8—Jul+v
Lv)=~ j du j doT(u,v),v=a,p; 3)
-$ —3+ul+v
o
M (a,B) = [ du@®—|u)) T(u+o, u+p); 4)
-8
282T(u,v)=ulnm+u+vlnm+v—4m. (5)
m-—u m-—70

B paBenctBax (2)—(5) mpuHATH 0003HAYCHMUS:

a=a/p; B=b/p; d=w/p; p=a+b;, m’=u’+v’. (6)
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B kadecTBe HOPMHPYIOIIETO MHOXHTENS MPU Mepexojie K 0e3pa3MepHbIM
KoopAuHaTaM B (2) BeIOpaHa BeJMYMHA 2p — MOJYIIEPUMETP KATYILIKHU MO Cpel-
HEW JIMHUMU.

JlanbHeillee MHTErpUpoOBaHUE KBAAPATYphl B (3) NPUBOJIUT K OKOHYATEIb-
HOU opMmyiie st L(v):

L(v) =ln1+r—lln(8+r)—(2+r) -2
\% € € 3(1+7r)
(7)
14~/2 r—ke

1+ke)In
3J—a ,;:1“ J (A+~2)1+ ke

rie  rr=1+¢"; e=38/v; (0<e<]).

Cnaraemoe B cymme u3 (7) npu k=—1 u € =1 goomnpenensercs HyJIEeBbIM
3HAYCHUEM.

Beipaxkenne mis M (a, f) u3 (4) Takke MOXKET OBITh MOJYYEHO IMOCIE CO-

OTBETCTBYIOUINX WHTETPAIbHBIX MTPEOOPa30BAHUIA:

M(OL, B) = Z (Qk (OL, B) o Qo (OL, B))a (8)

k=%1

Trac

O, (o, B)=0(a;. B,); v, =v+kd; v=a.. ©)
Oyukius Q(u, v) B (9) npeacrapisieT coO0N CyMMY IMATU CIaraeMbIX:

u(m+u) d’

287 uv— +24

. v) v(m+v) \/5

3
p2ms 5d znm+d+5(uv-2d2)x (10)
\/_|a’| 2uv 6

ln(m+u)(m+v)_2m
uv 3

(d> +uv),

rae s=u+v;,d=u—-v=0a-p.

Cnyuaii u=0 (v=0) B (10) oTBeuaeT cuTyaluu, KOrja «OKHO» KaTYyIIKH
MIPENICTaBIIACT CO00M OECKOHEYHO TOHKYIO IIelb, T. €. & = min(a, 3), dopmymna
(10) mpum 3TOM IOOTIpEAEIAETCS IO HEMPEPHIBHOCTH:
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s 1 1) 2
Ow,0)=00,u)=u Lﬁln(l+$j 3}. (11)

Btopoe cnaraemoe B (10) mpu o =p(d =0) paBHO HYIIIO.

[IpenenbHbIl BapuaHT, 3aJalOUIMNA TUJIOCKUM SJIEKTPOMAarHut B (Qopme
«IPOKOJOTOTO» MO LEHTPY KBajapara (a:B:S), MPUBOAUT K COOTHOIIEHHUIO

Q(O, O) =0.
[Tockonpky mpu BbIBOAE BhIpakeHus M (a,) u3 (8) uCmoap30BajoCh
ycnoBue o+ P =1, gopmyna mms M(0,0) He MoxKeT GbITH ONpeETEHa HOCPEN-

cTtBoM paBeHCTB (8)—(10), a momkHaA BBIYUCIATHCS HEMOCPEICTBEHHO WHTETPH-
pOBaHHEM KBaJpaTypsl (4) ¢ yueTom paBeHCTB o = [3 =0, mpu 3ToM

M(0,0) =2?6(ln(1+\/§)—\/§). (12)

PaBenctBa (2)—(12) mOJHOCTBHIO MCUEPTBIBAIOT 3a/1auy OMPEICICHUS MOoy-
Hoti GOpMYJIBI IO pacdeTry Kod(d@uimeHTa cCaMOMHAYKIIMN TUIOCKOW KaTYIIIKH
IPSIMOYTOJIBHOM (POPMBI.

Bripaxkenne it L [1py BBIIOIHEHHH YCIOBHs O << min(c, B) CyIIECTBEHHO

yhpolaercs, U B pe3yipTare coBepuieHus B (2)~(11) mpenensHoro mepexona
MO>KHO MOJYYUTh

d<<min(o.,B)

2P {ln 208 _ aln(o+7y)—
T )

—Bln(B+y)—%+2y+2—38(\/§—ln(l+\/§))},

e 2 =a’+p%

HecmoTpss Ha HEKOTOpPYIO TPOMO3JAKOCTH cooTHomeHui (2)—(11), Bxons-
e B HUX (OpMYJIbl 3JIEMEHTAPHBI, JIETKO MPOrPaMMUPYIOTCS U — YTO OYEHb
BAYKHO — MPECTABISAIOT COO0M MPOIEAYPY BBIYUCICHUS MOYHO20 3HAUCHUS UC-
KOMOTO KO3 uirieHTa caMOUHIyKIUHU L.

Benuuuny L uenecooOpa3Ho paccUUThIBaTh B Oe3pazmepHoM Buje. B ka-
4yecTBe 0a30BOM BBIOEPEM BEIMUYMHY WHIYKTHBHOCTH IUIOCKOM KaTymku L,

MpeACTaBISIONIEH cO00M KBaJpaT C «IPOKOJIOThIM» LeHTpoM. [locie cooTBeT-
CTBYIOLIUX BhIUUCIeHUM 110 popmynam (2)—(12) npu o = =& MOXKHO 3anucarh

I _MOP.2.1+ln(1+\/§)

~2,078-107 P, (13)
P on 3 1++/2
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rae P =4p —nepumerp KBaApaTHOU KaTyIIKU 10 CPEAHEN JTUHUU.
Pe3ysbrarhl 4KMCIIEHHOIO aHajau3a, IMOKa3bIBAIOLIErO 3aBUCHMOCTb OTHOCH-
TENBHOW MHAYKTUBHOCTH Ly /L, OT mapamerpa e mpu pasindHBIX 3HAYEHUSAX

«BBITSHYTOCTH» KATYIIKH G, IIPEJCTABICHBI HA PHC. 2 (YUCNIA Yy KPUBBIX COOTBET-
CTBYIOT 3HAYEHHSM  «BBITSHYTOCTH» KATymiku). llapamerpel e U G
e=w/min(a, b), ¢=max(a,b)/min(a,b). TlyHKTUpHAs JMHUS OTBEYAET MpPU-

OmmkeHHou popmyie ) / L, mpu ¢=1. B pacuerax nepuMeTp KaTylKH

L‘8<<min(oc[3

10 cpenHel mHNN P =4 p nprHAMaeTcs IOCTOSIHHEBIM, L, onpenernero B (13).

1,0
\\ 11,
4L,
N

0,5 Y

/]
/
/
/
/
/

o
=
(9]

1,0

Puc. 2. 3aBHCHUMOCTh OTHOCUTEIHLHOW WHAYKTUBHOCTH IUIOCKOM KATYIIIKU
npsiMOyTobHOU GopMbl L1/Lp OT napamerpa e

3akrnro4yeHue

[Tosry4eHO TOYHOE AHAIUTUYECKOE BBIPAKEHUE I BEIUYMHBI MHAYKLIUU
«TOHKOT0» MCTOYHUKA MArHUTHOTO MOJS MPSMOYTOJbHOM (OpMBI B BUIE ajl-
reOpandecKkoi CyMMBI 3JIEMEHTAPHBIX (QYHKITHI.

BoiBenena npubnxkennas ¢Gopmyia s BeIYMCIEHHUsS KoddduimenTa ca-
MOMHAYKIIMH, TOTPEIIHOCTh KOTOPOi He mpeBbiaeT 14 % B obnactu u3MeHe-
HUM BCEX T€OMETPUYECKUX MMAPAMETPOB JIEKTPOMArHUTa.

[TosryueHHble POPMYJIIBI OTHOCUTENBHO IPOCTHI 10 CTPYKTYPE U JIETKO MPO-
I'PaMMHPYIOTCH.
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Objective. Of the work consists in receiving new analytic expressions for determination
of inductance of vehicular electromagnets of transport levitation systems.

Methods. The key feature of calculation model of onboard coils in accordance with
their inductance on the example of squared electromagnets lies an assumption about a small-
ness of the size «heights» in comparison with its other geometrical sizes. There is also an as-
sumption that thickness of a skin layer of the conductor significantly surpasses cross sectional
size of the wire making the coil. The single-turn coil is considered, inductance of an actual
electromagnet is accepted proportional to a square of the number of turns. When calculating
inductance the dimensionless quantities are used. As an absolute, a quarter of perimeter of the
coil on the centerline is chosen. The condition of obtaining the approximate formula for calcu-
lation of inductance of the flat rectangular coil is the small thickness of a winding in compari-
son with the geometrical sizes of the coil.

Results. Accurate analytical expression for inductance of a «thin» source of square-
shaped magnetic field as the algebraic sum of elementary functions has been received. Results
of a numerical analysis show dependence of the relative inductance of the square-shaped flat
coil on thickness relation to its minimum size. Influence of «elongation» of the coil (relation
of length to width) is investigated. It is noted that inductance decreases with decrease of
«elongation», and also with increase in the relation of thickness to the minimum size.

Practical importance. The approximate formula for calculation of value of inductance
has been obtained. Its uncertainty does not exceed 14 % in the areas of changes of all geomet-
rical parameters of an electromagnet is output. Borders of practical application of the received
analytic expressions at the accepted assumptions have been set.

The received expressions are fairly simple structurally and are easily programmed

Inductance of onboard electromagnets, flat coil, skin layer, numerical analysis.

Introduction

Application of innovative technologies in transportation of both passengers
and cargo on the basis of maglev transport systems facilitates increase of effi-
ciency and sustainability of the above systems [1-3].

One of the options of magnetic suspension is a combined system of levita-
tion and traction with a single-phase alternating current. In this case, electro-
magnets are powered by stationary frequency converters. Permissible values of
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voltage are limited by parameters of power semiconductor devices (PS) being
used. The today’s PSes have a permissible voltage of 5000 V [4-6].

The value of the required voltage in electromagnets is proportionate to their
inductance. In this case, the accuracy of determination of inductance largely dic-
tates the reliability of the results, obtained during researches of electromechani-
cal systems.

Calculation of inductance of different conductor systems represents, as a
rule, quite a sophisticated technical procedure, associated with awkward calcula-
tions even for simple forms of electromagnets.

A large number of referential books on calculation of the above values (see
in, for example, Reference [7-9]) contain, mainly, sets of approximate formulae,
whose accuracy and zones of application are far from being always specified.

The very article is devoted to determination of value of inductance L for
coils of a specific configuration, in which value of “height” of electromagnet is
negligibly low, compared to other geometrical sizes of the coil. Such electro-
magnets are hereafter referred to as infinitely thin (flat) sources of magnetic
field.

It needs to be pointed out, that value of inductance is significantly depend-
ent on frequency of the current running in a coil. Let us surmise, that current /,
determining magnetic field of the system, changes slightly, namely, value of
skin layer of a conductor significantly surpasses cross-sectional size of the wire,
constituting the coil.

Methodology of Calculation

The common formula for determination of inductance of a flat source of
magnetic field Lz is given by the following relation [7]:

L
T 412

jdpjdp (i,i") (1)

where dp =dxdy, dp'=dx'dy’,

:(x—x')2 +(y—y’)2;

(x,y) u (x,y) — suitable Cartesian system coordinates;

i mi — linear current densities;

S = S~ current-carrying surface of a coil,

W — number of turns of a coil;

o= 4710”7 H/m — vacuum permeability.

In this case, single-turn (W = 1) coil is considered, inductance of a real
electromagnet is proportionate to the square of the number of turns. As a source
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of electromagnetic field, let us consider a square-shaped electromagnet. Its
calculation scheme is seen from the fig. 1.

2w

S e e

1
|-—-<—-0gi————

Fig. 1. Calculation scheme of vehicle electromagnet

It is to be pointed out, that natural limit are put on geometrical parameters
of this flat electromagnet: 0 < w <min(a, b).

For the configuration of the source of magnetic field being considered,
module of linear current density is defined by equationi =i = I/2w. Proceeding

to the point (1) of dimensionless coordinates and committing there a primary
double integration, one may obtain the following expression for inductance of a
flat square-shaped coil L:

2
L= (LOo+ LOB =M (@ B) = M(0,0)). @
where
15 8—[u[+v
Lv)=~ j du j doT(u,v),v=a,p; 3)
-5 —8Hu|+v
)
M (o) = [ du(d—|ul) T(u+a, u+B); 4)
-8
262T(u,v)=ulnm+u+vlnm+v—4m. ()
m-—u m-—7o

In equations (2)—(5) the following notation is accepted:

a=al/p; B=b/p; d=w/p; p=a+b;, m’=u’+0’. (6)
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As a normalising factor for transition to dimensionless coordinates in (2)
the value 2p has been chosen — semiperimeter of a coil at the medium line.
Further integration of quadrature in (3) leads to the final formula for L(v):

L I+ 1 2+7)Y =2
SN L SR Ch ) et
\% € € 3(1+7r)
©)
1 o 1+~2r—ke
— —> (I+ke)’n ,
W26 A (1+~2)(1+ ke)

where r* =1+¢&%; e=8/v; (0<e<]).

The summand in the sum of (7) with £k =—1 and € =1 is further defined by
zero value.

Expression for M (o, ) from (4) may also be obtained after corresponding

integral transformations are conducted:

M (. B) =Y (0, (0. B)—Oy(ct. B)). (8)
where _
0, (a,B)=0(a,,B,); v, =v+ko; v=a,p. )

Function Q(u,v) in (9) represents an addition of five summands:

2 2
25’001, v) = S8d In u(m+u) N sd y

o(m+0v) 2
\/§m+s 5d° m+d s

x In + In +=(uv-2d*)x (10)
V2ld 12 V2w 6! )
I (m+u)(m+v) 2m (d* +u0),
uv 3

where s=u+v; d=u—-v=0-.

The case u=0 (v=0) in (10) meets the situation when “the window” of a
coil is an infinitively thin slot, that is8 = min(a,), formula (10), in its turn, is
further defined by continuity:

(L L2
Ow,0)=000,u)=u (\Eln(1+\/§j 3]. (11)
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The second summand in (10) with o =(d =0) equals zero.

The limiting variant, defining a flat electromagnet as a “pierced” in the cen-
tre square (o= =09) leads to relation Q(0,0)=0.

Since during deriving the expressionM (a,3) form (8) the condition
o + B =1was used, the formula for M (0,0) cannot be defined by means of equa-

tions (8)—(10), but should be calculated directly by integrating quadrature (4)
taking into account equations o =3 =0, thus

M(0,0)=22 (zn(1+f) V2) (12)

Equations (2)—(12) completely exhaust the problem of determination of an
accurate formula for calculation of coefficient of self-inductance of a flat
square-shaped coil.

Expression for L by completing the condition 6 << min(a., 3) is significant-

ly simplified, and in the result of completion in (2)—(11) of a corresponding
maximum transition, one can obtain

2M0p{ 20p —oln(o+7y)—
T 0

d<<min(a,B)

—Bln(B+y)—%+2y+2?8(\/§—ln(1+\/§) )}

where y* = a? + B>

Despite some awkwardness of the relations (2)—(11), the formulae consti-
tuting them are elementary, are easy programmed and, which is very important,
they represent themselves a procedure of calculation of an accurate value of the
required self-inductance coefficient L.

It 1s advisable to conduct calculation of the value L in a dimensionless
form. As a basic value, let us choose a value of inductance of a flat coil Lo, hav-
ing a form of square, “pierced” in the centre. After calculations according to
formulae (2)—(12) with a = =08 we can write down

wP 2 1+n(1++v2)
L, = .
T 3 1++/2

where P =4p — perimeter of a square coil on the medium line.

~2,078-107 P, (13)
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The results of a numerical analysis, showing the dependence of relative in-
ductance L; /L, from the parameter e at different values of "elongation" of coil

¢, are represented in the fig. 2 (figures on the curves correspond to the values of
“elongation” of coil). Parameters e and ¢, respectively, are equal:
e=w/min(a, b), ¢=max(a,b)/min(a,b). The dashed line corresponds to the

approximate formula L‘S«min(a 5) / L, withg=1. In calculations, perimeter of a

coil along the medium line P =4p is view as constant, L, is defined in (13).

1,0 \\ 7
4L,
N

X
0,5 \

/ &
/,
/
/
/
/

0 0,5 1,0

Fig. 2. Dependence of relative inductance of a flat square-shaped coil
L1/Lp from the parameter e

Conclusion

The accurate analytical expression for value of inductance of a “thin”
source of a square-shaped magnetic field in the form of algebraic sum of ele-
mentary functions was obtained.

The approximate formula for calculation of value of inductance has been
obtained. Its uncertainty does not exceed 14 % in the areas of changes of all ge-
ometrical parameters of an electromagnet is output.

The obtained expressions are fairly simple structurally and are easily pro-
grammed.
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HOBbIA METO[, PACYETA HAMPSXXEHHOIO COCTOSAHUSA
B CbINY4YUX MATEPUATNIAX NPU NMIIOCKOAE®OPMUPOBAHHOM
COCTOAHUN

Hara noctymienus 01.10.2017
Pemenue o my6nukanuu 26.10.2017

Beenenne. Crucrema ypaBHEHMI, cocTosmas u3 ycioBusa Tekyuectd Kyinona — Mopa u
yYpaBHEHHI paBHOBECHUS, MOKET ObITh HCCIIEI0BaHAa HE3aBHCHUMO OT 3aKOHA TE€YEHUs. JTa CH-
cTeMa ypaBHEHHH SABJISIETCS TUIIEPOOIMYECKOM, TOATOMY /IJIsl PELLIEHUS] paCCMAaTPUBAEMON CU-
CTEMbI YPaBHEHHI 11€1ec000pa3HO UCIOIb30BATh METOJ XapaKTepUCTHK. B wacTHOM ciydae
TEOPHH IUIACTUYHOCTH JUIsI MAaTEPUAIIOB, YCIOBUE TEKYYECTH KOTOPBIX HE 3aBUCHUT OT CPEJIHE-
rO HANpPSKEHMSI, IPUMEHSIOT J1Ba METOAA ISl IOCTPOCHHS OPTOrOHAJIBHOW CETKHM XapaKTEpH-
CTUK W OIpEICJICHUS TOJIA HaNpssKeHW: R—S Meroa u meTol koopauHat Muxmuna. [lpu
ycioBun Tekydectd Kyinona — Mopa yrosn Mexay XapakTepUCTHYECKHMHU HaIPaBJICHUSMU
3aBUCUT OT yTIJla BHYTPEHHErO TpeHUs. B CBA3M ¢ 3TUM Ha3BAHHBIC BBIIIE METOJBI JIOJKHBI
OBbITH 000OIIEHBI C YYETOM 3TOT0 CBOMCTBA XapaKTEPUCTHUK.

Heab. B Teopuu mI1acTHYHOCTH MATEPUAJIOB, YCIOBUE TEKYYECTH KOTOPBIX HE 3aBUCHUT
OT CPEIHEro JaBJICHMs, U pacdeTa IOJIs HaNpsKEHUH IHPOKO MPUMEHSETCS METOA KOOp-
muHaT Muxmuaa. [enp Hameil paGoThl — 0000IIUTE ATOT METOJ] B CUCTEMY ypaBHEHHUH, CO-
CTOALLY0 U3 ycioBus TeKyuecTd Kynona — Mopa u ypaBHEHUI paBHOBECHS.

Metoa. Mcnonp30BaHbl F€OMETPUUYECKUE CBOMCTBA XAPAKTEPUCTUK CUCTEMBI YpaBHE-
HUH, cocTosiieil u3 ycnoBus Tekydectu Kyinona — Mopa u ypaBHEeHU paBHOBECHS, JIJIsl BBE-
JeHnust 0000IIEHHBIX KOOpAMHAT MUXITNHA.

PesyabraTsl. [loka3aHo, 4TO pelIEeHHE CHCTEMBI YPAaBHEHUM, COCTOSLICH U3 YCIIOBHS
tekyuectn Kymnona — Mopa u ypaBHEHHII paBHOBECHsI, CBOIUTCS K PEIICHHUIO TelerpadHoro
YPaBHEHHUS U K MOCIEAYIOIEMY HHTEIPUPOBAHHUIO.

IIpakTHyeckass 3HAYMMOCTb. Pa3BUTHIN METOJ pelIEHUsI CUCTEMBI YPaBHEHHM, COCTO-
Amen u3 ycaosus Tekyuectd Kyinona — Mopa u ypaBHEHHH paBHOBECHS, TO3BOJIET MOJIy4aTh
peleHus ¢ BBICOKOM TOYHOCTBIO ITPU HE3HAYUTENBHBIX 3aTpaTax MAIlIMHHOIO BPEMEHH.

Vcnosue tekyuectn Kynona — Mopa, MeTol XapakTepUCTUK, KOOpAUHATH MUXJIMHA,
TesierpadHOE ypaBHEHUE.

BBeneHue

Jlnst mnockoaeOpMUPOBAHHOTO COCTOSIHUS MJI€ATbHO YKECTKOIUIACTHYe-
CKOT0 U UJCATbHO YIPYTOIJIACTUYECKOTO Tejla YpaBHEHUS JJIsl HANpSKCHUH B
MJIACTUYECKOM 30HE COCTOSIT M3 YCJIOBHSI TEKYYECTU U JIByX YPaBHEHHUI paBHO-
BecHs. JTa CUCTEMa YpaBHEHUN MOXET OBbITh HCCIeoBaHa 0e3 MPUBJICUYCHUS

HccrenoBanue BeIMoHEHO ipu prHaHCOBOU mogaepkke PODOU u OAO «PX]]» B pamkax HAyqHOTO
npoekTa Nel7-20-03215.
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3aKOHA TeUYeHUs. Bo MHOTUX Cilyyasix OTMEUEHHAsi CUCTEMa YPaBHEHUM SBIISIET-
cs runepOonudeckon [1]. Onpenenenue mossi HANPSHKEHUN CBOAUTCS K OIpeie-
JICHUIO MOJIA XapakTepucTuk. [Ipu yclioBUM TEKy4ECTH, KOTOPOE HE 3aBUCHUT OT
CPEIHETO HAIPSIKEHUS, IHPOKO MPUMEHSIOTCS JBa METOAA MOCTPOCHHS MOJIA
XapaKTEPUCTUK: R—S-MeTOA, NPEeMIOKEHHbIA B [2], U METOJA KOOpJIUHAT
Muxnuna [1, 3, 4]. IleaecooOpa3HOCT MPUMEHEHHS TOTO WJIM MWHOTO METojAa
3aBUCHUT OT 3aJaHHBIX KPAaeBbIX yCIOBHM. JlJig CBIMy4YUX Cpel YCIIOBHE TEKydYe-
CTH 3aBHUCHT OT CpeJIHEero HarpsbkeHus [S, 6]. Kak ciaeayer u3 coBpeMeHHBIX 00-
30pHBIX paboT [7, 8], MO HacTOAIIEr0 BpeMEHU Haubojee MUPOKO MpUMEHSse-
MBIM YCJIOBUEM TEKYUYECTH TAaKOIo TuIa siBisieTcs yciosue Kynona — Mopa. B
YaCTHOCTH, 3TO YCJIOBHE B OCHOBHOM HCIOJIB3YETCS B MOJYYHMBIIEH IIUPOKOE
pacnpocTpaHeHue Mojenu [9] 1 B COBpEMEHHOW MOJENH ISl TPAHYIUPOBAHHBIX
U CBIY4YMX MaTepuayioB, pa3BuToil B [10]. s mocTpoeHus moist XapakTepu-
CTUK CUCTEMBbI YPAaBHEHUM, COCTOSIIECH U3 ycioBusa Tekyuectd Kymona — Mopa u
ypaBHEHHI paBHOBecus, R—S-meron 0600meH B [11]. B mybnukyemoit pabote
JUISl IOCTPOEHUSI TOJISl XapaKTEPUCTUK ITOM CHUCTEMbl ypaBHEHUM 000O0IaeTcs
MeTon koopauHaT MuxnuHa. [lokazano, 4To korja o0a ceMelicTBa XapakTepu-
CTUK KpHUBOJIMHEMHBI, PEIIEHUE KPAeBOW 3aJayd CBOJMTCS K PELICHUIO Teje-
rpadHOro ypaBHeHUsl. MeTOIbI PEIICHHS 3TOT0 YPABHEHUSI NPU KPAEBbIX yCIIO-
BUSIX, TUIIWYHBIX IS MOJIENIEd UACATbHO >KECTKOIUIACTUYECKOTO U HUACATBbHO
YIPYrOIIacCTUYECKOr0 Teja, Xopoio u3ydensl [1, 3, 4]. OtmeTum, uto npeia-
raeéMblil METOJ ONIPEAEIICHUSI HAMPSHKEHHOTO COCTOSIHUSI MOXKET HCIIOJIb30BaThCA
U JUIS psAJla METAJUTMYECKUX MaTepuasioB, Kak cieayert us [12—15].

O6o06LwWeHHbIe KoopauHaTbl MuxnuHa

PaccMoTprM MTPOU3BOIIBHYIO IJIOCKYIO OPTOTOHAJIBHYKO CUCTEMY KOOpAWHAT
(§, M) u nexapToBy cuctemy KoopauHat (x, y). O6e cucTtemMbl KOOpAMHAT MOKa3a-
HbI Ha puc. 1. PaccMOTpuM NpOU3BOJIBHYIO TOUKY P, ONpeAesaeMyl0 paarnyCcoM-
BEKTOpPOM R, Hauaso KOTOpPOro COBIALAET ¢ HAYAJIOM JEKAPTOBOM CUCTEMBI KOOP-
nuHaT. BBeneM npsAMOIMHENHYI0 KOOpAUHATY ), OTCUMTHIBAEMYIO OT Hayala Jie-
KapTOBOM CHUCTEMBI KOOPAMHAT II0 HANPABJICHUIO KOOPAMHATHI T B TOYKE P, M
IIPSMOJIMHEMHYIO KOOPJIMHATY X , OTCUATBIBAEMYIO OT Hadajia JEKapTOBOM CHUCTE-
MBI KOOPJMHAT I10 HAIIPABJICHUIO KOOpAUHATEI & B Touke P. Ilycts €, u e, — enu-
HUYHBIE BEKTOPBI 110 HAIPABIICHUAM OCEH X U Y, COOTBETCTBEHHO.

Tak KaKk KpUBOJMHEWHBIE KOOPAUHATHI OPTOTOHAJIBHBI, TO OYEBUAHO, YTO
OpTOTOHAJIBHBI M KOoOpAMHAThl MuxiuHa (puc. 1). XapaKTepUCTUKU CUCTEMBI
YPaBHEHHM, COCTOSIIEN W3 YCIOBUS TEKYYECTH, HE 3aBUCAILLIETO OT CPEIHETO
HaIpsKEHMS, U YPAaBHEHHUI paBHOBECHS, OPTOroHaNbHbI. [I03TOMY MOXKHO Tpu-
HATh, UTO (&, ™M) SIBISIOTCS XapaKTePUCTHUECKUMHU KOoOopauHaTamu. B aTom ciy-

Yyae BEJIMYMHBI X M ) TI0 OTACIBHOCTH YIOBJICTBOPSIOT TenerpagHoMy ypaBHe-
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Huto [1, 3, 4]. XapakTepUCTUKU CHCTEMBI YPABHEHUM, COCTOSIIEH U3 YCIOBUSA
tekydyectn Kynona — Mopa u ypaBHEHUI pPaBHOBECHS, HE SIBISIOTCS OPTOrO-
HaJgbHBIMU [5]. O003HaYMM COOTBETCTBYIOIIUE XapAKTEPUCTUUECKUE KOOPANHA-
Tel (o, 3). be3 orpanmdenus OOIIHOCTH MOKHO TNPHUHATH, YTO HAIpPABIICHUE

MaKCHMAaJbHOIO (B are0pandeckoM CMBICIIE) TJIABHOTO HANPSKEHUS G| IIPOXO-
JUT Yepe3 NMEepPBbIM U TPETUN KBAAPAHTHI (puUc. 2).

-}!
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Puc. 1. OproronanbHble KoOpaArHATE MuxJinHa

Torna koopauHatel MuxiimHa (X, y) TOUKH P onpenenstoTcs u3 ypaBHEHHS
R =Xxe, + ye,. (1)

VYron Mexly HalpaBJIe€HUEM 3TOTO INIABHOI'O HAIIPSHKEHUS M KaXKIbIM U3 Xa-
PAKTEPUCTHYECKUX HAPABJICHUN paBeH Tt/4+ ¢/2 [5], e ¢ — yron BHyTpeHHE-
ro TpeHus. Ecnu yron BHyTpEHHETrO TPEHHUs SIBISAETCS MOCTOSIHHOM BEIWYUHOM,
TO YroJI MEXJy KOOPJIWHATHBIMU KPUBBIMH XapaKTEPUCTUUECKON CUCTEMBI KO-
OpJIMHAT TOXE BCIOJY SIBISICTCS] MOCTOSHHOW BeaMYMHOM. O000IUM 711 TAKUX
CUCTEM KOOpPJIMHAT ONpeAesieHne KOOPAMHAT MHXJMHA. AHAJIOTMYHO CIydaro
OPTOTOHAJIBHBIX CUCTEM KOOPJAMHAT BBEIEM IPSIMOJIMHEWHYIO KOOPAHMHATY Y,

OTCUHUTBIBACMYIO OT Ha4dallia I[eKapTOBOﬁ CUCTCMBI KOOPAWHAT 110 HAIIPABJICHHIO
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KOOpAUHATHI [3 B TOUKE P, ¥ NPSIMOJIMHENHYIO KOOPJIUHATY X, OTCUUTBHIBAEMYIO
OT Hayajla IeKapTOBOM CUCTEMBI KOOPAMHAT 110 HAIIPaBJICHUIO KOOPAWHATHI O B
Touke P. O4eBHIHO, YTO TENEPh CUCTEMA KOOPAUHAT ()?, )7) HE SBIIIETCS OPTO-
roHanbHOU. Tem He MeHee, ypaBHeHue (1) uMmeeT cuily, €ciu BEKTOPHL €, U e,
HaIlpaBJICHBI BJ0JIb HOBBIX OCE X M J, COOTBETCTBEHHO. JTO YPAaBHEHHUE MOXK-
HO IIepEIncaTh B BUJIE

xi+yj=Xxe +ye,, (2)

rae 1 u j — opThl IEeKapTOBOM cucTeMbl KoopauHat. [IycTe @ — yroim Mexmy
OCBIO X U KacaTeJIbHOU K JMHUMU O B TOuke P. Toraa ro onpeneneHuto ¢ — yroiu

MEXIy ocsiMU X U X B Touke O. V3 reomeTpuyeckux cooOpaxeHuii (puc. 2) mo-
JTy4UM

i-e, =coso,i-e, =—sm(p+09), j-e, =singQ, j-e, =cos(¢+¢). (3)

y B
\
; 0
% T4+ /2
N /4 + )2
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> > X
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Puc. 2. O606menHsIe KOOpAMHATH MUuXIHMHA

VYMHOXkeHue ypaBHEHHMs (2) CKaJSIPHO Ha BEKTOp i maer x=Xxi-e; +)i-e,,
a Ha BEKTOp j Y =Xj-€, +YVj-e,. Mckimodas B 5TUX YPABHEHUSAX CKaJApHBIC
MIPOU3BEICHUS IMHUYHBIX BEKTOPOB C MOMOUIBIO (3), HAXOIUM
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x=xcos@—ysin(ep+¢); y=xsine+ycos(p+9). (4)
Pemrast 5Tv ypaBHEHUSI OTHOCUTENBHO X U ), MOJIYy4YUM

xcos(@+¢)+ ysin(p+9)  _
S
cos ¢

- YCOSQ— Xxsin@
cos ¢ '

Huddepenuupys nepoe ypaBHEeHHE MO 3, a BTOpoe Mo o, HaleM

ox ox oy .
—cosd =—cos(p+ §) +——sin(¢p + ¢) +
o ¢ o (¢+9) o (P+9)

: op
+[ycos((p+(|))—xs1n((p+(l))]6—B; (5)
@cosd) = a—ycoscp —a—xsin(p —(ysin@ + xcos (p)a—(p.

oo o oo oo
VYpaBHEeHUS XapaKTEPUCTUK UMEIOT BUJ [S]
d d T
_y = tg(p, —y = tg((p + (1) + —j = —Ctg((p + (I)) (6)
dx dx 2

3/1ech MepBOe YpaBHEHUE OMPEACIISIET TUHUU CEMENCTBA O, @ BTOPOE — JIH-
HUU ceMmeiicTBa . YpaBHeHuUs (6) MOTYT OBITh IEPEMUCAHBI B BUJIC

oy ox Oy Ox
= —top—: —=—ctg(Q+d)—. 7
2 go S0’ op g(o+9) o (7)

[Toncrasnsst (7) B (5), moayuum

K o= e 90,
- cosd =[ycos(¢+9) xsm((p+d))]6[3,

%y

——cosd =—(ysin@+ xcosQ) p
oo

oo
Wcknrouast B 3TUX ypaBHEHHSIX X U ) ¢ TIOMOIIBIO (4), HalieM

%cosd) = (f—?csincb)Z—E; %cosd) = ()_/sind)—)?)g—g. (8)
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EnuHcTBEHHOE CBOWCTBO CHUCTEMBI KOOpAWHAT (O, 3), KOTOpOE HUCIOJIb30-
BaJIOCh NPU BBIBOAE (&), COCTOUT B TOM, UYTO CKAJIIPHOE IPOU3BEICHUE € - €, —
MOCTOSIHHASI BEJIMUMHA.

HanpsixkeHHOe cocTOsiHMe B Cbiny4en cpene
VYpaBHeHus (8) ympomaroTcs IpU y4eTe CBOMCTB XapaKTEPUCTUUECKUX

KPUBBIX CHCTEMbl ypaBHEHHH, cocTosilied u3 ycnoBusi TekydecTu Kyiona —
Mopa u ypaBHeHHi1 paBHOBecus. B yactHocTH, B [11] moka3zaHo, 4to

®— @, = (o +p)coso, 9)
rae ¢, — MOCTOsIHHAA, BBeACHHAs 1 ynooctsa. [loacrasmss (9) B (8), Hailnem

X 5 _wsing, 2= Psing-¥. (10)

OtmeTtuM, uto ipu ¢ =0 3TU ypaBHEHHS COBMAJAIOT C YPaBHEHUSMH, IO-
Jy4aeMbIMU B TEOPUHU TUIACTUYHOCTH MATEPUAJIOB, YCIOBUE TEKYUECTH KOTOPBIX

HE 3aBUCUT OT cpeaHero HampspkeHus [1, 3, 4]. BBenem HOBbIe 3aBUCUMBIE TIe-
pemennbie X u Y no dopmynam

¥ = Xexp(no+mpP); ¥y =Y exp(no.+mp). (11)

3neck n u m — HeKoTopble mocTosiHHbIe. [Toactasmss (11) B (10), momydum
X - — - oF - -
—+mX =Y —-Xsing; —+nY =Ysinp—X. (12)
B dot

[IpuHumas m = —sin¢ u n = sin ¢, npuBeaeM ypaBHeHus (12) K BUAY

X g Y__x (13)
oB b0t

Kpowme Toro, ypasuenus (11) npumyt popmy

b

X =Xexp[(a—PB)sing]; ¥ =Y exp[(a—P)sin¢]. (14)
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VYpasuenus (13) npuBonarcs K TenerpapHbIM YpaBHEHUSIM BUAA

2 v 2\
a—X+)?:O; oY +Y =0. (15)
6aop 6aop

OTu ypaBHEHUs pemarorca MeTo oM Pumana. B wactHoCcTH, B0 JTH000T0
3aMKHYTOI'0 KOHTYpa UMEET MECTO YPaBHEHUE

@(GQE— Qg}ﬁu-fgg—Ggicm = 0.
do. * oo B OB

3neck f=X wm f=Y, G(a,b,a,B) — dyaxmms 'punaa. [Tpuaem

G(a, b, 0, B)=J,| 2/(a-)(6-P) |

rne  J, [2\/ (a—a)b- B)] — ¢yukiusa beccens HyneBoro nopsaka.

Nwmes pewenne ypaBHeHHH (15), MOXXKHO HaTH 3aBUCUMOCTB X U Y OT O U
B. HeiictBuTensHO, ypaBHeHus (14) naroT 3aBUCUMOCTh X U y OT O U [3, Torma
ypaBHeHus (4) u (9) — 3aBUCUMOCTb X U ¥ OT o0 U . 3aBUCUMOCTb KBaJpaTHuy-
HOI'O MHBapHaHTa TEH30pa HANIPSKEHUS OT o U 3 uMeeT By [11]

g === =g exp[2(p - a)sing]. (16)

rIe G©, — HauMeHblIee (B anredpandeckoM CMBICIIE) INIABHOE HAIPSKCHUE;
g — IPOU3BOJIbHAS ITIOCTOSTHHAS.
VYcnosue tekyuectu Kynona — Mopa umeer Buj

g — psind = kcos¢, (17)

rne p=—(0,+0,)/2 nk—Kko3pPUIMEHT CLEIUICHHS, SBIISFOLIMICS IOCTOSHHOM
BeIMUMHON. YpaBHeHus (16) u (17) onpenensitor 6; ¥ G, Kak QYHKIMHA O U .

VYuureiBas (11), 3aBUCHMOCTH KOMITOHEHT TEH30pa HANPSHKEHHS B JIEKAPTOBBIX
KOOp/IMHATaX OT 0. U [} HAXOASAT C MOMOIIBIO0 CTAHJAPTHBIX YpaBHEHUH Mpeodpa-

30BaHUSI KOMIIOHEHT TE€H30pa B IUNIOCKOCTU. TakuM 00pa3oM, ¢ y4eTOM UMEIOIIEH-
Cs1 3aBUCUMOCTH X M ) OT OL ¥ 3 3aBUCUMOCTH KOMIIOHEHT TE€H30pa HAPSHKEHMS B

ACKAapPTOBLIX KOOpAWHATAX OT X U ) MMOJIYYUYCHHBI B ITIAPAMETPUICCKOM BHUIC.
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3akrnroyeHue

[TokazaHo, 4YTO METOABI, Pa3BUThIE paHEe JIsl HOCTPOSHHMS OIS HAMIPSHKEHUI
IpY TWIOCKOH feopMaliui MaTepuaia, NOJUUHSIOIIErOCs YCIOBUIO TEKYUECTH, HE
3aBUCALIEMY OT CPEIOHEr0 HAIPSDKEHUS, C MOMOIIBI0 KOOpAUMHAT MuximHa, IoJi-
HOCTBIO IIPUMEHHUMBI I MAaTEPHUAJIOB, TOTUMHSIOIINXCS YCIOBUIO TeKydectu Ky-
noHa — Mopa. JI71s1 3Toro 10cTaTo4HO BBECTH 0000IIEHHBIE KOOPAUHATH MUXITMHA
X u y (puc. 2), a Takxke BcrioMoratensHsie GyHkuun X u ¥ no gpopmynam (14).
OTH BcrioMorartenbHble (YHKUMH YJOBJIETBOPSIOT TeJerpad)HOMY YpaBHEHHIO
(15). Takomy ke ypaBHEHHMIO YAOBJIETBOPSIIOT KOOPAMHATHI MUXJIMHA B TEOPHUH
IUTACTUYHOCTH, OCHOBAHHOM HA YCIIOBUM TEKYYECTH, HE 3aBHUCSILUM OT CPEIHErO
HanpshKeHUs. MeTo/bl pelieHns: COOTBETCTBYIOIIMX KPAaeBbIX 337a4 XOPOIIO pas-
BUTHI [1, 3, 4]. Bce 3Tl MeTOIbI MpakTHUYECKH 0€3 U3MEHEHUH MOTYT OBITh UCIIOJb-
30BaHbI JUIs ONIPEACIICHNs HAPSKEHUM B CBIITYYEN cpele.
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The system of equations comprising the Mohr-Coulomb yield condition and the stress equi-
librium equations may be studied independently of the flow law. This system of equations is hy-
perbolic. Accordingly, to solve the aforementioned system of equations, it is reasonable to apply
the method of characteristics. In the special case of plasticity theory for materials whose yield cri-
terion does not depend on the average stress, two methods are used to construct an orthogonal net
of characteristics and to determine the stress field: the R-S method and Mikhlin’s coordinate
method. In the case of the Mohr-Coulomb yield condition, the angle between the characteristic
directions depends on the internal friction angle. Therefore, the above-mentioned methods should
be generalised in accordance with this property of characteristics.

Purpose. In the case of Plasticity theory for materials whose yield strength does not de-
pend on the average stress, to calculate the stress filed, Mikhlin’s coordinate method is widely
used. The purpose of this study is to generalise this method for the equation system consisting
of the Mohr-Coulomb yield criterion and the pressure equilibrium equations.

Methods. The geometrical properties of the characteristics of the equations’ system
consisting of the Mohr-Coulomb yield condition and the equilibrium equations are used to
introduce the generalised Mikhlin coordinates.

Results. It’s been pointed out that solving equation system consisting of the Mohr-
Coulomb yield condition and equilibrium equation comes to solving equation of telegraphy
and to subsequent integration.

Practical Significance. The developed method of system of equations’ solution, con-
sisting of the Mohr-Coulomb yield condition and equilibrium equation enables obtaining high
precision solutions at insignificant computer time expenditures.

Mohr-Coulomb yield condition, method of characteristics, Mikhlin’s variables, equation
of telegraphy.

Introduction

The plane strain deformation state of perfect rigid plastic solid and elastic-
perfectly plastic solid the stress equations in the plastic zone consist of the yield
condition and two equilibrium equations. This system of equations may be stud-
ied without invoking the flow law. In many cases, the above-mentioned system
of equations is hyperbolic [1]. Determination of the stress field is brought to de-
termination of the characteristics field. In the case of the yield condition equa-
tion which is not dependent upon the average stress, the two methods of con-
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struction of characteristics field are used: the R—S method, suggested in [2], and
Mikhlin’s coordinates method [1, 3, 4]. The relevance of application this or that
method of characteristics depends on the set boundary conditions. In the case of
granular medium, the yield condition depends on the average stress [5, 6]. As it
goes out of today’s surveys [7, 8], by now the most widely used yield condition
of such a type has been the Mohr-Coulomb yield condition. In particular, this
condition is used in a widespread model [9] and in a modern model for granular
materials, developed in [10]. To construct the field of characteristics of the sys-
tem of equations consisting of the Mohr-Coulomb yield condition and the equi-
librium equations, the R—S method is generalised in [11]. In this study, the
method of Mikhlin's coordinates is generalised to construct the field of charac-
teristics of this system of equations. It is shown that in the case when both char-
acteristics are curvilinear, the solution of the boundary value task is brought to
solution of the telegraph equation. The methods for solving this equation under
boundary conditions, typical for models of perfect rigid plastic solid and elastic-
perfectly plastic solid, have been well studied [1, 3, 4].

Let us point out that, the suggested method for determination of stress con-
dition may be used for a range of metal materials as well, as it follows from
[12—-15].

Generalised Mikhlin’s coordinates

Let us consider arbitrary plane orthogonal coordinate system (&, 1) and the
Cartesian coordinate system(x, y). Both the systems are shown in the fig. 1. Let

us consider arbitrary point P, determined by the radius vector R, the beginning
of which coincides with the beginning of the Cartesian coordinate system. We
introduce a rectilinear coordinate y, counted from the beginning of the Cartesian

coordinate system in the direction of the coordinate m in the point P, and a recti-

linear coordinate X, counted from the beginning of the Cartesian coordinate sys-
tem in the direction of the coordinate & in the point P. Let e, and e, be unit vec-

tors in the direction of axes X and y respectively.

Since the curvilinear coordinates are orthogonal, it is obvious that the Mi-
khlin's coordinates are also orthogonal (fig. 1). The characteristics of the system
of equations consisting of the yield condition which is independent of the aver-
age stress, and the equilibrium equations, are orthogonal. Therefore, we can ac-
cept that are characteristic coordinates. In this case, the values and separately
satisfy the telegraph equation [1, 3, 4]. The characteristics of the system of equa-
tions consisting of the Mohr-Coulomb yield condition and the equilibrium equa-
tions are not orthogonal [5]. Let us denote the corresponding characteristic coor-
dinates. Without loss of generality, we can assume that the direction of the max-
imum (in the algebraic sense) of the main stress passes through the first and the

third quadrants (fig. 2).
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Fig. 1. Mikhlin’s orthogonal coordinates
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Fig. 2. Mikhlin’s orthogonal coordinates
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Then Mikhlin’s coordinates (X, y) of the point P are determined from the
equation

R =xe, + ye,. (1)

Then, the angle between the direction of this main stress and each of the
characteristic directions equals n/4+¢/2 [5], where ¢ — angle of internal fric-

tion. If the angle of internal friction is a constant value, then the angle between
coordinate curves of the characteristic system of the coordinates is a constant
value everywhere. Let us generalise definition of Mikhlin’s coordinates for these
systems. Just like in the case of orthogonal coordinate systems, we introduce a
rectilinear coordinate y, counted from the beginning of the Cartesian coordinate

system in the direction of the coordinate 3 in the point P, and a rectilinear coor-
dinate x, counted from the Cartesian coordinate system in the direction of the

coordinate o in the point P. It is obvious that now the system of coordinates
(x, y)does not appear orthogonal. However, the equation (1) is valid, if the vec-

tors e, and e, are directed along the new axes x and y, respectively. This equa-
tion can be written as follows:

xi+ yj=xe, +ye,, ()

here i and j are unit vectors of the Cartesian coordinate system. Let ¢ be the

angle between the axis x and the tangent to the line o in the point P. Then, fol-
lowing the definition, ¢ is the angle between the axes x and X in the point O.

Geometrically, we obtain (fig. 2)
i-e, =cosq, i-e,=—sin(Q+¢), j-e, =sin@, j-e, =cos(p+¢). (3)
Multiplication of equation (2) scalarly by the wvector i gives us

x=Xi-e, +Y)i-e,, and by vector j — y=Xj-e, +yj-e,. Excluding in these equa-
tions scalar multiplications of unit vectors by means of (3), we find

x=xcos@—ysin(@+¢); y=xsin@+ ycos(q+ ). 4)

Solving these equations for X and y, we obtain

xcos(@+ )+ ysin(Q+¢)

_ ycos@—Xxsin@
s V= .
cos ¢

X =
cos ¢
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Differentiating the first equation by 3, and the second by o, we find

(;_9); osf = S—Bcos((p+ d) +8—Bs1n((p+ d) +
+[ycos(o+ )~ xsin(g+ ¢)]a—‘g; (5)

@cos¢ = a—ycosq)—gsin(p— (ysinp+ xcoscp)&—q).
oo o oo oo

Equations of characteristics have the form [5]

dy _

dy T
o go; 0 g(cp+¢+ 2) ctg(@+9) (6)

Here the first equation defines the lines of the family o, and the second —
the lines of the family 3 . Equations (6) may be rewritten in the form

oy ox Oy
— =tgp—; —=-— — 7
™. go o’ P ctg(p+ <I>) B (7)

Putting (7) into (5), we obtain

(;—a);cosd) = [ycos((p+ ¢)—xsin(p+ (I))]Z—g

@cosd) =—(ysingp+ xcosq))é—q).
oo oo

Excluding in these equations x and y with the help of (4), we find

The only property of the coordinate system (o, 3) which was used in the
conclusion (8) consists in the scalar multiplication e, -e, being a constant value.
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Stress condition in granular medium
The equations (8) are simplified when considering the properties of charac-

teristic curves of the equations’ system consisting of the Mohr-Coulomb yield
condition and the equilibrium equations. In particular, in [11] it is shown that

= (o +B)coso, ©)

here @, is constant, introduced for convenience. Putting (9) into (8), we find

o oy _ . _
. - 10
aB =y —Xxsin¢; p ysing—x (10)

Let us point out that with ¢ =0 these equations coincide with the equa-
tions, obtained in the theory of plasticity of materials, the yield condition of
which does not depend on the average stress [1, 3, 4]. Let us introduce new
dependent variables X and Y by formulas

¥ = Xexp(no + mP); v =Y exp(no+ mp). (11)

Here n and m — constants. Putting (11) into (10), we obtain

a_X+mX Y — X sin¢; 8—Y+n}7:)78ind)—)_(. (12)
op oo

Accepting m =—sin¢$ and »n =sin ¢, we transform equations (12) into

— =Y, —=-X. (13)

Besides, equations (11) accept the form
X =Xexp[(a—B)sing]; ¥ =Yexp[(a—P)sind]. (14)

Equations (13) are brought to the telegraph equations of the form
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2 v 2y
8—X+)_(=O; a—YH?:O. (15)
60op 6aop

These equations are solved by virtue of Riemann method. In particular,
along any closed contour there is the equation

o _,0G\, (9GO
(-'SHGQ o i (f B GGB] B} :

Here f =X or f=Y, and G(a, b, o, B) — Green's function. Besides,

G(a,b,0,B) = J,| 2/(a=)(0-P) |

where J,, [2\/ (a—a)(b- B)J — Bessel function of the zero order.

Having the solution of the equations (15), we can find the dependence of x
and y from o and B . The equations (14) virtually give dependence of X and y

from o and B, and then the equations (4) and (9) are the dependence of x and y
from o and PB. The dependence of the quadratic invariant of the stress tensor
from a andf has the form [11]

G,—GC

q= 2 =g, exp[2(B—a)sin¢], (16)

here o, —the lowest (in algebraic sense) main stress;
q, — arbitrary constant.
The Mohr-Coulomb yield condition has the form

q— psind =kcosq, (17)

here p =—(o,+0,)/2 and k — cohesion coefficient which is a constant value.
The equations (16) and (17) determine o, and o, as functions o andf} . Consid-
ering (11), the dependences of stress tensor components in the Cartesian coordi-
nates from o and B are found with the help of standard equations of transfor-

mation of tensor components in the plane. Thus, considering the present the de-
pendence of x and y from o andf, the dependences of stress tensor components

in the Cartesian coordinates from x and y have been obtained in the parameter
form.
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Conclusion

It has been shown that the earlier developed methods used for construction
of stress field at plane deformation of material, subjected to a yield condition in-
dependent of the average stress, using Mikhlin’s coordinates, are fully applica-
ble for materials subject to the Mohr-Coulomb yield condition. To do this, it is
sufficient to introduce the generalised Mikhlin’s coordinates X and y by formu-

las (fig. 2), as well as the auxiliary functions X and Y by formulas (14). These
auxiliary functions satisfy the telegraph equation (15). The same equation is sat-
isfied by Mikhlin’s coordinates in the theory of plasticity, based on the yield
condition, independent of the average stress. The methods for solving the corre-
sponding boundary value tasks are well developed [1, 3, 4]. All these methods
can be used almost without changes to determine the stresses in the granular
medium.
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VJIK 621.313.333+06
A. B. Coiomun

KOMBMHUPOBAHHASA CUCTEMA TAM'M U BOKOBOM
CTABUNN3AUUMKN ANA MATHUTHOJNIEBUTALIMOHHOIO
TPAHCIOPTA

Hata noctymienus 09.09.2017
Pemrenue o my6aukaruu 26.10.2017

Bonpocel coBepIIeHCTBOBAaHUSI MMEIOLIUXCA U CO3JaHUS HOBBIX BHUIOB TpaHCIOpTa
BA)XKHBI M aKTyaJIbHBI JUIsl pa3BUTHS desoBedeckoro odmectBa. OHUM U3 Hanbosee nepernek-
TUBHBIX M SKOJOIMYECKH YHMCTHIX HOBBIX BHJIOB TPAHCHOPTHBIX CPENCTB SIBJISIETCSI BBICOKO-
CKOPOCTHOM MAarHUTHOJIEBUTALIMOHHBIA TPAHCIOPT, NEPEMELIAIONIMICI CO CKOPOCTSIMHU
10 500 km/4.

ILesab. O60ocHOBaTH 11€71€CO00PA3HOCTH UCTIOIB30BAHUS IMHEHHOTO aCHHXPOHHOTO JIBU-
rateis; pa3padoTaTh U UCCIIEI0BaTh BAPHAHTHI KOHCTPYKIIMH JIBUTATENICH JAHHOTO THIIA.

Metoapl. OnvcaHa KOHCTPYKLMS JIMHEMHOTO aCHMHXPOHHOIO IBUTaTesl ¢ MPOJOJIBHO-
MIONIEPEYHBIM MAarHUTHBIM TIOTOKOM [Tl KOMOMHHUPOBAHHOW CHUCTEMBI TATH M OOKOBOM CTaOWIH-
3alMd MarHUTOJIEBUTAIIMOHHOIO TPAHCIOPTA, Pa3BUBAIOIIAS IOBBIMICHHBIE yCHIUS OOKOBOM
crabuim3anyy. BeioiaHeHo MaTemaTuueckoe MojiepoBanie MaranToaBmkynmx cui (MJIC) B
3a30pe TATOBOrO JIMHEWHOro JIBUraTelis JaHHOro Tuna. J{is aHanmM3a ObUTH MPUHSTHI JOMYILEHUS
0 PaBHOMEPHOCTH pacIpeeIeHsl MarHUTHOW MHAYKIMH B BO3AYILIHOM 3a30p€ B IONEPEUHOM
HAIIPaBJIEHUU U O €€ CUHYCOWAAIBHOCTU B MPOJIOJIBHOM HAIpaBJICHUM, MO3BOJIMBILUE Pa3pado-
TaTh HOBYIO MaTeMaTW4ecKyro mMozenb pacrtpeneneHus MJIC B BO3ayIIHOM 3a30pe JIMHEMHOTO
ACHHXPOHHOTI'O IBUTaTeNIsl C MIPOAOJIEHO-TIONEPEYHBIM MaTHUTHBIM TIOTOKOM.

Pe3yabTaThl. PaspaboranHas MmaTemaTrueckast MoJelb s pacueta MJIC TsroBoii Jiu-
HEMHOI MalMHBl NO3BOJIMUT MOBBICUTh TOYHOCTh pacdeTa TATOBBIX M CTAOMIM3UPYIOUINX 00-
KOBBIX YCHJIMII KOMOMHUPOBAHHOW CHUCTEMBI JJIi MAarHUTHOJIEBUTAI[MOHHOTO TPaHCIOPTA, B
TOM YHUCJIE IIPH Pa3HBIX BapHaHTaX B3aUMHOIO PACIOJIOXKEHHS HHIYKTOpPa OTHOCHTEIBHO
BTOPUYHOIO 3JIEMEHTAa. JTO MOJATBEP)KJIAET YCHEIIHbIH JAECATUICTHUN OINBIT KOMMEPUECKON
9KCIITyaTalluyd BBICOKOCKOPOCTHOIO IO€37a Ha MarHUTHOM IIOJBECE, IEPEBO3ALIETO Macca-
XKUpOB U3 asponopta B ropox Llanxait B Kuraiickoil HapoHOM pecmyOuKe.

Ha BenuuuHy TAroBOro u OGOKOBOrO yCHJIMHM JMHEWHOTO aCHHXPOHHOIO ABHMTaTeNs C
IPOJOIBHO-IIONIEPEYHBIM MarHUTHBIM ITOTOKOM JIJIsl BHICOKOCKOPOCTHOT'O TPAHCIIOPTA BIIUSET
XapakTep pachpeesieHusl Toka BO BTOPUYHOM 3JIEMEHTE, KOTOPBIN CYIIECTBEHHBIM 00pa3oM
3aBUCHUT OT pacHpeeIeHUs MarHUTOABMKYIIIMX CHJI B BO3YIIIHOM 3a30p€ MAIIUHBI.

KomOuHupoBaHHasi cucreMa TATH, OOKOBasi CTaOMIIM3AIMsl, JTHHEHHBIA aCHHXPOHHBIHN
JBUTATEIb, IPOIOJIBHO-TIONIEPEYHBIM MArHUTHBIN IOTOK, MATHUTOABIKYILAsl CHIIA.
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BBeneHue

PazButue tpancnopra B Poccuiickoit @enepanuu, 001a1ar01eil orpoMHOM
TEPPUTOPUEN U BBIFOJHBIM TeorpauuecKUM IOJOKEHUEM, SIBISIETCS Ba)KHOU
CTpAaTernyecKkoy 3amauei. Peasnsanus HOBBIX TPAHCIIOPTHBIX HAIPABIICHUM, CO-
EAMHSIOIMX 3aI1aj]l ¢ BOCTOKOM M CEBEp € FOIOM HaIlled CTPaHbl, a TAK)XKE CO3/a-
HUE TPAHCIIOPTHBIX KOPUIOPOB HA TEPpUTOpHM Poccuu, COEUHSIOMNX CTPaHBI
EBpomnsl ¢ a3MaTCKMMHU IroCyJJapCTBaMU, JUIsl IEPEMEILECHHS TPY30B U MACCaAXKU-
POB MO3BOJIUT PEIINTh MHOTI'ME TI'E€ONOJUTUYECKHE M 3KOHOMHUYECKHE 3a/Jauu.
JUig AOCTHXKEHUS ATHX 1ieJiell He0OXOAMMO HE TOJIBKO COBEPIIEHCTBOBATH MMeE-
IOLMECS, HO U CO3/1aBaTh NMPUHUMUIIMAIBLHO HOBBIE BUBI BBICOKOCKOPOCTHOIO
TpaHcnopTa. COBpEMEHHBIE BBICOKOCKOPOCTHBIE BUbI TPAHCIIOPTA YKE HE B CO-
CTOSIHUM PEIIUTh NOCTABJICHHBIE 33/1a41 HA HOBOM YPOBHE.

CBOIO HUIIY B CO3JaHWH COBPEMEHHOM M INEPCIEKTUBHOM TPAaHCHOPTHOU
uH(ppacTpyKTypsl Poccun M Apyrux cTpaH CMOXKET 3aHATh BHICOKOCKOPOCTHOM
MarHUTHOJIEBUTALIMOHHBIN TpaHcnopT. [IpobieMaMu co3gaHusi U UCCIEI0BAHUS
MarHUTHOJIEBUTALIMOHHOTO TPaHCIOpTa B nocieanue 10 jer akTUBHO 3aHUMa-
IOTCSl POCCUMCKUE Hay4Hble paOOTHUKU M MHKEHEPHI B TPAHCIOPTHBIX By3ax, B
aKaJIEMUYECKUX U OTPACIIEBBIX HAy4YHO-UCCIIEN0BATEIbCKUX OpraHu3anusx. Bo-
IpOcaM Pa3BUTHS BBICOKOCKOPOCTHOIO MAarHWTHOJIEBUTALMOHHOI'O TPAHCIIOPTa
yaesatoT 3HaunTenbHoe BHUManue B OAO «PX», noanepkuBaroT UcCiea0Ba-
HUS B JIaHHOM 00JIaCTH B TOM YHCJI€ 5KOHOMUYECKH — IYyTEM BBIJICICHUS I'paH-
TOB Ha TOWCKOBBIE U OMNBITHbIE PaOOTHI. Pe3ynbraraM BBINOJHEHHBIX UCCIIEI0-
BaHUH U MEPCHEKTUBAM MPOBEICHUS JaIbHEUITNX padoT B JaHHOM 00jacTu mo-
CBSILIICHO MHOXKECTBO Cepbe3HbIX MmyOmukanuii [1-8]. HaubGonpmmx pe3ynbraTos
B pa3palbOTKe M UCCIENOBAHUSX MArHUTHOJEBUTAIIMOHHOTO TpaHcmopTa B Poc-
CUM JIOCTUTra Hay4Has mkona [lerepOyprckoro rocyapcTBEHHOrO yYHUBEPCH-
TeTa nmyTen coodmenus [1-7].

JIJ1 pakTUYecKoi peanu3alyy BBICOKOCKOPOCTHBIX MAarHUTHOJIEBUTALIMOH-
HBIX TPAHCIIOPTHBIX CHUCTEM HEOOXOAMMO PEIIUTh Psi HayYHbIX M TEXHUYECKUX
npo0eM, 0J1Ha U3 KOTOPBIX — O€30MIaCHOCTh JIBMKEHUS. be30macHOCTh IBMKEHUS
BBICOKOCKOPOCTHBIX T0€3710B HA MarHUTHOM IOJIBECE — BaXKHAsl MpoOIieMa, BKIIIO-
yarolgast B ce0s1 MHOrO acrekToB. OJMH U3 HUX — yJIy4llleHHe AUHAMHYECKHX Ka-
YeCTB MarHUTHOJIEBUTALMIOHHOTO TPAHCIIOpTa IyTeM OOECIeUeHUsl €ro noreped-
HOW CTaOMIIM3aIlMM OTHOCUTENILHO MyTEeBOW CTpYKTyphl. B PoctoBckom rocymap-
cTtBeHHOM yHuBepcutere mytedt cooOmienus (PTYIIC) pa3paGoran HOBBIM THT
TATOBOM MAaIlMHBI JJI1 MArHUTHOJIEBUTALIMOHHOTO TPAHCIIOPTA — JIMHEWHBIN aCHH-
XpoHHbIH aurarens (JIAL) ¢ npoaoibHO-IONEPEYHbIM MATHUTHBIM OTOKOM. Ta-
koit JIAJI ciocoGeH pa3BuBaTh MOMHUMO TATOBBIX YCHIJIHSA MOTIEPEYHOM cTabuUm3a-
nuu [9]. Yeunus nonepeyHod cTaOmiM3alii aBTOMAaTHUECKU BO3HUKAIOT CaMH
npyu OOKOBOM CMEUIEHHH TPAHCIOPTHOI'O 3KHIIaXa, MOJBEUIEHHOTO B MATHUTHOM
nojie, 0e3 TOMOJHUTENBHBIX YCTPOUCTB U JaTYMKOB nojoxkeHus. JIAJL ¢ npomoss-
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HO-TIONIEPEYHBIM MATHUTHBIM IMOTOKOM pa0OTaeT Ha MPUHIIUIIE BCTPEUHO OETYIINX
MarHUTHBIX TOJIEW. Psifi HaydHBIX pE3yJbTAaTOB IO MCCIEAOBAHUIO JMHEHHBIX
ACUHXPOHHBIX JIBUTATENed C MPOJOJILHO-TIONEPEYHbIM MAarHUTHBIM TOTOKOM B
PI'VIIC ony6aukoBan B [10—11]. Borpockl ABM>XEHMSI M TIOTIEPEUHON JUHAMUKHU
MarHMTHOJIEBUTAIIMOHHOTO TPAHCIOPTa BECbMa AaKTyallbHbl, O YE€M CBHJICTEIb-
CTBYIOT Hay4HbI€ HccieIoBaHuS B MOCKOBCKOM roCy/IapCTBEHHOM YHHMBEPCHUTETE
nyTei coobmenus [12].

KOHCTpPYKTUBHbIE CXeMbl U OCOBEHHOCTU paboThl
KOMOUHUPOBaHHbLIX CUCTEM TArM U 6OKOBOM cTabunusaumm

OpHa U3 KOHCTPYKIIHUMA, 00ECIIEYNBAOIINX CO3/aHHE TATOBOTO U OOKOBOTO
CTAOMIIM3UPYIONMIETO YCWINKA W TPEIHA3HAYCHHBIX JJISI MAarHUTHOJEBUTAIIUOH-
HOTO TpaHCMopTa, onucaHa B [13]. YBenuueHue TAroBOro yCuins KOMOUHHUPO-
BaHHOM CUCTEMBbI TATM U OOKOBOM cTabmnm3anuu odecneunBaet JIAJ[ ¢ mpo-
JIOJIbHO-TIONIEPEYHBIM MAarHUTHBIM ITOTOKOM [ 14].

JIAJI ¢ mpoaoibHO-NIONEPEUYHBbIM MAarHUTHBIM NOTOKOM [14] umeer B
HaIpaBJIeHUU JABWKEHUS 0e33yO10BbIe (IJIaJIKUE) AKTUBHBIE 30HBI, YTO IOBbI-
1IAET CUHYCOUJAJIbHOCTh PACIPEIEICHAS] MATrHUTHOTO MTOTOKA B BO3AYIIIHOM 3a-
30p€ ¥ 3HAYEHUE TATOBOTO YCUJIUS JAHHOTO JIBUTATEIS.

Jns ynydiieHus: pacnpenesieHus MarHUTHOTO TO0JIS B TTONEPEYHOM JIBUXKE-
HUIO HaIpaBJIEHUWU pa3paboTaH JIMHEWHBIM aCHMHXPOHHBIN aBurarens [15], co-
nepkaimuii UHAyKTop (puc. 1), MarHuTHas cucremMa KOTOporo oOpa3oBaHa Io-
MIEPEYHO PACIIOIOKEHHBIMU CEPICYHUKAMH 1, HECYIITUMHU KaTyIIKA OOMOTKH 2.
[TonepeyHO MIMXTOBAHHBIE CEPIACYHUKHU COCIUHEHBI MPOAOJIbHO IIMXTOBAHHBI-
MU cepiieuHrkamMu 3. CepIeUHUKH, IIMXTOBAHHbBIE B POI0JIbHOM HAIPaBIICHUH,
00pa30BaHbl JBYMS HAKJIIOHHBIMU CTEPXKHSIMH, KOHIIbI KOTOPBIX BXOJAT B Ta3bl
MONEPEYHBIX CEPACUYHMKOB. Ha mpooibHBIX CEepACUYHMKAX PACTOJIOKEHBI Ka-
Tymku oomMoTku 4. MHorodasznas oOMOTKa pa3/iefieHa Ha JBE 4acTH, OJHa U3
KOTOPBIX PacCMOJIOKEHA HA MOMEPEYHBIX, a Apyras — Ha MPOJOJIbHBIX CEpACYHU-
KaX. BTOpUYHBIA 3JIEMEHT BBINMOIHAETCS KOMIO3ULIMOHHBIM. JJIEKTPOIPOBOIS-
masi 4acTh 5 BTOPUYHOTO AJIEMEHTA YJIO0KEHA TIOBEPX OOpaTHOTO MAarHUTOMPO-
Boga 6. be3szyOmoBoe crpoenne wuHaykTopa aanHoro JIAJI ¢ mpomonbHO-
MONEPEYHBIM MArHUTHBIM MOTOKOM OOECIEYMBAET CHUHYCOUJIAILHOCTh pacrpe-
JIeJIEHUsT MAarHUTHOTO TIOTOKA B BO3AYIIHOM 3a30p€ B MOMNEPEYHOM HampasJe-
HUU, YTO TO3BOJIAET YBEJIUYUTHh OOKOBBIE CTAOMIM3HUPYIOIINE YCUJIUS TIPU HC-
MOJIb30BAHUU MAIlIMHbI HA MAarHUTHOJIEBUTAITMOHHOM TPAHCIIOPTE.

[IpyHIMO IENCTBUS JIMHEMHBIX ACUHXPOHHBIX ABUTATENIEH, TPUHUIUIIHAIb-
HbIE KOHCTPYKTUBHBIE CXEMBI KOTOPBIX MPEICTABIEHBI HA PUC. |, 2, OMMHAKOBHI,
U B HUX MCMOJb30BAHO SIBJIEHWE BCTPEYHO OEryIIMX MarHUTHBIX MOJEH.
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Puc. 2. JIuHelHbI aCHHXPOHHBIN ABUTATENb C IPOJOJIBHO-IIONEPEYHBIM
MAarHUTHBIM TIOTOKOM: | — IIOTIepeYHO MIUXTOBAHHBIN CEpJICUHUK; 2, 4 — 0OMOTKa;
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Hogas xonctpykums JIAJ[ ¢ mpoAoJbHO-IIONEPEYHBIM MAarHUTHBIM ITOTO-
KoM [16] m1si KOMOMHUPOBAHHBIX CUCTEM TATHM U OOKOBOM CcTaOWUIIM3aIMU MO3-
BOJISIET YBEJIMUUTD YCUIIUS OOKOBOM CTAOMIIM3AIMM 33 CUET TOTO, YTO MPH MOIe-
PEYHOM CMENICHUM MAarHUTHOJIEBUTALIMOHHOIO TPAaHCIIOPTHOI'O JKHUIIAXKa 4YacTh
UHAYKTOpa pPACIONaraeTcsl HajJ KOPOTKO3AMKHYTONM OOMOTKOM, pa3MELIeHHON
1o 00€e 4acTu OCHOBHOM MyTEBOM CTPYKTypbl. B 3TOM citydyae nonepedHno Oery-
L€ MarHUTHBIE I10JIs B3aUMOJEUCTBYIOT C TOKAMU CTEPIKHEH, & HE C BUXPEBBI-
MU TOKaMH B JIEKTPOIPOBOJIAIIEH IMHE. B utore ycuiaus nomnepeyHoi crabu-
JIM3AlUU BO3pPACTAOT, YIy4llaeTcs MoNepeyHas JUHAMUKAa MarHUTHOJIEBUTALIU-
OHHOT'O TPAHCIIOPTA.

JIuHeliHbIe aCUHXPOHHBIE JABUTATEIN C IPOJOJIBHO-IIONEPEYHBIM MarHUT-
HBIM ITOTOKOM ITO3BOJISIIOT PEAIN30BaTh BEICOKHUE JINHEMHBIE CKOPOCTH JAAXKE MPH
IPOMBIIUIEHHON YacTOTE 3JIEKTPOMUTAHMS, MIOATOMY OJHOM W3 Haubosee mep-
CHEKTUBHBIX 00JIaCTEll MPUMEHEHHUs 3THUX JBUTATENIEH SBISETCS BBICOKOCKO-
POCTHOM MAarHUTHOJEBUTALMOHHBIN TPAHCIIOPT, KOTOPBIA IEPEMEIIAETCA CO
ckopocTbio 350-500 km/4. JIuHelHble aCHHXPOHHBIE ABUTATENNd C MPOJOJIbHO-
IIOTIEPEYHBIM MATHUTHBIM IIOTOKOM IIPOCTHI 110 KOHCTPYKIIMH, TEXHOJOTHYHBI B
U3rOTOBJIEHUH U 00J1a/1at0T BBICOKON HaIE)KHOCTHIO. B cBsi3u ¢ 3TUM pa3paboTka
OCHOB MX TEOPUH U METOJMKH PACUETa SABIIACTCA aKTyaJIbHOM 3aa4eil.

MaTemaTuyeckoe MoaenMpoBaHue pacrnpeaeneHus
MarHuToaBuxXyLwen cunbl JIAL ¢ npoaonbHo-NonepeyYHbIM
MarHMTHbIM MOTOKOM

s snekrpomarautHoro pacuera JIAJ[ n onpeneneHus €ro NHTErPaIbHBIX
XapaKTEPUCTHUK HEOOXOIUMO pPa3paboTaTh MaTEeMAaTUYECKHE MOJIEIM MAIIWHBI,
YUUTBIBAIOUIUE pactipeneneHue mMaruuroapwxkyiueid cuiasl (MIC) B Bo3myliHOM
3a30p€ U B JIEKTPOITPOBOIAILIEH YaCTH BTOPUYHOTO dJIEMEHTA. JINHEWHbIE aCUH-
XPOHHBIE IBUTATENM € NPOAOJIBHO-NONEPEYHBIM 3aMBIKAHUEM MArHUTHOIO TIOTO-
Ka MMEIOT Pa30MKHYTYI0 MAarHUTHYK CHUCTEMY, IPU UX PabOTe MPOSBISAIOTCS
IPOJIOJIbHBINA U MONEPEUHbIM KOHLEBBIE 3(()EKTHI, KOTOPBIE OKA3bIBAIOT OO0JIBIIOE
BJIMSIHUE Ha TArosble cBoiicTBa JIA/], mosTomy Ipu pacuere HEOOXOIUMO YUUThI-
BaTh BJIMSAHUE KOHLEBHIX 3¢ dekToB. [ ydera BAUSHUS NMPOJOIBHOIO U MOTIe-
PEYHOTO KOHIIEBBIX d(PPEKTOB TUHEHHBIA aCHHXPOHHBIN JBUTATENh MPEICTABIISA-
eTcs B BHUJIE JIByX PacUETHBIX MOJEJEH, Ha KOTOPbIX M300pakaeTcs pacipeerne-
HY€ MarHUTOJIBW)KYIIMX CWJI B IBYX B3aMMHOIEPIICHIUKYJIIPHBIX HAIIPABICHUSX.
Takoit meron anamuza MJIC s JIAJL ¢ mpoaosapHO-IONEpeYHbIM MarHUTHBIM
notokoM Obut ucnonb3oBad B PI'YIIC. Mcnonp3yem Takoi MOIXO JIs Orpeie-
JIEHUs] MarHATOABHXKYILEH cuibl B JIA I, KOHCTPYKIIMM KOTOPBIX NpeIHA3HAYECHbI
JUISL MCIIOJIB30BaHUs Ha IMEPCHEKTUBHOM BBICOKOCKOPOCTHOM MAarHUTHOJIEBUTA-
LIMOHHOM TPAHCIIOPTE.
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Pacuetnas monens JIA/[ B mpoaoiabHOM HaMpaBICHUM TPEJICTABICHA Ha
puc. 3 B BUAE YEPEAYIOMIMUXCS Yepe3 ONMPEACICHHbIE TPOMEKYTKH UHAYKTOPOB
JMHENHBIX 3JIeKTpoaBUraTenei. [I[poMexXyTkn MexXay UHIAYKTOPAMH SIBIISIIOTCS
30HaMU TMPOJIOJILHOTO KOHIIEBOTO 3(PdeKTa, KOTopas MOXKET ObITh NpPUHSITA

L. ..« =2t W3 puc. 3 BUIHO, 4T0 B IpoaoabHOoM HanpasieHud M/IC nzmenser-

Csl CHHyCOUAAIbHO ¢ niepuojoM /. [lonaraem, 4To B 30HaX IpPOI0JIBHOTO KPaeBo-
ro 3¢ ¢dexkTa MarHUTOABIKYIIAS CUJjla paBHA HYJIIO.

pr pr Ls pt
a
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Puc. 3. Pacuetnas monens u pacnpenenenue MJIC nuneitHoro nBurarens
B [IPOJIOJILHOM HAMpaBJICHUH: a) OCHOBHBIC 30HBI MAIITUHBI:
1 — uHAYKTOD; 2 — BO3YIIHBIH 3230p; 3 — AMEKTPONPOBOAAIIAS YaCTh BTOPUYHOTO AJIEMEHTA;
4 — oOpatHnbIit MaraHuTonpoBo; 0) pacnpeaenenue M/IC B HanpaBieHUN ABUKCHUS

111



PaccmoTpum pacueTHyr0 MOAENb JIMHEMHOTO ACHHXPOHHOTO JABUTATENS B
nornepeyHoM HarpasieHuu (puc. 4). Kapruna pacnpenenenuss MarHuTOIBHKY-
1IN CWIBI JIMHEMHOTO ACMHXPOHHOI'O JIBUTATENsl B IONEPEYHOM HaIlpPaBICHUU
[IOKa3bIBA€T, YTO MallIMHA 00Pa30BaHA IECThIO OJIMHAKOBBIMU JINHEHHBIMU JIBU-
raTejisiMy, JEHUCTBYIOLIUMU COIVIACHO, MOJ3TOMY JOCTATOYHO PacCUUTATh OJIUH
JIMHEWHBIA aCUHXPOHHBIN JBUraTElb, & PE3YIbTaThl YMHOKUTH Ha LIECTh.
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Puc. 4. Pacuetnast moniens u pacnpenenenre MJIC TMHEMHOr0 aCHHXPOHHOTO JIBUTATENS
C MPOAOJIBHO-TIONEPEYHBIM MAarHUTHBIM ITOTOKOM B MIOIIEPEYHOM HaIlPaBJICHUU:
a) monepeuHoe ceuenue JIA/JL; 6) pacnpeaenenue MJIC

PaccmoTpyM  NMHEHHBIM  ACMHXPOHHBIM  JBHTareilb C MOPOJOJIBHO-

NOMEPEYHbIM MAarHUTHBIM TOTOKOM, MUMEIOIIUNA KOHCTPYKLHUIO, MPEICTaBICH-
HYI0 Ha puc. 1.
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JIA/l pa3zout ana ananu3za pacnpeneneHuss MJIC na 3oub1 1-24. Bocnosib-
3yeMcs pSAAOM JOMYIIEHUH, TO3BOJISIIOUIMX MMOTYYUTh aHAIUTHYECKOE PEIICHHE
3ajgaun. Ilonaraem, 4ro:

® MarHMWTHas IPOHHUIAEMOCTh MarHUTOMNPOBO/Ia paBHA OECKOHEUHOCTH;

® 3JIEKTPUYECKasi IPOBOJAUMOCTh MAarHUTOIIPOBO/Ia PaBHA HYJIIO;

® TOK MHIYKTOpa COCPEIOTOYEH B OECKOHEYHO TOHKOM CJIO€ Ha MOBEPX-
HOCTH 3yOLI0B, OOpaIIeHHbIX KO BTOPUYHOMY 3JIEMEHTY;

® TOK MHIYKTOpa CO3JacT B HANPABJICHHH OCU X CUHYCOUJAIBHO Oery-
uryto Bosiny MJIC;

® COCTaBJISIOLIME INIOTHOCTH TOKA IO OCH y B MHAYKTOPE U BTOPUYHOM
3IIEMEHTE PaBHBI HYJIIO.

B BbIOpaHHOM BapuaHTe KOHCTpyKuuu JIA/] ¢ mpoaosibHO-NIONEPEYHBIM
MarHUTHBIM TTIOTOKOM B COOTBETCTBHUH C PAaCUETHBIMHU MojiensaMu (puc. 3, 4) u c
Y4E€TOM MPUHATHIX AOMYLIEHUN 3HAYEHHsS] MAarHUTOJBHKYIIMX CHJI MOJYYEHBI
JUTSI BCEX PACCMaTPUBAEMBIX 30H B IMOMEPEYHOM HAIIPaBJIEHUU.

B COOTBETCTBUUM C MPUHATHIMU AOMYIICHUSAMU M PACUETHBIMH MOJEISIMHU
(puc. 3, 4) u ¢ npeobpazoBanusamu s JIAJl ¢ mpoaosibHO-MONEPEYHBIM Mar-
HUTHBIM ITOTOKOM YyCTaHOBJ€HO, 4yTo MJIC AaHHOrO JIMHEWHOro JBHUIaTels
IpEACTABIAET COO0H NepuoANYECKYI0 (PYHKIHIO ¢ IepHoaoM 7, =/ IO OCU X U

¢ nepuoaoM 7, = 2L 10 OCH z, KOTOpas 3aJlaHa CJIeIyIoIUM 00pa3om

( n
J(ot—=)
T

Fe ;
mpu— pT<x< pt;, —(a+b)<z<(a+b);

. W(z—a) | jer=x
F l—smg ¢ T
F(x,z,t)=-
mpu— pT<x< pt; a<z<(a+b),

. T(z4a) | i
F 1+sm¥ e T
2b

mpu— pt<x< pt; —(a+b)<z<-a,

242
rac Fm :Tq m-w, [hb .koﬁl;
¢ — YMCJIO Ta30B Ha MOJIOC U hazy;
We — 9UCIIO BUTKOB B KaTyIIIKe 0OMOTKH;
m — gucio ¢as;
Iy — TOK (ha3wl MHAYKTOPA;
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k5, — 0OMOTOYHBINH KO PUITHEHT IJIs IEPBOY TapMOHHUKH TOKA,;

T — MOJIFOCHOE JIEJICHUE UHAYKTOPA;

a, b — nonepeyHbie pa3Mepbl cepeUHUKA.

C yuetom koHCTpyKuuH MHAyKTOpa JIAJL ¢ MpoAOabHO-MIONEPEYHBIM Mar-
HUTHBIM MTOTOKOM €r0 MarHUTOJBIXKYIIIYIO CHIIy MOCJE psija npeoOpa3oBaHMA
MPEJCTABUM B BUAE ABOUHOTO psana Dypee:

2

8 F (+27TvY
F(x,z,t)= i mZZanos(nn%)vke“‘” )

n A%

A€ 71 — LEN0e MOJIOKHUTEIBHOE, HEYETHOE YUCIIO — MOPSJ0K TAPMOHUYECKON
cocrasisitonieii M/IC no ocu z, rae nepuoa NEpPBOM TAPMOHUKH COCTABIISIET
2L = 4(a + b);

Vv — m000¢€ 11e10€ YUCII0 — MOPSAJ0K TAPMOHUKH B HAIIPABJICHUU OCH X;

n, — Kodpduuuent, yuntoiBaromuil pacrnpeneneaue MJIC B 30He 1000BbIX

gacTteid 0OMOTKHU.

Koadbdumment, yunrsiBarommii pactpenenenne MJIC B 30He 10060BbIX Ya-
creit Tsarosoro JIAJ[ ¢ mpoaoabHO-MONEPEYHBIM MAarHUTHBIM TOTOKOM, OIpe/e-
JSI€TCS COOTHOLIEHUEM

1 . mn(a+b) b a
n,= sin —2n—cos| tn— | |;
n[1-(2n%)’ | L L L
v = sin pn(1+v 2t
) l+v

rae Vi — ko3 Puiuuent, yuuTsiBaomui uncio nomocos JIAJL.

[TonyueHHOe mpenacTraBieHue MarHuToABKymx cui JIAJL ¢ mpoaonsHO-
IIONIEPEYHBIM MAarHUTHBIM IIOTOKOM B BUJIE ABOMHBIX psAnoB Dypbe clipaBeyInBoO
JUI MallUH C JOO0BIM YMCIOM MONIOCOB. [IpennoskeHHplil MoaXox K onpeserne-
HUIO PACIPEACIICHUS] MAarHUTOJBWXKYILIEH CHJIBI ITO3BOJIIET CBECTU PEAIBHBIC
mozenu JIAJl ¢ mpomonbHO-NIONEPEYHBIM MATrHUTHBIM ITOTOKOM CO CJIOXKHBIM
CTPOCHUEM MArHUTHBIX CUCTEM HUHAYKTOPOB K PAaCUECTHBIM MAaT€MaTHYECKHUM,
MO3BOJIAIOUIUX PACCUUTHIBATH MarHutHoe nosje JIA/I.

3aknroyeHue

PaccMOTpeH psin KOHCTPYKLMM JIMHEMHBIX aCHHXPOHHBIX JABUTATEIIEH C IPO-
JOJILHO-TIONIEPEYHBIM MAarHUTHBIM MOTOKOM C TOYKH 3PEHHUs 1eJIeCO00pa3HOCTH
UX TIPUMEHEHUS ISl IEPCIEKTUBHOIO BBICOKOCKOPOCTHOTO MATHUTHOJIEBUTALU-
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OHHOI'O TPAHCMIOPTA B KAYECTBE KOMOMHUPOBAHHBIX CUCTEM TATH U OOKOBOM CTa-
OMJIM3aluN.

[IpenyioxkeHa METOANKA aHAIMTUYECKOTO OIPENEIICHNUsS MarHUTOABIKYILEH
CHWJIBI, TO3BOJISIONIAs UCCIIE0BATh €€ PACIPEACICHUE B BO3AYILHOM 3a30pe IIpU
000N KOHCTpYyKUMM HMHAYKTOpa TsroBoro JIAJ[ ¢ mpoaoiabHO-IONEpEeYHBIM
MarHMTHBIM IIOTOKOM JUISl BBICOKOCKOPOCTHOTO MAarHUTHOJIEBUTALIMOHHOTO
TpPaHCIOpTa.

Pa3zpaboransl MaTeMaTHueCKUe MOJENU JJIsi HOBBIX KOHCTPYKUUN HMHIYK-
TOPOB TATOBBIX JIMHEWHBIX ACHHXPOHHBIX JBUraTeled C IPOJOJIBHO-
IIONIEPEYHBIM MATHUTHBIM ITOTOKOM, MO3BOJIAIOIIME HAXOAUTH PACIPEIEICHUE
MarHuTOJABWXKYyIIEeH cuibl JIAJ B BO3AYIIHOM 3a30p€ MEXIy HHIYKTOPOM H
BTOPUYHBIM 3JIEMEHTOM M YCTAaHABJIMBATH B3aWMOCBS3M MEXAY ITapaMEeTPaMU U
pa3Mepamu JIMHEWHOW MamuHbl U BenuduuHoW MJIC, 4TO MOBBICUT TOYHOCTH
pacyeToB IpU NPOECKTUPOBAHWH JAHHBIX JBUTATENIEU ISl BBICOKOCKOPOCTHOTO
MAarHUTHOJIEBUTALMOHHOTO TPAHCIIOPTA.
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The problems of improvement of modern types of transport and creation of new ones
are important and topical for the human society development. One of the most promising and
environmentally-friendly modes of transport is the high-speed maglev transport, moving at
speeds of approximately 500 km/h.

Objective. Justification of linear induction motor, development and research of various
constructions of this type of motors.

Methods. Description of linear induction motor with longitudinal and transverse mag-
netic flux for combined traction and lateral stabilisation system of maglev transport, having
increased lateral stabilisation forces. The mathematical modelling of magnetomotive force
(MF) in the air gap of traction linear motor of this type has been conducted. To analyse the
MEF the assumption has been made about even distribution of magnetic induction in the air
gap in transverse direction and its sinusoidal longitudinal direction, making it possible to de-
velop new mathematical model of MF distribution in the air gap of linear induction motor
with longitudinal and transverse magnetic flux

Results. The developed mathematical model for calculation of MF on traction linear
machine will enable increasing accuracy of traction and lateral stabilisation combined system
forces for maglev transport. The same relates to mutual location of inductor to the secondary
element. All this proves the successful ten-year commercial operation experience of magneti-
cally suspended train carrying passengers from an airport to Shanghai, P.R. China.

The values of traction and lateral stabilisation forces of linear induction motor with lon-
gitudinal and transverse magnetic flux is greatly influenced by the character of current distri-
bution in the secondary element. The character itself is influenced by MF distribution in the
air gap.

Combined traction and lateral stabilisation system, lateral stabilisation, linear induction
motor (LIM), longitudinal-transverse magnetic flux, magnetomotive force (MF), secondary
element (SE).

Introduction

Development of transport in the Russian Federation, which has a vast terri-
tory and a good geographic location, is of great strategic importance. Realisation
of new transport routes, connecting West with East and North with South of this
country, and creation of transport corridors in its territory, connecting European
and Asian countries for transportation of goods and passengers, will enable solv-
ing many geopolitical and economic issues. To achieve this goal, it is necessary

117



not only to improve the existing transport modes, but also to create conceptually
new, high-speed ones. Today’s high-speed transport modes cannot respond to
new challenges.

Magnetic levitation transport can have its own niche in creation of transport
infrastructure of the number of countries, including Russia. The problems relat-
ed to creation of maglev transport have been tackled by Russian scientists and
engineers for over 10 years already. These scientists work at transport universi-
ties, in scientific and research organisations. The development of this mode of
transport is paid much attention to in JSC “RZD”, which supports researches
aimed at studying various aspects of this problem, including by means of finan-
cial help. And the results of these studies are described in detail in various seri-
ous publications [1—8]. The best-known research results are those obtained by
Emperor Alexander I St. Petersburg State Transport University scientists [1—7].

To practically implement high-speed maglev transport systems, it is necessary
to solve a number of scientific and technical problems, with the traffic safety being
one of them. Magnetically suspended trains traffic safety is a crucial problem com-
prising a large number of aspects. One of them is improvement of dynamic proper-
ties of maglev transport by means of ensuring its transverse stabilisation relatively
to the guideway. Rostov State Transport University (RGUPS) has development a
linear induction motor (LIM) with longitudinal and transverse magnetic flux. Apart
from traction forces, LIM with longitudinal and transverse magnetic flux (LTMF)
is capable of achieving lateral stabilisation forces [9]. Transverse stabilisation forc-
es automatically emerge themselves when lateral displacement of the vehicle takes
place, suspended in the magnetic field, without any extra devices and location sen-
sors. LIM with LTMF functions on the basis of magnetic fields flowing towards
each other. A number of results of researches of LIM with LTMF at RGUPS has
been published in [10, 11]. The motion and transverse dynamics of maglev
transport 1s very topical which is indicated by researches being carried out at the
Russian University of Transport (MIIT) [12].

Construction schemes and peculiarities of combined traction
and lateral stabilisation system performance

One of the constructions making it possible to create traction and lateral
stabilisation forces for maglev transport, is described in the [13]. The increase of
traction force in combined traction and lateral stabilisation system is ensured by
LIM with LTMF [14].

LIM with LTMF [14] has toothless (smooth) active zones in its motion di-
rection that helps increase sinusoidal distribution of magnetic flux in the air gap
and the traction force value of LIM.

To improve magnetic field distribution transversely to the motion direction,
the LIM with inductor has been developed (fig. 1), the magnetic system of
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which is arranged by transversely placed cores 1, bearing winding coils 2.
Transversely laminated cores are connected by longitudinally laminated cores 3.
The longitudinally laminated cores are made up by two slant cores, the limbs of
which are inserted into grooves of transverse cores. On the longitudinal cores,
the winding coils are placed 4. Polyphase winding is divided into two parts, with
one of them place on the transverse cores and the other on the longitudinal ones.
The secondary element is composite.
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Fig. 1. Linear induction motor with longitudinal and transverse magnetic flux:
1 — transversely laminated core; 2, 4 — winding; 3 — longitudinally laminated core;
5 — electroconductive bus; 6 — ferromagnetic base

The electroconductive part 5 of the secondary element is laid over the re-
verse magnetic conductor 6. Toothless inductor structure of this LIM with
LTMF ensures equal transverse distribution of magnetic flux in the air gap, thus
making it possible to enhance lateral stabilisation forces.

The working principle of LIM, the schemes of which can be seen in the fig.
1, 2, are the same with the magnetic fields flowing towards each other.

New construction of LIM with LTMF [16] for combined traction and lat-
eral stabilisation systems enables increasing lateral stabilisation forces owing to
the fact that during vehicle lateral displacement, a part of the inductor is placed
above the short-circuited winding which is placed on both sides of the guide-
way. In this case, transverse magnetic fluxes interact with core currents and not
with whirling fluxes in the bus. As a result, transverse stabilisation forces grow,
and the lateral dynamics of maglev transport improves too.
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Fig. 2. Linear induction motor with longitudinal and transverse magnetic flux:
1 — transversely laminated core; 2, 4 — winding; 3 — longitudinally laminated core;
5 — electroconductive strip; 6 — ferromagnetic base

LIMs with LTMF enable realising high speeds even at industrial electric
power supply. Therefore, one of the most promising fields of these motors’ ap-
plication is high-speed maglev transport running at speeds 350-500 km/h. LIM
with LTMF are not sophisticated, but are highly reliable. In this respect, the top-
ical task is to develop their theoretical base and calculation methods.

Mathematical modelling of magnetomotive
force distribution of LIM with LTFM

For electromagnetic calculation of LIM and determination of its integral
properties, it is obligatory to develop machine mathematical models, considering
machine magnetomotive force (MF) distribution in the air gap and in the con-
ductive part of the secondary element. Linear induction motors with longitudinal
and transverse short-circuited magnetic flux have open magnetic system, and
there are longitudinal and transverse end effects occurring during their perfor-
mance, which strongly influence LIM traction properties. Therefore, it is im-
portant to consider end effects during operation. In order to take into account the
influence of longitudinal and transverse end effects, a linear induction motor is
represented in the form of two calculation models, which display magnetomo-
tive forces distribution in two mutually perpendicular directions. This method of
analysis of the MF for the linear induction motor with a longitudinal and trans-
verse magnetic flux has been used at RGUPS. We use this approach to deter-
mine the magnetomotive force in the LIM, the designs of which are intended for
use on a promising high-speed magnetic levitation transport.
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The calculation model of LIM in the longitudinal direction is shown in the
fig. 3 in the form of linear motors’ inductors alternating with each other. The in-
tervals between the inductors are the longitudinal end effect zones. The zone can
be taken as L .. =2t.. It is seen from the fig. 3 hat in the longitudinal direction

the MF changes evenly (sinusoidally) with the period /. We suppose that in the
longitudinal end effect zones equals zero.
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Fig. 3. Calculation model and MF longitudinal distribution of LIM:
a) machine basic zones: 1 — inductor; 2 — air gap; 3 — electromotive part of the SE;
4 — reverse magnetic yoke; b) longitudinal distribution of MF

Let us analyse the model of linear induction motor in the transverse direc-
tion (fig. 4). The scheme of MF transverse distribution indicates that the ma-
chine is formed by 6 similar linear motors, which function in unison. Therefore,
it is sufficient to calculate only one LIM and the results obtained can be multi-
plied by 6.
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Let us analyse LIM with LTMF, having the structure shown in the fig. 1.
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Fig. 4. Calculation model and transverse distribution of MF of linear induction motor with
transverse and longitudinal flux: a) cross section of LIM; b) MF distribution

For analysis of MF distribution, LIM is divided into zones 1-24. Let us
make use of the number of assumptions allowing us to obtain analytical solution
of the task. We suppose that:

o magnetic permeability of the yoke is infinite;
o yoke electric conductivity is equals zero;
o inductor current is focused on infinitely thin layer on the surface of

teeth facing the SE;
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o inductor current generates sinusoidal running wave of MF in the di-
rection of the x axis;

o current density constituents on the y axis in the SE equal zero.

For this construction of LIM with LTMF in accordance with calculation
models (fig. 3, 4), taking into account the taken assumptions, MF values have
been obtained for all transverse zones analysed.

In accordance with the assumptions taken and the calculation models (fig.
3, 4), and a number of transformations for LIM with LTMF, it has been stated
that MF of this motor is a periodic function with the period 7, =/ on the x axis

and with the period 7, = 2L on the z axis which is set as follows:

( T
J(ot—)
T,

Fe ;
it—pt<x<pt, —(a+b)<z<(a+Db);

F [1 —sin ™z=a) } ej(wt_?) ;
2b

F(x,z,t)=+ !

it—pt<x<pt;, alz<(a+b),

E, [1 +sin Mz +a) } PANERS
2b

9

it—pt<x<pt; —(a+b)<z<-a,

where F), :%q-m-wc g ko515

g — number of grooves per pole and phase;
we — number of windings in the coil;

m — number of phases;

Iy — inductor phase current;

k,s; — winding coefficient for current fundamental harmonic;

T — pole division of in the inductor;
a, b — transverse sizes of the core.
Considering the construction of the inductor of LIM with LTMF, after a
number of transformations, we will represent as double Fourier series

8tF z : .
- ZZnH cos(tn—)v e’ (or2mvyf).
nl S5 L

F(x,z,t)=

where n — integer, positive, odd number — order of the harmonic constituent of
MF on the z axis, where the period of fundamental harmonic is
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2L = 4(a + b);

v — any integer number — order of the harmonic in the x axis;

nyx — coefficient considering MF distribution in the zone of coil end.

Coefficient considering MF distribution in the zone of coil end of traction
LIM with LTMF is determined as follows

1 { mn(a+b) b ( aﬂ
n,= —| sin —2n—cos| mn— | |;
n|1-(2n4)’ | L L L
_sinpn(l+v3¢

1+v

K

where v« — coefficient considering the number of poles of LIM.

The received idea of magnetomotive forces of LIM with a longitudinal and
transverse magnetic flux in the form of double Fourier series is valid for machines
with any number of poles. The proposed approach to determine the distribution of
the magnetomotive force makes it possible to combine the real models of linear in-
duction motors with a longitudinal and transverse magnetic flux with the complex
structure of the magnetic inductor systems to the calculated mathematical ones that
make it possible to calculate the magnetic field of the LIM.

Conclusion

A range of constructions of linear induction motors with longitudinal and
transverse magnetic flux has been analysed, in terms of their relevance for appli-
cation for future maglev transport as a combined traction and lateral stabilisation
system.

The method has been suggested to analytically determine magnetomotive
force, making it possible to analyse its distribution in the air gap at any construc-
tion of LIM inductor with longitudinal and transverse magnetic flux for maglev
transport.

The mathematical models for new constructions of inductors of LIM with
LTMF, which enables finding MF distribution in the air gap between inductor
and the secondary element, and determine interconnections between parameters
and sizes of linear machines and MF value, which will increase the accuracy of
calculations during the design of motors for maglev transport.
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PErYNIUPYEMbIU HMHEVIZHI:IIZ ACI/IH)(POHHI:IIZ AOBUIATEIb
C KOPOTKO3AMKHYTOU OBMOTKOUW ANA
MATHUTHONEBUTALMUNOHHOI'O TPAHCIMNOPTA

Hara noctymenus 24.05.2017
Pemenne o my6aukaruu 07.11.2017

PaccmaTpuBaercs perynupyemblii TMHEHHbIN acUHXpOHHBIN auratens (JIAJL) ¢ koport-
KO3aMKHYTOM OOMOTKON BTOpHUYHOTO 3neMeHTa (BD), KoTophlii BhIMONHAET GYHKUUU SKOPS
MamuHbl. JIMHEHHOe pacroyiokeHHe KOPOTKO3aMKHYTOH OOMOTKHM BTOPUYHOTO JJIEMEHTA
JIAJI mo3BOMMIO MPEUIOKUTh KOHCTPYKTUBHBIE BAPUAHTHI PETYIMPOBAHMS CONMPOTUBIICHUS
obmotku BD.

Leasn. Pa3pabotate u uccnenosars JIAJl ¢ peryiaupyeMbM CONPOTUBIEHUEM KOPOTKO-
3aMKHYTOW OOMOTKH BTOPHYHOTO 3JIEMEHTA JIJIsl MarHUTHOJICBUTALIMOHHOTO TPAHCIIOPTA.

Ha coBpeMeHHOM ypOBHE pa3BUTHS 2JIEKTPOMEXAHUKHU, ACHHXPOHHOTO MIEKTPONPUBOA
Y MarHUTHOJIEBUTALIMOHHOTO TPAaHCIOPTa OCHOBHBIM METOJIOM M3MEHEHHs YacTOThI Bpallle-
HUS JIBUTaTeJIed U CKOPOCTH JIMHEWHOTO NMEPEMEILEHUS BBICOKOCKOPOCTHBIX TPAaHCIOPTHBIX
DKUIAXKEHN SBISETCS YaCTOTHOE peryjaupoBaHue. YacTOTHOE peryinpoBaHHUE MO3BOJIAET U3-
MEHATH YacTOTy BPALLEHUS MAIIWH U JMHEHHYI0 cKopocTh JIA/] TuiaBHO M B IIMPOKOM JHa-
nas3oHe. BbICOKas CTOMMOCTb CTaTUUECKHUX 3JIEKTPOHHBIX IpeoOpa3zoBareseil 00nbIIoil Mor-
HOCTH OTPaHWYMBAET ILIMPOKOMACHITA0OHOE MPUMEHEHHE YaCTOTHOrO peryiaupoBanus. Kpome
TOT'0, ITOBBIILIEHUE YAaCTOThI TOKA CHM)KAET BpAIllalOIIMii MOMEHT U TATOBOE yCHIIUE.

PesynabraTsl. [IpuMeHeHnEe perynupyeMbIX JIMHEHHBIX aCMHXPOHHBIX JBUTATENEd C
U3MEHSIEMBIMH COTIPOTUBIICHUSIMU KOPOTKO3aMKHYTHIX OOMOTOK BTOPHUYHBIX 3JIEMEHTOB T03-
BOJIUT PACIIMPUTH Juana3oH peryiauposanus JIA/], npeaHasHaueHHBIX U BBICOKOCKOPOCT-
HOTO MAarHUTHOJIEBUTALIMOHHOTO TPAHCHOPTA MPHU OOJIBIIMX TATOBBIX YCHIIMSX (B TOM YHCIIE
IpYU IMyCKE B XOJ1) METOJIOM BBITECHEHMS TOKA B ITa3y BTOPUYHOTO 3neMeHTa JIA/I.

BeiBoabl. PaccMOTpEHBI KOHCTPYKIMHU JIMHENHBIX ACUHXPOHHBIX JBUTaTeJIEH, BOIIPOCHI
pacdera MarHATHOTO T0JIS B [Ta3y BTOPUYHOIO JIEMEHTA, JaHA OLICHKA BIMSHHUIO BBITECHEHUS
TOKa Ha IyCKOPETYJUPOBOYHBIE XaPAKTEPUCTUKHA MAIITUHBI.

JIuHeWHBI aCHHXPOHHBIA JBUTATENb, pETyIUpyeMas KOPOTKO3aMKHyTas OOMOTKa,
MarHMTHOJICBUTALIMOHHBIN TPAHCIIOPT, MArHUTHOE IIOJIE B I1a3y, BBHITECHEHHE TOKa B Ia3y
BTOPUYHOI'O JJIEMEHTA.

BBeneHue

C KaxIbIM TOAOM MPOOJEMbI Pa3BUTUS TPAHCIOPTHOM OTpaciu BO BCEM
MHUpPE CTaHOBSTCS Bce Ooiiee akTyaabHbIMH. Oc000€ TMOJIOKEHUE B MEPCIIEKTHB-
HOW TpaHCHOpTHOM cucteMe Poccuiickon denepanuu J0IKEH 3aHATh MarHUT-
HOJIEBUTALIMOHHBIN BBICOKOCKOPOCTHOU TpaHcnopt. B Poccum B mocnennee
BpEMsI 3aHUMAIOTCSl TPOOJIEMaMH, CBS3aHHBIMHU C CO3JaHUEM W MPAKTUYECKUM
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IPUMEHEHUEM MATrHUTHOJIEBUTAIMOHHOIO TpaHcmopTa. B ero pa3Butuu 3auHTe-
pecoBano OAQO «Poccuiickue Keje3Hble JOPOru», MOANECPKUBAIOIIEE TOUCKO-
Bbie HUP B nccnenoBanuu pa3inyuHbIX acleKTOB JaHHOM mpoOiemMbl. O cepbes-
HOM OTHOILIEHUU K TIPOoOJIeMe CO3/IaHHs MAarHUTHOJIEBUTAIIMOHHOTO TPaHCIIOPTa
CBUJICTEIBCTBYET OOJBIIOE KOJIUYECTBO MyOJIMKAIMH, HEKOTOPhIE U3 HUX UMe-
10T ¢pyHAaMeHTalIbHbIN XapakTep [1-8]. Haubosnbiryio M3BECTHOCTh MOMYYHIH
Hay4yHbIE€ Pe3yJIbTaThl, JOCTUTHYThIE B pa3pabOTKe, TEOPETUUECKUX U IKCIepu-
MEHTAJIbHBIX MCCJIEIOBAHUIX MarHUTHOJIEBUTALIMOHHOIO TPAaHCIOPTAa HAy4YHBI-
MU paboTHHKaMu W uHxkeHepamu r. Cankt-IlerepOypra, B mepByro ouepenb,
yueHbiMH [leTepOyprckoro rocy1apcTBEHHOIO YHUBEPCUTETA MMyTeH COOOIEHUs
[1-7].

Bormpocsl peryinpoBaHusi CKOPOCTH JABUKEHHUSI BBICOKOCKOPOCTHOTO Mar-
HUTHOJIEBUTALIMOHHOI'O TPAHCIOPTAa Bcerga OyAyT B UMCIE CaMbIX BaKHbIX. B
ommkaifiiem OyayiieM Hanbojiee BEpOATHO, YTO B KAYECTBE OCHOBHOTO THUIIA
TATOBOM MaIIMHbl MATHUTHOJIEBUTALMOHHOT'O TPAHCIIOPTa OYJET UCIIOJIb30BATh-
csl NUHENHbIA acuHXpoHHbIN aurarens (JIAJ]). Ve ceoime 10 ner B Kurae
YCIEUIHO AKCIUTYaTUPYETCS MAarHUTHOJIEBUTAIMOHHBIN 110e3] ¢ TAroBeIMU JIA .
YacToTHOE peryupoBaHHe paccMaTpUBaeTCs MPAKTUYECKH O€3yCIOBHO KaK OC-
HOBHOM crOCO0 yIpaBieHUsI MarHUTHOJIEBUTAIIMOHHBIM TPAHCIOPTOM C TSTO-
BbiMU JIAJ]. YacToTHBIN cIOcOO peryiupoBaHUs TIOMUMO BBICOKOW CTOMMOCTH
CTaTMYECKUX MpeoOpa3oBarTeseil 4acTOThl U HANPSKEHHs] He 00ecreurBaeT 3Ha-
YUTEJIBHBIX ITyCKOBBIX YCUJIMI U JOCTaTOYHBIX YCUIIMN TATH IIPU HUZKUX CKOPO-
CTSX JIBUKEHHSL.

LUenb

Lenrs nanHOM cTaThu — pa3zpadborath U uccaeaosars JIA/] ¢ perynupyeMbim
COMPOTUBJIIEHUEM KOPOTKO3AMKHYTOM OOMOTKHM BTOPUYHOI'O 3JIEMEHTA JJI Mar-
HUTHOJIEBUTALIMOHHOT'O TPAHCIIOPTA.

B PocTtoBckOM TrocyJapCcTBEHHOM YHHBEPCUTETE NyTe COOOIIeHUs
(PT'VIIC) pa3paboTaH HOBBI THIl TATOBOW MAIlMHBI IS MAarHUTHOJICBUTAIIM-
oHHoro Tpancnopta — JIAJl, y koroporo oOMoTka BTOpu4HOro 3nementa (BD)
BBIIIOJIHEHA KOPOTKO3aMKHYTOM, C BO3MOKHOCTBIO IIJIJABHOT'O U3MEHEHMS €€ CO-
npotusieHus [9]. JIAJl ¢ kopoTko3aMKHYTOM 0OMOTKoiM BD obnamaer Takummu
K€ MYCKOBBIMM M PETYJIHPOBOYHBIMU BO3MOXXHOCTSIMU, KaK W ACHUHXPOHHBIN
nBUTaATENb ¢ pazHoi 00MoTKOMU. [To MHEHHIO aBTOPOB, MOXKET OKa3aThes A dek-
TUBHBIM COYETAHUE YACTOTHOTO PETYJIMPOBAHHUS MAarHUTHOJEBUTALIMOHHBIM
TPaHCIOPTOM C YINPABIECHUEM IYTEM W3MEHEHHUS COIPOTHUBIIEHHS KOPOTKO3a-
MKHYTOI 00MOTKH B3 JIA/I 11py BBICOKMX U HU3KHUX CKOPOCTSX JABUKECHUS.
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KoHCTpyKUMA 1 npuHUMn gencteusa perynupyemoro JIAL

B3 JIA/Il ¢ KOpOTKO3aMKHYTON OOMOTKOM MOKHO PAaclOJIOXKHUTh B IMyTEBOMH
CTPYKTYpE BBICOKOCKOPOCTHOTO MAarHUTHOJEBUTALMOHHOTO TpaHCIOpTa, a
MO>XHO YCTaHOBHUTHh Ha 3Kkumnaxe. C TOYKH 3pEHHUs PETyJIHPOBAHUS TATOBOIO
YCWJIMSI U CKOPOCTH JIBHXKEHHMSI, 00a BapraHTa MPAKTHUYECKU PaBHOLICHHBI.

B I'VIIC pa3zpaboransl perynupyembie JIA/] ¢ KOpoTKO3aMKHYTOW 0OMOT-
KOM, pacrosioKeHHON Ha BTopuyHOM 3ieMeHTe [10—-14]. ['maBHasi ocoGeHHOCTH
takux JIAJl 3aKkiro4aeTcs B BO3MOKHOCTH PETYJIMPOBAHUS CONPOTUBIIEHUS KO-
pOTKO3aMKHYTON 00MOTKHM BD, 4TO 0OecrnieunBaeTCsl IMHEHHBIM BBHITTOJTHCHHUEM
unaykropa JIAJl u ero BropuuHoro sneMeHTa. B mazax cepaeunuka BD JIA]J]
yJI0>K€HBI U30JINPOBAHHBIE TIPOBOJIHUKH, COCTABIISIIOIINE CTEPKHA 00MOTKH B,
C OJTHOM CTOPOHBI 3aMKHYTBIE OOIIEH IIEKTPONPOBOIAIICH MUMHON, a C IPYrou
CTOPOHBI 33aKaHYMBAIOLIMECS 3JIEMEHTOM, YCTAHOBJIEHHBIM C BO3MOXHOCTBIO
nepeMenieHus. 3aMeTUM, YTO B MOUIHBIX ACUHXPOHHBIX JIBUraTeNsAX C (ha3HbIMU
pOTOpaMH IPU MOMOIIM KOHTAKTHBIX KOJIEL U IIETOK MOTYT KOMMYTHPOBAThCS
TOKH NOPSIIKA HECKOJIBKUX COTEH, @ TO U ThICSY aMmIiep. TOKHM Takoro ke Mmopsi-
Ka MOTYT KOMMYTHPOBATbCS U B KOPOTKO3aMKHYTBHIX 00MOTKax BD perynupye-
MbIx JIAJI.

NunyxTops! TaroBeix JIAJ[ 1aHHOTO THUIIA MOTYT UMETH JIFOOYIO KOHCTPYK-
uuo. B pesynprare nepemenieHus 3ambIKaromiero sneMmenTa JIA/[ nzmensercs
YHUCJIO 3aKOPOYEHHBIX IMPOBOJHUKOB 00MOTKM BD m perymupyercs ee compo-
tuBneHue. Pan koucrpykuuit JIAJL ¢ perynupyeMbiM CONPOTUBIEHUEM OOMOTKH
B3 onmcan B monorpaduu [15] u B cratee [16].

Perynupyemsiit JIA/] ¢ yBennueHHbIM IMycKOBbIM ycuineMm [10] cxemaruue-
CKM TIOKa3aH Ha puc. 1. MHayKTOop conmepkuT Tpex(azHyro oOMOTKY, a B cepieu-
HUKE BTOPUYHOI'O 3JIEMEHTA KPOME OCHOBHBIX 1Ma30B 10, B KOTOPBIX pacOiI0kKEeHbI
CTep>KHH OCHOBHOW KOPOTKO3aMKHYTOW 0OMOTKHM B3, BHINOIHEHBI JOMOIHUTEIb-
Hble na3bl 11 1 pazmenenus myckoBoit 0OMoTkH JIAJ[. CtepHH MyCKOBOM KO-
POTKO3aMKHYTON OOMOTKH pa3MeIleHbl B HIPKHUX YacTAX JOMOJIHUTEIbHBIX M1a30B
JUIA yBenuueHus 3(pdexTa BhITECHEHHs TOKa MpH Iycke Asuratess. [IpuHimn pa-
00TBI mpencTaBieHHoro peryiupyemoro JIAJl: mpu monkimtodeHun TpexdaszHoit
0OMOTKHM MHIYKTOpa K MCTOUYHUKY HANpsDKEHUs1 BO30YXkmaercst Oeryiiee MarHur-
HOE M0JI€, IEPECEKAIOLIEE CTEPKHU OOMOTKHA BTOPUYHOIO 3JIEMEHTA U HABOJAILEE
B Hux snekrpoasmkyime cuibl (JC). JIns yBenmuveHus: MycCKOBOTO TSATOBOTO
YCWINS TOJBIKHBIM 3JIEMEHT IIPU IOMOIIY NPUBOAHOIO MEXAHM3Ma 3aMBIKAET
TOJILKO CTEP>KHH ITyCKOBOW OOMOTKH, pa3MeIIEHHbIE B HIDKHUX YaCTSIX JIOMOJIHU-
TenbHbIX na3oB. [log neiictBueM DJIC Mo cTepKHSAM IMyCKOBOM OOMOTKH MOTEYET
TOK, KOTOPBIN MPU B3aUMOAEUCTBUU C OEryIIMM MarHUTHBIM IOJIEM CO3/acT ITyC-
KOBO€ TsAroBoe ycwiue. [Ipu riryOokoM pacnosioeHUH B Ma3ax y3KUX CTEp)KHEH
3 QeKT BBITECHEHUS] TOKA OyAET PE3KO MPOSIBISATHCS, COMPOTHBICHUE KOPOTKO3a-
MKHYTOH IMyCKOBOW OOMOTKH YBEJIMYHUTCS, YTO MO3BOJIUT 3HAYUTEIHHO MOBBICUTH
ITyCKOBOE TATOBOE YCUJIME JBUTATEIIS.
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LFE ]

Puc. 1. Perymupyewmsiii JIA/] u ero BO:
1 — ungyKTOp; 2 — 0OMOTKA MHAYKTOPA; 3 — BTOPUYHBIHN 3JIEMEHT; 4 — cepaeuHuk BI;
5 — npoBoguuku K3 o6mMotku BJ; 6 — mmHa; 7 — 3aMbIKaIONIHii 371eMeHT; § — 3yOuaTas peika;
9 — 3y6uaroe koseco; 10 — ma3sl Jyist OCHOBHBIX cTepx)HEH 0OMoTKH BD;
11 — ma3sl A71s1 cTepKHEH MyCKOBOM 0OMOTKHU

JlBuraTenb HauyMHAET Pa3roOHATHCA, MO Mepe pasroHa JIA/] moaBHKHBIN
AJIEMEHT NEPEMEIIAETCS U OJJHOBPEMEHHO YACTUYHO 3aMBIKAET CTEPKHU OCHOB-
HOM U mMycKOBOW 00MOTOK B3, a 3aTreM B HOMUHAJILHOM PEXHME ITyCKOBas 00-
MOTKA Pa3MBbIKAeTCs, a OCHOBHASI MMOJHOCTBIO 3aKOpauYnBaeTcsa. B HOMUHAIBHOM
pexume perynupyembiii JIAJl paboTtaeT ¢ MUHUMAIbHBIMHM 3JIEKTPUUECKUMHU
HOTEPSIMU B KOPOTKO3aMKHYTOM oOMoTke B3D m mpu BeicokoM ko3¢ dunneHTte
IIOJIE3HOTO JIEHCTBHSI.

MarHuTHOe nosne 1 BbITeCHEHUE ToKa
B na3y BTopu4yHoro anemeHTa JIALl

BrimonHenune crep:KHEH KOPOTKO3aMKHYTOH OOMOTKHM BTOPHUYHOIO 3Je-
MeHTa JIAJl U3 OTaenbHBIX U30JUPOBAHHBIX MPOBOJIHUKOB, 3aMKHYTBIX C OJTHOMN
CTOPOHBI O0IIEH MWHOM, a C APYTOM — 3aMBIKAIOIIUM 3JIEMEHTOM, COJIepKaIUM
3JIEKTPONPOBOASAIINE U U3OJISIIUOHHBIE YYACTKH, MTO3BOJISET 3aKOPAUYNBATH MPO-
BOJIHMKH CTEPXKHEU MpHu ero nepeMenieHnn. CTaHOBUTCS BO3MOKHBIM 3aMKHYTh
OTAEIbHBIC MPOBOJHUKHA B KaXJOM Ia3y BTOPUYHOTO AJIEMEHTA, PACTIOJIOKEH-
HBIX Ha JIOOOM YpPOBHE MO BBICOTE IMa3a, U MOJYyYUTh Kak Obl YACTUYHO 3arod-
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HeHHbI na3 BO JIA/[. Bo3HHMKAOT M HOBBIE 3aJa4d MO PACUETy MArHUTHOIO
noJist B mazy BD u no yueTy BIUSHUS BHITECHEHUS TOKA Ha MapaMeTpbl OOMOTKH
BTOPUYHOTO AJIEMEHTA peryimpyemoro JIAJL.

Pacuetnass monens maza BD perynupyemoro JIAJL nisi maHHoro ciydvast
MOKa3aHa Ha puc. 2. BUIHO, 4TO 3aMBIKAaOIIMM 3JIeMEHTOM 3 B ma3zax BD 3a-
MKHYTO IO JiBa HWKHUX M30JMPOBAHHBIX MpoBojaHMKA |. HampaBnenue nepe-
MEIIEHMs 3aMBIKAIOIIETo AJIEMEHTa 3 MOKa3aHo CTpelikou (puc. 2). 3aKopodeH-
HbIE TIOJIBUKHBIM 3JIEMEHTOM 3 POBOJIHUKMU | 3alITPUXOBAHBI.

B mpouecce perynupoBaHUM CKOPOCTU B CTOPOHY €€ YMEHBIICHUS MYyTEM
YBEJIMYCHHSI COMPOTUBIICHUS KOPOTKO3aMKHYTOM OOMOTKM BD ckombxkeHue
YBEIIMYMBACTCS U BOSHUKAET BBITECHEHUE TOKA B Ma3y, aHAJOTHYHOE ITyCKOBOMY
peXKUMY.

[Ipu aHanm3e NPUHSATHI JOMYIICHUSA:

e MAarHWTHas MPOBOAUMOCTH CTaju cepAacuHuka BO perynupyemoro JIA/]
OECKOHEYHO BEJUKA;

e JJIMHA Ma3a paBHa OECKOHEUYHOCTH;

® MAarHuTHBIE CUJIOBBIC JIMHUU NEPIEHIUKYISIPHBI CTeHKaM nasza BO;

® [IPOBOJHMKH, 0Opa3ylolue crepkeHb 0OMOTKH BD, nmeror 6eckoHeu-
HO TOHKYIO H30JISILHUIO.

OproronanbHasi cucTeMa KoopAuHAT (puc. 20) COAEPKUT OCh z, HAIpaBJICH-
HYIO BJIOJIb 11233, OChb X, OPUEHTUPOBAHHYIO B MTONEPEYHOM HaNpaBJICHUU, U OCb ),
HaIpaBJICHHYIO BBepX. C y4eToM IOMyHIEHWM MOYKHO YTBEpPXAATh, YTO HAIpS-
KEHHOCTh MAarHUTHOTO TOJIA OYJET U3MEHATHCS TOJIBKO MO OAHON KOOpIMHATE Z.
YpaBHeHue J1sl HAMPSHKEHHOCTH MAarHUTHOTO TIOJIst Oy IeT OTHOMEPHBIM

O°H :
ayz = 'CO'HO'H' (1)

O61ee pernienue ypaBHeHus (1) U3BECTHO U3 MaTEMATUKH

]_']:C1 e ”+C,-e”,

rae p=yj-o-y-H.

IToctrostnubie uHTerpupoBanus Ci1 u C> ONpenenstoTcss Ha OCHOBAHUU 3a-
KOHA ITOJTHOT'O TOKa

G-,

rae [ — TOK, OpOTEKaloNi Mo CTepKHIO 0OMOTKU BO;

dl — 3IIeMEHT JJIMHBI CTEPKHSL.
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Puc. 2. 3akopaunBaHye MPOBOTHUKOB B Ma3y MPH JBMKEHUH 3aMbIKAIOIIETO dJIEMEHTa
CHU3Y BBepX: a) pparMeHT 0OMOTKH; 0) mas3;
| — IpOBOJHUKHM CTEPKHS; 2 — IIMHA; 3 — 3aMBIKAIOIIUH 37IEMEHT

B o0miem ciydae npu 3aMbIKaHUU MOJABUKHBIM 3JIEMEHTOM 4acTH ITPOBO/I-
HUKOB B mazax BD perymupyemoro JIAJL (puc. 2) ypoBeHb 3aKopauynBanus Oy-
JIeT onpeaenaThcs KodphuuneHTom o, aexanuM B npenenax 0<a<1.

Torna rpaHUuHbIE YCIOBHS OyAyT TpencTaBieHbl B Buae Hb, =0 mpu
y=0mu an:ijI/I y=ah,.
[Tpu 5TUX TPpaHUYHBIX YCIOBUAX MOCTOsIHHBIE HHTEeTpUpoBanus C1 u Cs:
j -poh poh
C,+C,=0, —=C (e""-e"™),
b
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HanpsxkerHocTh MarHuTHOrO 1noJjs B mazy BO JIAJL cocraBut

H—i e el _i Shpy
b e e’ b shpah,

n

[InotHOCTB TOKA B a3y BO onpenensercs ypaBHEHHEM

8=r0tH.

: H
VYuutsiBas, 4ro 6, =0; Sy =0; 3, =0, a TaKkxKke % =0, moxyuum
X

5__OH __1 pchpy _ s pchpy
oy b, shpoh, ? shpoh,

n
HanpsxkeHHOCTB 351eKTprudeckoro nodis B nazy BO JIAJ]

s S_ 1 p chpy
Yy b, v shpoh,

DneKTpOMarHuTHas MOLIHOCTb, MOCTyNaronias B o0JacTh mas3a, mo KoTo-
pOil MPOTEKAeT TOK, M MepeJaBaeMasl 4yepe3 BO3IYIIHBIA 3a30p OT MHAYKTOpa
JIAJL

§=—-| E©)-H"(0)-E(ah )-H (0h) .

NI»—*

rae [ — qvHa aKTUBHOMW YacTH CTEPIKHS, JIeKAIeH B Tazy.
[ToTepu MOIIHOCTH TIPU YaCTUYHO 3aMKHYTOM CTepkHEe oOMOTkH BD pas-
HbI pEATBHON YaCTH 3JIEKTPOMATHUTHOU MOIIHOCTH

2
11, Re pah, -chpoh, ©
2 v-b, -ah, shpoh,

P= ——Re[E(ah )-E'(ah,) | =

0 s
rae I, =1, -1, —xBagpaT MOyl BEKTOpA TOKA.

ConpoTHBIEHHE MPOBOJAHUKOB B 3aMKHYTOM YacTH CTEP)KHS KOPOTKO3a-
MKHYTOM 0OMOTKH BD mOCTOSIHHOMY TOKY

v-b, -ah
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Ecmu poh, =+ j)koah,, 10, BBOAA 0003HaueHue kh, =& — OTHOCHUTENb-
HOM r1yOMHBI IPOHUKHOBEHUS TOKa B ma3 BD u moxacraBnss pah, = (1+ j)og
B (2), momy4unm

2

Pz%mRa .R{(H M.M} _

sh(l+ )t

2 . .
:I—’”Ra ‘Re| (1+ yat- cha& - cosoé + jsho& s.moui
2 she€ - cosa& + jchol -sinog

_m

ch2af —cos20E ¢ 2

~sh2ag+sin2ag _ R I’

72

=N o R
2 K,

~sh20& +sin2ag

ch20&-cos2a.&
obmoTku BD nepeMeHHOMY TOKY.
KoadduumenT, yduThIBAIONIMIA YBEIUYCHUE AKTUBHOTO COMPOTHUBIICHHUS
3aMKHYTBIX ITPOBOJIHUKOB cTepkHs BD perynupyemoro JIA/I,

rne R, =0& R, — COIPOTHUBJIEHUE 3AMKHYTON YaCTU CTEPKHS

R, o - sh2aé& + sin 20
R ch2af —cos2af

o

P(8) = 3)

MHuMas 4acTh AJNEKTPOMATrHUTHON MOILIHOCTH, MOCTyHaroumend B mna3 oo-
MOTKM BTOpHYHOro sjeMeHta JIAJ[, sABIseTCs pPEaKTUBHOW MOIIHOCTBIO

0o=1 31 - X, tae X — MUHAYKTUBHOE COMPOTUBIICHUE 3aKOPOUYCHHON YaCTH CTEPK-

Hs1 00MoTkH BD perymupyemoro JIA/I.
PeakTrBHasi MOITHOCTH, TOCTYMAIOIIAs B 3aMKHYTYIO YaCTh CTEPKHSI,

0= —Jm[éE(ahn )-H (ah )} =

2 .
_ LT, | (1+ )k ch(1+ jkah, | _
2 v-b, sh(1+ j)kah,

[ I

nk sh2kah, —sin2koh,
2 y-b  ch2kah —cos2kah,
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NHayKTUBHOE COMPOTUBIICHHE 3aMKHYTOM 4YacTH CTepkHA oOMOTKM BDO
0e3 yueTra BBITECHEHUS TOKA B Ma3y

ah,
3b

n

X, =p,0l

YunreBast, 4to k% = [T y% u & =kh,, norydanm

i. 3 sh20&—sin2ad _y i
2 208 ch2o&—cos20& ‘2

Q:X(l

e X, =X, - 3 sh2ag—sin20g
20 ch20& —cos2ag
YEHHOM YacTH CTEP>KHSI 0OMOTKH BD ¢ y4eToM BBITECHEHUS TOKA B 1Ma3y.
Koaddumment, yautpiBarommii yMeHbIIIEHUE UHIYKTUBHOTO COTPOTHUBIIE-
HUS 3aMKHYTOW 4acTu na3a BO mpu BeITECHEHNH TOKA B a3y,

— UHAYKTUBHOE COIPOTHUBIICHHE 3aKOPO-

AE) = ;a 3 _ sh2a&—sin20€ @

., - 20& ch20&—cos2af

Jlyis ydera BIUSHUS TPOIlEcca BBHITECHEHUSI TOKA Ha MapaMeTphl KOPOTKO-
3aMKHYTOH OOMOTKH BTOPUYHOTO 3JIeMeHTa perynupyemoro JIAJ[ mpu pa3nmy-
HOM TIOJIO’)KEHUH 3aMBIKAIOIIETO AJIeMEHTa (PUC. 2) Ha OCHOBAHUU TIOTYyYEHHBIX
cootHomenuit (3) u (4) paspaborana mporpamma pacuera KodhPHUIEeHTOB yBe-
JMYEHHS] aKTUBHOTO M YMEHBIICHHS] WHAYKTUBHOTO COMPOTUBIECHUNA OOMOTKH
B3. PesynbraThl pacdera Juisi KOHKPETHOTO BapHaHTa KOHCTPYKIUU TATOBOTO
PETYINPYEMOTO JIMHEWHOTO aCHHXPOHHOTO JBUTATEINS ISl MAarHUTHOJICBUTAITH-
OHHOTO TPAHCIIOPTA MPEICTABIICHHBI Ha puc. 3, 4.
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Puc. 3. KoaddpunmeHTs! yBeTMUIeHHs] aKTUBHOTO CONTPOTUBIICHUS
MIPU NEPEMEIICHUH 3aMbIKAIOIIETO 3JIEMEHTA CHU3Y BEPX.

A — ;
AN \|\/-.‘&o¢= )/
IEANNNEZASS
| WARNRNL T
NAVRNEZ
g6 p ‘ =
RN
NNONDAL
Qb 7 < < -
ZPNNENS.
» Lbo| 7\\\“;%
A =095 !
1 | ". i
1 2 4 [ 8 )E’

Puc. 4. KoapdunmenTs! yMeHbIIEHUS! MHIYKTUBHOTO CONPOTUBIICHUS
IIPU NEPEMEILIEHNH 3aMbIKAIOLIET0 3JIEMEHTA CHU3Y BBEPX

3aknro4yeHue

KpuBbie Ha puc. 3, 4 CBUACTEIbCTBYIOT, YTO MPU YBEIHMUYCHUM KOJIUYECTBA
3aKOPOYCHHBIX IMPOBOJHUKOB B Ma3zy BD mpu mepeMenieHun 3aMbIKaroIIero
AJIEMEHTa CHHU3Y BBEPX pacTeT KOd(PPHUIMEHT yBEIUYECHHS aKTUBHOTO COTMPO-
TUBJICHUS W TIafaeT KOAQ(PHUIIMEHT yMEHBIIICHUS WHIYKTUBHOTO COMPOTHUBIICHUS
KOPOTKO3aMKHYTOH 00MoTku B3O perymupyemoro JIAJI.
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Ecmu a =0,1, To c yueTom BEITECHEHUS TOKa B Ma3y npu u3meneHuu & ot 0
10 5 koapouuuent ¢(&) ysemmumics Bcero Ha 0,82 %, a koapduuuent A(E)
ymensbimics Ha 0,29 %, npu a =0,1 3HaUYeHUs aKTUBHOTO M UHIYKTUBHOTO CO-

NpOTHUBIIEHHUH 00MOTKH B3O ocTatoTcst mpakTHUecKn HEM3MEHHBIMU U HE 3aBUCST

OT BBITECHEHMS TOKa B Ma3y, npu pacyerax JIAJ[ 3To MOXXHO HE YYUTHIBATb.
WNuast kapTrHa HaOIr0AAETCs NP YBEJIWYCHUN KOJIUYECTBA 3aKOPOUYCHHBIX

npoBOTHUKOB B mazax BD: mpu a =0,9 u uzmenennu &ot 0 10 5 xodpdunment

¢(§) ysenmuwmics Ha 362 %, a koadduument AM(E) ymensiumiica Ha 67 %. 3nech

ekt BhITeCHEHHH TOKa B mazy BD (moBepxHOCTHBIN 3(PGheKT) 3HAYMTETBHO
BJIVMSICT HAa aKTUBHOE M MHIYKTHBHOE COMPOTUBIIECHUS 00MOTKH BD perymupye-
moro JIAJ[. 3 manHBIX pacdyeTa BUIHO (CM. pHC. 3), YTO OCOOCHHO PE3KO BO3-
pacTaeT aKTUBHOE COMPOTUBJICHUE KOPOTKO3aMKHYTOM 00MOTKH BD perynupy-
€MOr0 JIMHEWHOTO aCHHXPOHHOTO JBHUTaTelsi, ¥ 3TO HEOOXOIUMO YYHUTHIBATH
IIPU pacyeTax MyCKO-PEeTyIMPOBOYHBIX XapaKTEPUCTUK JBUTATEIIS.
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The article deals with linear induction motor (LIM) with a squirrel-cage winding of the
secondary element (SE), which functions as the armature of the machine. Linear location of
squirrel-cage winding of the secondary element of LIM allowed suggesting a number of op-
tions for the regulation of the winding resistance of SE.

Objective. Development and research of LIM with adjustable winding resistance of the
secondary element for magnetic levitation transport, and the study of the properties of adjust-
able LIM.

At the modern level of development of the electrical engineering, asynchronous electric
drive and magnetic levitation transport, the primary method of changing the frequency rota-
tion of motor and speed of linear motion of high-speed transport vehicles is frequency control.
Frequency control allows changing the frequency of rotation of the machine and linear speed
of LIM smoothly and in broad diapason. The high cost of static electronic converters of high
power limits the large-scale application of frequency control. The increase of the current fre-
quency also leads to lower torque and traction.

Results. According to the authors, the application of the adjustable linear induction mo-
tors with variable resistances of short-circuited windings of the secondary elements will allow
to expand the range of control of LIM, intended for high-speed magnetic levitation transport
with the realisation of large traction, including the start (starting the vehicle) by means of cur-
rent displacement in the groove of the secondary element of the LIM.

Conclusion. The linear induction motors of this type, as well as the calculation of the
magnetic field in the groove of the secondary element, and evaluation of the influence of the
current displacement on the starting and controlling features of the machine are considered.

Squirrel-cage linear induction motor, adjustable short-circuited winding, magnetic levi-
tation transport, the magnetic field in the groove, the current displacement in the groove of the
secondary element.

Introduction

Every year the transport development issues get more and more topical.
Magnetic levitation transport is to take its special place in the creation of a fu-
ture transport system of the Russian Federation. In recent years, Russian special-
ists have dealt with the problems related to creation and practical application of
magnetic levitation transport. The development of this mode of transport draws
great interest of JSC “RZD”, which supports researches aimed at studying vari-
ous aspects of this problem. The serious approach to creation of maglev
transport is indicated by a large number of scientific publications, some of
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which have a fundamental feature [1—8]. The best known research results are
those obtained in development of theoretical and experimental studies of maglev
transport by specialists and scientists of Saint Petersburg, and the first place, by
Emperor Alexander I St. Petersburg State Transport University scientists [1—7].

Maglev transport speed control issues will always be among the most sig-
nificant ones. In the near future, it 1s most obvious that linear induction motor
(LIM) will be used as the primary maglev transport traction machine type. For
over 10 years, China has been deploying maglev train with linear induction mo-
tors. Frequency control is undoubtedly viewed as the main way to operate mag-
lev transport with LIM. Frequency control, ignoring high costs of static frequen-
cy and voltage converters, does not ensure achievement of significant starting
impulse and sufficient traction power at low speeds.

Purpose

The purpose of this study is development and research of adjustable LIM
with short-circuited winding for maglev transport.

At Rostov State Transport University (RGUPS) a new type of traction ma-
chine for maglev transport has been developed — linear induction motor with the
short-circuited secondary element winding with a possibility to smoothly change
its resistance [9]. Linear induction motor with the short-circuited secondary el-
ement winding has the same starting and controlling possibilities as the phase
winding linear induction motor does. As to the experts, it might prove efficient
if we combine frequency control with operation by virtue of change of short-
circuited winding of the secondary element resistance at low and high speeds.

Construction and work of the adjustable LIM

The secondary element with short-circuited winding may be located in the
maglev transport guideway or may be installed in the vehicle. In terms of control
of traction force and speed of train, both options are equally suitable.

RGUPS has developed adjustable LIM with short-circuited windings
placed in the secondary element [10—14]. The main peculiarity of these linear
induction motors is that the possibility of control of short-circuited winding re-
sistance in the secondary element, which is ensured by linear construction of
LIM inductor and its secondary element. In the groove of the core of the sec-
ondary element of LIM the insulated conductors are placed, constituting the
winding bars of the SE, short-circuited on the one side by general conductor bus,
and short-circuited by a movable element on the other side. It needs to pointed
out that powerful LIMs with phase rotors, by virtue of slip rings and brushes,
may generate power of hundreds and even thousands amp. These powerful cur-
rents may be generated by short-circuited windings of the SE in adjustable LIM.

Inductors of traction LIMs of this type may have any structure. As a result
of movement of LIM locking dog, the number of short-circuited conductors of
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the SE is changed, with its resistance controlled. A number of LIM structures
with the SE winding resistance control is described in the monograph [15] and
in the article [16].

The adjustable LIM with enhanced starting impulse [10] is schematically
shown in the fig. 1. The inductor has a three-phase winding, whereas the SE
core, apart from main grooves 10, in which winding bars of the main short-
circuited winding of the SE, has three additional grooves 11 organised in it for
the LIM starting winding to be placed therein. Short-circuited winding bars are
placed in the lower parts of the additional grooves for enhancement of the cur-
rent displacement effect during the start. The principle of the work of the
demonstrated adjustable LIM: when a three-phase winding of the inductor is
connected to a voltage source, a travelling magnetic field is excited, crossing the
winding bars of the secondary element and inducing electromotive forces (EMF)
in them. To increase the starting traction force, the movable element, with the
help of the drive mechanism, only closes the starting winding bars located in the
lower parts of the additional grooves. Under the action of EMF, a current will
flow through the starting winding bars, which, when interacting with the travel-
ling magnetic field, will create a starting traction force.

6 | 3
. 3 =
4/ . a
10 11

| /
= g 4
Sz 2
s 2
=
=
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e

Fig. 1. Adjustable LIM and its secondary element:
1 — inductor; 2 — inductor winding; 3 — secondary element; 4 — secondary element core;
5 — conductors of short-circuited winding of the secondary element; 6 — bus; 7 — locking dog;
8 — tooth rack; 9 — pinion; 10 — grooves for main winding bars of the second element;
11 — grooves for starting winding bars
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With a deep location of the narrow bars in the grooves, the current dis-
placement effect will sharply manifest, the resistance of the short-circuited start-
ing winding will increase, which makes it possible to significantly increase the
starting traction force of the motor.

So, with the motor accelerating, the movable element moves and partially
locks simultaneously starting and main winding bars of the SE. Then, in the
nominal mode, the starting winding opens and the main is completely short-
circuited. In the nominal mode, the adjustable LIM runs with minimum power
losses in the short-circuited winding of the SE and with high energy conversion
efficiency.

Magnetic field and current displacement in the groove
of the secondary element of LIM

Arranging short-circuited winding bars of LIM SE as separate, insulated
conductors, short-circuited by common bus on the one side and on the other —
by locking dog, which contains conductive and insulating sections, enables clos-
ing conductors of bars during its movement. It becomes possible to short-circuit
separate conductors located at any level on the height of the groove. The possi-
bility of obtaining the so-called partially filled groove of the LIM SE. The new
tasks on calculation of the LIM SE magnetic field and counting influence of cur-
rent displacement on the parameters of SE winding in the adjustable LIM.

The calculation model of the secondary element groove for this case is
shown in the fig. 2. It is seen that each two lower insulated conductors 1 are
short-circuited by locking dog 3 in the SE grooves. Direction of the locking dog
3 movement is pointed by an arrow (fig. 2). The conductors 1 which are short-
circuited by locking dog 3 are shaded.

In the process of the speed control in the direction of its decrease by in-
creasing the resistance of the short-circuited winding, the glide increases and a
current is displaced into the groove, similar to the starting regime.

During the analysis, the following assumptions have been made:

the magnetic conductivity of the SE steel core of the adjustable LIM is in-
finitely big;

e the length of the groove is infinite;

e magnetic power lines are perpendicular to the walls of the SE
groove;

e conductors which make the core of the SE winding have the
infinitely thin insulation;

Orthogonal coordinates (fug. 2b) contains the axis z, directed along the
groove, axis x, oriented transversely, and the axis y, directed upwards. With the
assumptions made, we may say that the intensity of the magnetic field will
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change only on the z coordinate. The magnetic field intensity equation will be

one-dimensional.
2 1

b Yy 1
j=
] 3
E ¥
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x
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Fig. 2. Short-circuiting the conductors in the groove during movement of the locking dog
from the bottom upwards: a) winding fragment; b) groove;
1 — conductors of the core; 2 — bus; 3 — locking dog

O’H . :
5 = oL (1)

General equation solution (1) is known from mathematics

H:q e +C, - e”,

where p=/j-®-y-L,.

The constants of integration C; and C: are determined on the basis of
Kirchhoff's circuit laws (Total current law)
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T
where  — current flowing in the groove of the SE winding;
dl — core length element.

Generally, when the movable element short-circuits the parts of the con-
ductors of the SE winding in the adjustable LIM (fig. 2), the level of short-
circuiting will be determined by coefficient o, lying within 0 <o <1.

Then the boundary conditions will be Hb, =0 with y=0 and Hb,=1
with y=ah,.

With these boundary conditions the constants of the integration C; and C:

I
C+G=0; —= C (e -e"™);
I 1 I 1
Cl - E o P _ Py ; C2 - _E' o P _ Py

The magnetic field intensity in the groove of the SE of LIM will make

]-'[—L. e~ et _l shpy
b e e b shpoh

Current density in the groove of the SE is determined by the equation
8= rotH.
oH

Taking into account that 6, =0; 6, =0; 6, = S, and . =0, we obtain
X

§_ OH _ I pchpy _ & pchpy
oy b shpoh 7 shpoh,

The intensity of the electric field in the groove of the LIM SE

s 0_ 1 p _chpy
Yy b, y shpoh,

Electromagnetic power, flowing into the groove, where the current runs,
and transmitted through the air gap from the LIM inductor

S:E-[E(O)-H (0) - E(oh )-H'(ah )],

143



where /— length of the active part of the bar, lying in the groove.
The power loss for a partially short-circuited winding bar of the SE equals
the real part of the electromagnetic power

m

1
2 y-b, -ah, shpoh,

I Re pah, -chpah,

[ . Y
Pz—ERe[E(ahn)-E (ah,) | = L (2)

where /. ,%1 =1,-1 ;; — current vector squared modulus.

The resistance of conductors in the closed part of the short-circuited wind-
ing of the secondary element to the direct current

e
v-b, -ah

If pah, =+ j)koh,, then introducing the designation kh, =¢ — relative

depth of current penetration in the groove of the SE, and putting
poh, =1+ j)o& in (2), we obtain

2

p=Lop .R{(H M.M} _

sh(1+ j)ag
2 . .
=I—’”Ra Re| (1+ yat- cho§ - cosaé + jshag s-mocE_, _
2 she€ - cosa& + jchol -sinog
2 . 2
:I_maEJRa ~sh20& +sin2a8 :Ra]_m’
2 ch20.§—cos2ag 2
sh20&+sin2a&

where R, =a& R - — resistance of the closed part of SE core

ch20&-cos2ag

to the AC.
The coefficient considering the increase if active resistance of closed con-
ductors of the SE core of LIM

~sh2a& +sin20g
ch20f —cos2aé

cp@:%:a& G)

o

The imaginary part of the electromagnetic power entering the groove of the
winding of the secondary element of LIM is reactive power Q = I4 - X, where X
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is the inductive resistance of the short-circuited part of the winding bar of the SE
of the adjustable LIM.
Reactive power flowing into the closed part of the core

0= —Jm[éE(ahn )-H (ah )} =

2 .
=£. I Jm| (+ )k ch(1+ j)kah, _
2 yv-b, sh(1+ j)kah,

I’ " sh2kah, —sin2koh,

/
2 y-b  ch2kah, —cos2kah,

Inductive resistance of the closed part of the SE core without taking into
account current displacement in the groove

ah,

Xa:MO

n

Taking into account that k* = [T y% and § = kh,, we obtain

]2 ]2
0=x 1o 3 sh2og—sin20g _x In
2 20c§ ch20.& —cos2ag 2

3 sh2af—sin20§

% D0k ch2af —cos20f
circuited part of the core of the SE winding considering current displacement in
the groove.

Coefficient considering decrease of the inductive resistance in the closed
part of the SE core with current displacement in the groove

where X, = — inductive resistance of the short-

3 sh2a&—sin2ag
ME) = 4
©) 20c§ ch2a& —cos 20@ )

OL

To take into account the influence of the process of current displacement
on the parameters of short-circuited winding of the LIM SE with different loca-
tion of the locking dog (fig. 2) on the basis of the relations (3) and (4), the pro-
gramme for calculation of coefficients of active resistance increase and induc-
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tive resistance decrease of the SE winding. The results of the calculation for
specific variation of construction of adjustable traction linear inductor motor for
maglev transport are shown in the fig. 3, 4.
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Fig. 4. Coefficients of inductive resistance decrease when locking dog moves upwards
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Conclusion

The curved lines (fig. 3, 4) indicate that with the increase of the number of
the short-circuited conductors in the grooves of the SE when the locking dog
moves upwards, the coefficient of active resistance rises, whereas the coefficient
of the inductive resistance falls down to short-circuited winding of the second-
ary element of LIM.

If a=0,1 then taking into account the current displacement in the groove

with changes & from 0 to 5, the coefficient @(&§) increased only by 0,82 %,
whereas the coefficient A(§) decreased by 0,29 %; with a =0,1 values of active

and inductive resistances remain almost the same in the value, and are not de-
pendent on the current displacement in the groove, which can be ignored during
LIM calculations.

A different situation is observed when the quantity of short-circuited con-
ductors in the grooves of the SE increases: at « =0,9 and changes & from 0 to 5

the coefficient @(&) increased by 362 %, and the coefficient A(§) decreased by

67 %. Here the current displacement effect in the groove of the SE (surface ef-
fect) largely influences the active and inductive winding resistances of the sec-
ondary element of adjustable LIM. It is seen from the calculation data (fig. 3)
that active resistance of short-circuited SE winding increases especially sharply,
and this i1s should be taken into account while calculating starting and control-
ling properties of the motor.
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NMPOBJIEMbl 3KOHOMMWYECKOW OLIEHKN CKOPOCTU
B TPAHCNOPTHO-NNIOTMCTUYECKNUX CUCTEMAX B HOBOM
TEXHOJNNOM'MYECKOM YKNALE

Hata noctymenus 09.10.2017
Pemrenne o my6aukaruu 19.12.2017

[TpeuioskeH METOIOJIOTUIECKUN TIOJIXO/T K OIIEHKE CTOMMOCTH CKOPOCTH TPAHCIIOPTHBIX
cucteM B HOBOM TexHonorndeckoM ykiane (The Fourth Industrial Revolution).

Heasn. MccnenoBath skoHOMUYECKHE YPQPEKTH paObOTHl TPAHCHIOPTHO-JTOTHCTUYECKUX
cucreM (TJIC) kak nHGPACTPYKTYPbl 3KOHOMUKH BBICOKUX CKOPOCTEH.

MeTtoasl. [lan yriyOneHHBIA aHAIHU3 KETe3HOJOPOKHON HHPPACTPYKTYPHI KaK MOJICH-
CTEMbI, UMEIOIIEeH BbIpa)KEHHbIE KOHKYPEHTHBIE IIPEUMYIIECTBA U 00eceunBaroIlell Ipruopu-
TETHOCTh BXOKICHHUS TPAHCTIOPTHOW CHUCTEMBbI B HOBBIA TEXHOJOTHYECKUH YKiaa. OnUCcaHbI
OCHOBHBIE MTapaMeTpbl BIMSHUSA HOBOTO TEXHOJIOIMUYECKOTO YKJIa/la Ha TPAHCIIOPTHBIE CHUCTE-
MBI, B YaCTHOCTH, IOMHHAHTa TJI00ATBHOTO CETEBOTO MPOU3BOJICTBA U MOTPEOICHHS, YIIpaB-
JIeHHE LENOYKaMM MOCTaBOK M CO3/laHHe J100ABJICHHOM CTOMMOCTH 4epe3 MHTErpaluio Ipo-
TYKTOB H yCITYT.

Mertopoorust uccieoBaHusl OCHOBaHA Ha KBAHTOBOM OIMMCAHUU SKOHOMMKH KaK COBO-
KyITHOCTH TIEPBUYHBIX HEACTUMBIX (KBAHTOBBIX) SKOHOMUYECKHUX CTPYKTYp (MOAENTH min 00-
pas3a), IeiCTBUI U OTHOIICHUN MEXIy HUMHU (CEpBUCHOM OM3HEC-MOJENN), MPOLECcCOB (Tpo-
THO3HOTO OOCITY)KMBaHUS, OTCIECKUBAHUS COCTOSIHHSA), SKOHOMHYECKOTO B3aMMOJCHCTBHS
MEXTy 00BEKTaMH (COBMECTHOTO MCIIOJB30BaHUS PECYPCOB, MTHOBEHHOI'O pearnpoBaHus) B
IPOCTPAHCTBE M BPEMEHH.

BBeneHo MOHATHE SKOHOMHMKHM BBICOKMX CKOPOCTEM Kak Mepbl NPUHATHS OOLIECTBOM
WHHOBAIIM, YTO BUIOM3MEHSET BCE II100abHBIE U HAMOHAIBHBIE PHIHKH, CHCTEMY JIOCTYTIA
K HUM, MEXOTpAcJIeBble LIETMIOUYKH CO3JIaHHsI CTOUMOCTEH. YIpaBlieHHEe BpPEMEHEM, BBICOKHE
CKOpPOCTH CTaHOBSITCSI KITFOUEBBIM KOHKYPEHTHBIM MPEUMYIIIECTBOM B CXEME: «3aKa3 — yCiyra
10 UCTIOJIHEHUIO 3aKa3a (CepBHCHasi OU3HEC-MOEIb)».

Pe3yabTaThl. Pazpaboransl Meromosorus oneHku ckopoctd B TJIC, HOBBIN NOHATHIA-
HBII anmapart, MeToj OLEHKH 3(p(EKTOB OT BBICOKOCKOPOCTHBIX Maructpaieil. O60cHOBaH
QITOPUTM TIPUHATHUS PEIICHHH 00 MX LEHHOCTH ISl MOTpeOuTeNneil TpaHCTIOPTHBIX yCIYyT B
HOBOM TE€XHOJIOTUYECKOM YKJIaJie.

Ha ocHoBe amanmu3a Tpex TpaHChOpMaIuii pacCTOSHHS: JUTHMHBI, COCIMHSIONICH IBa
00BEKTa (BBIpayKaeTcs B €IMHHIAX JUIMHBI), 3aTpaT Ha MPEOAOJIEHUE PACCTOSIHUSA U BPEMEHU
Ha ero npeojiojicHue (CKOPOCTH) — 000CHOBAHO MPAKTUYECKOE MPHUMEHEHHE BEKTOPHOTO KO-
3¢ ¢uIrieHTa MHTEHCUBHOCTH MPOLIECCOB MEPEMELICHNs B KAaueCTBE €IMHHIIBI M3MEpPEHHS
11000T0 IBUKEHHUS, a B KAYeCTBE OLIEHKU BPEMEHHON M MPOCTPAHCTBEHHOU 3(PPEKTUBHOCTH
npoekToB pazButus TJIC — mpousBeneHrne Macchl MEPEBO3MMOTr0 TOBapa Ha BEKTOPHBIM KO-
3¢ UIHEHT HHTEHCUBHOCTH NIEPEMEILCHUS.

OI_[eHKa CKOpPOCTH, ICHHOCTb BPECMCHHU, SKOHOMHUKA BBICOKHUX CKOpOCTCﬁ, TCXHOJIOTHYC-
CKHit YKJIaa, KBaHTOBas DKOHOMHKA, MHTCHCUBHOCTDb IICPEMCIIICHU .
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BBeneHue

Tpancdopmanys TpaHCIOPTHBIX CUCTEM OIPEACIIAECTCS HOBBIM TEXHOJIOTHU-
YEeCKUM YKJIaJIoM. B ncropun yenoBevyecTBa KaXK/Iblil EPEX01 K HOBOMY YKIIaly
dbopMHpOBaT COOTBETCTBYIOUIYIO €My TPAHCIIOPTHYIO cucTteMy. CerogHsi MHOTO
NUIIyT 00 MHHOBALIMOHHBIX TPAHCIOPTHBIX CUCTEMAaX, 3a0bIBasi, YTO B BEPXHE
YaCTH MHHOBAIMOHHOM MUPAMHUJIBI JISKHUT cama CyTh KOMMEPIUAIN3allui UHHO-
BallMOHHOTO TMPOAYKTa, B JAHHOM CJIy4yae — TPAaHCIOPTHOWU yciyru. MmeHHo
TpaHCHIOpPTHAsI yCJIyra, €e CBOMCTBA, MPOIECCHl MPOU3BOJICTBA U MOTPEOICHUS
MPUOOPETAIOT MHYIO CYIIIHOCTh B 9KOHOMUKE OJIM>KalIero 0y aymiero.

B nocnenHue rojibl aKTUBHO OOCY’KJIa€TCs BOIIPOC, YTO JAOHKHO CTaTh JIO-
KOMOTHBOM MHHOBAIIMOHHOTO OOHOBJICHUS! TPAHCIIOPTHBIX CHUCTEM: HOBas CMe-
[IaHHas TPAaHCIIOPTHAsl YCIyra, IPOU3BOJCTBO HOBBIX BHJIOB MOJBHXHOIO CO-
CTaBa, WIH MEePEBO3Ka KaK OTpaciib B LIEJIOM, WU cdepa NeaTeIbHOCTH, CBSI3bI-
Balolasi MPOU3BOJCTBO, OOMeH W mnotpedieHue. Kakum o0pa3oMm OIEHUTH
3((PEKT 0T CKOPOCTHBIX POPBHIBHBIX TEXHOJIOTHUH B TPAHCTIOPTHBIX CUCTEMaX ?

C nameit Touku 3peHus, mpodaemMa J0HKHA ObITh ONKCaHa ¢ MO3UIUN Tie-
pexoja oOIiecTBa Ha HOBBIM TEXHOJIOTMYECKUH YKIaJl, a UMEHHO HHIYCTPHIO
4.0. anubii yknan (GopMHpPYET CHCTEMY SKOHOMHYECKHX OTHOILICHUM, IEH-
TPaJbHBEIM 3BEHOM KOTOPBIX CTAHOBMTCS KaTeropusi BpeMeHu>2. CyIIeCTBEHHO
MEHSETCS MPOIECC OXKUIAHUSI HOBBIX TOBAPOB U YCIYT, IPUYEM B YCIOBUSIX UH-
JTUBUTyJIbHBIX TIPEIMIOYTEHHI — B JIF0O0E BpeMsl M B JTI0OOM MecTe. DKOHOMHUKA
CTPEMUTCSI K BBICOKMM CKOPOCTSIM INPOM3BOJCTBA M IepemenieHus. B atom
CMBICJIE MIPOEKThI PA3BUTHUSI TPAHCIOPTHBIX CUCTEM BBICOKUX CKOPOCTEH MpUOO-
pPETal0T UHBIE CBOWMCTBA U, COOTBETCTBEHHO, TPEOYIOT MPUHIIUIIUATILHBIX HU3ME-
HEHUW B METOA0J0TUN (HOPMHUPOBAHMSI OIIEHKH MX IIEHHOCTH.

[lens naHHOTO MCCIEAOBAHMS — HIKOHOMHYECKOE OMUCAHUE OLIEHKU CKOPO-
CTH B TPAHCHOPTHBIX CHCTEMax HOBOT'O TE€XHOJOTHYECKOIro ykiana. B cBs3u c
3TUM BO3HUKAIOT J1Ba OOBEKTA UCCIIEIOBAHUS: TPAHCIIOPTHBIE CUCTEMBI U HOBast
PKOHOMHKA, CYTh KOTOPOM — IKOHOMHMKA BBICOKMX CKOpOCTEeH, (popmupyemas
HOBBIM TE€XHOJOTHYECKUM YKJIagoM. OHHM CTOJb TECHO CBS3aHbI, YTO MX pac-
CMOTpPEHHE M30JHMPOBAHO JIPYT OT JIpyra MEHSET CYHUIHOCTb OLIEHKH CKOPOCTH.
DTO CBA3aHO CO CIACAYIONTUMH OOCTOSTEILCTBAMU.

1) Mup yXoIWT B HOBBIE KaTErOpUU BBICOKMX CKOpocTeil. MourHeriiee
pa3BUTHE TOIy4YaT UHPPACTPYKTYpPHBIE OTPACId IKOHOMHKH, B IMEPBYIO Oue-
penb, TPaHCHOPTHO-JIOTHCTHYECKHE cHCTeMbl. CyIIeCTBEHHO CHHU3UTCS POJIb
TpaHCTIOpTa KaK MOCPEAHUKA B TOJIb3y MOTPEOWTEIHCKUX KAdyeCTB TOBapa M
TEXHOJIOTUYECKOM PEHTHhI. YXKe€ IMHPOKO OOCYXKIAIOTCS TaK Ha3bIBAEMBIC
«IIEPUHTOBAsH» U «UUPKYJsIpHasH» 3koHOMHUKA [1]. Hamu panee BBeneHO U onu-
CaHO TIOHSTHE IKOHOMUKU B8bICOKUX CKOpOCMmel Kak croco0a BEeJACHHs XO3si-

22 CM., HalpuMep, 3aKOH DKOHOMHMHU BPEMEHH, 0003HaueHHBIA J|. PMkapno m BBEIEHHEIM B 060pPOT
K. Mapkcom (Mapxc K., Durensc @. Cou. B 30 T. 1961. T. 24. C. 648).
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CTBa, MPU KOTOPOM OCHOBHOM 3(h(PeKT oOHapyXKMBaeTCsl C MOMOIILIO OLICHKU
CTOMMOCTH BPEMEHH KaK OCHOBHOT'O, He BO30OHOBIISIEMOTO pecypca [2].

2) B HoBeiimiet UCTOpUM OPUEHTUPOBAHHOCTh Ha 3(P(HEKTUBHBIC TpPaHC-
MOPTHBIE CUCTEMBI CTajla KPaeyroJibHbIM KaMHEM pPa3BUTHS MHOPACTPYKTYpPHI
KOHKYPEHTHBIX TOBAapHBIX PHIHKOB. [IpyW 3TOM HBIHENIHHE TPAHCHOPTHBIE CH-
CTEMBbI MPAKTUYECKH HCYEPNad PE3epBbl POCTa B HACTOSIIEM TEXHOJOTHYe-
ckoM ykiazae. [lepexonm k Ooyiee COBEPIICHHOMY TEXHOJOTHYECKOMY YKIIATy
TpeOYyeT COOTBETCTBYIOIICH TPAHCTIOPTHON CHCTEMBI.

3) B TpaHCHOPTHBIX CHUCTEMAaxX MOJICHCTEMA KEJIE3HOJOPOKHBIX IMEPEBO3OK
UMEET BBIPAXKEHHBIE KOHKYPEHTHBIE MPEUMYIIEeCTBa, o0ecreuynBas MpUOPUTET-
HOCTh MX BXOKJICHUSI B HOBBIM TEXHOJIOTHYECKUHU YKJIad. DTO, MPEKIE BCErO,
BO3MO>KHOCTh MaCCOBBIX MEPEBO30K I'Py30B U MACCAKUPOB; BHICOKAsI MPOITYCK-
Has CIOCOOHOCTD; PETyJISPHOCTH MEPEBO30K HE3aBUCUMO OT KJIMMATa; MOTEHIU-
an 0oJjiee BBICOKOM CKOPOCTH, B TOM YHUCJIE MO TPAHCIIOPTHBIM KOPHUIOpPAM; aK-
TUBHOE Pa3BUTHUE BBICOKOCKOPOCTHOTO TPAHCIOPTA, B TOM YHUCIE TPYy30BOTO,
HalpyuMep Ha OCHOBE MAarHUTHOW JieBUTAIMHU. CaMbIM CIIOKHBIM 3JIEMEHTOM B
KEJIE3HOJOPOKHOM MEePEeBO3KE ABISIETCS €€ MHPPACTPYKTypa — BBICOKAsi CTOM-
MOCTh M JUTUTENIbHBIE CPOKH OKYIAEMOCTHU IMPOEKTOB ee MojepHu3auuud. Ho
MMEHHO >KeJIe3HOIOpOkKHasi HH(GPACTPYKTypa MOJIBEpKEHA aKTUBHOMY BIIUSHUIO
HOBBIX TEXHOJIOTUM Pa3BUTHUS BBICOKUX CKOPOCTEH, TAKUX KakK, HAPUMEP, MPo-
ekt Hyperloop (BakyymHBII T0€37 co ckopocThio 1200 kM/4, maccakupckue
nepeBo3ku ), MarHuTHas jesutaius (10 1000 km/4, KOHTEHHEpHbBIE IEPEBO3KH).

JlaHHBIE 00CTOSATENbCTBA PACCTABIAIOT perniepHble Touku (defining points)
3apOKJICHUS] YKOHOMHMKH BBICOKMX CKOPOCTEH Ha 0a3e BHICOKOCKOPOCTHOW WH-
bpacTpyKTypsl TPAHCTIOPTHBIX CUCTEM B (DOPMHPOBAHUHU HOBOTO TEXHOJIOTHYE-
CKOI0 yKJaja.

TpaauimonHo orieHKa 3P(HEKTUBHOCTH MPOEKTOB BHICOKOCKOPOCTHBIX Ma-
ructpaneit (BCM) ctpoutcs Ha OAHOM UM KOMOWHAIIMU HECKOJIBKUX METOJIOB,
TaKuX KaK METOJ pa3HUllbl 3P(EKTUBHBIX TPAHCIOPTHBIX PACXOJIOB U METOJ]
OILICHKU YHCTOT0 JUCKOHTUPOBaHHOTO noxoaa. OcranbHble 3PPeKTh (coruaib-
HBIM, KOJIOTMYECKHUI U TIP.) CUUTAIOTCS JIMOO KOCBEHHBIMU METOJaMHu Ha 0ase
AKCIIEPTHBIX OLIEHOK, MO0 MpsIMBIM cueToM. [1o HalleMy MHEHHIO, 3TOT MOAXOA
MPUMEHHUM TOJIBKO K MPOEKTaM TEXHUYECKOW MOJEPHU3AIUMU U PEKOHCTPYKIIHUH
TPAHCIIOPTHBIX CUCTEM. B OTHOILIEHHH TPAHCIOPTHBIX CUCTEM HOBOI'O TEXHOJIO-
TMYECKOro yKJaJa WA 3KOHOMHUKHU BBICOKHMX CKOPOCTEW HCIIOIb30BaHUE CTaH-
TAPTHBIX OIIEHOK SKOHOMUYECKOH 3 (HEKTUBHOCTH HEKOPPEKTHO.

B manHOM mCClieIOBaHUM OCHOBHBIE TIPOOJIEMBI OIEHKH CKOPOCTU CBSI3bI-
BAIOTCS C OMPENIEICHUEM CTOMMOCTH TPAHCIOPTHO-JIOTUCTUYECKUX CUCTEM KakK
UHOPACTPYKTYPHI SKOHOMUKH BBICOKHX CKOPOCTEH, a UMEHHO C YYE€TOM KOM-
riekca 3(p¢heKToB, BOZHUKAIOIINX B MPOU3BOACTBE U MOTPEOJEHUHN BBICOKOCKO-
POCTHOM TPaHCIIOPTHOM YCIYyTH, U B 1OCTUTaeMOM 3P (HeKTe MyIbTUILITUKAIUH.
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MeTtononorust uccieoBaHUsl MOCTPOEHA Ha KBAHTOBOM OINMCAaHUU SKOHO-
MHUKH KaK COBOKYITHOCTH NEPBUYHBIX HEJEIUMBIX (KBAHTOBBIX) SKOHOMHYECKUX
CTPYKTYp (Mojenu wid oOpasa), JeMCTBUA U OTHOILIEHUU MEXIy HMMH (cep-
BUCHOM OM3HEC-MOJIeNH), IPOLECCOB (IIPOrHO3HOIO OOCITYXUBAHUS, OTCIIEKU-
BaHUS COCTOSIHUSA), YKOHOMHUYECKOTO B3aMMOJECHCTBUS MEX1y OOBEKTaMU 3KO-
HOMMYECKOTO JIEHCTBUS (COBMECTHOI'O MCIOJIb30BAaHUSI PECYPCOB, MTHOBEHHOT'O
pearupoBaHus) B IPOCTPAHCTBE U BpeMeHHu [3—5].

TpaHCHOpTHO-ﬂOI'VICTVI‘-IeCKMe CUCTEeMbl KaK 00 bEeKT uccregoBaHus

CyliecTBYIOT pa3iM4YHbIE MOHATHS TPAHCIOPTHO-JIOTMCTHYECKUX CHCTEM
(TJIC). TpaaummOHHO TMOJA HUMHU TMOHUMAIOT COBOKYMHOCThH MOTpeOUTENed H
IIPOU3BOJIUTENEH YCIIYT, a TAKXKE MUCIOJIb3yEMbI€ CUCTEMBI YIPABIICHHUS, TPAHC-
NOPTHBIE CPENICTBA, IMyTHU COOOLIEHUs, COOPYKEHHSI U MHOE UMyIlecTBO. B 0o-
Jiee pacUIMPEHHBIX OMpPEAENICHUAX TPAHCIOPTHO-JOTUCTUYECKAs CUCTEMa JaHa
KaK COBOKYITHOCTb OOBEKTOB U CYOBEKTOB TPAHCIIOPTHOM M JIOTUCTUYECKOU MH-
(GpacTpyKTypbl BMECTE C MaT€pUAIbHBIMH, (PUHAHCOBBIMU U MH(OPMALIOHHBI-
MU NOTOKaMU MEKIY HMMH, BBIIOJHSONAS (QYHKLINUU TPAaHCIIOPTUPOBKH, Xpa-
HEHUsI, pacIpeIeieHus TOBAapOB, a TaKkke MHPOPMAIIMOHHOIO U MPaBOBOrO CO-
IIPOBOXKIEHUS TOBaPHBIX [IOTOKOB.

B mo0om ciydyae, 4ToObI TPaHCIOPTHO-JIOTUCTHUYECKAs] CHUCTEMa MOTJIa
YEeTKO (PyHKIIMOHUPOBATh, HyXKHA COOTBETCTBYMOIas HHppacTpykTypa. Ilpo-
LIECCHI NIEPEMEIIEHUST TOBAPOB, CKJIAJIUPOBAaHUS U XPAHEHUS U COIPOBOXKAAIO-
mMe MX HHPOPMAIMOHHBIE MOTOKH TPEOYIOT ONpEACNEHHBIX TEXHHYECKUX
CPEICTB. DTU CPEACTBA COCTABISIIOT UHPPACTPYKTYPY JIOTUCTUKH, & UX B3aHMO-
CBSI3M CO3JAIOT JIOTUCTHUYECKYIO cuctemy. MH(]pacTpykTypa nomkHa obecrnedu-
BaTh 4YeTKOoe M OecrepeOOMHOE BBINOJHEHUE BCEX JIOTUCTUYECKUX (PYHKIUH.
B cocTaB nH(ppacTpyKTypbl TPAaHCIIOPTHOM JTOTUCTUKU BXOMST:

® TPaHCIOPTHBIE ITyTH BCEX BUJOB TPAHCIOPTA, B TOM YHCIIE TPyOOIpo-
BOJIHOTO, a TaK)K€ TPAHCIIOPTHBIE Y3JIbl, @ UMEHHO MOPCKHE, PEUHbIE M aBHALU-
OHHBIE TIOPThI, KOHTEHHEPHBIE TEPMUHAIIBI, KEJIE3HOAOPOKHBIE IEPErPY30UHbIC
Y COPTUPOBOYHBIE CTAHIMH, TEPMHUHAIBI KOMOMHUPOBAHHOTO TPAHCIIOPTA;

® 3/1aHUS W TOCTPOMKH, IZI€ CKIAJUPYIOTCS U XPAHATCS MaTepUalIbHBIC
LEHHOCTH C TEXHUYECKUM OCHAICHHWEM, MO3BOJISIFOIIMM MaHUIYJIUpPOBAaTh Ipy3a-
MU U pEaM30BbIBATH OCHOBHBIE (D)YHKIMM, HAIPUMEpP, KOMIUIEKTAIUIO, JIEKOM-
IUIEKTAllMIO U YIMAKOBKY, @ TAaKKe MOKPBITHE T0Jia, MOTPy304HO-pa3rpy304YHbIE
(pOHTBHI, pamIIbl;

® 3JIEMEHTHI Y3JI0BOM MHPPACTPYKTYpPHI JJOTUCTUKHU, TAKUE KaK pacrpese-
JIUTEJIbHBIE LEHTPBI, LEHTPbI JIOTUCTHYECKUX YCIYT, TPAaHCIOPTHO-CKIAICKUE
OOBEKTHI;

® YCTPOWCTBA M CPEICTBA MEPEPadOTKHU U mepeaayr HHHOPMAITI BMECTE
C COOTBETCTBYIOILIUM MPOTPaMMHBIM 00€CIICUEHHUEM.

152



Cornacno npunstoil B EC knaccudukaium, TpaHCHOPTHO-TOTUCTUYECKAS
CUCTEMA COCTOUT U3 CIAEAYIOIIHNX CErMEHTOB:

® TIPY30IE€PEBO3KHU U IKCIEAUTOPCKHUE YCIYTH;

® KOMIUIEKCHBIE JIOTUCTHYECKHUE YCIIYTH, BKIIOYAIOIIHNE YCIYyTH XPAaHEHUS
U TUCTPUOYIIMHU TOBAPOB;

® yOpaBieHYECKas JOTUCTHUKA, B TOM YHCJIE YCIYTY MO ONTUMH3ALUU JIO-
TUCTUYECKUX OM3HEC-TPOIECCOB.

C nmo3unmii Hamero uccnegoBanus ciuenyer onucarb TJIC B kauecTBe UH-
bpacTpyKTypHOTO 3JIEMEHTa SKOHOMUKHU BBICOKUX CKopocTer. DxoHomuka TJIC
reHepupyeT 100aBJIEHHYI0 CTOMMOCTh 32 CUET CEPBHUCOB COCTABJICHUS ONTH-
MaJbHBIX MapIIPyTOB JOCTABKU I'Py30B, OOECIIEUEHUs TOJHOM 3arpy3Ku TpaHcC-
NOPTHBIX CPEACTB, KOHTPOJIA MPOXOKJICHUS IPYy30B Ha BCEX ATanax JOrucTuye-
CKOM LIETIOYKH U T. [I.

DTOT CHEKTP YCIYT AOHKEH OBbITh OMKMCAH HA SI3bIKE MOTPEOUTENs, TOHITECH
eMy U BOCTpeOOBaH MM, a TaKXKE€ UMETh SIBHO BBIPQKEHHYIO IIEHHOCTh. Kaxnas
yCIIyra IMEET YETKO OFOBOPEHHBIE MAPAaMETPhl, FTAPAHTUPOBAHHOE KAYECTBO U W3-
BECTHYIO C€0€CTOMMOCTb. YCIyra MOXKET UMETh HECKOJIBKO YPOBHEH, Kax bl U3
KOTOPBIX SIBJISIETCSI HAOOPOM COOCTBEHHBIX 3HAYCHHM MmapaMeTpoB yciuyru. KieHt
BbIOMPAET COCTaB U YPOBEHb HEOOXOAMMBIX €My yciayr. OTHOLIEHHS MEXIY KIIU-
€HTOM M IMOCTAaBUIMKOM 3aKpemritores cornanienneM SLA (Service Level Agree-
ment).

HoOBBIN TEXHONOTMUECKUM YKJIAJ IPEAINOJaracT yIpaBICHUE LENOYKAMU
IIOCTABOK U CO3JaHME JOOABJICHHOW CTOMMOCTH Yepe3 MHTETpalMio MPOJYKTOB
u ycayr. TJIC pomikHa yd4uThIBaTh JOMHHAHTY IJI00QJIbHOTO CETEBOTO MPOU3-
BOJICTBA U IOTPEOICHHUS.

B nactosimee Bpems Haubonee s3pdexruBrort TJIC sBuseTcs cuctema KOH-
TpakTHOM Joructuku (3PL), pa3zBuBaeMoil 3a CUeT ayTCOPCHHIa 4acTu (pyHKIMHA
KOMIIAaHUK-KIMEHTOB B c(hepe OpraHu3anuu U NOJACPKKU AUIEPCKUX CETeW U MOo-
CTpPOEHHS LENOYEeK JBMKEHHS TOBapOB OT IMOCTaBIIMKA K KiIMeHTy (inbound
logistics) 1 OT KJIMEHTa K MOTpeduTesiM ero ToBapoB (outbound logistics), a Taxxke
00paTHOrO IBUKEHHS MAaTEPUATbHBIX LIEHHOCTEH OT MOTPeOUTENIEH K MOCTABLIUKY
(reverse logistics). CorimacHO MpUHATOM Ki1accU(UKAIMK, KOHTPAKTHAS JIOTHCTUKA
MOCTPOEHA Ha CepBUCAX CKJIAJAUPOBAaHUS M OOpabOTKU TPY30B, OpPraHU3aIUMN HUX
JIOCTaBKM TPAHCIIOPTOM, a TAKXKE YIPABJICHHS JBHKEHHEM TOBAPOB HA MPOTSHKE-
HUU BCe 1enovky noctaBok. [1o ornenkam Bemymux 3PL-omneparopos, B mocie-
HHUE IISITh JIET 00BEM PBhIHKA KOHTPAKTHOW JIOTUCTHKH YBEIUYUBAJICS B CPEIIHEM
Ha 8 % B rox u coctaBisieT 10 55 % oObemMa MHPOBOTO TPAaHCHOPTHO-JOTHCTHU-
YECKOIO PhIHKA.

OpHaKoO CKOPOCTh OKa3aHUs YCIIyTH KOHTPAKTHOW JIOTUCTHKH HE MOXKET YAO-
BJIETBOPATH MOTPEOHOCTSM SKOHOMUKHU BBICOKUX CKOPOCTEH, IPEXkIE BCErO B CUITY
CEP>KUBAIOILEH TPaHCIOPTHOW MH(GPACTPYKTYphl U (hparMeHTapHOU U(ppOBU3a-
LM JIOTUCTUYECKUX MporieccoB. Hanborbiiee cooTBETCTBUE MOXKET OBITH 0OecIe-
yeHo JsoructuueckuM ypoBHem SPL (Fifth Party Logistics), win «WHTepHer-
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JIOTUCTUKOI», IPEIoaratoniei ynpapjieHHe BCEMU 3IEMEHTaMH LIETIOUKH OCTa-
BOK TPH MTOMOIIIH TTI00aJIbHBIX MH()OPMAITMOHHBIX TexHonorui. [Ipu sToM peanu-
3alUsl 3TOr0 YPOBHSI TPAHCIOPTHO-JIOTUCTUYECKOM YCIYTH JOJDKHA ObITh oOecrie-
YeHa COOTBETCTBYIOIEH CKOPOCTHOM MHPPACTPYKTYPOH.

OKOHOMMKA BbICOKUX CKOpPOCTEMN

CKOpoCTh B HOBOM 3KOHOMHUYECKOM YKJIaJle TEHEPUPYET HOBYIO SKOHOMHU-
YECKYIO CYIIHOCTh — SKOHOMUKY BBICOKHX CKopocTeil. [lo cBoemy Tuiy 3KOHO-
MHKa BBICOKHX CKOPOCTEH — 3TO 3KOHOMHUKA, I/ie OyAyliee BpeMsl paBHO HacTO-
AIIEMY U MPOLLIOMY BpeMeHH. TO ecTh B OLIEHKE BPEMEHHM COBIAAAIOT MPOTHO3,
IUIaH, (PaKT ¥ OCHOBHBIM MHCTPYMEHTOM €€ aHaju3a BBICTYNAET MPOTHO3HAs
aHAJIMTHKA.

DKOHOMMKA BBICOKHX CKOPOCTEN BUJIOM3MEHSET BCE II100aJIbHBIE U HAIlMO-
HaJbHBIE PBIHKH, CUCTEMY JOCTyNa K HUM, MEKOTPACIIEBbIE IIEIOYKH CO3/IaHUs
CTOMMOCTEN, COOTBETCTBEHHO, KOHKYPEHLMS BBIXOAUT 3a MpEIEibl pa3aena cy-
IIECTBYIOLUX PBIHKOB B CTOPOHY OOpbOBI 3a (popmHupoBaHUE HOBbIX. KOHKY-
pEeHIMS 3a TOBAapbl M TEXHOJIOTMHM IE€PECTaHET OBbITh AKTyaJbHOI: OCHOBHAs
Oopb0a yxe UIET 3a CUCTEMbI YIpPaBJIECHUS BPEMEHEM, WM BBICOKMMH CKOPO-
ctamu. Kak u 11000 TUIT 5KOHOMHUKH, YJKOHOMHKA BBICOKMX CKOPOCTEH M3MEHSI-
€T HE TOJIbKO cepy MpeanokeHus, Ho u norpediaenus. 1 stor nporecc HEBO3-
MOKHO ONHCAaTh B MOCJENOBATEIILHOCTH: «CHPOC OMPEAENAET MPEIJIOKEHUE)
WIN «IIpenoxkeHne GopMUPYET CIPOC», T. €. 0a30BBIM MOCTYJIaTOM, Ha KOTO-
poM (popmHpyeTCs CEroJHSAIIHSS SKOHOMUUYECKasl TOJINTUKA.

['maBHBIM MOKa3aTesneM pa3BUTHUSL IKOHOMHKHU BBICOKMX CKOPOCTEN SIBISET-
Csl Mepa NMPUHATHS OOLECTBOM WHHOBAIMM, MPUYEM HE TOJBKO TEXHOJOTIHYe-
CKHMX, HO W YINpPaBIEHYECKUX, SKOHOMHUYECKHX, COLMaNbHbIX. Clenyer oTme-
TUTb, YTO C Ka)XIbIM HOBBIM TEXHOJOTMYECKUM YKJIAIOM CKOPOCTb HPHHITHS
MHHOBALIUM COKpaIiaercs B pa3bl. Tak, eciiu rnepBasi TEXHUUECKAsk PEBOIOLUS —
MexaHu3alus (MCIOJIb30BAHME MJIEH BOJBI U Iapa Uil MPOU3BOJICTBEHHBIX LIe-
Jei) jumnack Oosee cra JeT, TO yXKe HbIHEIIHSsI — aBTOMaTH3alus (UCIoJb30-
BaHHE KOMIIBIOTEPOB sl aBTOMATH3alMKU MPOou3BoaAcTBa) ¢ Havana 2000-x ro-
JIOB MPAKTUYECKHU TOJHOCTBIO OCBOEHA K HACTOSIIIEMY BPEMEHH.

B ocHOBe HOBOro TEXHOJIOIMUYECKOIO ykiana jJexuT WHaycrpuanuzanus
4.0 — pa3HOBMIHOCTh MHTEpPHETA BEIIEW, KOHUENUMUS BBIYUCIUTEIBHOM CETH,
IPOMBIIIEHHOTO NPOU3BOJICTBA U CIIOKHBIX (PU3NYECKUX MAIlWH, UHTErPUpPO-
BaHHBIX C UHTEJUIEKTYaJIbHBIMU CUCTEMAMHU.

Texnonmornyeckuit nporpecc (ero Bec B K3MEHEHUU OyAYIIEro OIlEHUBAET-
cs B 79 %), B cBOIO ouepelp, OyneT BIMATh Ha LIENOYKY MPOU3BOJICTBA TIPOIYK-
MY, & IMEHHO Ha yXOJ OT TPAJAULIMOHHON CXEMBblI «IIPOU3BOJCTBO — pean3a-
U K CXEME «3aKa3 — ycilIyra IO MCIIOJIHEHHIO 3aka3a (cepBUCHas Ou3Hec-
MOJIENb)», a U3MEHSIOMIAsACA MOJIENb MOTPEOICHUsT «KPOCC-0TpacieBasi aBTOMa-
TU3allMsl, MOMEHTAJIbHbBIN 3aKa3, CEPBHUC M0 TPEOOBAHUIO» — K «LIEMOYKE MOCTa-
BOK MPOJYKLIHH.
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Crnenyer y4yuThIBaTh TPAaHC(HOPMALIMIO MPOMBIIIIEHHOCTH B CTOPOHY MHOM
OpraHu3alMK TPOU3BOJCTBA U MOSABICHUS «YMHOIO» npoaykra (ycayru). [lepe-
XO0Jl OT MaccoOBOTO NPOM3BOJCTBA K MPOU3BOJCTBY MOJ 3aKa3 KIUEHTa U OT
NPEANPUATANA MOJHOTO IUKJA — K KOHIIEHTpAllMM Ha KOHKYPEHTHBIX MpPEUMY-
HIeCTBaX CYIIECTBEHHO U3MEHUT U CaMy YCIyTy NEPEBO3KU: MEJIKUE MapTUU MO
3aKa3 ¢ IOCTaBKOW «TOYHO B CPOK» HA JIMHHBIE paccTosiHus. [losiBieHue u mac-
COBOE PACHPOCTPAHEHHE «YMHOI0» MPOAYKTa (CEHCOpPHI M JTaTYMKH, MPOrpam-
MHUpYEMBIE CBOMCTBA U MPOYEE) NMPUBEAYT K 3HAUUTEILHOMY POCTY B €r0 CTOM-
MOCTH PacxoJI0B Ha MPOrpaMMHOE 0OECTICYeHHE U K TPeOOBAHUIO MUHUMU3AIINH
TPAHCIIOPTHOM COCTABIIAIONICH B KOHEYHOH 11eHE TOTPEOICHUS.

DKOHOMUKA BBICOKMX CKOPOCTEM, MOCTPOEHHAs HAa COBMEIIEHUHU Oy IyIIero
Y HACTOSIIErO0 BPEMEHHU, TTOMEHSET LIEHHOCTh C «BJIAJICHUS» HAa «UCIOJIb30Ba-
HUE», TIOCKOJIbKY JIJIsI TIOTPEOUTENS TIIaBHON CTAHOBUTCS peain3anus WHINBHU-
TyaJlbHbIX MOTPEOHOCTEN U BaKHEHIIeH MpoOIeMON CTaHET KOMIIPOMUCC oO11e-
CTBEHHBIX U UHJIUBUIYATBHBIX TOTPEOHOCTEM.

Wner dopmupoBaHre HOBOW OpraHU3allMOHHON Mozenu OusHeca. Opuen-
Talsg Ha KOHKPETHOTO MOTpeOuTEeNsT U BCEMEPHOE HCIOIb30BaHUE HMH(OpMa-
[IMU KaK JIBIXKYIIETO pecypca, yd4eT KOHKPETHBIX OCOOEHHOCTEH KOHKPETHOTO
noTpeduTeNsi B KOHKPETHOM MECTE M BCEMEPHOE MCIOJIb30BAHUE TEXHOJIOTHIA
U (POBBIX TpaHCHOPMAIIMA peaTbHBIX OM3HEC-TIPOILIECCOB MEPECTPANBAIOT BCIO
CXE€MYy B3aMMOOTHOILIEHUN B SKOHOMHUKe U obmiectBe. Dopmupyercs HOBoe Jie-
peBo 1enel TpaHnchopMalnuu: peanu3yeMocCTb, 3peI0CTh BO3MOXKHOCTEH, IOJTHO-
Ta UX OIU(POBLIBAHUS U yUET PUCKOB MIPHU peaTU3aIIHH.

DOKOHOMHKA BBICOKHX CKOPOCTEH JOIKHA CTPEMHUTHCS 0OECHEUUTh HYJIEBOE
BpEeMS 03KMJIaHHS HOBBIX TOBAPOB U YCIYT, IPUUYEM B YCIOBUSX WHANBUAYATbHBIX
NPEANIOYTCHUH — B JII000E BpeMs U B JIIOOOM MecTe. Mojienb Takoil SKOHOMHKHU
JIOJDKHA OBITh «HEU30EKHO OT3BIBUYMBOMNY K MOCTOSHHBIM YydiieHUsM. [Tockonb-
Ky KJIMEHT SBJSIETCSI B HEM KU3HEHHO Ba)KHOM YacThIO YCIEUIHOW CTPATErHH, €ro
pYKOBOAAIIAs 0OpaTHasi CBSI3b Pa3BUBAET TAKTUKHU, MPHU KOTOPBIX CTPEMSTCS CO-
BEPILIEHCTBOBATh KAYECTBO M CKOPOCTh 0OcCykuBaHusi. C Apyroil CTOPOHbBI, UH-
dbopmarust 3Toit 00paTHOM CBS3U MO3BOJISIET CTPOUTH BCe 00Jiee TOUHbIE aHATUTHU-
yecKkre MporHo3bl. M Ha 3TOM CTaguu IUlaH U MPOTHO3 COBMAJAIOT MO BPEMEHHU.
JTO CyIIECTBEHHO MEHSET OOJIMK TPAHCTIOPTHO-JIOTUCTUYECKUX CUCTEM.

MeToponornyeckme oCHOBbI OLIEHKU CKOpOCTH

Metononorusi ouenku ckopoctu TJIC, COOTBETCTBYIOIIEH SKOHOMUKE BBbI-
COKMX CKOpocTed, TpeOyeT pa3BUTHUA TMOHATUHHOTO ammapaTa, HAay4YHO-
METOJ0JIOTUYECKO 0a3bl oneHKH 3((EKTOB OT UX CO3/JaHUs U BHEAPEHUS, a
Takke€ 000CHOBAHHOT'O aJIrOpUTMa MPUHATHS PELICHUIH 00 UX LIEHHOCTH IS TI0-
TpeOuTesel TpPaHCIIOPTHBIX YCIYT B HOBOM YKOHOMUYECKOM YKJIaJIE.
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OnucanHoOe BbIIE U3MEHEHHE OM3HEC-MOJIENH MIEPEBO3KU MPUBEIET K TPAHC-
(dopmaLuy TPAaHCIOPTHO-TOTUCTUYECKUX CUCTEM B MHTETPUPOBAHHYIO JIOTUCTUYE-
CKYI0 TOJEPKKY MPOU3BOACTBA. JTO O3HAYAET, YTO METOJOJIOTUYECKH OIICHKA
CKOPOCTH JIOJKHA OBITh CBfi3aHA C KOHTPAKTOM >W3HEHHOI'O LMKIJIA MPOIYKTa
(ycmyru). JlonroBpeMeHHbIE CEpBUCHBIE OTHOILIEHHS JOJKHBI OyAyT 0a3upOBaThCs
Ha KOHTPAKTE U3HEHHOTO IMKJIA JIF0OOro MPOEKTa BHICOKUX CKOPOCTEH, UTO OT-
pa’kaeT SKOHOMHYECKH ONpPaBAaHHOE MPUOOPETEHHE MPOIYKTa U YCIYyT €ro Moj-
JEPKKU KaK MHTErPUPOBAHHOIO MAKETa HOPMUPOBAHHBIX MOKAa3aTeNeil, COCTaBIIsA-
roumx cepsuc. I1og HOpMHUpYEMBIMH [TOKA3aTENAMU YCIYTH MBI [IOHUMAeEM €€ OIle-
PaLMOHHYIO TOTOBHOCTb.

IMeHHO HOPMHPYEMOCTb TIOKa3arened yciayru (WIin MpoayKTa) oOecreunBa-
€T BO3MOYKHOCTh «OLM(POBBIBAHUS» IKOHOMUYECKUX IPOLECCOB HOBBIX TpaHC-
NOPTHBIX CHUCTEM, UX PHIHOYHOTO MOBEACHUS, KOHKYPEHTHBIX CTpaTeTHil, 4TO Be-
J€T K IOHUMAaHUI CTOUMOCTH CKOPOCTH.

Kak u3BecTHO, B o11eHKE 3(PPEKTUBHOCTH LIUPPOBOK SIKOHOMUKH TPUMEHS-
eTCsl MoKa3aTeiab — eAMHUIA LHeHHOCTH. OH CBs3aH, MPEXIe BCEro, co 3Ha4M-
TEJIbHO MEHBIIEH TPYJOEMKOCTBIO BCEX OM3HEC-IPOIIECCOB, a TAKXKeE 3aTpaT 00-
IIECTBEHHBIX, HWHTEIUIEKTYaJIbHbIX, MOJUTHYECKUX pecypcoB. Haubomnpiiee
IPUMEHEHUE B OLICHKE YPOBHS Pa3BUTHUS LU(PPOBON IKOHOMUKH MOJTYUUI WH-
nexkc mugposuzaunn BCG, paccuuThiBaeMblil Kak CpeIHEB3BELIEHHAs CyMMa
Tpex CyOUMHIEKCOB: Pa3BUTHUS UHPPACTPYKTYPHI, OHJIAHH-PACXOI0B, AKTUBHOCTHU
nojb3oBaresieit’. JlaHHbIe MOKa3aTend MOTYT OBbITh HMCIOJIb30BaHBl HAMH B
onpeneneHuu neHHocTH BpeMeHH B TJIC SKOHOMUKH BBICOKMX CKOPOCTEH WJIN B
HOBOM 3KOHOMHYECKOM YKJIAJE.

B naHHOM wHcCClieOBaHUU TPEUIAraeTcs METOJOJIOTHS OLIEHKH CKOPOCTH
TJIC B HOBOM 3KOHOMHYECKOM YKJIAJ€, [IOCTPOCHHAs] HA KBAHTOBOM OIIMCAHHUH
SKOHOMUKH KaK COBOKYITHOCTH:

® [IEPBUYHBIX HEJIEIUMBIX (KBAaHTOBBIX) 3KOHOMHYECKHX CTPYKTYp (MoO-
JIeu Wik o0pasa);

e JCHCTBUIA M OTHOLUEHUU MEXJY SKOHOMUYECKHMHU CTPYKTypamu (cep-
BHCHOM OM3HEC-MOIEIN);

® MPOIECCOB (MPOTHO3HOTO OOCITY>KUBAHUs, OTCICKUBAHUS COCTOSIHUA);

® HKOHOMHUYECKOTO B3aMMOJCHCTBUS MeEXAy OObEKTaMH (COBMECTHOTO
UCIIOJIb30BAaHUSl PECYPCOB, MIHOBEHHOI'O pEarupoBaHUs) B IMPOCTPAHCTBE U
BPEMEHU.

Bpems kak 35KOHOMHMYECKasi KaTeropysl MEPEHOCUT AKLEHT LIEHHOCTH C Iep-
BOHAYAJILHOM IIEHbI MPHUOOPETAEMOro TOBapa WM YCIYrHM Ha OOUIYI0 CTOMMOCTh
BJasieHus uM. Biiagenue apdexkTuBHON yCIyroi MepeBO3KH 00ECTIEYMBACTCS B TOM
cilydae, Korja JOoJroBpeMeHHas KpuBas cpennux uszaepikek TJIC mpuoOperaer
HUCXOAUMM xapakrep. C kKeJle3HOOPOXKHBIMU TPAHCIIOPTHBIMU CUCTEMAaMH 3TO
BO3MOXHO, KOI'Za IPOEKTHl BBICOKOCKOPOCTHOI'O JBMXKCHHUS IOATBEPKIAIOT

! BCG e-Intensity. URL: ttps://www.bcgperspectives.com/content/ interactive/ telecommunications
media_entertainment bcg e intensity index.
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3 deKxT pocTa JOXOIHOCTH, OOYCIOBICHHOTO YBEIUYEHHEM IUIOTHOCTH CETH U
CKOPOCTBIO MEPEMEIICHUS. JKCILUTyaTallMOHHBIE YAEIbHbIE U3IEPKKUA CHUKAKOTCS
10 MEpEe YBEJIMYEHHUSI IPOU3BOIUTENILHOCTH YKEJI€3HOJOPOKHOM JIMHUU, TOCKOIIBKY
(buKcHpoBaHHAsT CTOUMOCTD IPEJOCTABICHUS PENbCOBBIX MyTeH pacmpeaessieTcs
Ha Bce OoJIbllee YUCII0 eUHMIL TepeBo3oK. [ ooHapyxeHus 3pdexTa cKopocTu
KENE3HOZAOPOXKHOIM ceTH TpeOyeTcsi BBICOKasl CTENEeHb WCIOJIb30BaHUsS HH(ppa-
CTPYKTYPBI IIPU POCTE CKOPOCTH MEPEBO3KU: UYEM BBIIIE CTENEHb UCIOIb30BaHUS,
TEM JIy4llle YKOHOMHKA UH(PACTPYKTYPhI, TEM OOJIbINAs JOXOTHOCTh MOXKET OBITh
obecrieyeHa ee BiIaJIeibIly U MOJIb30BaTeIO [6].

BpeMs kak SKOHOMUYECKU OIIEHEHHYIO IIEHHOCTh B TPAHCIOPTHOM 3KOHO-
MHUKE MOKHO OOHApYXUTh, UCIIOJIb3YS JIBA OCHOBHBIX TIOKA3aTeNsl: UICHTUYHBIN
apdekt (TpedyemMoMy KOJIMUYECTBY U Ka4eCTBY TPAHCIOPTHOU YCIYTH) IIPH MU-
HUMU3AIMU BPEMEHH, 3aTPAYCHHOM Ha €ro MOJIyYeHHUE, WM TMOJIOKUTEIbHYIO
BO3pacTarollyto 3QGeKTUBHOCTh B MPOEKTAX C JUIUTEIBHBIM CPOKOM OKYIaeMo-
ctu. Ha TpaHcmopTe mojIoKUTENbHOE 3HAUEHHE JaHHBIX MOKa3aTeleil MOXKET
OBITh JOCTUTHYTO TMYTEM BHEAPEHUS HOBBIX TEXHOJOTHW, OOHAPYKUBAIOIIUX
3¢ PeKT B YBEIMUYECHUH MPONMYCKHOM M TMPOBO3HOM CIOCOOHOCTH (CKOPOCTH)
TPAHCIIOPTHON CUCTEMBI, TUOO peaIbHBIM POCTOM Map>KHMHAIBHON JOXOIHOCTH
IPy300TIPABUTENIEH U POCTOM IIEHHOCTH Y MACCAKUPOB. B MpakTHKy 3KOHOMU-
YECKUX OOOCHOBAHUI HOBBIX JKEJIE3HOIAOPOKHBIX TEXHOJIOTMI BBEJEH MOKa3a-
TeJb «COLMANIbHAS CKOPOCTHY», TO3BOJISIIONIUN OMPEIETUTh MOMEHTHI BPEMEHH,
TOYKHU TIEPEX0/ia Ha HOBYIO CTYNEHb Pa3BUTHS JUHUU MOCPEICTBOM BHEIPECHUS
Ha HEl HOBBIX TPAHCIOPTHBIX TEXHOJIOTUN WU MPOAYKTOB [7].

Hcxonsa u3 Tpex pa3iInyHbIX TpaHCHOpPMALMA PACCTOSIHUS: JJIUHBI, COEIU-
HAIONIEH ABa 00bEKTa (BhIpaXKaeTcsl B €UMHUIIAX JIJIMHBI), 3aTpaT Ha MpeoaoJe-
HUE PAcCCTOSIHUS M BPEMEHU HA €ro MpeojioieHue (CKOPOCTH) — MEXKAY HUMH
CYILIECTBYET B3aUMOCBSI3b, a TAK)KE SABJICHHUE 3aMEIICHUS.

B cBs3u ¢ JaHHBIM YTBEPKICHUEM MpEAJiaraeM CIJIeIyIOIINe METOA0I0TH-
YEeCKHE MOAXO0/Ibl K OMUCAHUIO CKOPOCTH.

Bo-nepBeiX, ciaexyer 0co00 MOAYEPKHYTh, YTO B KAYECTBE MEPhI CTOMMO-
CTH TIEPEBO3KH JIEIKAT 3aTpaThl HE TOJIBKO TPY/Ia U KamuTaia, HO U BpEeMEHH, T10-
TOMY YTO Ka)KJasi IepeMeHa MPOCTPAHCTBEHHOI'O MOJIOXKEHUSI MaTepun TpeOyeT
JIBIDKEHUS, a KaXJ0€ JIBIDKCHHE COBEpIIACTCS BO BpeMeHHU. Takum oOpazom,
IpoLiecC MPEOJIOJICHUS] MPOCTPAHCTBEHHOTO PACCTOSHUS MEXKIY HAuaJbHBIM U
KOHEYHBIM MTYHKTaMU €CTh IIETh ICUCTBUI U OTHOIIICHUN MEXy HUMU (CEepBHUC-
Hasi OM3HEC-MO/Ielib), KOTOopas MOXKET TpaHC(HhOpMUPOBATHCS BO BPEMEHHOE IO0-
HATHE WK CKOpocTh (Dt).

Bo-BTOpbIX, paccTosiHue MepeMenieHus SBIIeTCS UHTEPBAIOM, Pa3elisio-
UM MECTa BO3HUKHOBEHHUS TPAHCIOPTHBIX M MACCAKUPCKUX MOTOKOB. ITOT
MHTEpBAJ (JUCTAHIIMIO) MOXHO paccMaTpUBaTh Pa3IMUHBIM 00pa3zoM, MPExKe
BCEro, Kak COBOKYIHOCTb MEPBHYHBIX HENETUMBIX (KBAaHTOBBIX) 3KOHOMHUYE-
CKHUX CTPYKTYp WJIH IPOCTPAHCTBEHHOE PACCTOSIHUE, BHIPAXKEHHOE B Mepax JJIu-
HBI (KrstomeTpax uin muwisix) (D1).
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B TpeThux, Kak Mbl OTMEUAIU paHee, TEXHOJIOTHUU COKPAIEHUS PACCTOSHUS
COOTBETCTBYIOT TEXHOJOTMYECKOMY YKJIAy, a B HALIEM CIIy4ae UCCIEIYOTCS Ye-
pe3 oneHky coctosiaus TJIC kak MHPPACTPyKTypbl SKOHOMUKH BBICOKHX CKOPO-
creil. Umenno TJIC reHepupyroT 3aTparthl, CBSI3aHHBIE C MPEOAOJIEHUEM PacCTOs-
HusA. VIHBIME cllOBaMH, SKOHOMHUYECKHE 3aTpaThl Ha MPEOJOJIEHUE IPOCTpaH-
CTBEHHOI'O WHTEpBaja MEXKIy [JBYyMs IIyHKTaMH BCEM CBOEH BEIUYMHOU
OTPaXalOT SKOHOMHYECKOE B3aMMOJICUCTBHE MEXIy OOBEeKTaMHU (COBMECTHOE
UCII0JIb30BAaHUE PECYPCOB, MTHOBEHHOE PEarupoBaHUE) U B CBOIO OYEpEIb OTpa-
KAIOTCSl HA CTOMMOCTH TPaHCIIOPTHOM MPOAYKIIUU, 00pa3ysi SIKOHOMUYECKOE pac-
crosaue (Dk). Ho pa3nbie paccTosiHuS UMEIOT pa3Hylo MOTPEOHOCTh UX TPEO0-
JICHUSI, CBS3aHHYIO C 3(hPEeKTOM TpaBUTAIINN, CBOWCTBEHHBIM KaXKJOMY KOHKpET-
HOMY JTally pa3BUTHA oOmiecTBa. Ecnu onuparbcsi HA MPUHIMIBI KBAHTOBOM
MEXaHHUKH, TO ONEPATOP CKOPOCTH 3aBUCHUT OT ONEPATOPA UMITYJIbCA, IEIICHHOTO
Ha MacCy MEePeBO3KU. ITy NOTPEOHOCTh MOYKHO OIKCATh MOHSATUEM HaIlpaBICHUSI.

DKOHOMHUYECKH HAMPABIEHUE O3HAYAET, YTO 3a MPEOJOJIEHUE PACCTOSHUSA I10-
TpeOuTeIbh TOTOB TUIATUTH UMEHHO Ty IIEHY, KOTOpasi COOTBETCTBYET TPEOOBAHUSIM
K ero Beirosie. Hanbomnee KOPpEeKTHO TaHHOE 3HAYEHHE MOKET OTpaXkaTh MOKa3a-
TeNlb «Map)KUHaJIbHAs NpUObUILY. HOo B JaHHOM NpUMEHEHHH €ro HEeOoOXOIMMO
yTO4YHUTS. [Ipexae Bcero, CTOUT OTMETUTh, UTO CJIOBO «IIPUOBLIB» B PYyCCKOS3bIU-
HOM DKOHOMMKE O3HAYaeT «BBIPYUKA MUHYC 3aTpaTbDy. TE€pMUH «Map:KUHAIbHBIN
noxo/» (OT aHri. marginal revenue) UCTIONB3YETCS B IBYX 3HAUCHUSIX: (IIPEJIEITb-
HBIM J0XO0/» — JAOMOJIHUTENbHBIN JI0XO/, MOTYYaeMbId OT MPOAAXKHU JOTOTHUTEIb-
HOW €JIMHUIIbI TOBapa, U «JI0XO», MOIYYEHHbIN OT pealiu3alliy MOCJIE BO3MeEIlle-
HUS IEPEMEHHBIX 3aTpaT. B mocneaHeM 3HaYeHUM Map KUHAJIBHBIA 10XO0]] SBJISCT-
Csl ICTOYHUKOM 00pa30BaHUs IPUOBLIH U TIOKPBITHUS IIOCTOSTHHBIX 3aTpar.

Hecmotpst Ha TO, 4TO TakOW pacdyeT MAPKUHAIBLHOTO J10X0J1a HE MOKAa3bIBACT
MOJIHOTY €r0 3aBUCUMOCTU OT MOCTOSTHHBIX 3aTpaT, MEePEMEHHBIX 3aTpaT U ICHBI,
3Ty 3aBUCUMOCTh JIETKO OOHApYKUTh MPU U3BECTHON MHTEpIHpeTanuu HopMyibl,
YTO B HAIIEM CJIy4ae MPUMEHUTEBHO K TPAHCIOPTHOW MPOIYKIIMH — TO3BOJISET
BBIJICTIUTh B HEW BIMSIHUE BPEMEHHOTO U MPOCTPAHCTBEHHOTO (PaKTOPOB.

Ecnu npennoniokuTs, 4To CKOPOCTh sBIsieTcsl GyHKUIUEH TpaHchopmaiuu
pacCTOSIHMS ¥ HAIPaBJIEHUS, TO

Dt = fZ%(Dl, Dk), wm D, =m%,

rae  m — Ko3(QPUIMEHT, BbIpaKalomuil (GyHKIMOHAIBHYIO 3aBUCUMOCTH MPH
paznuyHbIX ypoBHAX TexHoioruu TJIC.

CrnenoBatelbHO, OCHOBHBIE MTPOOJIEMBI yueTa akTopa BpEMEHHU B CTOUMO-
CTH JKEJIE3HOJIOPOKHON MEPEBO3KM MOXKHO OII€HUTh, MCHOJb3Yys POCT MapXKH-
HaJILHOTO JI0XO/a:

® OT COKpAIlleHHUsI BpEMEHHU MEePEBO3KH (CKOPOCTHOU UHPPACTPYKTYPHI);
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e pa3BHUTH HHPPACTPYKTYPHI HOBBIX JOX0JI000pa3yOMUX HAPABICHHH;

® pocCTa CKOPOCTH Ha MPEACIbHON JATbHOCTU MEPEMEIICHUSI.

AHAJIOTUYHO MOKHO OIICHHTHh CTOMMOCTH CKOPOCTH BIJIAJICHUS JTIOOBIM TO-
BApOM WJIM yCIIYTOM.

PaccmaTpuBasi BBICOKOCKOPOCTHYIO TPAHCIIOPTHYIO CUCTEMY, Mbl BBIXOJUM
Ha HOBBIN MOKa3aTeh — M00ABICHHYI0 CTOMMOCTh B €IMHUILY BPEMEHH, TCHEPH-
PYEMYIO KUJIOMETPOM DPACCTOSHUS U TPABUTAIMOHHON €IUHUIICH HaIpaBIICHUS.
DTO 03HAYaeT, YTO B OIICHKE BPEMEHU B KAYECTBE CIUHHIIBI U3MEPEHHS JIF000TO
JBUKEHHSI MOXKET OBITh UCIIOJI30BAaH BEKTOPHBIN KOI(DPHUIIMEHT MHTEHCUBHOCTH
IIPOLIECCOB TMEPEMEILIEHUS, a B KaUeCTBE OLIEHKU BPEMEHHOM M MPOCTPAHCTBEH-
HOU 3(PPEKTUBHOCTH MPOCKTOB PA3BUTHS TPAHCIIOPTHO-TOTUCTUICCKUX CUCTEM —
IIPOM3BEJICHUE MAacCChl NIEPEBO3MMOI0 TOBapa Ha BEKTOPHBIN KOI(DPUIMEHT WH-
TEHCUBHOCTH TIEPEMEIIICHUSI.

Takum 006pa3oM, CKOPOCTb, HAMPABIEHUE U PACCTOSTHUE MOTYT CHOPMHUPO-
BaTh MMOKa3aTeNlb OIEHKH BPEMEHH MEPEMEIICHUS B JIEHEKHOM H3MEPEHUU WIIH
CTOMMOCTD €UHUIIBI YCIYTH MO TEPEBO3KE BBHICOKOCKOPOCTHON TPAHCIIOPTHO-
JIOTUCTAYECKON CUCTEMOM.

JlanpHeiee MoaenMpoBaHne U ONU(POBBIBAHUE ATUX MAPAMETPOB E€CTh
OCHOBA TOJIX0/1a K OIICHKE SKOHOMUYECKOH 3(h(PEKTUBHOCTU CKOPOCTH B UH(Dpa-
CTPYKTYPHBIX IPOEKTaX YKOHOMHUKHU BBICOKUX CKOPOCTEH.

Ouckyccus (uctopuorpadusa Bonpoca)

[lepBbie pabOTHI, OMKUCHIBAIOIINE BPEMsI KaK IKOHOMHYECKYIO KaTETOpHIO,
nosiBiMCh B 1960-x ronax. Haubonee noiHoe uccienoBanue Gakropa BpeMeHU
B TPAaHCHOPTHOM mpouecce npuHaiexuT U. Tapckomy [8]. OnHako akTHBHAsA
JUCKYCCHUSl O IIEHHOCTH BPEMEHHM M MpOoOJieMax OLIEHKU CKOPOCTU TPAHCIOPT-
HBIX CUCTEM HJIET TOJBKO B MOCJIeAHUE BpeMs. Ee Hayano CBs3aHO C OCO3HAHU-
€M MOTPeOHOCTH 00IIecTBa B BHICOKOCKOPOCTHBIX TPAHCIIOPTHBIX CHUCTEMAax, B
4acTHOCTH, Bo3jaelicTBua BCM Ha TpaHcopmanuio HallMOHAIBHOM M PErHo-
HaJIbHOW Y9KOHOMUKH, C YCTPAHEHUEM PETHOHAJIBHBIX Pa3JIMUMi U aKTUBU3ALEU
AKOHOMHUYECKOr0 pocra [9].

Yactb ucciaenoBaHuil CBsi3aHa ¢ 00JIACTHIO CTPATErMYECKOr0 aHaIHu3a T0-
cneactBuid BCM Kak [Jisg 9KOJOTHH, TaK U I YCTOWYMBOTO Pa3BUTHUSL PETHO-
HOB. B yacTHOCTH, cTpaTteruu pa3BUTHUSI BRICOKOCKOPOCTHOTO cooOmienus B EC
MCCIIEJOBAHbl HA OCHOBE TPEX BBICOKOCKOPOCTHBIX KEJE3HBIX JOPOT C Pa3HbIM
noteHuuanom: HS2 B BenukoOputanuu, RFAV B Iloptyranuu u Baltica 2 eB-
ponencKoil kene3HogopoxHoN nuHuM KayHac. ABTOpBI aHaIU3UPYIOT KpPUTE-
pyUU HEOOXOJIUMBIX U CTpPATErMYECKU OMpPaBIAHHBIX PEUICHUM MPU MPUHSATUU
npoektoB BCM [10].

Psan aBTOpoB paccMmarpuBaer npoOieMbl KOHKYPEHTHBIX MOJENeH OopraHu-
3alMid BBICOKOCKOPOCTHBIX JKEJIE3HOIOPOKHBIX MEPEBO30OK U BIUSIHUE YaCTOTHI
1 CKOpocTH Tpaduka Ha orleHKy croumoct BCM [11].
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B 0CHOBHOM JMCKycCCHUA CBsi3aHa C LIEHHOCThIO BpeMeHU. B yacTHOCTH, HC-
cJe0BaHUE CMeNIaHHbIX NepeBo3ok BCM, a UMEHHO MHTErpanus KeJIe3HO10-
POKHBIX U aBUAIEPEBO30K Hucciaeayerca B padore [12]. ABTOpbI OLIEHUBAIOT
BIIMSHUE COKpAIICHUS BPEMEHU MEPEBO3KM HA MPHUOBLUIL ONEPATOPOB U POCT
LEHHOCTH JAHHOM yCIIyTH JUisl maccaxxupoB. B 3ol ke paboTe paccmaTpuBaeT-
¢ BO3MOYKHOCTh POCTAa CTOMMOCTH MHTETPALIMM HAa OCHOBE COKPAILCHUSI BpEMe-
HU Ha MepecajiKu.

B pazButuu npo6sieMbl HHTETpaIllui BHICOKOCKOPOCTHBIX BUJIOB TPAHCIIOPTA
(>KeIe3HOIOPOXKHBIX U aBHANEpPEeBO30K) 00cyxkaaercsa 3pGEeKTUBHOCTh UX MUHTEP-
MOJAJIBHOCTU M BHYTPEHHEH KOHKYPEHIMH. Psii aBTOPOB aHaIM3UPYET 3aBUCH-
MOCTh (DYHKIIMU CIPOCAa HA MEPEBO3KU OT JOXOJOB HACENEHHUS, KOHKYPEHTHBIC
U3JIEPKKM BO3IyIIHOTO TPAHCIIOPTA U LICHBI HA AJIbTEPHATUBHBIEC TIEPEBO3KU HKe-
JIE3HOJIOPOKHBIM TPAHCIOPTOM. BeIyTcs OpUTHMHAIbHBIE WCCIECIOBAHUS TEpe-
KpecTHOH 3nmactuyHOoCcTH BCM pa3nuuHbIX BUIOB TPAHCIIOPTA, MOATBEPKAACTCS
POCT KOHKYPEHTOCIIOCOOHOCTH BBICOKOCKOPOCTHBIX KeJe3HbIX fopor [13].

[TpoGaemMbl METOMONIOTHU OIEHKH MaKpPOIKOHOMHYECKHX PHUCKOB CHIUKE-
Husa 3¢dextuBHOCTH BCM M 00IMX METOAMYECKUX IMOAXOJ0B K OILICHKE 3(-
(EKTUBHOCTH TPOEKTOB BBICOKOCKOPOCTHOTO JIBIDKCHHSI B Pa3IMYHBIX JKOHO-
MHYECKHX YCIIOBUSIX Ha OCHOBE, B 4acCTHOCTH, noka3arened NPV u IRR u pas-
JUYHBIX 3HAYEHUN CTaBKU JUCKOHTUPOBAHUS, pacCMaTpUBaroTCs B padbote [14].

Kpurndeckuii aHanu3 s3xoHoMu4ecKor orneHKd 3ddexkToB or BCM Ha oc-
HOBE MPOEKTa BHICOKOCKOPOCTHOM KeJIe3HOIOpOoxKHOM MH(ppacTpykTypsl LlBe-
MU U POJIM 3TOM OLEHKHU B MPOLIECCE MPUHATHS PEIICHUH 10 MPOEKTY JIaH B pa-
6ote [15]. ABTOp moJyaraet, 4To HbIHEUTHUE METOAMKU OLIEHKH TaKHX MPOEKTOB
HEJIOCTATOYHBI, METOJOJOTUUECKH HE COBMECTHUMBI ¢ MOHUMAHUEM pealbHbIX
3 PEeKTOB U CKOpee BBIMOJIHSAIOT POJb OOOCHOBAHHS 3asBKHM Ha MPOSKT HIIH
HaMmepeHuil co3aatb BCM. Mbl NOJIHOCTBIO pa3fiesisieM JaHHYI0 TOUKY 3PEHUS.

Psin aBTOpOB OTMEYAET, YTO B METOJIaX OLICHKU CKOPOCTHU JOJAKHBI YUUTHI-
BaThCs 3P ekt mpocTpaHcTBeHHOU AddexktrBHOCTH BCM. B wactHOoCTH, Ta-
koe uccrnenoBanne Ha npumepe BCM Kuras mpusegeno B pabore L. [I3b4,
Y. Yxoy, Y. LpiH [4]. JanHoe Hcciie0BaHUE BBHICTPAMBAECT MOJICIb 3BOIIOIUN
pPBIHKA C TOYKH 3PEHHUS SKOHOMHYECKOTO CYOBhEKTa U COMOCTABJICHUS MECTOIO-
JIO’KEHUS B YCIIOBHSIX HEOJHOPOIAHOTO MPOCTPAHCTBA. Jl0Ka3aHO, YTO pa3BUTHE
MEPEBO30K MOKET CHU3UTh TPAHCIIOPTHBIE PacXObl, KOTOPBIE TECHO CBA3aHBI C
pPacmoIOKEHUEM TPOU3BOACTBEHHBIX PECYpPCOB. DKOHOMUYECKHA IPHEKT OT
BBICOKOCKOPOCTHOTO KEJIE3HOJJOPOKHOTO TPAHCIIOPTA OBLI U3YYEH C MOMOIIBIO
METOJI0OB «pa3HOCTh B pasHocTu» (DID) n «oT6op mogoOHOro mo BEPOSTHOCTH
(PSM-DID). Pe3ynbraThl UCCIEAOBAaHUS MOKA3bIBAIOT, YTO CTPOUTEIHCTBO BBI-
COKOCKOPOCTHOM KE€JIE3HOJOPOKHOM Maructpajii B Kurtae mojaoXuTenbHO BIIM-
SIeT Ha YKOHOMHYECKUN POCT M CTAHOBUTCS BaXKHBIM (PAaKTOPOM B M3MEHEHUH
CTPYKTYpPbI TEPPUTOPUATIBHON SKOHOMUKH KuTas.

Hekotopeie aBTOpBI HCCIEIYIOT MPOLEAYPhl OLEHKH ITPOCTPAHCTBEHHOIO
Bo3zaericTBus BCM Ha npumepe ropoACKHX arjoMepanuid. ABTOPBI MOJIararoT, 4To
TepputopuanbHoe Bo3zzaciicTBue BCM HOMKHO OLIGHMBATHCS JABYMS IOJIXOJIAMU,
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T. €. YUUTBIBATH MPOOJIEMBI KaK 3((HEKTUBHOCTH, TaK U paBHOro AocTyna. JlaHHas
paboTa OMMCHIBACT TAKOM METOX OmEeHKH MpoekToB BCM, ucnomnp3ys mnporeaypy
aHaJIM3a MPOCTPAHCTBEHHOTO BO3/ICUCTBUS U BBIYUCIICHUS MTOKa3aTeIe JOCTYIHO-
cTH, IojyIepkuBaeMbIx [ eonndopmarmonnoii cucremoit (GIS) [16].

OneHka npocTpaHCTBEHHOUW 3()()EKTUBHOCTH TPAHCIIOPTHOM JIOTUCTUKH B
peruoHaibHOM Maciitade paccMorpeHa B padote I1. [llpucasara, H. Kponmnpa-
cepra u K. ApynoraiianyH [17]. B uccnenoBanuu ncnonsdyercs GIS nnsa ana-
J3a MHOTOKPUTEPUATIBLHON MOJIENI M BU3yaJu3alliu MPOCTPAHCTBEHHBIX JaH-
HbIX. [IpemiokeHHbIil WHCTPYMEHT NPUHITHS PEIICHU BHeIpeH B Tuiatdop-
My GIS 1 sBisieTcss MOIIHBIM CPEACTBOM TIpH paboTe € KOMIUIEKCHBIMH
POCTPAaHCTBEHHBIMU JIaHHBIMU. Takue AaHHbIE, OTHOCsSIIMECS K 3(h(HEeKTUBHO-
CTH OIIEHKH, MOTYT ObITh BU3YAJIU3UPOBAHBI JIsl TOTEHIIUAJIBHBIX MPEUMYIIECTB
Y HEJIOCTAaTKOB Ka)XJIOT0 IMPOCTPAHCTBA M HCIOJB30BAHbI JJIsl CTPATErHYECKOTO
TUTAHUPOBAHMUS, TTOBBIIICHHUS JIOTHCTHYECKOU 3(DPEKTUBHOCTH B PETHOHAX.

JIy1st Halero Mcciae0BaHus BaXKHBI METOI0JIOTHYECKUE padOThl B 00JaCTH
KBaHTOBOM »KOHOMUKHU. B wacTHOCTH, B paboTe B. II. MacnoBa oTpaskena auc-
KyCCHSI O TICHXOJIOTUYECKUX, COLUMOJIOTMYECKUX M CTAaTHCTUYECKHUX BOIPOCax
SKOHOMUKHU B UX CBS3U C HOBOM HJAEMIIOTEHTHOM, UM «TPOMUYECKOI», apud-
MeTUKOH. JlaeTcs MmaTeMaTnyeckoe 0OOCHOBAHHME U YTOUHSIIOTCS SMIUPUYECKHE
CTaTUCTUYECKUE 3aKOHOMEPHOCTH B 3KOHOMHKE, BAXKHBIE UJII METOJOJIOIMH
OTMCaHUsI PKOHOMMKH BBICOKHX ckopoctei [18]. B pabore JI. bpaesa npemo-
YKE€HO MOHSTUE HEIIECUTHOM KBAaHTOBOM 3KOHOMHUKH — BBIBEJACHUE 1IEH U LIUKJIOB
U3 TEXHOJOTUYECKH HEOOXOAMMBIX MPOIMOPILMA U JIAroB MOTPEOJICHUS], TPOU3-
BOJICTBA, ICHE)KHOT'O TOBApOOOMEHA U UX MOJIepHU3aIuu [S].

3akrnro4yeHue

Takum oOpazom, mepexo]; 001IecTBa Ha HOBBIN TEXHOJOTHMYECKHUH yKIIad, a
UMEHHO UHIyCcTpuio 4.0, popMUPYET CUCTEMY HOBBIX SKOHOMHYECKUX OTHOIIIE-
HUMN, IEHTPaIbHBIM 3BEHOM KOTOPBIX CTaHOBUTCS KaTeropus BpemeHu. Cyie-
CTBEHHO MEHSETCS CHUCTeMa OXKHUIaHWUS HOBBIX TOBApOB W YCIYT, MPUYEM B
YCJIOBUSIX WHIUBUTyTBHBIX TIPEMTOYTCHHU — B JTF000€ BpeMsI U B JTIOOOM MeECTe.
DKOHOMMKA CTPEMUTCSI K BBICOKUM CKOPOCTSIM IIPOM3BOJICTBA U MEPEMELICHUS.
[TosiBrisieTCSt HOBast CYIIHOCTh — YKOHOMHUKA BBICOKMX CKOPOCTEH.

HccnenoBanue TeHAEHIMN TpaHCc()OpMalMy TPaHCTIOPTHO-JTOTUCTUYECKUX
CHUCTEM B HOBBIM OyAyIIMM TEXHOJOTUYECKUH YKJIaJ MO3BOJIUIO CHETaTh Cie-
JYIOIIKE BHIBOJIBI:

1) umeromasicsi METO0JIOTHS OIEHKH ()DPEKTUBHOCTA MPOCKTOB BBICOKO-
CKOPOCTHBIX TPAaHCHOPTHO-JIOTUCTUUYECKUX CHUCTEM HE YYHMTHIBAET LIEHHOCTH
BPEMEHU;

2) popmupoBaHre HOBOTO METOJOJOTHYECKOT0 MOAX0/a K OIIEHKE MPOEeK-
ToB BCM TpebyeT nmepeocMbICIIeHNs KaTeTOPUN BPEMEHU U €€ TpaHChopMaIiuu
B CKOPOCTb B HOBOM TE€XHOJIOTUYECKOM YKJIIAJIE;
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3) BpeMsi Kak SKOHOMHUYECKH OIIEHEHHYIO IIEHHOCTh B TPAHCHOPTHOM 3KO-
HOMHUKE MOXKHO OOHApY>XHUTh, UCIOJIB3Ys MOKA3aTeN MPOCTPAHCTBEHHOU 3(-
dbextuBHOCTH U 3(dekTa rpaBUTAUU (aACKBATHBIM KOJIMYECTBY M KauyeCTBY
TPAHCIIOPTHOM yCIYTW) NMPU MUHUMH3ALHUKU BPEMEHH, 3aTPAY€HHOM Ha €€ IMpo-
U3BOJICTBO, U TOJIOXKUTENIbHYIO BO3PACTAIONIYI0 3P(HEKTUBHOCTh B IMPOEKTaX 3a
CYET pOCTa JIOXOJHOCTH MOTPEOUTENIeH TPAHCIOPTHOM YyCIyTrH Ha CTaJAUMU dKC-
ryaraiuu BCM.

CrnenyeT 0XuaaTh, 4TO UBMEHEHUE OM3HEC-MOJIENIU TIEPEBO3KU MIPUBEIIET K
tpanchopmanmu TJIC B HHTETpUPOBAHHYIO JIOTUCTHYECKYIO MOAICPKKY MTPOU3-
BOJICTBA. DTO O3HAYAET, YTO METO0JIOTMUECKH OIEHKA CKOPOCTU JOJKHA OBIThH
CBSI3aHA C KOHTPAKTOM W3HEHHOIO IMKJIAa NpoaykTa (yciayru). JJoaroBpemen-
HbI€ CEpBHUCHBIC OTHOILICHUS JOKHBI OynyT 0a3upoBaThCs Ha KOHTPAKTE >KU3-
HEHHOT'O IMKJIa JIF0OOT0 MPOEKTa BBICOKUX CKOPOCTEH, YTO OTpakaeT SKOHOMHU-
YECKU OMPABJAAHHOE MPUOOPETEHUE MPOAYKTA U YCIYT €ro MOJACPKKH KaK WH-
TErPUPOBAHHOTO MMAKETa HOPMUPOBAHHBIX MTOKA3aTeNeH, COCTABISIONINX CEPBUC.

Bubnuorpaduyecknm cnncok

1. Dedicoat Ch. Circular economy: what it means, how to get there. — URL:
https://www.weforum.org/agenda/2016/01/the-importance-of-a-circular-economy
(mata obpamienus 01.10.2017).

2. KypasneBa H.A. ludppoBas s3xoHOMHKA KaK OCHOBa YKOHOMHKHU BBICO-
kux ckopocreit / H.A. XKypasnesa // TpanCOpTHBIE CUCTEMBI U TEXHOJIOTUH. —
2017. — No 2(8). — C. 47-49. — URL: http://transsyst.ru/2(8)2017-15.html (naTa
obpamenus 21.11.2017).

3. MenwsaukoB B.A. KBanTtoBas skoHOMUKa feiictBuii: MoHOrp. / B.A. Menb-
HUKOB. — 2-€ u3[., uctp. u nepepad. — Kpacnosipck: Cub. penep. yn-t, 2011. —
248 c.

4. Jia Sh. No difference in effect of high-speed rail on regional economic
growth based on match effect perspective? / Sh. Jia, Ch. Zhou, Ch. Qin // Trans-
portation Res. Part A: Policy and Practice. — 2017. — Vol. 106. — P. 144-157.

5. Bpaes JI. llens! u nensru. Hauana HelleCUTHON KBAaHTOBOW SKOHOMMKH /
JI. Bpaes. — Homkap-Oua: Juasor, 2010. — 446 c.

6. KypaBnera H.A. DxoHOMHUYeCKasi OLIEHKA TOBBIIICHUS BPEMEHHON U
IPOCTPAHCTBEHHOW  A(P(PEKTUBHOCTH  KEIE3HOJOPOKHOTO  TpaHcmopra /
H.A. Kypagnesa // MaruuTosieBUTAIIMOHHBIE TPAHCIIOPTHBIE CUCTEMBI U TEXHO-
gorun Tpyzasl 2-it Mexa. Hayd. koud. MTCT'14; non penakuueit 10.®. Anro-
HoBa. — Kupos, 2014. — C. 393-405.

7. byonosa I'.B. YnpaBienue pa3BuTHEM CHEIUATU3UPOBAHHBIX KEJIE3HO-
JOPOKHBIX JIMHUNA — MHHOBaLMOHHBIN noaxoy / I'.B. byonosa, FO.H. ®enopos //
DKOHOMMKA kene3HbIX Jopor. — 2014, — Ne 9. — C. 75-80.

8. Xia W. Air and high-speed rail transport integration on profits and wel-
fare: effects of air-rail connecting time / W. Xia, A. Zhang // J. Air Transp.
Management, 2017. — P. 181-190.

162



9. Tapckuii 1. ®akrop BpeMeHu B TpaHcnopTHoM npouecce / Y. Tapckuil.
M: Tpaucnopr, 1979. — 14 c.

10. Carvalho S. High speed rail comparative strategic assessments in eu
member states / S. Carvalho, M. Partidario, W. Sheate // Envir. Impact Assess-
ment Rev., 2017. — Vol. 66. — P. 1-13.

11. Alvarez-SanJaime O. A model of internal and external competition in a
high speed rail line / O. Alvarez-SanJaime, P. Cantos-Sanchez, R. Moner-
Colonques, J.J. Sempere-Monerris // Econ. of Transp. — 2015. — Vol. 4, Is. 3. —
P. 178-187.

12. Vickerman R. Can high-speed rail have a transformative effect on the
economy? // Transp. Policy. — URL: http://www.sciencedirect.com/science/ arti-
cle/pii/S0967070X17301002 (nata obpamenus 10.11.2017).

13. Gundelfinger-Casar J. Intermodal competition between high-speed rail
and air transport in Spain / J. Gundelfinger-Casar, P. Coto-Millan // Utilities
Policy. 2017. — Vol. 47. - P. 12—-17.

14. Limon T. Risk analysis and high speed rail projects in france: introduc-
ing economic slowdown into appraisal methodologies / T. Limon Y. Crozet //
Transp. Res. Procedia. — 2017. — Vol. 25. — P. 2824-2842.

15. Ronnle E. A novel approach to economic evaluation of infrastructure? —
examining the benefit analyses in the swedish high-speed rail project / E. Ronnle //
Case Studies on Transport Policy. 2017. — Vol. 5, Is. 3. — P. 492-498.

16. Monzon E.O. Efficiency and spatial equity impacts of high-speed rail
extensions in urban areas / E.O. Monzon, E. Lopez // Cities. 2013. — Vol. 30. —
P. 18-30.

17. Srisawat P. Development of decision support system for evaluating spa-
tial efficiency of regional transport logistics / P. Srisawat, N. Kronprasert,
K. Arunotayanun // Transp. Res.Procedia, 2017. — Vol. 25. — P. 4832—4851.

18. Macnos B.II. KBanToBas sxoHomwmka / B.Il. MacmoB // M.: Hayka,
2006. - 96 c.

Caenenust 00 aBTopax:

KYPABJIEBA Haranbst AnekcanapoBHa, 1. 3. H., mpodeccop, 3aBeayromias kadeapoil.

E-mail: zhuravleva na@mail.ru

I[TAHBIYEB Anekcanap FOpweBuu, K. 3. H., mpodeccop, peKTop.

E-mail: panichev_a y@mail.ru

[TerepOyprckuil  rocynapcTBEHHBIH YHUBEpCUTET myTedl coolmenus KMmmneparopa
Anekcanapa [

© XKypasneBa H. A., ITansrues A. 1O., 2017

163



UDK 338.47

N. A. Zhuravleva, A. Yu. Panychev

PROBLEMS OF ECONOMIC ASSESSEMENT OF SPEED
IN TRANSPORT AND LOGISTICAL SYSTEMS IN THE NEW
TECHNOLOGICAL PARADIGM

Date of reciept 09.10.2017
Decision on publication 19.12.2017

The article suggests a methodological approach to assessment of speed costs of
transport systems at the new technological paradigm (The Fourth Industrial Revolution).

Objective: The purpose of the work is to study economic effects of transport and logis-
tical systems (TLS) performance as the infrastructure of high speeds economics.

Methods. Deep analysis of railway infrastructure as a subsystem has been given, which
has marked competitive advantages and ensures inclusion of the transport system in the new
technological paradigm.

The basic parameters of influence of new technological paradigm on transport systems,
namely, dominance of global network production and consumption, supply chain manage-
ment and added value creation through integration of products and services.

The methodology of the study is based upon quantum description of the economics as a
combination of the initial indivisible (quantum) economic structures (model or image), ac-
tions and relations between them (service business model), processes (predictive maintenance,
state tracking), economic interaction between economic action objects (joint use of resources,
instant response) in the space and time.

The authors have introduced the notion of high speed economics as a measure of the so-
ciety’s taking innovations, which changes all national and global markets, access to them, and
interbranch value chains creation. Time management, high speeds are the key competitive ad-
vantages of the scheme: “order — fulfillment of the order (service business model)”.

Results. The methods for assessment of speed of TLS, new nomenclature, method of
high speed caused effects assessment have been developed. The algorithm of decision making
about value of high speeds for transport services consumers in the new technological para-
digm has been justified.

On the basis of the analysis of three different distance transformation: length, connect-
ing two objects (expressed in length units), costs and time (speed) for covering distance, —
practical application of vector coefficient of the intensity of motion processes as the unit of
measurement of any motion has been justified. As the assessment of time and space efficiency
of TLS projects’ development, the product of the weight of the goods transported and vector
coefficient of motion intensity is used.

Speed assessment, time value, high speed economics, technological paradigm, quantum
economics, motion intensity.
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Introduction

Transformation of transport systems is determined by new technological
paradigm. The history of mankind saw every other transmission to new paradigm
formed its corresponding transport system. Todays, it is written much about inno-
vative transport systems, forgetting that the top of the innovation pyramid is cov-
ered by the essence of the innovative product commercialisation — transport ser-
vice in this case. It is the transport service with its properties, production and con-
sumption processes that acquire new different essence in the near future
€conomics.

In recent years, the issue of what should become the locomotive of innova-
tive renewal of transport systems has been actively discussed: a new mixed
transport service, production of new types of rolling stock, or transportation as
an industry as a whole; or a sphere of activity linking production, exchange and
consumption. How to evaluate the effect of high-speed breakthrough technolo-
gies in transport systems?

From our viewpoint, the issues should be described from the view of transi-
tion of the society to new technological paradigm, namely the industry 4.0. This
paradigm forms the system of economic relations, the central part of which is
the category of time?. The process of waiting for new goods and services is
changing significantly, and under the conditions of individual preferences at any
time and in any place. The economy is striving for high production and transpor-
tation speeds. In this respect, projects for the development of high-speed
transport systems acquire other properties and, therefore, require fundamental
changes in the methodology for assessing their values.

The purpose of this study is to economically describe the assessment of
speed in transport systems of new technological paradigm. In this connection,
two objects of research arise: transport systems and new economy, the essence
of which is high speed economics, formed by new technological paradigm. They
are bound so closely that considering them separately would change the essence
of speed assessment. This is bound with the following circumstances.

1) The world is entering the new high-speed category. Infrastructure
branches of the economy and, in the first place, transport and logistical systems
will boom economically. The role of transport as an intermediary will decrease
drastically in favour of consumer properties of goods and technological rent.
The so-called “sharing” and “circular” economies are being widely discussed
already [1]. We have previously introduced and described the notion of high-
speed economics as a way of doing business, whereby the main effect is detected
by estimating the cost of time as the main, non-renewable resource [2].

23 See, for example, the time saving law defined by David Ricardo and introduced by Karl Marx (Marx
K., Engels F. Work in 30 vol. 1961. T. 24. P. 648).
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2) In the modern history, the focus on efficient transport systems has be-
come a cornerstone of the development of the infrastructure of competitive
commodity markets. At the same time, the current transport systems have prac-
tically exhausted the growth reserves in the present technological paradigm. The
transition to a more advanced technological structure requires an appropriate
transport system.

3) In transport systems, the subsystem of railway transportation has marked
competitive advantages, thus ensuring the first place inclusion in the new tech-
nological paradigm. These are, first of all, possibility of mass freight and pas-
sengers transportation; high capacity; non-stop transportation irrespective of
climate conditions; higher speed potential, including that in transport corridors;
fast development of high-speed transport, including freight one, for example of
the bases of magnetic suspension. The most difficult point in railway transporta-
tion is its infrastructure: high costs and long payback periods of its modernisa-
tion projects. However, on the other side, it is railway infrastructure that is ex-
posed to new technologies influence. For example, the Hyperloop project with
its 1200 km/h passenger transportation or magnetic levitation with its up to 1000
km/h container transportation.

These circumstances are the defining points of the emergence of high-
speed economics on the basis of high-speed infrastructure of transport systems
in the formation of the new technological paradigm.

Traditionally the assessment of efficiency of HSR projects is based upon or
a combination of several methods, such as: a method of difference of efficient
transport expenditures and a method of net present value assessment. Other ef-
fects (social, ecological, etc.) are considered either indirect methods on the bases
of expert assessment, or a direct account. From our point of view, this approach
1s applicable only to technical modernisation projects and reconstruction of
transport systems. In the case of transport systems of a new technological para-
digm or high-speed economy, the application of standard economic efficiency
assessment is incorrect.

In this study, the basic speed assessment problems are bound with determi-
nation of transport and logistical systems as infrastructure of high-speed eco-
nomics, namely taking into account a set of effects arising in the production and
consumption of high-speed transportation services, as well as the multiplier ef-
fect.

The set of study methods have been based upon the quantum description of
economics as a combination of initial and indivisible (quantum) economic struc-
tures (model and image), actions and relations between them (service business
model), processes (predictive maintenance, state tracking), economic interaction
between economic action objects (joint use of resources, instant response) in the
space and time [3-5].
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Transport and logistical systems as a research object

There are different notions of transport and logistical systems (TLS). Tradi-
tionally, they mean a combination of consumers and service producers, as well
as the management systems used, vehicles, communication routes, structures
and other property. In more extended definitions, the transport and logistical
system is defined as a combination of objects and subjects of the transport and
logistical infrastructure, together with material, financial and information flows
between them, performing the functions of transportation, storage, distribution
of goods, as well as information and legal support for commodity flows.

In any case, for a proper functioning of the TLS, the relative infrastructure
is needed. The processes of transportation, storage, distribution of goods, as well
as information flows accompanying them, require certain technical means.
These means make the infrastructure of logistics, and their relation make the lo-
gistical system. The infrastructure should ensure accurate and uninterrupted per-
formance of all logistical functions. The infrastructure of transport logistics en-
compasses:

o transport routes of all types of transport, including pipelines, as well
as transport hubs, namely sea hubs, river hubs and airports, container terminals,
railway transshipping and shunting stations, combined transport terminals;

o buildings and other facilities ensuring storage with its technical
equipment,, enabling manipulation of freight and realisation of basic functions,
for example, packaging, and loading and unloading fronts, loading ramps;

o elements of the key logistics infrastructure, such as distribution cen-
tres, logistics service centres, transport and storage facilities;
o equipment and means of information processing and transmission

together with relative software.
In accordance with the EU classification, transport and logistical system
has the following segments:

o freight transportation and forwarding services;

o complex logistical services including storage and distribution of
goods;

J management logistics, including optimisation of logistical business
processes.

From the perspective of our study, it is necessary to describe the TLS as an
infrastructure element of a high-speed economy. The economy of TLS generates
added value at the expense of the services of compiling optimal routes for the
delivery of goods, ensuring the full load of transport means, controlling the pas-
sage of goods at all stages of the supply chain, and so on.

This service spectrum should be described in the language of a consumer
namely easy to understand and sought after by them, as well as have a marked
value. Every service has clearly stipulated parameters, guaranteed quality and a
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known cost. The service may have several levels, each of which being a set of
own service parameters value. A client chooses the contents and the level of the
needed service. The relations between the client and the supplier are fixed by the
SLA (Service Level Agreement).

The new technological paradigm predisposes the management of supply
chains and the creation of value added through the integration of products and
services. The TLS should take into account the dominance of global network
production and consumption.

Now, the most efficient TLS is the Third Party Logistics, developed at the
expense of outsourcing of a part of a company’s functions in organisation and
support of dealership network and creation of inbound logistics and outbound
logistics, as well as reverse logistics. In accordance with the classification ap-
proved, 3PL is based upon on warehousing and processing services, organisation
of transportation, and management of goods flow during the transportation. Ac-
cording to leading 3PL operators, in the last five years the contract logistics
market volume has increased by an average of 8 % per year and amounts to
55 % of the volume of the global transport and logistics market.

However, the speed of providing 3PL services cannot meet the demand of
high-speed economics, primarily due to constraining transport infrastructure and
fragmented digitisation of logistics processes. The meeting of the demand might
be achieved at the expense of logistics level SPL (Fifth Party Logistics) or “In-
ternet Logistics”, consisting in management of all elements of the chain by
means of global information technologies. At the same time, the realisation of
this level of transport and logistics service should be ensured by relative high-
speed infrastructure.

High-speed economics

The speed in the new economic paradigm generates a new economic entity —
high-speed economics. Actually, high-speed economics is an economy where the
future time equals the present time and is equal to the past time. It means, in the
evaluation of time, the forecast, the plan, the fact coincide with the forecast analy-
sis being the main tool for its analysis.

High-speed economics modifies all global and national markets, the system
of access to them, interbranch value chains and, accordingly, the competition
goes beyond existing markets towards the struggle for the formation of new
ones. Goods and technology competition will cease to be relevant — the main
struggle is already going for time management systems, or high speeds. Like any
type of economy, — the economy of high speeds changes not only the supply
sphere, but also consumption one. And this process cannot be described as:
“demand creates supply” or “supply forms demand”, 1. e. the basic postulate
forming today's economic policy.

168



The main indicator of the development of a high-speed economy is the
measure of innovations accepted by the society, not only technological, but also
managerial, economic, social. It should be noted that with each new technologi-
cal paradigm, the speed of acceptance of innovations is several times faster. So,
if the first technical revolution - mechanisation (using water and steam for pro-
duction purposes) lasted more than a hundred years, the current one — automa-
tion (use of computers for the automation of production) since the beginning of
the 2000s has been almost completely mastered by now.

At the heart of the new technological paradigm the so-called Industrialization
4.0 lies. It is the Internet, the concept of the computer network, industrial produc-
tion and sophisticated machines integrated with intelligent systems.

The technological progress (its involvement in the change of future will be
measured 79 % of the entire influence) will influence the production chain, namely,
cancellation of the traditional system ‘“production-realisation” being replaced by
“order-fulfillment service (service business-model)”. And the changing consump-
tion model — “cross-branch automation, instant order, consumption service” will be
replaced by “production supply chain”.

It is advisable to consider transformation of industry to some other, differ-
ent production organisation and emergence of “smart” product or service. Tran-
sition from mass production to customer-ordered production and from integrated
plant concentration on competitive advantages will significantly change the very
service of transportation: small lots under the order with delivery «just in time»
for long distances. The emergence and mass distribution of «smart» product
(sensors, programmable matter, etc.) will lead to significant increase in its soft-
ware costs and to the requirement to minimise the transport component at the
final price of consumption.

The high-speed economy, built on the “combination” of future and present,
will change the value of “ownership” to “use”, since the main thing for the con-
sumer is the realisation of individual needs and the most important problem will
be a compromise of public and individual needs.

A new organisational model of business is in the process of formation. Fo-
cus on specific consumer and the full use of information as a driving resource,
consideration of specific features of a particular consumer in a particular place
and use of the technologies of digital transformations of real business processes
in every possible way, reconstruct the entire scheme of relationships in the
economy and society. A new tree of transformation goals is being formed: reali-
sation probability, maturity of possibilities, their completeness of digitisation
and consideration of risks during implementation.

High-speed economy should strive to ensure zero time of waiting for new
products and services in the conditions of individual preferences anywhere and
anytime. The model of this economy should “inevitably welcome” constant im-
provement. Since the client is an essentially vital part of a successful strategy,
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their feedback develops tactics which strives to improve quality and speed of
service. On the other hand, information of this feedback enables making more
precise analytical forecasts. And at this stage, the plan and forecast coincide in
time. This significantly changes the image of transport and logistical systems.

Methods of speed assessment

Methods of speed assessment of TLS, corresponding to the economy of
high speeds, requires development of the set of notions, scientific and methodo-
logical base of evaluation of their creation and implementation effects. They al-
so require justified algorithm of decision making as to their value for consumers
of transport services in the new economic paradigm.

The above described alteration of the business model of transportation will
lead to the transformation of transport and logistics systems into integrated lo-
gistical support of production. This means that methodologically, assessment of
speed should be related to the contract of the product's life cycle (service). Long-
term service relations should rest on the life-cycle contract of any high-speed
project, which reflects the economically justified purchase of the product and its
support services as an integrated package of standardised factors that make up
the service. Under the standardised indicators of the service, we mean its opera-
tional readiness.

It is the standardisation (“normality”) of the factors of a service (or prod-
uct) that makes it possible to “digitize” the economic processes of new transport
systems, their market behaviour, competitive strategies, which leads to under-
standing of the cost of speed.

As it is known, in assessment of the efficiency of the digital economy, a
unit of value as the indicator 1s used. It 1s connected, first of all, with considera-
bly lesser labour intensity of all business processes, as well as costs of public,
intellectual, political processes. The greatest use in assessing the level of devel-
opment of the digital economy was acquired by BCG e-Intensity!, calculated as
the weighted average of three subindexes: infrastructure development, online
expenditures, user activity. We can use these indicators in determining the value
of time in the TLS of a high-speed economy or a new economic paradigm.

This study suggest TLS speed assessment in the new economic paradigm
based upon the quantum description of economics as:

o a combination of initial indivisible (quantum) economic structures
(model and image);

o actions and relations between economic structures (service business
model);

o processes (forecast service, state control);

! BCG e-Intensity. https://www.bcgperspectives.com/content/interactive/telecommunications media
entertainment_bcg e intensity index.
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o economic interaction between economic action objects (joint ex-

ploitation of resources, instant reaction) in time and space.

Time, being an economic category, transfers the emphasis of value from the
initial price of the acquired product or service to the total cost of ownership. Pos-
session of an efficient transportation service is ensured when the long-term average
cost curve of the TLS acquires a downward character. In the case of railway
transport systems, it is possible when high-speed traffic projects confirm the effect
of growth explained by increase of network density and speed of traffic. Operation-
al unit costs decrease as the productivity of the railway line increases, because the
fixed cost of railway operation provision is distributed to an increasing number of
units of transport. To detect the speed effect of the railway network, a high degree
of infrastructure operation is required with an increase in the speed of transporta-
tion: the higher the operation rate is, the better is the infrastructure economy, the
greater the profitability can be provided to its owner and user [6].

Time as economically valued unit may be detected using two basic indicators:
identical effect (the required quantity and quality of the transport service) with min-
imisation of time spent for its obtaining or positively increasing efficiency in the
long-term payback projects. On the transport, positive value of these indicators can
be achieved: by means of implementation of new technologies, detecting the effect
in increase of capacity and speed of a transport system; by means of real growth of
marginal incomes of freight senders and value growth among the passengers. The
economic justification of new railway technologies had a term “social speed” intro-
duced, which allows defining the moments of time, transition points of another
stage of development of the line by means of implementation of transport technol-
ogies and products [7].

Based on the three different transformations of the distance: the length
connecting two objects (expressed in units of length), the costs for covering the
distance and the time to cover it (speed), there is a relationship between them
and a substitution phenomenon.

In accordance with this statement, we suggest the following methodologi-
cal approaches to the description of speed.

First, it should be specially emphasised that measure of the cost of trans-
portation is not only labour and capital expenditures, but also the expenditure of
time, since each change of the spatial position of matter requires motion, and
every motion happens in time. Thus, the process of covering the spatial distance
between the initial and final points is a chain of actions and relations between
them (the service business model), which can be transformed into a temporary
concept or speed (Dt).

Secondly, the motion distance is an interval, dividing transport and freight
traffic emergence places. This interval (distance) may be viewed differently. In
the first place, it is a combination of initial indivisible (quantum) economic
structures or a spatial distance expressed in length (kilometres, miles, etc) (DI).
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Thirdly, as it was previously pointed out, shortening distance technologies
match the technological paradigm, and in our case they are researched thorough
assessment of the state of TLS as the infrastructure of high-speed economics. It
is TLS that generate expenditures related to covering distances. In other words,
economic expenditures on covering spatial interval between two points reflect
economic interaction between objects of economic action (joint exploitation of
resources, instant reaction) and in their turn, are reflected on the cost of transport
production, forming economic distance (Dk). But different distances have a dif-
ferent need for covering them, associated with the effect of gravity inherent in
every particular stage of development of society. If we rely on the principles of
quantum mechanics, then the velocity operator depends on the momentum oper-
ator divided by the mass of the transport. This need can be described by the con-
cept of direction.

In terms of economics, direction means that for covering the distance, the
consumer 1s willing to pay the fee that meets the requirements for its benefit.
The most correct value can be reflected by the marginal profit. But in this appli-
cation this indicator should be specified. First of all, it is worth saying that the
word “profit” in the Russian-speaking economy means “revenue minus costs”.
The term “marginal revenue” (in English) is used in two ways: “marginal profit”
is the additional income received from the sale of an additional unit of goods
and the “income” received from sales after recovering variable costs. In the lat-
ter sense, marginal revenue is the source of profit formation and coverage of
fixed costs.

Despite the fact that such calculation of marginal revenue does not show
the completeness of its dependence on fixed costs, variable costs and prices, this
dependence is easy to detect with the known interpretation of the formula, which
in our case, with regard to transport products, allows us to distinguish the influ-
ence of time and space factors in it.

If we assume that the velocity is the distance and direction transformation
function, then

Dt—fZ—(Dl Dk), or D, = m%

where m — coefficient, which reflects functional dependence at different levels
of TLS technology.

Accordingly, basic problems of consideration of time factor in the cost of
railway transportation may be assessed with by means growth of marginal revenue

o from shortening transit time (high-speed infrastructure);

o growth of marginal revenue from the development of the infrastruc-
ture of new income-generating directions;
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o growth of marginal revenue from the growth of speed at the maxi-
mum distance of transportation.

The same way can be used when assessing the costs of any product or ser-
vice ownership.

Considering high-speed transport system, we come to a new indicator —
added value in the value of time, with the added value generated by distance in
kilometres and gravitational value of direction. This means that in the assess-
ment of time, the vector coefficient of the intensity of motion processes can be
used as the unit of measurement of any motion, and as assessment of the tem-
poral and spatial efficiency of projects for the development of transport and lo-
gistical systems — the product of the mass of the goods being transported by the
vector coefficient of motion intensity.

Thus, the speed, direction and distance can form an indicator of the as-
sessment of motion time in monetary terms or the cost of 1 unit of the transpor-
tation service by a high-speed transport and logistics system.

Further modelling and digitisation of these parameters are the basis of the
approach to assessment of the economic efficiency of speed in the infrastructure
projects of high-speed economics.

Discussion (history of the issue)

The first studies describing time as the economic category sprang up in 1960s.
The most complete study was made by I. Tarskii [8]. However, the active discus-
sion about the value of tine and problems of speed assessment of transport systems
have been conducted only lately. The beginning of the discussion is connected with
the society’s understanding of demand in high-speed transport systems, namely,
HSR influence on transformation of national and regional economies, elimination
of regional differences and activation of economic growth [9].

Part of the studies is connected with the sphere of strategic analysis of HSR
both for the environment and for sustainable growth of regions. In particular,
high-speed communications development strategies in the EU have been ex-
plored on the basis of three high-speed railways with different capacities: HS2 in
the UK, RFAV in Portugal and the European railway line Kaunas Baltica 2. The
authors analyse the criteria for necessary and strategically justified decisions in
the adoption of the HSR projects [10].

Some authors discuss the problems of competitive models of high-speed rail-
way transportation organisations and the influence of the frequency and speed of
traffic on the assessment of the cost of a high-speed railway system [11].

The most part of the discussion is related to the value of time. In particular,
the study of mixed HSR transportations, namely, the integration of railway and
air transports is investigated in the source [12]. The authors assess the influence
of reduce of transportation time on the profits of operators and the growth of the
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value of this service for passengers. In the same paper, the possibility of grow-
ing cost of integration on the basis of transport mean exchange time decrease.

In the development of the problem of the integration of high-speed modes
of transport (air and railway transports), the efficiency of their intermodality and
internal competition is discussed. A number of authors analyse the dependence
of the demand function on transportation from the population's incomes, the
competitive costs of air transport and the prices for alternative railway transpor-
tation. Original researches of the cross elasticity of high-speed lines of various
types of transport are conducted, and the competitiveness of high-speed railways
1s confirmed [13].

The problems of the methodology for assessment of macroeconomic risks
of reducing the efficiency of high-speed lines and general methodological ap-
proaches to assessment of the efficiency of high-speed traffic projects in various
economic conditions, based in particular on NPV and IRR indicators and various
values of the discount rate are considered in [14].

A critic analysis of the economic assessment of the effects of high-speed
lines based on the Swedish high-speed railway infrastructure project and the role
of this assessment in the project decision-making process is given in [15]. The
author believes that the existing methods for evaluating such projects are not
sufficient, they are methodologically incompatible with understanding real ef-
fects and rather serve as a justification for the application for a project or for the
intent to create high-speed lines. We totally share this point of view.

Some of the authors point out that in the methods of speed assessment the
high-speed lines spatial efficiency effects should be considered. In particular,
this kind of research of the basis of China’s HSR is seen in the work of Sh. Jia,
Ch. Zhou, Ch. Qin [4]. This study constructs a market area evolution model
from the perspective of economic subject and location matching under the hy-
pothesis of non-homogeneous space. It is proved that transportation develop-
ment can reduce transport costs, which is closely related to location factor en-
dowments the economic impact of high-speed rail were studied by DID and
PSM-DID methods. The results show that China's high-speed rail construction
has a positive effect on economic growth and will become an important force in
reshaping the organization of China’s spatial economy.

Procedures of HSR spatial influence are researched by a number of authors,
in particular, on the example of agglomerations. The authors maintain that, pro-
cedures for assessing the spatial impacts of HSR must therefore follow a twofold
approach which addresses issues of both efficiency and equity. This analysis can
be made by jointly assessing both the magnitude and distribution of the accessi-
bility improvements deriving from a HSR project. This paper describes an as-
sessment methodology for HSR projects which follows this twofold approach.
The procedure uses spatial impact analysis techniques and is based on the com-
putation of accessibility indicators, supported by a Geographical Information
System (GIS) [16].
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The assessment of spatial efficiency of transport logistics on the regional
scale has been considered in the work of P. Srisawat, N. Kronprasert, K. Aruno-
tayanun [17]. This study used the GIS technology to analyses the Multi-Criteria
Decision-Making model and visualise the spatial data. The proposed spatial de-
cision-making tool embedded in a GIS platform can be a powerful tool to sup-
port decision made in case of highly complex spatial data. Such data related to
efficiency evaluation can be visualised for the potential, advantages, and disad-
vantages of each area and can be used for strategic planning, enhancing logistics
efficiency in regional areas.

Fort the purposes of this study, the methodological work in the field of
quantum mechanics is significant. In particular, Maslov's work reflects a discus-
sion on the psychological, sociological and statistical issues of the economy in
their connection with the new idempotent, or “tropical” arithmetic. The mathe-
matical substantiation and refinement of empirical statistical regularities in the
economy, which is important for the methodology of describing the economy of
high speeds, is given [18]. In L. Braev's work, the concept of a non-quantum
quantum economy is proposed: the deduction of prices and cycles from techno-
logically necessary proportions and lags of consumption, production, money ex-
change and their modernisation [5].

Conclusion

Thus, transition of the society to new technological paradigm, the Industry
4.0, forms a new system of economic relationships, the central point of which is
the category of time. The system of waiting for new goods and services is
changing significantly, and in the conditions of individual preferences at any
time and in any place. The economy is striving for high production and transpor-
tation speeds. A new essence appears - the economy of high speeds.

This research of tendencies of transformation of transport and logistical
systems into a new future technological paradigm allowed drawing the follow-
ing conclusions:

1) the existing methodology of assessment of the efficiency of projects of
high-speed transport and logistics systems does not take into account the value
of time;

2) the formation of a new methodological approach to the assessment of
high-speed projects requires rethinking the category of time and its transfor-
mation into speed in a new technological paradigm;

3) time as economically valued unit may be detected using two basic indi-
cators: identical effect (the required quantity and quality of the transport service)
with minimisation of time spent for its production and positive rising efficiency
in the projects owing to increase in the profitability of transport service consum-
ers on stage of operation.
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We should expect that alteration of the business model of transportation
will lead to the transformation of the TLS into integrated logistical support of
production. This means that the methodological assessment of speed should be
related to the contract of the product's life cycle (service). Long-term service re-
lations will have to be based on the life-cycle contract of any high-speed project,
which reflects the economically justified purchase of the product and its support
services as an integrated package of standardised indicators that make up the
service.
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M. B. ®enoposa

OBOCHOBAHUE CUCTEMbI HOI€A3ATEHEI7I OLEHKH
COUUAINIBbHO-3KOHOMUYECKOUN 3®DPEKTUBHOCTU CTPATEINn
PA3BUTUA

Hata noctymnenus 01.11.2017
Pemrenne o my6aukaruu 11.01.2017

BBenenne. Ha coBpeMeHHOM 3Tarie pa3BUTHS METOAMYECKHUX MOJIXOJOB K OLIEHKE CO-
[UATBHO-2KOHOMUYECKON 3(P(HEKTUBHOCTH Bce BHEIIHHE 3 (EKThl MPOEKTa NENITCS Ha Te,
KOTOpBIE MOXKHO U KOTOpBIE HENb3s BBIPA3UTh B JEHEKHBIX eIMHULIAX. B cBotO ouepenb, mo-
CIIeTHUE Pa3/IEIAIOTCS HAa UMEIOIINE KOJIMYECTBEHHOE BBIPAXKEHUE U OMMCHIBAEMbIE TOJIBKO Ha
KaueCTBEHHOM ypoBHE. BHemHue 3(h(peKThl, KOTOPhIE MOXKHO OIIEHUTH B JICHEKHOM BBIpaXKe-
HUU, HETIOCPEICTBEHHO BKIIFOYAIOTCS B PACUETHI COITUATEHO-3KOHOMUYECKOH 3((hEKTHBHOCTH
MIPOEKTa B BUJIE IOMOJHUTEIBHBIX IPUTOKOB M OTTOKOB JICHEKHBIX CPEJICTB.

IHocTanoBka nmpodJeMsbl. KoHIIENTYanIbHONH OCHOBOW OILIEHKH COLMAIbHO-9KOHOMHYECKOM
3¢ GEKTUBHOCTH HOBBIX CKOPOCTHBIX JIMHHUI SIBIISIETCS BCECTOPOHHUM Y4eT BCeX BHEUIHHMX A(-
(EKTOB OT peanr3aliil WHBECTUIIMOHHOTO MPOEKTa (IKOHOMUYECKUX M HEIKOHOMHUYECKHX), KO-
TOPBIE HE OTPAKAIOTCS HA CTOMMOCTHBIX MTOKA3aTEISAX ACATSILHOCTA YIaCTHUKOB ITPOCKTA.

Heawb. Pa3zpabortath cucTeMy IoOKaszaTeiae i OICHKH COIMAIbHO-IKOHOMHYSCKON
3¢ ()eKTUBHOCTHU CTpATETUU Pa3BUTHUSL CKOPOCTHOT'O TOPOJCKOT0O TPaHCIIOPTA.

Metoabl. M3yueHue CymecTBYIONIMX METOJUK OLEHKH COIHAbHO-3KOHOMHUYECKON
3¢ (HeKTUBHOCTH, MTOUCK HEAOCTATKOB M MPEUMYIIECTB, UCCIEA0BaHNE MPEUMYIIECTB MarHu-
TOJICBUTAIIMOHHON TEXHOJIOTUU.

Pe3yabTaTnl. Ocoboe 3HaueHne mpruoOpeTaeT pa3padoTKa JaHHOM CUCTEMBI TTOKa3aTe-
T 111 MarHUTOJIEBUTAIMOHHOTO TPAHCIIOPTA, OTIMYAIONIETOCS TAaKUMHU TIPEUMYIIECTBAMU,
KaK HEBO3MOXHOCTb CXOJa C PENbCOB, OOJbIIas MapIIpyTHas CKOPOCTh, CIEAOBATEIbHO,
MEHBIIIHNE 3aTPaThl BPEMEHU B MTyTH, MEHBIIIHNI YPOBEHD IITyMa U BUOPAIMH, YEM Y JIETKOPEIb-
COBOT'0 TPAHCIIOPTA U METPO, MOJIHOE OTCYTCTBUE TBLITH.

3akarouenue. [Ipennaraemas cuctema mMokasareieil IJisl OIEHKU COLUAIbHO-IKOHO-
MUYEeCKOi d(PPEKTUBHOCTH CTPATETUH PA3BUTHS CKOPOCTHOTO TOPOJICKOTO TPAHCIIOPTA YUH-
THIBACT BCE MPEUMYIIIECTBA MATHUTOJICBUTAIIMIOHHON TEXHOJIOTUU U JIETACT €€ MPUOPUTETHON
IIPU BEIOOPE CKOPOCTHOTO TOPOICKOTO TPAHCIIOPTA.

CounanbHo-3k0HOMUYECKasd 3(h(HEeKTUBHOCTh, BHEIIHUE YPPEKTh, CKOPOCTHONW TrOpoJ-
CKOM TPaHCHOPT, MarHUTHAS JICBUTALIHSL.
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BBeneHue

OrneHka 3KOHOMUYECKOU A(DPEKTUBHOCTU CTPATETUH CKOPOCTHOI'O TOPOJ-
CKOT'O TpaHCIOpTa SIBJISECTCS 3aKIIOYUTEIBHBIM 3TaroM (GOpPMHUPOBAHUS CTpaTe-
run. [Ipu ee pazpaboTke HEOOXOIUMO CO3/1aTh KPUTEPUU OIIEHOK €€ pean3aiiuu
Y UTOTOBOT'0 COCTOSIHUSI KOMIIAHUH.

s s¢dextuBHOCTH, hrHAHCOBasT MH(DOPMAIIHS JOJKHA OBITH ONTUMANb-
HOH M0 00BEMY, CBOCBPEMEHHOM, IOCTOBEPHOM, 3HAYMMOM, CBSA3BIBATHCS C IIPH-
OPUTETHBIMH LEISIMU U 3aa4aMU CTPATETUU.

B 3apyOexHO#l mpakTUKe HCHOJb3YIOT TaKU€ METOJbl OLICHKU CTpaTeTruu:
aHaJIN3 JKM3HEHHOTO IMKJIA, aHaiuu3 moptdens 3aka3zos, maTpuna MakKuncw,
O6eHumapkuHT. Bce OHU CBSI3aHBI C COOTBETCTBUEM KOHKPETHBIX BApPUAHTOB CTpa-
TErMU TOJIOKEHUIO OPraHU3allii Ha PBIHKE U €€ OTHOCHUTEIbHBIM CTpaTeruye-
CKHM BO3MOKHOCTSIM. HO 3TH MeTO/bI HOCST OMUCATENbHBIN XapaKTep U HE T03-
BOJISTFOT KOJMYECTBEHHO OIICHUTH COIMATBHO-d)KOHOMHYECKYIO 3(PPEKTUBHOCTH
CTpaTeru CKOPOCTHOTO TOPOACKOTO TPAHCIIOPTA, MO3TOMY MbI OOOCHYEM CHUCTe-
My MOKa3aTesei €€ OLECHKH.

B paboTe npoaHanu3upoBaHbl UMEIOIIUECS METOJAUKUA OIEHKH COLIMAIbHO-
HAKOHOMHUYECKOU 3(PPEKTUBHOCTH U CIETaHBI BHIBOIBI.

Pacuersl kKomMMmepueckoi, OOJKETHOM, SKOHOMHYECKOW M COIHMAIBHO-
IKOHOMHUYECKON 3((PEKTUBHOCTH MHBECTUIMOHHBIX MPOEKTOB HA KEJIE3HOJO-
POKHOM TPAHCIIOPTE BBIMOJHSAIOTCS MPEUMYIIIECTBEHHO B COOTBETCTBUU CO Clie-
TYIOIMMHA METOJANYECKUMH MaTEepUaIaMu:

® C METOJMYECKUMH PEKOMEHJALUSIMU M0 OLEHKE MWHBECTUIIU-
OHHBIX TPOEKTOB (BO BTOPOW peAaklivu), YTBEP>KIECHHbBIMU MuHu-
CTepCcTBOM SKOHOMUKHU P®, Munpunom PO, ['ocynapcTBeHHBIM KO-
MUATETOM P® 1o CTpOUTENBHOM, APXUTEKTYPHOU M KUIMIIHOM I0-
autuke Ne BK 477 ot 21.06.1999 r. (nanee — Metoauka Ne BK 477
ot 21.06.1999 1.);

® METOJIMUYECKUMU PEKOMEHJAIMSIMU MO OIICHKE WHBECTHUIIU-
OHHBIX MMPOEKTOB Ha KEJIE3HOJOPOKHOM TPAHCIIOPTE (MPUITOKEHUE K
ykazanuro MIIC Poccum ot 31.08.1998 1. Ne B-1024y) (manee — Me-
toauka Ne B-1024y ot 31.08.1998 r.);

® METOJMKOM pacyeTa IMokazarejied U MPUMEHEHHS! KPUTEPUEB
3G ()EKTUBHOCTH  PETHOHAIBHBIX  WHBECTHIIMOHHBIX  MPOCKTOB,
YTBEPKIAECHHOW NpHKa30M MHUHHUCTEPCTBA PETHOHAIBLHOIO Pa3BUTHS
P® ot 31.07.2008 1. Ne 117 (manmee — Meroauka Ne 117 ot
31.07.2008 r.);

® METOJMKOMN pacyeTa IMoka3areiieid U MPUMEHEHUS] KPUTEPUEB
(G (HEKTUBHOCTH WHBECTUIIMOHHBIX MPOEKTOB, MPETCHIYIOMUX Ha
MOJIyYE€HHE TOCY/IapCTBEHHOM MOAJEPKKHU 3a cueT cpelactB MHBe-
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cTUIIMOHHOTO (oHIa PD, yTBepKIeHHOW NpUKazoM MUHIKOHO-
MpazBuths 1 Munguaom ot 23.05.2006 r. Ne 139/82u (nanee — Me-
toauka Ne 139/82u ot 23.05.2006 1.);

® METOAMKON OIEHKH COIMAIbHO-dKOHOMHYECKON 3(h(eKTHB-
HOCTH CTPOMTENBCTBA HOBBIX KEJIE3HOJOPOKHBIX JUHUN OO0IIero
MOJIb30BAHUS, YTBEPKIAECHHOM cTapmuM Buie-npe3ugeHtom OAO
«PXI» b.M. Jlannnycom 29.08.2009 r. (manee — Metoauka OAO
«PXK]I» ot 29.08.2009 r.).

[Tokazarenu oOmEecTBeHHON A(PPEKTUBHOCTU YUUTHIBAIOT COLMAIBHO-
HYKOHOMHUYECKHE MOCIEACTBUSI MHBECTUIIMOHHOTO MPOEKTa JJisi 00IIecTBa B Lie-
JIOM: KaK HEeMOCPEACTBEHHBIE PE3yIbTaThl U 3aTPAThl MIPOEKTA, TAK U «BHEILIHUE
3aTpaThl U PE3yJIbTAThl B CMEXHBIX CEKTOpPaX 3KOHOMHKH, SKOJIOTHYECKUE, CO-
[UATbHBIE U UHBIE BHEAKOHOMUYECKHE YD (DEKTHI.

JleticTBytomast o0mias cxeMa OIEHKH COIMATbHO-IKOHOMUYECKOH d(hdek-
TUBHOCTH WHBECTULMOHHBIX IPOEKTOB (MPEICTABIEHA HWXKE) IO3BOJISET BHI-
SBUTb U OINpPEACNIUTh 00IIECTBEHHYIO 3(P(HEKTUBHOCTh KaK SKOHOMUYECKYIO Ka-
teroputo [1].

Hekoropble BHUIBI AesSTENbHOCTU B cdepe MPOU3BOACTBA U MOTPEOICHUS
00yCIIOBIMBAIOT MPSMbIE U3ACPKKU WIH BBITOBI I TOTpeOUTENneil 1 pupM, He
SIBIIIOIIMXCA HETOCPEJACTBEHHBIMH YYaCTHUKAMHM 3THUX BHUJOB JESITEIbHOCTH.
CoOTBETCTBEHHO, TAKOI'O POJA PE3yIbTaThl HE MOTYT OBITh YYTEHBI B 3KOHOMH-
YECKHUX I10KA3aTeNsAX IPOU3BOJMUTENS TOBAPOB M YCIyI: 3arparax, JOXO0JaX,
npuObUIM U T. 1. Hemoonenka u3epkek u BBIFOJ TPETbUX JHI] MPUBOJUT K 3a-
BBIIIICHUIO JIMOO K 3aHKEHUI0 00beMa BBITyCKa OJyiar 1o cpaBHEHUIO ¢ dhdek-
TUBHBIM C OOIIECTBEHHON TOUKH 3pEHUsI 00bEMOM BhIMMycKa. Peub ujeT o cyiie-
CTBOBAHHMH TaK Ha3bIBAEMbIX BHEHTHHUX 3(P(PEKTOB (IKCTEPHAIHIA).

Bueunuit a¢dexkt — 310 3arpaThl M pe3ysbTaThl NPOEKTa, HE HAlllEIINe
a/JICKBaTHOTO OTPAKEHUS B MOKA3aTeNSIX XO3SMCTBEHHOM NesATENbHOCTH CyOBheK-
TOB IKOHOMHYECKOU IE€ATEIbHOCTH, Y4aCTBYIOLIUX B IIPOEKTE.

B camom o0mieM Buje BHenIHUE 3PGEKThl MOXKHO Pa3eUTh Ha HKOJIOTHU-
yeckre (MHOT1a UX Ha3bIBAIOT TEXHOJOTMYECKUE), COLIMAIBHBIE, SKOHOMHYECKHE
U OOlIECTBEHHbIE OJ1ara, He UMEIOIINE 1IEHBbI.

K skonornyeckum (TEXHOJIOTHYECKUM) SKCTEPHAIUSAM OTHOCSTCS:

® U3MEHEHUE 3arpsA3HEHUs II0YB, BPEIHBIX BHIOPOCOB B aTMO-
cdhepy, B BOJOEMBI;

¢ Herp(EeKTUBHOE HCIOJIb30BAHUE MECTOPOXKICHUN TMOJIE3HBIX
MCKOIAaeMbIX U CETbCKOXO03UCTBEHHBIX YTO/IH;

® HapyIIeHHE SKOJOrM4eckoro (O6uonormueckoro) OamaHca
TEPPUTOPHH;

® YHUUTOXEHUE (MPUPAILECHHE) JIECOB, 3€JEHBIX HACAKICHUN B
TOPOJICKUX ITOCEIECHUSX;

® yYIpO3blI B3PHIBOB, MOXKAPOB U T. TI.
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Buemnue 3¢ ¢ekTbl COLMATBbHOrO XapakTepa BKIIOYAIOT SKCTEPHAIIUHU,
HEMOCPEJICTBEHHO CBSI3aHHBIE C YPOBHEM JKU3HU HaceJeHHs (B OTIMYME OT TeX-
HOJIOTHUECKUX, BIUSHUE KOTOPHIX MOXXHO CUHMTaTh OMOCpeAoBaHHBIM). K HuM
MO>KHO OTHECTH:

® V3MEHEHUE JI0XOJ0B HaceJIeHus, 0e3padOTHIIbI, IIEH HA TOBa-
pBI M YCITYTH, KauecTBa MPOIYKTOB MUTAHMs, Ka4eCTBa U CTOMMOCTHU
KUIbs, 00ECIEUEHHOCTU >KUIIbEM, 00ECIEYEeHHOCTH YCIyraMH XO-
3SICTBEHHO-OBITOBOTO M KOMMYHAJILHOTO HAa3HAYEHUS, YIPEKICHUH
KyJbTYpBbI, CIIOPTa, TPAHCIIOPTHOT'O OOCIIYyKMBaHUsI, yPOBHS 00pa3o-
BaHUS UM 3JPABOOXPAHEHMUS], YCIOBUHN TPyJa, 4uciia pabouyux MECT C
TSDKEIIBIMH, BPEAHBIMU M OTIACHBIMH YCJIOBUSAMHU TPyAa, Ipodheccro-
HaJbHBIX 3a00JIEBaHUI M MPOU3BOJCTBEHHOI'O TpaBMaTU3Ma, KOJU-
YecTBa IIPaBOHAPYILIECHUN;

® SKOHOMHUIO WJIM JOTMOJIHUTENIbHBIE 3aTpaThl CBOOOJHOIO Bpe-
MEHH HACEJICHHS 3a CUeT Pa3NUIHBIX (PaKTOPOB.

Buenane 3¢pQexThl 5KOHOMHUECKOTO XapaKkTepa OTPaKaloTCs B 3aTpaTax U
J0X0AaX MPEANpPUITHI M OpraHu3aluid, HE y4acTBYHOIIMX B mpoekre. K HUM
MO>KHO OTHECTH:

® U3MEHEHUE CTOMMOCTH 3€MJIM U OOBEKTOB HEIABUXKMMOCTH,
HE CBSI3aHHBIX C MPOCKTOM, B pe3yJbTaTe €ro pealn3alni, 3aTpaT Ha
OPEINPUITUSIX, HE YYACTBYIOLUX B IPOEKTE;

® CO3/IlaHME U Pa3BUTHE HOBBIX MPOM3BOACTB (3a cueT obecrie-
YEHUS TPAHCIIOPTOM, CHIPbEM, MHHOBAIIMOHHBIMU pa3paboTKaMHu);

® SKOHOMHIO Ha TPAHCHOPTHBIX PACXOJax MPEANPHUITUNA 3paBO-
OXpaHEHUs, KyJIbTYpPHI 3a CUET CTPOUTEIHCTBA HOBOM JJOPOTH H T. .

OnuH U3 OCHOBHBIX CITOCOOOB yueTa BHENTHUX d()PEKTOB B MHBECTUIIMOH-
HOM TPOEKTHPOBAHUH — 3TO MX BKIIOUYEHHUE B IIEHBI MPOU3BOJAUMBIX TOBapOB U
yCIIyT U MOTpeOIsieMbIX pecypcoB. KoppekTupoBka pbIHOYHBIX IIEH AJIs pacuera
3 (PEKTUBHOCTH TPOEKTOB C OOIIECTBEHHOW TOYKH 3peHus (COIuaIbHO-
IKOHOMUYECKOH 3(H(PEKTUBHOCTH) HOCUT Ha3BaHWE KOHBEPCHM PHIHOYHBIX IIEH.
HoBble, CKOppEeKTUPOBaHHBIE LIEHBI HA3bIBAIOTCS TAK)K€ SKOHOMUYECKHUMHU, B 3a-
nagHou nuteparype — TeHeBbiMU (shadow prices).

B kadecTtBe MCTOYHMKOB MH(pOpPMALUU JUIsl pa3paOOTKU OLIEHKH COLUajb-
HO-3KOHOMUYECKON 3(hPEKTUBHOCTH UHBECTUIITMOHHOIO MPOEKTA CTPOUTENILCTBA
HOBOW CKOPOCTHOU JINHUU PACCMATPUBAIOTCS:

® [IPOEKTHBIE MaTepuanbsl B 00beMe TOO, 000CHOBaHUS MHBE-
CTHIIMIA pacCMaTPUBAEMOTO MPOEKTA,

® SKCIIEPTHHIE OLIEHKU BIUSHUS PeaTU3alii HHBECTUIIMOHHOTO
NpoeKTa Ha MapaMeTphl COLMATBHO-DKOHOMUYECKOTO pa3BuTusi Poc-
curickor dPenepanuu, peruoHa, UHTEPECYIONX OTPACIEN U INpen-
MNPUATUHN C YYETOM 3HAUMMOCTH PACCMATPUBAEMOTO IIPOEKTA.

B pacuerax coumambHO-3KOHOMHUYECKON 3(P(HEKTUBHOCTH CIIEAYET YUHUTHI-
BaTh LIEJIEBOE Ha3HAYEHUE MPOEKTOB CTPOUTEIHCTBA HOBBIX CKOPOCTHBIX JINHUH,
UX OOIIECTBEHHYIO 3HAUMMOCTh U SKOHOMUYECKOE OKPYKEHHE.
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Peanuzanusi npoeKkToB CTPOUTENHCTBA HOBBIX CKOPOCTHBIX JIMHHUI oOecre-
YUBAET JIOCTHKEHHUE psija 1enei, reneparuio 3¢p¢heKkToB (BKIIOYas OTPULIATEIhb-
HBIE), Pa3IMYAIOUIUXCS IO CTENEHN UX COLMATIbHO-DKOHOMHYECKOW 3HAYMMOCTH
JUISL CTPaHbl B LIEJIOM, OTAEJNbHBIX PETMOHOB, OTpACiEd, YYACTHUKOB IMPOEKTA.
CocraB neneid, 3ppekToB B 3HAUUTEILHON CTENEHU OOYCIOBIMBAETCS OTHECE-
HHUEM PacCMAaTPUBAEMOM HOBOM KEJIE3HOJOPOKHOW JIMHUMU K TOW WJIM UHOM Ka-
TErOpUH B COOTBETCTBUU cO cTpaTterueil. OTaenbHble Heiau, 3pPeKThl MOTYT J0-
CTUTaThCsl, TEHEPUPOBATHCA TOJIBKO MPHU CTPOUTENIBCTBE U MOCIEAYIOUIEH 3KC-
IUTyaTalllX SKEJIE3HOJOPOXKHBIX JIMHUM OINpPENENICHHBIX KaTeropui, Halpumep,
CYIIECTBEHHOTO COKpAlIEHUs BPEMEHU B MyTH JJISI ACCAXKUPOB, MEPEBO3UMBIX
0 JKEJIE3HOU Jopore, MOXKHO TOOUTHCS TOJIBKO MPU CTPOUTENHCTBE JKEIE3HBIX
JOpOT, CIEUUATIM3UPOBAHHBIX JIJIs1 BBICOKOCKOPOCTHOTO IBUKEHUS.

DKOHOMHUYECKOE OKPYKEHHUE MPOEKTa OMpPEAENAECTCS IPaHULIaMH €ro BIIUS-
HUSl HAa SKOHOMHYECKYIO, COLIMAJIbHYI0, SKOJIOTHUECKYIO chephl KUZHEACITEINb-
HOCTH 00111eCTBa U 00YCIIOBJIECHO CICAYIOMUMU (DAKTOpaMHU:

® O0IIECTBEHHOM 3HAUMMOCTBIO HKEJIE3HOIOPOKHOM JINHUY;

® KaTEropueu JIMHUM;

® NOTPEOHOCTHIO B pecypcax JUisl CTPOUTENBCTBA JINHHH;

® COCTaBOM «IOJy4aTenei» 3(hpexTos.

HeiHennne MeToquyeckue noaxosl K OLEHKE COIUaIbHO-3KOHOMUYECKON
3¢ dekTUBHOCTH Bce BHEMHUE 3G(HEKTHI TPOEKTa JENT Ha T€, KOTOPhIE MOYKHO
Y KOTOpBIE HEJb351 BBIPA3UTh B JICHEKHBIX €IMHUIAX. B CBOIO ouepensp, nmocuen-
HUE Pa3JeisaloTCd Ha UMEIOIINE KOJIMYECTBEHHOE BBIPAKEHUE U ONMUCHIBAEMBIE
TOJIKO Ha KaueCTBEHHOM ypoBHe. BHemHue 3¢ (eKThl, KOTOphIE MOXHO Olle-
HUTb B JICHE)KHOM BBIPXKEHHH, HEMIOCPEACTBEHHO BKJIIOUAIOTCS B PacyeThl CO-
IUAJIbHO-3KOHOMHYECKON 3(Q(PEKTUBHOCTH MPOEKTa B BUJE IOMOIHUTEIbHBIX
IPUTOKOB M OTTOKOB J€HEKHBIX CPEJICTB.

KonuenrtyanbHONH OCHOBOW OLIEHKH COLIMATbHO-3KOHOMUYECKON I(PPEKTHB-
HOCTH HOBBIX CKOPOCTHBIX JIMHUU SIBJISIETCSI BCECTOPOHHHUM y4Y€T BCEX BHEUIHUX
3 PEKTOB OT peanu3alii HHBECTUIIMOHHOTO MPOEKTa (AIKOHOMHUYECKUX M HEIKO-
HOMUYECKHX), KOTOPbIE HE OTPa)KatOTCs Ha CTOMMOCTHBIX IOKA3aTessIX JesATelb-
HOCTH yYaCTHUKOB IpoekTa. BHenHne 3(pPexThl JOMKHBI YUUTHIBATHCS B CTOU-
MOCTHOU (hOopMe M pacCUUTHIBATHCSI C UCIOIB30BAHUEM COOTBETCTBYIOIUX HOP-
MAaTUBHBIX M YAEJIBHBIX XapaKTEPUCTUK. B OTCYyTCTBHME HA COBPEMEHHOM 3Tare
pPAaCcUYETHBIX METOAOB CTOMMOCTHOW OLIEHKH psiia BHEMIHUX 3¢ (pekToB U oO1e-
NPUHATHIX MOAXOA0B K UX YYETYy IMpPH OLEHKE COIMaIbHO-3KOHOMHYECKOU 3(-
(EeKTUBHOCTH MHBECTHIIMOHHBIX IMPOEKTOB CTPOUTENHCTBA HOBBIX JKEJIE3HOJIO-
POKHBIX JIMHUIA OJHOM U3 33]a4 SIBJIIETCS CUCTEMATH3ALM U PA3BUTHE MTOIX0I0B
K YUYETy BHEIIHUX 3()(PEKTOB, FeHEPUPYEMBIX B COLUATBHO-IKOHOMUYECKOU che-
pe IesATeNbHOCTH OO0IIecTBa MPU pealu3aliyd MPOEKTOB CTPOUTENIHCTBA HOBBIX
KEJIE3HOJOPOKHBIX JTMHUIA OOIIETr0 MOJIb30BaHUSI.

MeToanKka OLEHKH COLUATbHO-DKOHOMUYECKOW 3(PGEKTUBHOCTH HOBOU
CKOPOCTHON JIMHUM TOCTPOEHA MCXOJS U3 CleAyrolel Kiaccu(puKaluy BHEI-
HUX 3P PEKTOB:
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® >KOHOMHYECKUE;
® COLIMAIIbHBIC;

® JKOJIOTHYECKHE.

N3-3a cnenudpukd MHHOBALIMOHHOW TPAHCHOPTHOW TEXHOJIOTMH CHUCTEMa
nokasareyied OIEHKH COLHUAbHO-2KOHOMUYECKOW 3(PPEKTUBHOCTU CTpaTEruu
JIOTIOJIHEHA W yTO4YHEHAa. B Tabnuie npeaiokeHbl MoKa3aTeau JUisl OIEHKHU CO-
[IUATHbHO-9KOHOMUYECKON A(PPEKTUBHOCTU CTPATETUU PA3BUTHUS CKOPOCTHOTO
TOPOACKOTO TPAHCIIOPTA.

Ocoboe 3HaueHue nmpuodperaeT pa3padoTKa JAaHHOW CHCTEMbI IMOKa3aTeNen
anss MIIT, oTtnmyaromierocss TAKUMU TNPEUMYILIECTBAMH, KaK HEBO3MOXKHOCTh
CX0Jla C PENIbCOB, OOJbIIAsi MAapUIPYTHASI CKOPOCTh, CIEIOBATEIbHO, MEHBIIINE
3aTpaThl BPEMEHU B IIyTH, MEHBLIUI YPOBEHb IIyMa U BHOpauuu, yeM y JIPT u
METPO, MOJHOE OTCYTCTBHUE NbUIM [2]. J[JIs OLIEHKM CTpaTeruu pa3BUTHUSL CKO-
POCTHOTO TOPOJICKOTO MACCAXKUPCKOTO TPAHCIOPTA MPEJIOKEHBI TPU TPYIIIIbI
ITOKA3aTeIIEeH.

PazBuTtHe cuctempl MarHuTojieBUTaIMOHHOrO TpaHcnopta (MJIT) caepku-
BAIOT YCTAPEBIIIKE U HE OOHOBJISBILUECS MHOTO JIECATUICTUI HOPMBI UX MPOEKTHU-
pOBaHMs, HE YUUTHIBAIOIINE XapaKTEPUCTUK COBPEMEHHOI'O MOJABUKHOTO COCTAaBA.
Kpome Toro, co3mannto COBpEMEHHBIX MHTETPUPOBAHHBIX CHCTEM JIETKOPEIHCOBO-
IO TPaHCIOpPTa MPEMSATCTBYET OTCYTCTBHE OTEUECTBEHHOIO IMOJBH)KHOTO COCTaBa
[3]. YuutsiBas npeumytiectsa MJIT, npuoputernoit nnsi Cankr-IlerepOypra siB-
JsieTcs 3a/1a4a pa3paOd0TKU U BHEAPEHHS CUCTEM JIETKOTO PEIbCOBOIO TPaHCIIOpTa
10 HAMPABJICHUSIM KOHIIEHTPAIIMU MOIIHBIX MaCCAKUPONOTOKOB, HE OOCITYKEHHBIX
METpOIoJMTEHOM [4, 5].

EcTh nBe KaTeropuv MarHUTOJEBUTAIMOHHOTO TpPaHCIOPTa B COOTBET-
CTBHUM C HA3HAUYCHHEM U TEXHUYECKUMU MapaMeTpaMHu:

® BHYTPUIOPOJCKONM — HAJA3EMHBbI W MOJ3EMHBINA, a TaKXke
TPaHCHOPT JISI MPUTOPOJHBIX COOOILEHUM, KOTOPBIM XapaKTepusy-
€TCsl CKOpOCTAMHM JABUk)eHUsI 10 200 km/4;

® MarvCTPaJIbHBIN, MOKET ObITh C BHICOKUMHU U CBEPXBBICOKHU-
MU CKOpPOCTAMHU ABMXEHHS BIJIOTH A0 1000 KM/4, eciu MCHOJIb30-
BaTh BaKyyMHYIO TpyOy.

['opoackoy mpenHasHadyeH Il CBA3M LIEHTPA ropoja ¢ MHUKPOpPAalOHAMH,
KPYITHBIMU TPAHCIOPTHO-NEPECAIOYHBIMU Y3JIaMH — YKEJIE3HOIOPOKHBIMU U aB-
TOOYCHBIMHM BOK3aJaMH, CTAHIUSIMUA METPOIOJIUTEHA, BO3IYIITHBIMU, MOPCKUMH
Y peYHbIMU nopTamu [6—12]. MaructpanbHbli NpeIHA3HAYEH ISl CKOPOCTHOIO
10 400 kM/4 U cBEpXBBICOKOCKOpPOCTHOTO 70 1000 KM/4 MEXTYropoJHOTO U
TPAaHCKOHTUHEHTAIBHOTO COOOIIIECHHUS.

Cucrema mokazarenei paspaboTaHa ¢ y4eToM cHelU(UKH WHHOBALIUOH-
HBIX TPAHCIIOPTHBIX MPOEKTOB, @ UMEHHO NpoekTa co3ganus MJIT [13].
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IMoxa3areau XM OLEHKH COUAILHO-IKOHOMHYECKOI

3¢ (PeKTHBHOCTH CTPATErHN Pa3BUTH CKOPOCTHOTO FOPOACKOr0 TPAHCIOPTA

IToka3zaTennb

3HaueHusa

H3meHeHme 3a-
TpaT BpeMCHHU
MacCaXXupoB B
MYyTH, TBIC. PYO.

EIR
SESTTS = B(BS, x Voth < TCH)— (RS

'€ [ — CBA3b,

J — BHJI TOPOZICKOTO TPAHCIIOPTA;

k — LIEIIb MOE3IKH;

ESTT! — sddexT oT 5KOHOMMY BPEMEHH B IyTH MONB30BATENEN BCEX BUIOB OPOI-
CKOTO TPaHCIOPTa MpH peaiu3saiuu npoekra MJIT B roxy ¢

E‘;_E-k — 00BEM MmaccaXMpoNOTOKa Ha i-il CBSI3W HA j-M BHJE TPAHCHOPTa C k IENbIO

x Vatf xTCE ),

MOE3IKH B TONTY ! B «HYJICBOM BapHUaHTE»;

FotF, — cTonMOCTb BpeMeHH Haccakupa Ha i-i CBSI3H C k LIENbIO TTOE3IKH B TONY £
ik

TCE — 3aTpaThl BpEeMEHH MACCaXUpa B ITyTU HA i-i CBS3M HA j-M BUAE T'OPOJCKOTO
i J

TpaHCIOpTa B oAy 4

+ BER ) -
B — 00BEM MaccakXMpoIOTOKa Ha i-i CBA3M C k IENBI0 MOE3AKH B TOAY ! IPU

peanuzanuu npoekra MJIT;

Lr:] . .
i"l‘.’.'f& — 3aTpaThl BpeMEHH Macca)xupa B ITyTH Ha i-i CBS3U Ha j-M BHJIE TOPOACKO-
r'0 TpaHCHOPTa B rofAy ¢ npu peanuzanuu npoexkra MJIT

DddekT oT cCHH-
>KEHUS BPEAHOTO
BO3JIEHCTBUS HA
OKPY KaIOIIYIO
cpemy IpH pea-
JIU3AIUY [TPOCKTa
MUIT, THIC. pYO.

EED = VEDY — VED*&%

rie VED® — cTromMocTHas olieHKa KOJIOTMYECKOro yiep6a B «HyJI€BOM» BAPHAHTE;
VEDMER _ crommocTHAs OLEHKA 9KOIOTHYECKOro yIepOa Py peantn3aiii MPoeKTa
MUJIT.

[Ipu paccmarpuBaeMoM MOIXOJe yuiepO OKpykaromiei cpexe (opmupyercs u3
TpEX KOMIIOHEHTOB:

YED = VEmlz-+ ¥Vl + VH,

rae VEmils — cTonMocTHas OlleHKa BHIOPOCOB 3arps3HSIONINX BEIIECTB B aTMocde-
py;

Vil — cTouMOCTHAsI OLIEHKA BPEJHOTO BO3ACHCTBYS Ha KIMMAT;

¥H — CTOMMOCTHAs! OLIEHKA IIYMOBOT'O BO3JACHCTBUS Ha OKPYKAIOIIYIO CPERyY

D¢ ekt ot mo-
BBIIICHUS O€e3-
OMACHOCTHU IIPH
peam3anuu mpo-
exta MJIT, ThIC.

pyo.

T ES, = D(Phmy;x 1f ) — B Pl x|,

rae [ — CBA3D,

J — BUJI TOPOACKOr0 TPAHCIIOPTa;

£5 — >ddext oT MOBBIMICHNU 0E30MAaCHOCTU NPH TMOE3AKaxX IMOJIb30BaTeNel BCex
BHJIOB TPAHCIIOPTA MpH peanuzauuu npoekra MJIT;

#lamig;— MaccaXupooOOPOT HA i-d CBS3M HA j-M BHUIE TOPOJCKOrO TPAHCIOPTA B
«HYJIEBOM BapHaHTE»;

1}-5" — CTOMMOCTHASI OTICHKA aBAPHUITHBIX 3aTpaT Ha j-M BUJE TOPOJCKOTO TPAHCIIOPTA;
F?emf‘m — acCaXUPOOOOPOT Ha i-i CBS3H C k IIEIBIO MTOE3/KH B TOy ¢ IPH pealiu-
3anuu npoekra MJIT;

ﬁ-‘r" — CTOMMOCTHAsI OIICHKa aBapUITHBIX 3aTpaT Mpu peanuzanuu npoexra MJIT

MU3meHeHuUe 3aTpaT BpeMeHUN naccaXXmpoe B nyTu

Pa3BuTue CKOpPOCTHOTO NMacca)kxupcKoro TPaHCIOpPTa CIIOCOOCTBYET POCTY
KyJbTYPHOTO YPOBHS JIOACH, 3(PQPEKTUBHOMY HCIOIB30BAHUIO CBOOOJHOTO
BPEMEHH U TOBBIIICHUIO 3KOHOMHUYECKOW 3((HEKTUBHOCTH OOIIECTBEHHOTO
IIPOU3BOJICTBA. B peaNbHBIX YCIOBHUAX KOHKPETHBIA pPE3yNbTaT JEATEIbHOCTH
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NACCAXUPCKOTO TPAHCIIOPTA MOKET UMETh OJHOBPEMEHHO W COLIMAJIbHBIN, W
skoHOMUYecKuil 3pdext. [ToBbIIIEHNE CKOPOCTH COOOIIEHHS CTOCOOCTBYET BbI-
CBOOOKJIEHUIO BPEMEHHU, KOTOPOE MOXKET ObITh MCIOJIB30BAHO VISl yAOBJIETBO-
peHUs KyJIbTYPHBIX 3alIpOCOB I'Pa)KIaH WIX JUIsl OTAbIXa U BMECTE C TEM — JUIS
HOBBILIEHUS NTPO(PECCHOHAIBHON KBaTM(PUKAUU, YTO B KOHEUHOM WUTOTE CKa-
JKETCSl Ha pOCTE IPOU3BOJAUTEIBHOCTH TPy Aa.

DKOHOMHSI BPEMEHHU KAK BaXHEWINMWI ITOKa3aTeslb KauyecTBa TPAHCIIOPTHOI'O
OOCITy’)KUBaHUsl HAacCeJIeHHUs SBISETCS OJHOM W3 COCTaBISAIOLINX COLIMAIBHO-
HKOHOMUYECKON 3PPEKTUBHOCTH OpPraHU3alli BBICOKOCKOPOCTHOIO JIBUYKEHUS
TPAaHCHOPTA. DKOHOMHYECKHN CMBICI YCKOPEHHSI TOCTABKH IMAacCaXUpa 3aKIIH0Ya-
ercsi B TOM, YTO COKpPAIIAETCsl BPEMs €ro OTBIICUEHUS U3 Cepbl MATEPHATIHLHOTO
NPOU3BOJICTBA, CO3JAKOTCSI BO3MOXKHOCTH ISl IIPOM3BOJCTBA HEKOTOPOM 4YacTH
OOIIECTBEHHOTO MPOAYKTa, BBIPAXKEHHOIO OIMpPEIEICHHON CTOMMOCThI0. U ke
SKOHOMUTCS JIMYHOE BPEMsI MACCaKUPa, KOTOPOE OH MOI' Obl MCIOJb30BATh IS
NOBBIIICHUSI CBOET0 KYJIbTYpHO-00Pa30BaTEIbHOTO WM  MPO(HECCHOHAIBHOIO
ypoBHs. UeM 0oJbllie SKOHOMUS BPEMEHU Ha MOE3/KY, TEM BbIIIE BEPOATHOCTh CO-
3aHNS JOTOJHUTEIBHOTO OOLIECTBEHHOIO IMPOAYKTA, €CIM MAcCaXUp CIKOHOM-
JICHHOE BpPEMs IOCBATUT IPOU3BOIUTEILHOMY Tpyay. CTOMMOCTB 3TOr0 JTOIOIHH-
TEJIBHOTO IPOAYKTa, COCTABIIIOIIETO YACTh HALMOHAIBHOIO J0XOJA, XapaKTepH-
3yeT COOTBETCTBYIOIIMN 3(PGEKT OT COKpaIlleHUS BpeMeHH IpeObIBaHUS Ha
TpaHcnopte. CielyeT OTMETHTh, YTO B IOCIEAHHUE T'OJIbI CAMO COKPAILIEHHOE Bpe-
M [TOE3/IKH SIBJISIETCS. CTUMYJIOM HCIIOJIb30BaHMs COBPEMEHHOM TEXHUKH JJIS ITPO-
W3BOJIUTENBHOTO, B IEPBYIO OYEPEb, YIIPABIEHYECKOTO U IPEAITPUHUMATEIILCKOTO
TpyZaa. llpn aTom cokpamenHoe 10 2—3 4 BpeMs MOE3IKH 1aeT BO3MOXKHOCTb HE
TOJILKO PELIUTH s NPOU3BOICTBEHHBIX 3a/1a4, IOATOTOBUTHCS K JEIOBBIM BCTPE-
yaM ¥ 0e3 may3bl BKIFOUUTHCS B MPOU3BOACTBEHHBIN MPOLIECC, HO U caMa MOe3/IKa
B BBICOKOCKOPOCTHOM pexuMme no3BoisieT 70—80 % BpeMEHM HCIIONb30BaTh IS
BBINOJIHEHUS TPOPEeCCUOHATBHBIX (pyHKIM [ 14].

DKOHOMHUS 3aTpaT BPEMEHU B MYTH PACCUUTHIBACTCS JJIsl ACCAKUPOB, Ie-
pexmounBnxcsa Ha MJIT ¢ npyrux BunoB Tpancnopra. CTOMMOCTHASI OLICHKA
DKOHOMHMH BPEMEHU JAETCS C MCIOJIb30BAHMEM CTOMMOCTH BPEMEHH B 3aBUCH-
MOCTH OT LIeJIH Toe3aku [15].

ZESTth _ Z(Pz;ko XVOf,-tk XTlej)_Z(PﬂiHSR v VOl‘lt{ % T itHSR ),

rae I — CBSI3b;

J — BUJ TPAHCIIOPTA;
k — 1enn Moe3 1Ky,

EST Ttt — 3¢ (}EeKT OT IKOHOMHUHU BPEMEHH B IMYTH IOJIH30BATENEH BCEX BU-
JOB TpaHcIiopTa npu peannsannu npoexkra MJIT B rony ¢
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‘0 - :
Fj~ — obbeM maccaXXHpoOIOTOKa Ha i-i CBS3H Ha j-M BUJE TPaHCIOpTa C k

LIEJIBIO TTOE3/IKU B TOJY ! B «HYJIEBOM BapUaHTE;
t .o
Vot;, — cCTOMMOCTb BPEMEHH IIACCAXKUPa Ha i-U CBSA3H C k LEIIBIO MOE3IKH B

roay t,

T Cl;. — 3aTpaThl BPEMEHM IACCA)KUPA B MYTH HA I-U CBA3M HA j-M BHJE

TpaHCIOpTa B oAy f;
pt HSR

/ — 00BEM MaCCaXUPOTOTOKA Ha i-M CBSI3U C k 1EJIbIO IMMOC3IKHU B TOAY

¢ ipu peanuszaunu npoexkra MJIT;
HSR - :
TC; Sk 3aTpaTbl BPEMEHU MAacca)kupa B MyTH Ha i-U CBSI3M HA j-M BUJE

TPAHCIIOpTA B TOAy ¢ npu peanmn3anuu npoekra MIIT.

OCHOBOW OLIEHKM CTOMMOCTH BPEMEHU BBICTYIIA€T CPEIHEB3BEIICHHAS 71O-
yacoeas cmaska onjamsl mpyoa B pacCMaTpUBaeMbIX ropojaax. Pasnuuus cto-
VMOCTH BPEMEHU B 3aBUCHUMOCTH OT LEJICH MOE3[IKU 3aJaBAINCh HA OCHOBAaHUU
MHUPOBBIX Pa3pabOTOK B JIaHHOW 00JIaCTHU, PE3YyJIHTATOB COIMOJIOTHYECKOTO
OIIPOCa Y IKCIIEPTHBIX OLICHOK.

Pacdet cToMMOCTH BpeMEHU CTPOMIICA CIIEIYIOIINM 00pa3oM:

VO]?IPOLI _ dVVl +(1_d)wj ,
/ 21-8

rae VoT;**" — cTonMOCTb BpEMEHHU JUIs OE3/I0K C HEIENOBBIMH ENSIMU (KYJIb-

TYpPHO-OBITOBBIX, TYPUCTUYECKUX, pA0OUHX U T. JI.) MEX]Y i-M U j-M FOpOAAMHU;

d — BecoBOM KOA(PPUITUEHT, YUUTHIBAIOIIHNIA B 00I1IEM ClTydyae HEOAUHAKOBYIO
JOJII0 JKUTENEH paccMaTpUBAEMBIX TOPOJOB B CYMMAapHBIX KOPPECHOHICHIIMAX
MEXIy HUMHU (TIpENoJiaraeTcs, 4YTo Mpy HAIMYUKM 3aMETHOW Pa3HUIIbI B YHMCIICH-
HOCTH HACEJICHUS TOPOJIOB JI0JIS )KUTENEe MEHBILIEr0 ropojia OyIeT BBIIIE);

W; — CpeJIHeMeCsIuHasi HOMUHAaJIbHAs 3apa00THas Tu1aTa B i-M FOPOJE;

21-8 — MHOXKMUTENM JJIsl IEPEBOJA K YaCOBOM CTaBKE.

Vol =3,5VoT,™,

rae Vo]}fe” — CTOMMOCTH BPEMEHH IS IOE3/I0K C JEIOBBIMH LEIAMH MEKIY i-

M U j-M rOpoJiamus;

3,5 — MHOXMUTENb, OTPAKAIOIINUN 00JIee BBHICOKYIO CTOMMOCTb BPEMEHU IIpU
COBEpILUEHNH JIENIOBBIX MOE3/10K (MPUHAT C YUYETOM 3apyOEkHOI0 OIbITA U PE3YIIb-
TaTOB COLMOJIOTMYECKOr0 OIpOCa, IMOKA3aBIIEro, YTO MMaCCaKUPBI, COBEPIIAIOIINE
MIOE3/IKH C JIENIOBBIMH LEJISIMU, UIMEIOT YPOBEHB JI0X0/A BBIILIE CPEAHETO).
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[IporHo3 cToMMOCTH BPEMEHHU CTPOMJICS HAa OCHOBE MPOrHO3a 3apabOTHOMN
TJIaThI:

VoI, =VoT} (1+ 0,7("’% +( _d)rf))n’

rae VoTl.]l.’L” — CTOUMOCTh BPEMEHHU B ¢ + n roj (MpuMeHsIeTCsl 001U MOIX0a K

pacyeTy CTOMMOCTH BPEMEHH HE3aBUCUMO OT LIEJIU MOE3KH);

T; — CPEAHEroI0BOM TEMII IIPUpPOCTa CpeAHel 3apaOb0THON MIaThl A i-T0
ropoaa;

0,7 — k03¢ GHUIMEHT, YIYNTHIBAIOIINNA OTCTaBaHUE CTOMMOCTH BPEMEHH OT
pocTa 3apaboTHOM MIaThl (IPUHSAT C YYETOM 3apyOEkKHOTO OIbITA).

Oddext oT CHMKEHMS BPEIHOT'O BO3ICUCTBHS Ha OKPYKAIOILIYIO Cpely IpH
peanuzaiuu mpoekta BCM paccunthiBasics CIeAyIOMIMM 00pa3oMm:

EED =VED" —VED™",

rae VED? — cTouMOCTHas OLIEHKa DKOJIOIMYECKOro ylepOa B «HyJIEBOM BapH-
aHTeR;

VED"R — croumocTHast OLIEHKa 9KOJIOTUYECKOTO yIepba Mpy peanu3ain
npoekta BCM.

[Tpu paccmarpuBaeMoM HOJIXOJE yIIEpO OKpyXkaroliei cpene popmupyer-
Cs U3 TPEX KOMIIOHEHTOB:

VED =VEmis +VCIli+ VN,

rae VEmis — CTOMMOCTHAsI OIIEHKa BBIOPOCOB 3arpsI3HSAIONINX BEIIECTB B aTMO-
cdepy;
V'CIi — ctrouMOCTHAast OLIEHKA BPEAHOTO BO3/ICVCTBUS HA KIUMAT;
VN — cTOUMOCTHas OLIEHKA ITyMOBOT'O BO3JICHCTBUS HA OKPYKAIOILYIO CPEy.
CronMOCTHas OLIEHKAa LIYMOBOTO BO3JICUCTBUS HA OKPYKAIONIIYIO CPEdy
uMeeT ocoboe 3HaueHue, Tak kak MJIT umeer Gosiee HU3KUN ypPOBEHB ITyMa —
65 J16, Toraa Kak Apyrue BUJIbI TpaHcropTa — 00bruHO Oobie 70 J10.
CrouMoOcCTHasi OIIEHKa IIYMOBOTO BO3JICWCTBUS HAa OKPYXKAIOUIYIO CPEdy
ompeaensercs mo GpopmyJie

N
2 VN, = Pkm, xr,",
rae Pkm,; — maccaxxupoobopoT Ha i-i CBSI3U HA j-M BHJE TPAHCIIOPTa;

rf — CTOMMOCTHAs OLIEHKa ITyMOBOI'O BO3JIEHCTBUS HA OKPYKaIOUIyI0 cpe-

Iy Ha | maccaxupo-KUIOMETD.
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CTouMOCTHBIE OLIEHKH BBHIOPOCOB 3arpsA3HSIONIMX BEIIECTB B aTMochepy H
BPEHOTO BO3ACHCTBHS HA KIIMMAT ONPEAEIAIOTCS aHAJIOTUYHO.

[lepepacnpenenenue naccaxKUpoOoOTOKOB 10 BUIAM TPAHCIIOPTA B PE3YJib-
tare co3gaHusg MJIT mnpuBeneT K HM3MEHEHHMIO 3KOJIOTMYECKOW HArpy3Kd Ha
OKPY>KaIOIIYI0 Cpely BCIEICTBUE W3MEHEHHS BBIOPOCOB 3arpsi3HSAIONIMX Be-
HIECTB B aTMOC(Epy U UBMEHEHUS IITyMOBOM Harpy3KH.

DKOJOrMuecKuil yiep0 OLIEHHBAETCS Ha OCHOBAHHMM YJEJIbHBIX IOKa3aTe-
Jei 3KOJOTHYecKoro yuiepba Ha MaccakKupo-KUJIOMETP MO BHJaM TPaHCIOPTA.
Hcnonp3oBanue 3apy0exkHbIX UCCIEIOBAHUNA 00YCIOBIEHO OTCYTCTBUEM aHaJO-
TUYHBIX POCCUICKUX pa3pabOTOK. DKOJIOTHYECKUH yiepO, HAHOCUMBIN BO Bpe-
Ms ctpoutenbcTBa MJIT, yauThiBaeTCsl B COCTaBE KaMMTAIBHBIX 3aTpat. DPHeKT
OT CHIDKCHHS HKOJIOTMUECKOTO YyIiiepba ompenernsiercs Kak pasHHLA MEXIy
OLICHKOM 3KOJIOTMYECKOro yiepda JUisl «HYJIEBOIO BApUAHTa» U IPHU peannsa-
uuu rpoexta MJIT.

O¢ddexr or nosbimeHUs Oe30MacHOCTU Npu peanuzanuu npoexkra MIIT
PacCUUTBIBAJICA CIAEAYIOIIUM 00pa3oMm:

35, = 3Pl 17) 3Pl 7).

rJ€¢ [ — CBA3b;

J — BUJ| TPAHCIIOPTA,

ES — 3¢ dekt oT nosbieHns: 0€30MaCHOCTH MPU MOE3KAX MOJIb30BaTeNen
BCEX BUJIOB TPAHCIIOPTA MpU peanmn3anuu npoekra MJIT;

0 . .
Pkm;;” — maccaxxupoobopoT Ha i-il CBSI3U HA j-M BUJE TPAHCIOPTA B «HY-
JIEBOM BapHaHTEY;

er — CTOMMOCTHAsI OLIEHKAa aBapUMHBIX 3aTpaT Ha j-M BHUJIE TPAHCIIOPTA;

HSR .
Pkm, SR MaccaXXupooOOpoT Ha i-i CBSI3U C k LEIbIO MOE3KU B TONY f
npu peanuszanuu npoekra MJIT;

I/'JS — CTOMMOCTHAas OLICHKa aBapHﬁHBIX 3aTpar IIpu peCain3alni IIPOCKTA

MUIT.

Onenka 3¢ dexra oT NOBBIIIEHNS 0€30MIaCHOCTH MACCAKUPCKUX MEPEBO3OK
OTpesieNsieTCs Ha OCHOBAaHUM YJAENbHBIX IOKa3areneil ymepda oT aBapuil Ha
[IACCAKUPO-KWJIOMETP IO BUJAM TPAHCIIOPTA U PACIpPEIEICHUs TacCaKUPOIIO-
TOKOB I10 BUJiaM TPAHCIIOPTa B «HYJIEBOM BAapUaHTE» U IIPU pealln3alUu IIPOEK-
ta coznanus MJIT.

Y nenpHble mokazatenu ymep6oa nius MJIT onenuBatorcs mo 3apyOexHbIM
aHaJjoram.

3akntoyeHue

[Ipennaraemasi cuctema MokazaTeiaeil sl OLEHKH COLMaIbHO-3KOHO-
MUYECKOM 3(PGEKTUBHOCTH CTpaTerud pPAa3BUTHUS CKOPOCTHOIO TOPOJICKOTrO
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TPAHCIIOPTA YYUTHIBAET BCE MPEUMYIIECTBA MAarHUTOJIEBUTALIMOHHOW TEXHOJIO-
TUU U JIeJaeT €€ NPUOPUTETHON NpHU BbIOOPE CKOPOCTHOI'O TOPOACKOIO TpPaHC-
nopra.
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Introduction. At the present stage of developing methodological approaches to assess-
ment of social and economic efficiency, all the external effects of the project are divided into
effects that can be estimated in value terms, and effects that cannot be expressed in monetary
units. In turn, the latter are divided into effects that have a quantitative expression and effects,
described only on a qualitative level. External effects, which can be estimated in monetary
terms, are directly included in the calculation of the social and economic efficiency of the pro-
ject in the form of additional inflows and outflows of money.

Problem. The conceptual basis for assessing the social and economic efficiency of new
high-speed lines is the comprehensive consideration of all external effects from the imple-
mentation of the investment project (economic and non-economic) that do not affect the cost
parameters of the project participants.

Objective. The aim of the work is to develop a system of indicators for assessing the
social and economic efficiency of the strategy of the development of high-speed urban
transport.

Methods. Study of existing methods of assessing social and economic efficiency,
searching for disadvantages and advantages, exploring the advantages of magnetic levitation
technology.

Results. The development of this system of indicators for magnetic levitation transport,
which is distinguished by such advantages as the impossibility of derailment, greater route
speed, hence less time travel, less noise and vibration than light-rail transport and metro,
complete absence of dust, is especially important.

Conclusion. The proposed system of indicators for assessing the social and economic
efficiency of the strategy of the development of high-speed urban transport takes into account
all the advantages of magnetic levitation technology and makes it a priority when choosing
high-speed urban transport.

Social and economic efficiency, external effects, high-speed urban transport, magnetic
levitation.

Introduction

Evaluation of the economic efficiency of the strategy of high-speed urban
transport is the final stage in the formation of the strategy. When developing the
strategy, it is necessary to develop criteria for evaluating its implementation and
evaluating the company's final state.
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To be efficient, financial information should be optimal in terms of volume,
timely, reliable, meaningful, should be related to the priority goals and objec-
tives of the strategy.

In foreign practice, existing methods for evaluating the strategy: service life
analysis, portfolio analysis, GE-McKinsey, benchmarking. Essentially, they are
all related to the correspondence of specific strategies to the organisation's posi-
tion in the market and its relative strategic capabilities.

But these methods have descriptive character and do not us allow to carry
out a quantitative assessment of the social and economic efficiency of the strate-
gy of high-speed urban transport. Therefore, in the thesis, a system of indicators
for assessing the social and economic efficiency of the strategy for the develop-
ment of high-speed urban transport is justified.

The paper analyses the existing methods for assessing social and economic
efficiency and makes conclusions on that.

Calculations of commercial, budgetary, economic and social and economic
efficiency of investment projects in railway transport are carried out mainly in
accordance with the following methodological materials:

e methodological recommendations on assessment of investment projects
(second edition) approved by the Ministry of Economic Development of the
Russian Federation, the Ministry of Finance, State Committee for Construction,
Architecture and Housing Policy Ne VK 477 of June 21%, (hereinafter referred to
as the Set of Methods);

e methodological recommendations on assessment of investment projects
on railway transport (annex to the Directive of the Ministry of Communications
(today’s Ministry of Transport of the Russian Federation) of August 31%, 1998,
No V-1024u) hereinafter referred to as the Set of Methods Ne V-1024u;

e methods of calculation of indexes and application of criteria of efficiency
of regional investment project, approved by the Ministry of Regional Develop-
ment of the Russian Federation order of August 31%, 2008 Ne 117 (hereinafter
referred to as the Set of Methods Ne 117);

e methods of index calculation and criteria application to investment pro-
jects efficiency claiming for state support at the expense of the Russian Federa-
tion Investment Fund, approved by the Order of May 23" 2006 Ne 139/82n
(hereinafter referred to as the Set of Methods Ne 139/82n of May 23%, 2006) of
the Ministry of Economic Development and the Ministry of Finance of the Rus-
sian Federation;

e methods of assessment of social and economic efficiency of construction
of new railways, approved by Senior Vice-President of JSC “RZD” B. Lapidus
of August 29" 2009 (hereinafter referred to as the Set of Methods of JSC
“RZD” of August 29, 2009).
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Indicators of public efficiency take into account the social and economic
consequences of implementation of an investment project for society as a whole,
including both the immediate results and costs of the project, and "external":
costs and results in related sectors of the economy, environmental, social and
other noneconomic effects.

The current general scheme for assessing the social and economic efficien-
cy of investment projects (given below) allows us to identify and define social
efficiency as an economic category [1].

Some of the activities in the sphere of production and consumption stipu-
late direct costs or benefits for consumers and firms that are not directly in-
volved in these activities. Accordingly, such results cannot be taken into account
in the economic indicators of the producer of goods and services: costs, reve-
nues, profits, etc. Underestimation of the costs and benefits of third parties leads
to an overestimation, or to an underestimation of the volume of output of goods
in comparison with the effective output from the public point of view. It is about
the existence of so-called external effects (externalities).

The external effect is the costs and results of the project that have not been
adequately reflected in the indicators of economic activity of economic entities
participating in the project.

In the most general form, external effects can be divided into environmen-
tal (sometimes called technological), social, economic and public goods that do
not have a price.

The ecological (technological) externalities are:

e pollution of soils, hazardous emission into the atmosphere and water
reservoirs;

e non-efficient exploitation of natural resources deposits and agricultural
lands;

e violation of the ecological (biological) balance of the territory;

e cutdown (increment) of forests, green plantations in urban settlements;

e explosions, fires dangers, etc;

External effects of a social nature include externalities directly related to
the standard of living of the population (as opposed to technological ones,
whose influence can be considered mediated). These may include:

e changes of population salaries, employment rate, service and commodi-
ties prices, consumer goods quality, quality and price of accommodation, ac-
commodation provision, provision of housing and utilities services, culture,
sports institutions, transport service, education and health care levels, labour
conditions, number of work with hard and dangerous conditions, profession-
related diseases and production injures, and crimes;

e cconomy or additional expenses of spare time of population at the ex-
pense of various factors.
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External effects of economic nature are reflected in expenses and incomes
of organisations and enterprises, that do not participate in the project. These may
include:

e change in the value of land and real estate objects that are not related to
the project, as a result of its implementation, costs for enterprises not participat-
ing in the project;

e creation and development of new productions (at the expense of provid-
ing transport, raw materials, innovative developments);

e compromising on transportation costs of health care enterprises, culture
at the expense of the construction of a new road, etc.

One of the main ways to take into account externalities in investment de-
sign is to include them in the prices of manufactured goods and services and
consumed resources. The process of adjusting market prices to calculate the ef-
ficiency of projects from a social standpoint (social and economic efficiency) is
called the conversion of market prices. New, adjusted prices are also called eco-
nomic prices, in the Western literature — shadow prices.

As sources of information for developing an assessment of the social and
economic efficiency of the investment project for the construction of a new
high-speed line the following sources have been considered:

e project materials in the scope of the feasibility study, justification of the
investment of the project being considered;

e cxpert assessments of the degree of influence of the implementation of
the investment project on the parameters of the social and economic develop-
ment of the Russian Federation, the region, the industries and enterprises of in-
terest, taking into account the significance of the project under consideration.

In calculations of social and economic efficiency, the target of new high-
speed lines, their social significance and economic environment should be taken
into account.

Realisation of construction projects of high-speed lines ensures achieve-
ment of a range of targets, generation of effects (including disadvantageous
ones), which differ in the degree of their social and economic significance of the
entire country, some regions, branches, participants of the project. The composi-
tion of goals, effects is stipulated by, to a large extent, ascribing the new railway
line under consideration to this or that category, in accordance with the strategy.
Separate goals, effects can be achieved, generated only during the construction
and subsequent operation of certain categories of railway lines, for example, a
significant reduction in the travel time for passengers carried by rail can only be
achieved with the construction of railways specialised for high-speed traffic.

The economic environment of the project is determined by the boundaries
of its influence on the economic, social, environmental spheres of society and is
determined by the following factors:

e public importance of the railway line;
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e line category;

e resource requirements for the construction of the line;

¢ the composition of the «recipients» of effects.

At the present stage of development of methodological approaches to as-
sessment of social and economic efficiency, all the external effects of the project
are divided into effects that can be estimated in value terms and effects that can-
not be expressed in monetary units. In their turn, the latter are divided into ef-
fects that have a quantitative expression and effects, described only on a qualita-
tive level. External effects, which can be estimated in monetary terms, are di-
rectly included in the calculation of the social and economic efficiency of the
project in the form of additional inflows and outflows of cash.

The concept basis for assessment of the social and economic efficiency of
new high-speed lines is the comprehensive consideration of all external effects
from the implementation of the investment project (economic and non-
economic) that do not affect the cost parameters of the project participants. Ex-
ternal effects should be taken into account in value form and calculated using
appropriate regulatory and specific characteristics. In the absence at the present
stage of computational methods for the valuation of a number of external effects
and generally accepted approaches to their accounting in the implementation of
assessments of the social and economic efficiency of investment projects for the
construction of new railway lines, one of the tasks is the systematisation and de-
velopment of approaches to accounting externalities generated in the social and
economic sphere of life of the Company in the implementation of projects for
the construction of new public railway lines.

The set of methods of assessment of social and economic efficiency of new
high-speed line is based on the following classification of external factors:

® €COoNnomic;

e social;

e ccological.

Due to specifics of the innovative transport technology, the system of indi-
cators of social and economic efficiency of the strategy has been supplemented
and specified. The table suggests indicators for assessment of social and eco-
nomic efficiency of high-speed urban transport development strategy.

The particular importance is the development of this system of indicators
for magnetic levitation transport, which has advantages such as the impossibility
of derailment, a greater route speed, therefore, less travel time, less noise and
vibration than LRT and metro, complete absence of dust [2]. To assess the strat-
egy for the development of high-speed urban passenger transport, three groups
of indicators are proposed.
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Indicators for assessment of social and economic efficiency of high-speed urban

transport development strategy

Indicator Indicators
;lzlrig;; in time z ESTT' = z ( Bfk x Vo', TC; ) B Z ( PSE x Yot x TCH® ),
passengers where i — connection;

on their way,
thousand rubles

j —urban transport type;
k — purpose of travelling;

ESTT' —the effect of saving time on the way by passengers of all types

of urban transport in the implementation of the MLT project in the year

ijk — amount of passenger traffic on i-th connection on j-th type of

transport with &k purpose of travelling in the year ¢ in “zero option”;

Vot;, — cost of time of passenger on i-th connection with k purpose

of travelling in the year ¢;

TC; — costs of passenger for time of travelling on i-th connection on j-th

type of urban transport in the year ¢;

Pt HSR
ik

of travelling the year ¢ during realisation of MLT project;

TC!™" —time costs of passenger for travelling on i-th connection on j-th

— amount of passenger traffic on i-th connection with k£ purpose

type of urban transport in the year ¢ during realisation of MLT project

The effect from
reducing the
harmful

impact on the
environment
during the
implementation
of the MLT
project,
thousand rubles

EED =VED" —VED™",

where VED" — cost assessment of environmental damage in the "zero"
option;

VED™" — cost assessment of environmental damage during the imple-
mentation of the MLT project.

With this approach being considered, the damage to the environment
is formed from three components:

VED =VEmis+VCIli+VN,

where VEmis — cost assessment of emissions into the atmosphere;
VCli — cost assessment of hazardous impact on the climate;
VN — cost assessment of noise pollution on the environment

Effect from
increasing
safety during
realisation of
MLT project,
thousand rubles

2. ES; = Z(Pkmz/ x ’”.;)— Z(PkmiHSR x ;> 11k ),

where i — connection;
j —urban transport type;
ES — effect from increasing traffic safety during passengers travelling
all types of transport during realisation of MLT project;
Pkm,;— amount of passenger traffic on i-th connection on j-th type
of urban transport in the “zero option”;

s

r; — cost assessment of failure expenses on j-th type of urban transport;

Pkm,™" — amount of passenger traffic on i-th connection with k purpose
of travelling in the year ¢ during the realisation of MLT project;

r; — cost assessment of failure expenses during realisation of MLT

project
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The development of maglev transport systems are restrained by obsolete
norms of their design which have not been renewed for many decades. These
norms do not take into account today’s rolling stock properties. Besides, crea-
tion of cutting-edge integrated light-rail systems is hindered by lack of national
rolling stock [3]. Considering advantages of maglev transport (MLT), the priori-
ty task for Saint Petersburg is design and implementation of light-rail transport
to be deployed on sections with heavy passenger traffic without access to metro
transport [4, 5].

There are two categories of maglev transport defined by purpose and tech-
nical parameters:

e urban ground and underground as well as intercity transport with speeds
up to 200 km/h;

e mainline transport with high and superhigh speeds up to 1000 km/h, if
vacuum tube is deployed.

Urban maglev transport is aimed at connecting the city centre with suburbs,
city districts and large transport hubs — railway, bus and metro stations, sea and
river ports [6—12].

Mainline transport is intended for intercity travelling with speeds up to 400
km/h and for transcontinental travelling with speeds up to 1000 km/h.

The system of indicators is developed taking into account the specifics of
innovative transport projects, namely the project of creating a magnetic levita-
tion transport [13].

Change of the time spent by passengers on the way

The development of high-speed passenger transport contributes to the
growth of the cultural level of people, the efficient use of free time and the eco-
nomic efficiency of social production. In real conditions, the determined result
of the activity of passenger transport can have both a social and economic effect.
Increasing the speed of communication promotes the release of free time, which
can be used to meet the cultural needs of citizens or recreation and at the same
time to enhance professional qualifications, which will ultimately affect the
growth of labour productivity.

Saving time as the most important indicator of the quality of transport services
for the population is one of the components of the social and economic efficiency
of the organisation of high-speed traffic. The economic sense of accelerating carry-
ing a passenger is that it saves the time of his distraction from the sphere of materi-
al production, with the opportunities being created for the production of some part
of the social product expressed by a certain value. Or, the passenger's personal time
can be saved, which he could use to improve his cultural, educational or profes-
sional level. The more time is saved for a trip, the higher the probability of creating
an additional social product, if the passenger spends his time saving productive la-
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bour. The cost of this additional product, which is a part of the national income and
characterises the corresponding effect of reducing the time spent on transport. It
should be noted that in recent years, the very shortened travel time is an incentive
to use modern technology for productive, primarily managerial and entrepreneurial
work. At the same time, the travel time reduced to 2-3 hours makes it possible not
only to solve a number of production tasks, to prepare for business meetings and to
enter the production process without pause. Therefore, not only saving time on
business trips, but also a trip in high-speed mode allows 70-80 % of the time to use
for professional functions [14].

The calculation of saving time spent on the way is carried out for passen-
gers who switched to MLT from other modes of transport. The cost assessment
of saving time is carried out using the cost of time depending on the purpose of
travelling [15].

ZESTth — Z(py_fko x Vot x TC,;- ) — Z(B;HSR x Vot x TC!"* )’

where i — connection;

J — transport mode;

k — purpose of travelling;

ESTT; — the effect of saving time on the way by passengers of all types of
urban transport in the implementation of the MLT project in the year t;

Bjt-ko — amount of passenger traffic on i-th connection on j-th type of
transport with & purpose of travelling in the year ¢ in the “zero option”;

Vot; — time cost of passenger on i-th connection with k purpose of travel-
ling the year ¢;

T Cl; — passenger’s time expenses on the way on i-th connection on j-th

type of transport in the year ¢;

PL™SR _ amount of passenger traffic on i-th connection with & purpose of

travelling in the year ¢ during realisation of MLT project;
TC! HSR _ passenger time expenses on the way on i-th connection on j-th

type of transport in the year ¢ during MLT project realisation.

The basis for estimation of the cost of time is the weighted average hourly
wage rate in the cities considered. Differences in the cost of time depending on
the purpose of travelling were set on the basis of world developments in this
field, the results of a sociological survey and expert assessments.

The calculation of the cost of time was carried out as follows:
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where VoT}j”her — the cost of time for trips with non-business purposes (cultural,

tourist, etc.) between i-th and j-th cities;

d — the weight coefficient, which takes into account, in the general case, an
unequal share of the inhabitants of the cities in question in the total correspondence
between them (it is assumed that if there is a noticeable difference in the population
of cities, the proportion of the inhabitants of a smaller city will be higher);

w; — average monthly nominal wage in i-th city;

21-8 — multipliers for conversion to hourly rate.

business __ other
VoT, =3,5VoT;™,

rie VoTiJl.’” siness _ the cost of time for trips with business purposes between i-th
and j-th cities;

3,5 — multiplier that reflects a higher cost of time when making business
trips (adopted taking into account foreign experience and the results of a socio-
logical survey that showed that passengers travelling with business purposes
have an income level which is above the average one).

The forecast of the cost of time was based on the forecast of wages:

where Vo Tif" — the cost of time in ¢ + n year (the general approach to the calcu-

lation of the cost of time regardless of the purpose of the trip is applied);

T; —average speed of wage growth for i-th city;

0,7 — coefficient that takes into account the lag of the cost of time from the
growth of wages (adopted taking into account foreign experience).

The effect of reducing the harmful impact on the environment during the
implementation of the high-speed mainline project was calculated as follows:

EED =VED" —VED™X,

where VED? — cost assessment of ecological impact in the “zero option”;
VED™R — cost assessment of ecological impact during realisation of high-
speed mainline project.
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In this approach, the damage to the environment is formed by three compo-
nents:

VED =VEmis +VCIi + VN,

where VEmis — valuation of emissions into the atmosphere;

V' Cli— evaluation of hazardous impact on climate;

VN— evaluation of noise pollution of the environment.

The evaluation of the noise pollution of the environment is of particular im-
portance, since the magnetic levitation transport has a lower noise level, namely
65 dB, in contrast to other modes of transport, usually greater than 70 dB.

Evaluation of noise pollution is determined as:

ZVNI. =Pkml.j><er,

where Pkm; — amount of passenger traffic on i-th connection on j-th transport

mode;

ri -

The evaluations of emissions of pollutants into the atmosphere and the
harmful effects on climate are determined similarly.

The redistribution of passenger traffic by mode of transport as a result of
the creation of MLT will lead to a change in the load on the environment due to
changes in emissions of pollutants into the atmosphere and changes in noise pol-
lution.

Ecological damage is estimated on the basis of specific indicators of envi-
ronmental damage per passenger-kilometer by mode of transport. The use of
foreign studies is explained by the lack of similar Russian developments. Envi-
ronmental damage caused during the construction of the MLT is included in the
capital costs. The effect of reducing environmental damage 1s defined as the dif-
ference between the assessment of environmental damage for the “zero” option
and the implementation of the MLT project.

The effect of improving safety during the implementation of the MLT pro-
ject was calculated as follows:

ZESI. = Z(Pkml.jo X er ) — Z(Pkml. HSR o ,,iSHsR ),

where i — connection,;

j — transport mode;

ES — effect from enhancing safety during passengers travelling all types of
transport during MLT project realisation;

evaluation of noise pollution per one passenger-kilometre.
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Pkml-jO — amount of passenger traffic on i-th connection on j-th type of

transport in the “zero option”;

S . . . .
r; — evaluation of failure expenses on j-th type of transport;

Pkm, ASR_ amount of passenger traffic on i-th connection with & purpose

of travelling in the year ¢ during MLT project realisation;

er — evaluation of failure expenses during MLT realisation.

The evaluation of the effect of improvement of the safety of passenger traf-
fic is determined on the basis of the specific indicators of damage from acci-
dents per passenger-kilometer by mode of transport and the distribution of pas-
senger traffic by mode of transport in the “zero” option and in the implementa-
tion of the MLT project.

Specific indexes of damage for MLT are estimated by foreign counterparts.

Conclusion

The proposed system of indicators for assessment of social and economic
efficiency of the high-speed urban transport strategy development takes into ac-
count all the advantages of magnetic levitation technology and makes it a priori-
ty when choosing high-speed urban transport.
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C. A. CmupHoB, O. 0. CMupHoBa

OLUEHKA 39PEKTUBHOCTU BUAOB HASEMHOIO TPAHCIIOPTA
AnA MACCOBbIX TPY30BbIX MEPEBO30K

Hata noctymienus 07.09.2017
Pemenue o my6nukarnuu 30.11.2017

PaccmaTtpuBaroTcst pa3iavdHble BHIbl HA3€MHOI'O TPAHCIIOPTA IS PEryJSIPHBIX Macco-
BBIX TPY30BBIX IepeBo30K. OneHuBaercss uX 3pQPEeKTUBHOCTh HA OCHOBE CTOMMOCTHBIX, JKC-
IUTYaTal[MOHHBIX U KOJOTUYECKUX XapaKTEPUCTHK.

Beenenne. UtoObl 0OecnednTh peryJsipHbIE MAacCOBBIE I'PY30BbIE MEPEBO3KU MEXKIY
Oro-Bocrounoii Asueit u EBporoii, Heo0XxoauMo 3(PQPEeKTUBHO HCIOIb30BaTh PAa3INYHbIC
BH/Ibl HA36MHOT'O TPAHCIIOPTA, HOBEUINNE JOCTHKCHHS B TEXHUKE U TEXHOJIOTHUSX, IOBBIIIAThH
CKOPOCTb I'Py30BBIX IIEPEBO30K HA JJAJIbHUE PACCTOSIHUS U YBEIMUYMBATh UX SKOJIOTMUYHOCTb U
0€30I1aCHOCTb.

Anaym3. CTOUMOCTHBIE XapaKTEPUCTUKH Pa3IMYHbIX BUJIOB TPAHCIIOPTA AJII MaCCOBBIX
IPY30BBIX MEPEBO30K MOKA3bIBAIOT, YTO camasi HU3Kasi CTOUMOCTbh UHPPACTPYKTYpPBI — y Tpa-
JUIMOHHOTO >KEJIE3HOJOPOKHOI0 TPAaHCIOPTa; HAaUMEHbIIAs Ce0EeCTOMMOCTh NEPEBO30K
o0ecrneynBaeTcss MarHUTOJCBUTALIMOHHBIM TPAHCIIOPTOM HA MOCTOSIHHBIX MAarHuTax IO TeX-
Hosorun «PocMariieB»; HaUMEHBIIYI0O KOMMEPUYECKYIO BBITOJy HA COBPEMEHHOM YpPOBHE
pa3BUTHUS TEXHUKH U TEXHOJIOIMH MIPEAJIAraeT BaKyyMHBbIH TPAHCIIOPT.

I1o 3kcITyaTaliMOHHBIM XapakTEPUCTUKAM JIMAUPYET NpoekT «PocMarnes», HauMeHb-
mast 3pPEKTUBHOCTb JOCTUTAETCS ITPU UCTIOIb30BAHUHU BAKYyMHOI'O TPaHCIIOPTA.

C TOuUKM 3peHHs] HKOJOTHYHOCTH U OE30MaCHOCTH IEPEBO30K JKEJIE3HOI0POKHBIN
TPAHCHOPT 3a HOCJIEJHHE NECATHIETHs NOOMICSA CyLECTBEHHOro mporpecca. OnHako Oosee
HKOJIOTMYHBIMU OKa3bIBAlOTCS MATHUTOJIEBUTALIMOHHBIM M BaKyyMHBII BUbI TPAHCIIOPTA, YTO
00yCIJIOBJIEHO OTCYTCTBUEM OT HUX BHIOPOCOB M MHBIX BHJIOB 3arps3HEHMSI, B TOM YUCJIE LIy-
MOBBIX.

B ob6macti 6e30macHOCTH MarHUTOJIEBUTAIIMOHHBIA TPAHCIIOPT SIBIISIETCSI CaMbIM KOH-
KypPEHTOCTIOCOOHBIM, BAKYYMHBIN — HAOOJIEE OMAaCHBIM.

Pe3yabTaThl. [ MaccoBBIX TPY30BbIX MEPEBO30K TPAHCIOPTOM OyAyIIero, no MHe-
HUIO aBTOPOB, SIBJISICTCSI MArHUTOJICBUTALIMOHHBIM Ha ITOCTOSHHBIX MarHUTax MO POCCUNUCKON
TexHonoruu «PocMarinesy», MO3BOJIAIOIIEH CYHIECTBEHHO ONTUMHU3UPOBATh 3aTPAThl HA CTPO-
UTENBCTBO MH(PACTPYKTYphl. BTOpOoe MecTo MOXXHO OTHaTh TPAAMIMOHHOMY >KEJIE3HOJO-
pPOXKHOMY TpaHcHopTy. OJHAKO IpPU HEBBICOKOM 00BEME CIpoca Ha MEPeBO3KU M MPH BHE-
peHnu 3Hepro3(pPeKTUBHOrO TATOBOrO MOJBUIKHOTO COCTaBa BBICOKOCKOPOCTHOH TI'py30BOM
KEJIe3HOJOPOKHBIN TPAHCHIOPT MOXKET COCTABUTh KOHKYPEHIIMIO, OCOOCHHO B CTpaHax C pas-
BUTOM CETHIO BBICOKOCKOPOCTHBIX Marucrpaineul. Ilociennee Mecto yBepeHHO 3aHUMAaeT Ba-
KYYMHBII TPaHCIIOPT.

BobiBoabl. LlenecooOpa3HOCTh BHEAPEHHMS MarHUTOJIEBUTALMOHHOIO TpaHCIOpTa JUIs
MacCOBBIX TPY30BbIX IIEPEBO30K OU€BHIHA. MIcIOIb3yeMble B HACTOSIIEE BPEMSI B PA3IIUYHBIX
CTpaHaX MHUpPA TEXHOJOTMHU JUIsl IepeMEeleHHs MaccaXupoB, Oa3upyrolMecs Ha MarHUTHOM
JICBUTAIINH, YK€ 3aPEKOMEHIOBANIU ce0s1 KaK BBITOJHBIE, Oe3omacHble U yno0HbIe. TexHuue-
CKasg «3pEJIOCTh» TAKMX TEXHOJIOIMH IO3BOJSET Y4YECTh BCE AOCTHXKECHHS IPU BO3BEICHUU
MarHMTOJIEBUTALIMOHHBIX JIMHUN [UIsl TPY30BOTO IBUJKEHUS, YTO BECbMA MEPCIEKTUBHO B CBE-
TE€ OCTPOI HEOOXOIMMOCTH TTONCKA aJTbTEPHATUBHBIX MOPCKUM CIIOCOOOB MEPEBO30K.
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Kene3HomopoKHBIN TPAaHCIOPT, BBICOKOCKOPOCTHAs MarucTpajb, MarHUTOJIEBUTALlU-
OHHBII TPAaHCIOPT, BaKyyMHbI TPaHCIOPT, CTPYHHBIA TPAHCIOPT, PETYJISPHBIE IPY30BbIE
NepEeBO3KU, CTOMMOCTb, SKCIUTyaTal[HOHHBIE XapaKTEPUCTUKHU, SKOJIOTUYHOCTh, O€30MaCHOCTb,
NIEPCIEKTUBBI BHEIPEHUs, TeXHOJI0THs «PocMarnesy.

BBeneHue

B coBpeMEeHHOM MHpe MPOYHO YCTOSUTUCH reorpauuecKue EHTPhl MPOU3-
BOJicTBa U noTpedsienus. [lepsrlii pacnonoxen B FOro-Bocrounoit Azun u BKIIHO-
yaetr Kuraii, HO He OrpaHUYUBAETCS UM, BTOpOH — B EBporie, MpeumMyIecTBEHHO B
ee 3amagHor yacth. Ha mpoTsbkeHnn MHOTHX JIET HaOJMIOAaeTCs YCTOMYMBBIM TO-
BapoO0OPOT MEXYy ITUMHU PETHOHAMU, B TIOCIETHUE TOJbl TTOKA3BIBAIOLIUI POCT.
B cBs3u ¢ HEOOXOIMMOCTHIO 00ECTICUNTh PETYIIIPHBIE MAacCOBBIE TPY30BbIE TEpe-
BO3KkU Mex 1y FOro-Bocrounoit Azueit u EBpornoii aktyaneHn Bonpoc 3ppekTHBHO-
CTH HCIIOJIb30BaHMS PA3IMYHBIX BUIOB HA3EMHOI'0 TPAHCIIOPTA.

HecMoTpst Ha 3HauMTenbHO OOJiee MHTEHCUBHBIM MOTOK TPY30B M3 CTpaH
FOro-Boctounoit A3uu B EBpony, ux nepemenienre B 00paTHOM HalpaBJICHUH
Takke umeeT mecto (puc. 1). CHmkeHne 00beMOB TOBapOoOOOpOTa B pe3yIbTaTe
MHPOBOTO PKOHOMHYECKOTO Kpm3uca, HaOmogatomierocs ¢ 2008 1., He cMOTIIO
MIEPEIOMUTh OOIIYI0 TEHACHIIMIO, YTO KOCBEHHO TOJTBEPXKIACTCS AKTHBHOM
npopaboTkoii mpoekToB lllenkoBoro nmytu, IllenkoBoro BeTpa U UM MOAOOHBIX
co ctoponsl Kuras.
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Puc. 1. MupoBbie TpaHCTIOPTHBIE IOTOKU
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Haubonee emxuii mo rpy3zoodopoty mapuipyT — Deep Sea (FOxHbIil Mop-
CKOM myTh), mpoxonsmuii yepe3d CydsUKUN KaHal, — HE OTBEYAET YCJIOBUSIM
YCKOPEHHMS IBUKEHUS TOBAPHO-IAEHEKHOU Macchl (puc. 2). DTO OTKpPHIBAET BO3-
MOXXHOCTU ISl pa3pabOTKM HOBBIX BHJIOB TPAHCIOPTAa M HOBBIX CIOCOOOB
TPaHCTIOPTUPOBKHU [1].

China's New Shipping Frontier T
How the new Naorthern Sea route compares
to the traditional Suez Canal route GREENLA zry,

Sea hoe extent———
NORTHERN SEA ROUTE August 2012

ne

Travel time
35 days
Rotterdam, -
Dangers Netherlands ayssth
lcebergs - T

Travel window

July to November
Container-carrying vossels
One this year

SUEZ CANAL ROUTE

Travel time
48 days

Dangers
Access to Suez Canal under
guestion with upheaval in Egypt

Suex
Canal

€z Canal route
Travel window
Year-round fndian Ocean

Puc. 2. Mapuipytsl CeBepHoro u KOxHOro MOopckoro myTu

B eBporneiickux cTpaHax, HECMOTPSI HA OTHOCUTEIBHO HU3KYIO MPOTSIKEH-
HOCTh MapIIPyTOB TPY30BBIX MEPEBO30K, TAK)KE BO3HUKJIA MOTPEOHOCTH B MPO-
PBIBHBIX TEXHOJOTUSIX rpy3ornepeBo3ok. C OIHON CTOPOHBI, OHA OOBSICHIETCS
DKOJIOTHYECKUMHU MOTHMBaMHU. C Jpyroi CTOpPOHBI, PsiJ CTPaH, B TOM YHCIIE
[IBeitapusi, Hy>KIar0TCA B MOBBIIEHUH 3(()EKTUBHOCTU TpaH3UTa yepe3 coO-
CcTBeHHYIO Tepputoputo. Co ctopoHsl crpan FOxxHoi EBponbl, B CBOIO 04YepeEb,
BO3HUKAET 3alPOC HA MOBBILICHUE CKOPOCTU I'PY30BBIX NEPEBO30K HA JAJbHHUE
paccrosinus — B ctpanbl CeBepHoii u Boctounoii EBporbl, B Poccuro.

AHanus

Hcxoas U3 HBIHEIIHETO YPOBHS PAa3BUTHUSI TEXHUKU M TEXHOJIOTUM, a TAKKe
MEPCIEeKTUB UX Pa3BUTHS ISl cpaBHEHUS P (DEKTUBHOCTH WCIOIL30BAHUS IS
MacCOBBIX I'PY30BbIX MEPEBO30K, OMPEACIIECHBI CIETYIOUUE BUIbI TPAHCIIOPTA:

® TPAJIUIMOHHBIN KEJIE3HOAOPOKHbIN;

® BBICOKOCKOPOCTHOM kese3Hoq0opoxHbIi (BCM);
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® MArHUTOJICBUTAIIMOHHBIA (HA JIEKTPOMArHUTHOM IOJBECE, JIEKTPOIU-
HAMUYECKOM TOJIBECE, HA OCHOBE MOCTOSIHHBIX MArHUTOB);

® BAKYYMHBIN;

® CTPYHHBIN.

O¢ddexTuBHOCTH BUIOB TPAHCIIOPTA OICHUBAIU MO CIEIYIOIINM MapameT-
pam:

1) cTouMOCTHBIE XapaKTEPUCTUKH (IeTanu3aluuss CTOMMOCTU CTPOUTEIb-
CTBa MH(DPACTPYKTYPHI, CEOECTOMMOCTD MEPEBO30K);

2) 3KCIUTyaTallMOHHbIE XapaKTEPUCTUKHY;

3) PKOJOTHYECKUE XapaKTEPUCTUKU U 0€30MacCHOCTb.

CTOUMOCTh CTPOUTENHCTBA UHMPACTPYKTYPHI JKEIE3HOJOPOKHOTO TpaHC-
IOpTa 3aBUCHUT OT YCJIOBUN CTPOUTENILCTBA U MECTHBIX ycioBHil. Tak, B Poccun
CTOMMOCTb CTPOUTEIHCTBA HOBOUM HEANEKTPUPUIIMPOBAHHON JIMHUM HAUUHACTCS
ot 500-600 muH py0. 3a 1 kM myTH. DnekTpudukanys JUHUA J00aBIseT Oosee
30 % K yka3aHHON CTOMMOCTH.

CebecToMMOCTh IPY30BbIX IEPEBO30K TPAAUIIMOHHBIM 5KEJIE3HOIOPOKHBIM
TPAaHCIIOPTOM Ha POCCHMCKHX KEJIE3HBIX I0porax B JCHCTBYIOLIMX II€HAX HE
npesbimaet 600 kor. 3a 10 TkwM [2].

3aTpaThl Ha coopyxxeHue naccaxupckux BCM cymecTBeHHO Bbimie. Tak,
CTOMMOCTb CTPOMTENIbCTBA Maructpanu Mexay MockBoit u IlerepOyprom
BCXM-1 no xaxaoMmy U3 IByX BapHaHTOB ()MHAHCHUPOBAHUS COCTABISIET OoJee
1 Tpnu py6., unu 1,52 mapa py6. 3a 1 km nmytu (#a 2012 r.) [3], maructpaiu
Mocksa — Kazans BCM-2 — 1,26 tpan py0., wiu 1,64 mapa py0. 3a 1 kM iyt
(ma 2017 r.) [4].

3atparsel Ha BCM, npenHa3zHauyeHHbIE VIS PETYISPHBIX TPY30BBIX MEPEBO-
30K, MPEBBINIAIOT yKa3aHHbIC 3HAYCHUS, OJJHAKO TOUYHBIX MU(P HET, MOCKOIBKY
peanbHbIe MPOEKTHI HAXOATCS B CTaauu pa3padoTku. Hambomnpiuit uHTEpEC K
JAHHOMY BHUJy TIEPEBO30K MposiBisieT OTKPHITOE aKIoHepHOoe 001iecTBo «Poc-
cuiickue xene3nbie goporm» (OAO «PXK]»), a Takxke MTanbsiHckas Kele3HO-
JOpOKHas acconuanus MHKeHepoB [2, 5]. [IpoBens mapamienu ¢ maccaxxup-
CKUM JIBIDKEHHUEM, MOXHO yTBEpXkIaTh, UTO MPOEKT rpy3oBoil BCM Oyxaet
uMeTh 00Jiee BBICOKYIO CE0ECTOMMOCTh MEPEBO30OK MO CPABHEHUIO C TpaIULU-
OHHOM KEJIE3HOU JIoporoi [6].

CTOUMOCTB CTPOUTENHCTBA MAarHUTOJIEBUTALIMOHHON MarucTpaiu s pas-
HBIX TIPOEKTOB UMeeT pa3dopoc ot 500 miH py6. 10 1,4 muipa py6. 3a 1 kM nyTH.
bonee noporumu SIBIAIOTCA JUHUW, B KOTOPBIX JJISI JIEBUTAUMU NMPUMEHSIOTCS
MIOCTOSIHHBIE MarHUThl, B CUJIy 3HAYUTEIbHOW CTOMMOCTH TIOCJIEIHUX KaK Hecy-
miero siaeMeHta uHpacTpykTypsl. Hambomnee nemeBbIMU 37€Ch BBICTYNAIOT
MPOEKTHI JIETKOrO0 MAaCCAXXUPCKOrO TPAHCIOPTAa HA JJIEKTPOMArHUTHOM WIIH
IIEKTPOJMHAMUYECKOM IOJIBECE.

Oco00EHHOCTBIO JIMHUM, OCHOBAHHBIX HA MAarHUTHOW JICBUTAIIUU, SBIISETCS
BO3MOKHOCTh MX ICTAaKaJHOTO UCIOJIHEHHs, B pe3ysbTaTe UX MH(PaCTPyKTypa
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MOXKET OBbITh pa3/iesieHa Ha aKTUBHYIO M MaccuBHYM0. [laccuBHas yacth uH(pa-
CTPYKTYpPBI SIBIISIETCS aHAJIOIOM HEAIEKTPUPUIUMPOBAHHON >KEJIE3HOIOPOKHOM
munuu [7, 8]. Tak, Hayuno-oOpa3zoBarenbHblil HHXXKEHEPHBIN Kiactep «Poccuii-
ckuit MarneB» («PocMarieB») cToUMOCTh | KM MacCMBHON MHOPACTPYKTYPHI
JUIS. MAarHUTOJIEBUTALIMOHHBIX MarucTpajiei olleHUMBAaeT mMeHee yeM B 450 muH
py0., 94TO COMOCTAaBUMO CO CTOMMOCTHIO 1 kM myTH o «IIpoekty “benkomyp’»
[9, 10]. Obmas xxe crouMocTh 1 kM mmyTu mpoekta «PocMarses» cooTBETCTBYyET
1 mipna py0. 3a cueT NMpUMEHEeHHs] MHHOBAIIMOHHBIX PEIICHU B 00JIaCTH MOCTO-
SHHBIX MaraHutoB [11].

B oTHOmEHNN MPOEKTOB MArHUTHOM JIEBUTAIIUU CJIEAYET PACCMOTPETH OT-
JIEIbHO TEXHOJIOTHIO Ha MOCTOSTHHBIX MarHUTax U OCTAJIbHbIE TEXHOJIOTUH.

[ToaBecsl anexkTpoanHamuueckuii (Maglev, fInmoHust) M 3JIEKTPOMAarHUTHBINA
(Transrapid, Kurait) He mpuMeHSIOTCSI B TPY30BBIX IlepeBo3kax. bosee Toro, cepb-
€3HbIX pa3pabOTOK B JAHHOM OOJACTH HE MPOBOAMJIOCH, TAK KaK YKPYIHEHHBIE
pacueTsl MoKa3aJid, YTO SHEPro3arparbl Ha CO3/aHUE U MOJIEP’KaHUE JIEBUTALIUN
OyAyT HEONpaBAAHHO BBHICOKMMHU. B MPOTHBOMOJIOKHOCTh YIOMSHYTHIM TEXHOJIO-
I'MsSM, TIOCTOSIHHBIE MAarHuThl OOECIEYMBAIOT MEPMAHEHTHYIO JIEBUTAIIMIO, YTO
KOMIICHCUPYETCSl M3JIMIIHE BBICOKOM CTOMMOCTBIO HMH(pacTpyKTypbl. Perienue
JTAHHOM MPOOJIEMBI B POCCUHCKUX YCIIOBUSAX MO3BOJIMIIO BBHINTH Ha PACYETHYIO Be-
JIMYMHY 3KCIUTyaTallMOHHBIX pacxoJoB Ha 24 % HWXKe TpaJAuLMOHHOW KEJIe3HOU
noporu [11-13].

CTOUMOCTh CTPOUTENHCTBA BaKYYMHON MarucTpajii BKIIOYaeT B cels 3a-
TpaThl Ha CTPOUTEIILCTBO MATHUTOJEBUTAIMOHHON JIMHUM W Ha BO3BEIICHHE
YCTPOMCTB JJI1 CO3JaHUs M MOJAEpPKaHWA TEeXHUYEeCKoro Bakyyma. K Takum
yCTPOMCTBaM OTHOCSTCS (DOPBaKyyMHBIE HACOCHI, TE€TTEPHI MU BHICOKOBAKYYM-
HbIE€ HACOCBhl. DKOHOMHUYECKasl OLICHKA CO3/IaHHs W MOJAEpP’KaHUsA BaKyyMma OT-
CYTCTBYET, IIPH 3TOM, [10 MHEHUIO CIIELUATUCTOB, JIJISl MPOTSXKEHHON TPYObI BbI-
COKOT'0 IMaMEeTpa TaKKe 3aTpaThl OyyT OYEHb BEICOKUMHU.

CrpourtenbctBO 1 KM Tpacchl CTPYHHOTO TPAHCHOpPTa OLICHUBAETCS Ha
ypoBHe 800 muiH py0. 6e3 yueTa MpOEKTHBIX padOT MOJA OAHMH MYTh B YCIOBUSAX
OMbITHOTO ToyUroHa. CebecTOMMOCTh MEPEBO30K CTPYHHBIM TPAHCIIOPTOM HE
omnpenesieHa. 3aJeKIApUPOBAHO CHIKEHUE OHKCIUIYaTalMOHHBIX PAacxollOB B
2 pa3a 1o CPaBHEHMIO C TPAAUIMOHHBIM JKEJIE3HOJIOPOKHBIM TPAHCIIOPTOM, OJ-
HaKo MHGOpPMAIMK 00 SKCIUTyaTAIlMOHHBIX PAacXo/ax JJisi TPy30BOM JIMHUU HET.
VYuuThIBasi KOHCTPYKTUBHBIE OCOOEHHOCTH CTPYHHOT'O TPAHCIIOPTA, MOXKHO MPO-
THO3MPOBATh BHICOKHE 3aTpaThl HA MHCIEKIMIO U TEXHHYECKOe 00CTY>KUBaHUE
nuHuu [ 14].

Pe3toMupysi CTOMMOCTHBIE XapaKTEPUCTHUKH HCIIOJIb30BAHUS Pa3IUUYHbIX
BUJIOB TPAHCIIOPTA JUIsl MACCOBBIX I'PY30BBIX MEPEBO30K, MOXKHO CIeNaTh cle-
JYIOIINE BBIBOJIBI:

® caMasi HM3Kas CTOMMOCTh MH(PACTPYKTYphl XapakTepHa Il TpaJaulIlU-
OHHOTO KEJIE3HOJOPOKHOTO TPAHCIIOPTA;
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® HaWMEHbIIasi ce0ECTOMMOCTh MEPEBO30K 00€CTIEYNBAETCSI MarHUTOJIEBH-
TallMOHHBIM TPAHCIOPTOM Ha IOCTOSHHBIX MAarHUTax MO TexHosoruu «Po-
cMarieBy;

® HAaUMEHBIIIYI0 KOMMEPUYECKYIO BBITOJy HA COBPEMEHHOM YpOBHE pa3BH-
THS TEXHUKU U TEXHOJIOTUU MpeJiaraeT BaKyyMHbIA TPAHCIIOPT.

Bomnpoc 3KCrulyaranmoOHHBIX XapaKTEPUCTUK KEIE3HOAOPOKHOIO TpPAHC-
nopta riyooko mpopaboran. B CIIIA u Kanage kypcupyroT cocTaBbl JIHMHOMN
ceeimie 100 BaroHoB, KaKIbI W3 KOTOPBIX HEceT mo 2 KoHTehHepa. Mudpa-
CTPYKTYypa U CaMHU BaroHbl paccuruTanbl Ha ckopocTH 140 u Beimie kM/4. OgHaKO
CyTOYHAsI CKOPOCTh JOCTABKHM T'PY30B IO-IIPEXKHEMY HEBbICOKA. Hampumep, B
npoekte «TpaHccud 3a ceMb CyTOK» CTaBUTCS aMOUIIMO3HAs LEJIb — NPOXOAUTh
1400 km 3a 1 cytku [15].

Urtanbsiackuil npoekT rpy3oBoii BCM npeanosiaraet 10CTHXEHUE CKOPO-
cti 250 km/4. OgHako TpH ATOM JJIMHA COCTaBa HE NPEBBIIIAcT 16 BaroHoB
¢ 2 KOHTEHEepaMu Ha KaxJoM [5].

B skcmtyaranmoHHble XapakTepucTUKU npoekra «PocMarnes» 3anoxeHa
JUIMHA cocTaBa 71 yCJIOBHBINM BaroH, 4YTO COOTBETCTBYET MAKCUMAIIbHOU JJIMHE
COCTaBa Ha POCCUMCKHUX XKeJle3HbIX Aoporax. Kaxkpas TpaHcmopTHash eIuHHIIA
crnoco0Ha HeCTH MOpPcKoil KoHTeiHep. [lpu 3ToM panmoHanpHas JJIMHA TOe3aa
3aBUCHAT OT TOPMO3HOro IyTu cocrasa. Ilpym mmanupyemon mo mpoekry «Po-
cMarneB» ckopoctu 250 KM/4 3Ta BeTWYHMHA MpEBbIMaeT 3 KM. TexHonoruue-
CKH CKOpPOCTb MOXeET ObITh yBenuueHa A0 500 kM/4, 0JIHaKO MCIONb3yemasi ce-
roJiHs Tapa (KOHTEHWHEpHI) HE CIIOCOOHA BBIICPKUBATH JIEUCTBUS BOSHUKAOIIUX
CHUJL.

[IpoexThl BakyyMHOT0 TpaHcmnopTa, B yactHoctH, Hyperloop, npenmnosnara-
10T JABM)KCHUE €TMHUYHBIX TPAHCIIOPTHBIX CPEACTB, YTO TEXHOJIOTUYECKU HEID-
dbexTuBHO. Kpome Toro, Ha 3asBiieHHBIX ckopocTax (1o 1000 km/4) BO3HHMKAET
o0o3HaueHHas mpoliemMa IEeTOCTHOCTH KOHTEHHEPOB. DKCIUTyaTalus >Xe Ha
ckopoctu 250 m HUKE KM/4 HE TpeOyeT CO3/aHMs BaKyyMHOT'O MPOCTPAHCTBA,
YTO CTaBUT 0]l COMHEHHE 11€JIeCO00Pa3HOCTh MPOEKTOB BAKYyMHOI'O TPAHCIIOP-
Ta B 11esioM [16].

[To sKCruTyaTallMOHHBIM XapaKTePUCTUKAM Ha JIUAUPYIOMIUX MO3UILIMIX
okaszbiBaeTcs mpoekt «PocMarneB», HauMeHbIIast 3 (HEKTUBHOCTD TOCTUTAETCS
IIPU UCIIOJIb30BAHUU BAKYYMHOTO TPAHCIIOPTA.

C TOukH 3peHusi 3KOJOTMYHOCTH U O€30MaCHOCTH MEPEBO30K KEJIE3HOIO0-
POKHBIM TPAHCHOPT 32 MOCIEIHUE AECATUIETHS TOOMICS CYHIECTBEHHOIO MPO-
rpecca. OaHako 0oJiee SKOJIOTMYHBIMU OKa3bIBAIOTCS MAarHUTOJEBUTALIMOHHBIN
U BaKyyMHBIM BHJBI TPAHCIIOPTa, YTO OOYCIOBJIEHO OTCYTCTBHEM OT HHUX BbI-
OpOCOB M MHBIX BUOB 3arpsS3HEHUS, B TOM YHCIIE ITYMOBBIX.

B oOnactu 0e30mMacHOCTH MarHUTOJIEBUTALMOHHBIM TPAHCHOPT SIBISETCS
caMbIM KOHKYPEHTOCIIOCOOHBIM, OCOOEHHO IO CPaBHEHHUIO C BaKyyMHBIM. JTO
CBS3aHO C TEM, YTO B MCKYCCTBEHHOM BAKyyMHOM Cpee CYLIECTBYIOT IIOBBI-
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IIEHHbIE PUCKU M3-3a CKayka IJIOTHOCTU cpenbl. [lpu maneiiiiem HapylieHUH
KOHLIEHTpAIMU YacTHI] Ta3a Mepes TPAaHCIIOPTHOW €IMHUIIEH BO3HUKAET CBOEOO-
pa3Hasi CTeHa, C KOTOPOM MPOUCXOIUT CToJKHOBeHHE. [Ipu cymiecTByroniem
YPOBHE Pa3BUTHUs TEXHUKH U TEXHOJIOTMH BaKyyMHBIH TPaHCIOPT CTaHOBUTCS
HanboJiee OMacCHBIM U3 BCEX PACCMOTPEHHBIX BUJIOB HA3EMHOT'O TPAHCIIOPTA.

Pe3ynbTaThbl

CpaBHI/ITCJ'ILHaSI XapaKTCPHUCTHKA 3(1)(1)GKTI/IBHOCTI/I BUIOB HA3€CMHOI'O
TpaHCIIOPTa AJIA MaCCOBBIX I'PY30BLIX IICPCBO30K IIPCACTABIICHA HA PHUC. 3.

25
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TpaqpIEIoHHBLT Pocofickriisarmes  BakyynHBLO1 CTpyHHBIT
A

"t

L=

B CTOHMOCTS HHppacTPYRTY pbl B CeGecTOIRIOCTE IepeBo3ok CROpOCTh ITepeBoskH IPY30B

B OSbenbI IepeBoskH Ipy30s M BesomacHocs F SKoNOTHIHOCTh

Puc. 3. Utorosas Tabnuua 3 eKTUBHOCTH BUOB HA3€MHOI'0 TPaHCIIOpTa
JUISl MAaCCOBBIX I'PY30BBIX ITEPEBO30K

J1J11 MaccoOBBIX TPY30BBIX MEPEBO30K TPAHCTIOPTOM OyAYIIETOo, 0 MHEHUIO
aBTOPOB, SBJIAETCS MarHATOJIEBUTALMOHHBIN HA ITOCTOSTHHBIX MArHUTAX II0 POC-
curickon TexHonorun «PocMarieBy, MO3BOJSAIOMIEN CYHIECTBEHHO ONTHUMU3H-
pOBaTh 3aTpaThl HA CTPOUTENHCTBO UH(MPACTPYKTYPHI.

Bropoe MecT0O MOXHO OTHaTh TPAAULMOHHOMY JKEIE3HOAOPOKHOMY
TpaHcnopTy. OJIHAaKO MpPU HEBBICOKOM OOBEME CIpoca Ha MEPEBO3KU WU IPHU
BHEJPEHUHU 3HEProd((PEKTUBHOIO TATOBOTO MOJBUKHOIO COCTaBa BBICOKOCKO-
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POCTHOM TPY30BOM KEJIE3HOAOPOKHBIA TPAHCHOPT MOXKET COCTABUTh KOHKY-
pEHIINI0, 0COOCHHO B CTpaHax ¢ pa3BuTol ceTbio BCM.

ITocnegnee MecTo yBEpPEHHO 3aHMMAET BaKyyMHbIM TpaHcropT. Ha cero-
JTHsI TEXHOJIOTMY BAKYYMHOTI'O TPAHCIIOPTA €1IE ChIPbIE, U TPYIHO CIIPOIHO3UPO-
BaTh, OCYIIECTBUM JIM MpPOeKT, moaooHwii Hyperloop. [To onenkam cnenumanu-
CTOB, C YYETOM HBIHEIIHErO0 YPOBHS HAYYHO-TEXHUUYECKOI'O Iporpecca U JHUHa-
MUKW €ro U3MEHEHHUs Ui JOBEICHUS TPAHCIOPTHOM TEXHOJOIMU A0 CTaJINU
BHenpeHus: Tpedyetcs ot 30 mo 50 ner. [loaTOMy MOKHO TOBOPHUTH O TOM, YTO
BpEMSI MarHUTOJICBUTALIMOHHOIO TPAHCIOPTAa KaK CIEAYIOUIECH CTYIIEHU pa3BU-
THUS KEJIE3HOJOPOKHOTO TPAHCIIOPTA yKE MPUILIO. ITO YKE I0KA3aHO KaK TeX-
HOJIOTUYECKH, TaK U IKOHOMUYECKU. [Ipuaer nmu BpeMsi BakyyMHBIX TEXHOJIOTHI
KaK CJEAYIOIIEN CTYNEHU Pa3BUTUS MAarHUTOJIEBUTAIMOHHOIO TpPaHCHOpTa —
CTaHeT sACHO uepe3 20-25 ner.

BbiBOAbI

[lenecoobpa3HoCTh BHEAPEHUS] MarHUTOJIEBUTALMOHHOTO TPAHCIIOpTa JUIs
MAacCOBBIX I'PY30BBIX IIEPEBO30K OueBUAHA. Vcroab3yeMble B HACTOAIIEEe BpeMs
B Pa3HBIX CTPaHAX TEXHOJIOTUU IJIsl IEpEMEIIECHUs TacCaXUPOB, Oa3upyIOIIHUecs
Ha MarHUTHOM JIEBUTALIUU, YK€ 3apPEKOMEHJOBaJIM ce0si Kak BBITOJHbIE, Oe3-
omacHble M yAoOHbIe. TexHudeckas 3peNoCTh TaKUX TEXHOJOTUH IO3BOJISET
y4ecTh BCE JOCTMKEHHs MPU BO3BEJICHUI MarHUTOJIEBUTALIMOHHBIX JTUHUHM 175
Ipy30BOr0 JABUKEHMS, UYTO BECbMa MEPCIEKTUBHO B CBETE OCTPOIl HEOOXOIUMO-
CTH TOUCKa aIbTEPHATUBHBIX MOPCKUM CIIOCOO0B TIEPEBO3OK.

Hecmotps Ha Tekyumii ypoBeHb pa3paboTOK MO MPOEKTaM, CBSI3aHHBIM C
BaKyyMHBIM U CTPYHHBIM TPAHCHIOPTOM, WX MpaKTHUYECKas pean3aius — 3a1a4ya
OTAQJICHHOTO OyayIero, Tpedytoias 3HAaUUTEIbHBIX BIOKCHUN Ha dTamax Te-
CTUPOBAHMS U BPEMEHHBIX 3aTpaT, a TAK)Ke MIyOOKOH OLIEHKH 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”.

212



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].

213



China’s New Shipping Frontier T
How the new Morthern Sea route compares
to the traditional Suez Canal route GREENLA

Sea fce extent———
NORTHERN SEA ROUTE August 2012

]

Travel time ato®
35 days Hﬂrthﬁrﬂ Se
Rotkerdam, .
Dangers Netheriands s\ o
Icebergs - =

Travel window
July to November

Container-carrying vessels
One this year

SUEZ CANAL ROUTE

Travel time

48 days

Dangers

Access to Suez Canal under

Suex
Canal

guestion with upheaval in Egypt ez Canal route
Travel window
Year-round Indian Deean

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’;

o 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,

216



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.

25
20
15
10
5
0
Conventional railway "RosMaglev" Vacuum transport String
transport transport
Infrastructur: t Prime cost of Goods transportation speed
[ 1] B o | transportation Hi
B Amount of transportation g Safety 1 Environmental friendliness

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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