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LOGISTICS OF THE FUTURE - APPLYING
DRIVERLESS FREIGHT TRAINS

In the world of freight transportation, ocean and air
shipping play a significant role in the logistics industry, but
there’s another mode that is often underestimated — rail.
The logistics world is changing, and it seems like rail is
making a major comeback these days. New technology and
innovations are disrupting every industry and all
transportation modes. New technology innovations in rail
transportation are at the peak of development. Automation,
driver-less trains, big data and artificial intelligence are all
new tools impacting rail transportation [1].

The researchers at the German Aerospace Center are
planning completely driverless trains: In the scope of the
Next Generation Train project, they are developing fully
automated freight train. Currently, the majority of freight
traffic is handled by means of non-switching trains
delivering large amounts of cargo from one point to the
next. The autonomously driving trains are assembled out of
individual railcars and highly efficient power cars and
automatically coupled on an as-needed basis. This way, a
variety of goods can be transported quickly, flexibly and
with minimal resources. The intelligent railcars are
equipped with various loading concepts for different types
of goods, and each car has its own electric engine, enabling
the railcars to switch and drive the last few kilometers to
the customer autonomously [2]. Such trains can be used
also in logistics freight centers where we need to transfer
different types of goods in the warehouse. Using such
trains in future we can reduce operation costs and speed up
delivery time and improve the process of interaction
between modes of transport.

How long it will take for this technology to be
implemented is difficult to predict. However, considering
the progress of digitalization and the growing trend of
autonomization, it seems that there will be no way around
this development in the long run.
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YIOCKOHAJIEHHSI METOJIB AHAJII3Y

CHUCTEMM OPTAHI3AIIIL TA TPOCYBAHHS

BATOHOITIOTOKIB HA MEPEXI 3AJII3HUIb
YKPAIHU

BigcyTHicTh sIKiCHOrO aHaNi3y y CHCTeMI oprasizamii
Ta TPOCYBAaHHS BaroHOIIOTOKIB HAa MEPEeXi 3aJi3HHIb
Ykpainm npu3BoguTh Jio  30imbmenHs Butpar AT
«YKp3ani3HUID» Ha ONepalidHy JisUTbHICTE. B Takmx
yMOBax HaOyBae aKTyaJIbHOCTI 3aCTOCYBAaHHS CY4YacHHX
METO/IIB aHaJI3y CKJIaJHUX MEPEX JI0 IPOCTOPY 1 CHCTEMH
oprasi3ailii BATOHOIIOTOKIB y TIOI3/IH.

Jis BupilleHHs BHINE 3a3HA4eHOI 3afgadi B poOOTI
MPOBECHO JIOCJTI JOKEHHS CUCTEMH oprasizarii
BaroHOMOTOKIB Yy TMOi3M Ha OCHOBI METOIIB aHANi3y
CKJIAJHAX MEpeX, IO HagaJo MOXJIMBICTb BCTaHOBHTH
OCHOBHI CTATHCTHUYHI MOKa3HUKH TOMOJOTIT Mepexi.
BaxnuBoio xapakTepUCTUKOI0 0e3MaciTaOHOI MepeKi €
BUCOKHIA PIBEHb CKym4deHOCTi. J[JIs miaTBepHKEHHS qaHoi
BJIACTHBOCTI MPOAHATI30BaHO MMOKA3HUK IIEHTPATBHOCTI SIK
ONMM3BKICTH 1O IHIIMX BEPIIMH. AHaJi3 HEHTPAIBHOCTI 3a
ONI3BKICTIO MOKA3aB Qy)KE IIUTbHE PO3TAllyBAaHHS CTAHIIIH
B MeEpexi. BHCOKHiI TOKa3HMK CKYMUEHOCTI IO CYTi
JO3BOJISIE 3POOMTH BHCHOBOK IIPO MIBHIKICTH Mepenadi
BArOHOIIOTOKIB BIJ JAHOI CTAHMII [0 IHIINX ITOB’SA3aHHX
CTaHII{ Ta IIATBEPIAWTH HASBHICTP HE3HAYHOI KiNBKOCTI
TaK 3BaHMX BEPIIMH KOHICHTPATOPiB, IO BIACTHBI
Oe3MaciiTabHEM — MepexkaM. Y  Xoal aHamizy Oyimo
BHUKOPHCTAHO MOKA3HHK LCHTPAIBHOCTI K
MOCEPETHUIITBA, IO € MIPOI KiJIbKICHOTO BIUIMBY CTaHIIi{
Ha 3B’S3KM MK 1HIIMMU CTaHIISIMU B MEpEXi NPHU3HAYCHb
[I®II. Tlo cyri naHuii MOKAa3HUK BH3HA4Ya€e CKUIBKH Pa3iB
CTaHIlisl JIOKUTh Ha HAaHKOPOTHIOMY WUIIXYy MDK JIBOMa
iHmuMu craHmisiMu. [IpoBexeHumit aHami3 mOKasaB, IO
mume 40% craHIii Bif 3arajJbHOr0 MAalOTh ITOKa3HHUK
HEHTPATBHOCTI 32 ocepeHUITBOM. HasBHICTh HE3HAYHOI
KUTBKOCTI CTaHIIN, Yepe3 SKi 30CepeKeHi Maibke BCi

MapmipyTd CHiAyBaHHS TOi3/OIOTOKIB, TMOSCHIOETHCS
ICHYIOUOl0 cHCTeMOI0 Tapu¢iB, IOI0 3acCHOBaHAa Ha
HallkopoTmmux  Mapmpyrax. lle  npu3BomuTs 10

HEpIBHOMIPHOrO BHMKOPHCTAaHHS CTaHLId B Mepexi Ta y
BUIIKy 3001B B pOOOTi CTaHLii 3 HAWBULMM [OKA3HUKOM
MOCEepEeTHULITBA MOYKJIMBUM € OOpWB 3B’SI3KIB B MEpeXi Ta
il pparmenTamis.

BiamnosinHo 1o BHSIBIIEHHX CTaTHUCTHYHUX
3ayIeXKHOCTEN pekoMeHAoBaHO yaockoHanuTt [IDIT (mnan
dhopmyBaHHS TOi311iB) TUTsSt TOCSITHEHHSI
MaKpOXapaKkTepUCTHKU TIpady IpU3HA4YeHb 3 BHCOKUM
CTyleHeM cKym4eHb. lle fgactb MOXIMBICTH Mepexi
NpH3Ha4YeHb OYTH HA/I3BHYAIHO CTIHKOIO JI0 BHIAIAKOBHX
BIIMOB, IO QYK€ Ba)XJIMBO B JIFOYMX YMOBAX 3ai3HUIIb
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VYkpainu. IIpu BHnagKoBuX BigMOBaXx Jiamerp Mepexi €
HEe3MIHHMM. B OLIbIIOCTI BUNAJKIB, SIKIIO HA OJHIN 13
NO3aKJIaCHUX COPTYBaJbHUX CTaHUid Oyae 3ynuHeHa
pobora, TO Maibke 3aBkad OyayTh 3HAWICHI 1HIII
copTyBalibHI a00 [UIBHMYHI CTaHIil, SIKI 3MOXYTh
HepepOo3NOAUIUTH poOOTY st 30epeKeHHsT Makke BCIX
3B’S3KIB B MEPEKI.

3anpornoHoBaHUit  MiAXiA [0  aHali3y CUCTEMH
opraHizaiii Ta NPOCYBaHHS BaroHOMOTOKIB HAa Mepexi
3ali3HAUI YKpaiHW HA OCHOBI METOJIB aHaji3y CKIaJHHUX
MEpeX JIOBIB  CBOIO  €(EKTMBHICTH Ta  TOTpedye
TO/IJIBIIIOTO PO3BUTKY.
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JOCJIKEHHS IPUHLIUIIIB
3ABE3IEYEHHS KIBEPBE3IEKU
IHOOPMALIMHO-TEJEKOMYHIKAIINHOI
IHOPACTPYKTYPH HA OCHOBI
TEXHOJIOI'TIi MEPEXXEBOT'O
EKPAHYBAHHS

Ha nanwmii MOMEHT iCHYIOTH Pi3HOMaHITHI MeXaHI3MHU
Ta TEXHOJIOTIT 3a0e3neueHHs KibepOe3neku iHpopMaIiitHo-
TENEKOMYHIKAI[IHOT 1HQPACTPYKTYpU MIiANPUEMCTB Ta
oprasizailiid, y TOMY YUCIi Ha 3aJi3HUYHOMY TPAHCIOPTI.
TumoBuM pimieHHIM A7 pO3MEXyBaHHS iHQOpMamiHHUX
MOTOKIB y iHpOpMAaLiHHO-TEEKOMYHIKAIlITHUX Mepexkax €
3aCTOCYBAaHHS TEXHOJIOTi1 MepekeBOro eKpaHyBaHHs [ 1, 2].
Y poboTi po3rISHYTO OCHOBHI BHUAM MEPEKEBHUX EKpaHiB
Ta O0COONMMBOCTI iX BHKOPUCTAaHHA TIPH OpTraHi3amii
3aXHMIOIEHNX 30H Yy iH(opManiiHO-TemeKoMyHIKaIiiHii
IHPPACTPYKTYPI. [IpoanamnizoBaHo (yHKITIOHAJIBHI
MOXJIMBOCTI ~ Ta  HPEINCTABICHO  OCHOBHI  €TaIlH
KOHQIr'ypyBaHHS  IPOIPAMHHMX  MEpPEKEBHX  EKpaHiB.
Po3pobneno  imitamifiHy ~— Momens  iHQopmamiiHO-
TENEKOMYHIKaL[IHHOT MEpeXi 3 BUKOPUCTAHHAM TEXHOJIOTI]
MEPEKEBOTO eKpaHyBaHHS y CTeIiaTi30BaHOMY
MPOTPAaMHOMY CEPENOBHIII. Y pe3ylbTaTi MpPOBEICHUX
JIOCITiJPKEHb BU3HAYEHO OCOOJTMBOCTI peanizamii GinbTpamii
iH(pOpMAIIfHIX [TOTOKIB Ta 3a0€3IeYeHHsI 3a/]aHOr0 PIBHSI
KibepOe3nexku 1HQOpMaIiHO-TEIEKOM YHIKAI[ITHUX Mepex
Ha OCHOBI MEPEXEBOTO eKpaHyBaHHSI.

BUKOPUCTAHHS EJIEKTPUUYHHUX
HAKOITMYYBAYIB EHEPI'ITI HA
EJEKTPU®PIKOBAHOMY MICBKOMY TA
IMPUMICBKOMY 3AJIBHUYHOMY
TPAHCIIOPTI

EnexTpryHuii MOTOpPBaroHHUl pyXOMHH CKJIajg €
OOHHUM 3 OCHOBHHMX IPEICTaBHUKIB MICBKOTO Ta
NPUMICBKOTO TPAaHCIOPTY. Y 3B’S3Ky 3 MOCTIHHOIO
MOTpe0OI0  CYCIIIBCTBA B MOOUIBHOCTI Il HBOTO
XapaKTepHAUM €  IOBTOPHO-KOPOTKOYAcHE  TATOBE
CIIEKTPOCIOKUBAHHS 3 ¢bazamu peamizaii
pEKyIepaTHBHOIO TrajibMyBaHHA. llpy LBOMY BHCOKa
IHTEHCHBHICTH Ta YacTOTa IX MPOTIKAHHA CYHNPOBOKYE
BUHUKHCHHS CYTTEBHX CHEPreTUYHUX BTPAT B €IEMEHTAX
TAroBOiI eHeprocucteMu. ChOTOHI, MOHOTOHHE 3POCTaHHS
BapTOCTI €HEPrOHOCIiB BUMAarae MPOBEACHHS ONTHMIi3alil
CHEPTeTHYHUX 3aTpaT CNCKTPUYHUM TATOBUM PYyXOMHUM
CKJIAZIOM, Ti/-9ac eKCIUTyaTamii, ans 30epeKeHHs 3a
3aJi3HUYHAM TPAHCIIOPTOM OJHOTO 3 MPOBiTHHUX MiCIb Ha
PHHKY TPAaHCIIOPTHHUX TTOCIYT.

Ha croromHi ogHMM 3 MEPCIEKTHBHUX IHCTPYMEHTIB

MiIBUIICHHS €Heproe()eKTMBHOCTI Ha TPAHCIOPTI €
BUKOPUCTAaHHS CIICKTPUYHUX HAKOIWYyBad4iB cHeprii Ha
oopty TPaHCIIOPTHOTO 3aco0y, B SKOCTI

CHEeproaKyMyJIIOIOUUX TPUCTPOIB, €Heprii oTpumaHoi B
XOJIi eIeKTPHIHOTO raJIbMyBaHHSL.

BukopucraHHi €MHICHOTO HaKOMHMYyBada €Heprii Ha
0OpTy TpaHCHOPTHUX 3aco0iB, IO3BONIAE pealizyBaTH
¢yekmii He nmme Oydepy Ansd eHeprii eleKTpHIHOro
rajJbMyBaHHS a ¥ BHCTYyHaTH B SKOCTI JOAATKOBOTO
JDKepena  JKUBIEHHS  TSATOBOTO CNEKTPOIIPUBOIY
TPaHCIIOPTHOTO 3aco0y B MOMEHTH peaji3amii pexumy
Tsiru (puc. 1).

[TigBuiieHHss eHeproeeKTUBHOCTI B TaKUK CHociO
nepedyBac He JMIme B IUIOMMWHI Oe3 Oap’epHOro
NPOTIKaHHA  PEKyNepaTHBHOIO  TalbMyBaHHS,  He
BUKJITUKAIOUA HEOOXIMHICTh TPAH3UTY TOTYKHOCTI TIO
TATOBIH MepeXi, a i PO3KPHBAE MOMKIJIUBICTD TOAATKOBO
3MEHIIUTH POTIKaHHS CTPYMY MO TATOBIH Mepexi Mmix yac
PO3TOHY TPAaHCIIOPTHOT'O 3ac00y, IO CIPHUsE 3HIWKEHHIO HE
PIBHOMIPHOCTI CIIOXHMBaHHSI €JIEKTPOEHEPrii, MiHIMI3YHOUH
JIOJIaTKOBI BTPATH B €JIEMEHTAX TATOBOI €HEPrOCHCTEMH.
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