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Buktop UBHULLKUNA

Victor A. IVNITSKY

Method of Finding Solutions
to Enlarge Railways

(TEKCT cTaTby Ha aHrl. 3. —
English text of the article — p. 12)

ABTOp 060CHOBbIBaeT PaLNOHaIbHOCTb
YKPYMHEHUS Xes1e3HbIX Aopor

B yCJ/I0BUSIX, KOr[4a pacTET ypoOBEeHb

UX TEXHUYECKOM OCHALYEHHOCTH,
aBToMaTu3auum npoLeccoB
ynpaBJsieHUs1 U BO3MOXHOCTEW
KOHCOIMANPOBAaTh MPON3BOLACTBEHHbIe
pecypchbl, 6narogaps
nporpeccupyioLei TPaHCrnopTHO-
JIOFCTUYECKOW cucTeme rrinobanmsaunm
ceTeBbIx TexHosnorui. Npegnaraemsbiii
npu aToM MeToA PaHroBoro
no3nLyMOHNPOBaHUSA [0pPOr, Bbibopa
ONTUMU3UPYIOLNX OL,€HKN KpUTEepPUeB
anpobupyercsi Ha CUCTEeMHbIX

u aokasyeMbix rpumepax.

KnoyeBsbie croBa: MoaepHu3aLms,
Hay4HO-TeXHUHYECKWIi rnporpecc,
aBTOMaTU3NPOBAaHHbIE CUCTEMbI

yrpaBsIeHVs], YKPYNHEHHAas Xeie3Hasi
Jzopora, Metoavka, rnoaxoas.
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BOTNPOCHI TEGP

Cnocc_>_6 HaxXoXaeHus
YKPYMHEHHDbIX XXeJIe3HbIX
aopor

Henuuruii Bukmop Aponosun — doxmop pusurxo-
Mamemamu4ecKux Hayk, 00KmMop MmexHu4eckux Haykx,
npogheccop Kagedpvi agMomMamu3upoBaAHHbIX CUCHEM
ynpasaenus Poccuiickoeo yHugepcumema mparncnopma
(MHHUT), Mockesa, Poccus.

HICHIMEN peopMUPOBaHUS KeIe3HbIX
JIOpor B MMpe [Harp., 1] craiy pa3iiyHble
npeodpa30BaHUsI HA OCHOBE CTPEMUTENTb-

HO MPOTPEeCCUPYIOLINX BBIUUCIUTEIbHBIX
CpPeICTB U aBTOMATU3UPOBAHHBIX CUCTEM
[Hamp., 2], HampaBieHHbIC Ha TOBBIIICHHUE
KOHKYPEHTOCITIOCOOHOCTU 32 CYET pa3BUTHUS
MHPPACTPYKTYPHI [ 3], ONTUMM3ALINIO XKEeJIe3HO-
JIOPOXKHOM CETU U TPAaHCHOPTHO-JIOTMCTHUYE-
CKUX Y3JIOB C y4eTOM (haKTOPOB JOCTYITHOCTU
[4—9]. H1s pOCCUICKIX KeJIe3HBIX JOPOT IIPU
3TOM 0CO0YI0 aKTyaJIbHOCTh MpUobpesia mpo-
6nema pechopMUPOBAHUSI IOPOT TTOCPENCTBOM
WX YKPYITHCHHS.

NMOCTAHOBKA 3A0A4YU

ITyctb nMetoTcst N Xejne3HbIX JOPOT U OHU
TOCJIEIOBATEIbHO TIPOHYMEPOBaHHI OT | 110
N. MexaopoxKHbIe KOPPECTIOHAEHIIMU OMTUCHI-
BalOTCS YCPEAHEHHOU Matpuuein b = ((61.1.))
TTOE3MIOTIOTOKOB 32 CYTKH, TJIE | — HOMEP JOPOTr
OTIIpaBJIEHUS, j — HOMEP TOPOTY Ha3HAUEHUSI,
0, — Cpe/IHsIst Be/IMUIHA TTOe300TOKA C I0PO-
TW OTIIPaBJIEHUsI [ HA JOPOTY Ha3HAYEHWUS .
CraBuTcs 3amaya yKpYITHEHUS 3KeJIe3HBIX JOPOT
Juts1 60s1ee 3h(HEKTUBHOTO YITPABICHMSI TTOE3/10-
notokaMu. MaTepuaibHOW OCHOBOI Mepe-
CTPOWKU SIBJISTIOTCS: 1) CyIIeCTBEHHOE pa3BUTHE
BBIUMCIIUTENTLHBIX CPEJICTB, UCTIONb3yeMbIX Ha
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Ta0imuna 1

I[anm,le 0 CME2KHOCTH 2KEJIE3HBIX T0por

1 OkTsi6pbckasi — MockoBckast — CeBepHasi
2 MockoBckas — Oktsi6pbckast — CeBepHast — KyiiObieBckas — [opbKOBCKast
3 TopbkoBckass — MockoBckast — CeBepHast — KyiiobiteBckass — CBeputoBCKast
4 CesepHast — OxTs16pbckast — [oppbkoBckasi — MockoBcKast
5 Cesepo-Kaskasckast — FOro-Boctounast — I[1puBoskckas
6 Oro-BoctouHasi — MockoBckast — [TpuBoskckast — KyiiObiieBckas
7 ITpusosxckas — Kyiiobiesckass — CeBepo-Kapkasckast — KOro-Bocrounast
8 Kyiiobimenckass — Mockobckast — FOro-Bocrounast —

TMpusomxkckas — KOxHO-Ypanbckass — [opbKoBcKast
9 CaepmoBckas — [oppkoBckast — KOxxHo- Ypanbckas — 3anangHo-Cubupcekast

10 FOxHo-Ypanbckast — [MpuBoskckast — KyiiobieBckas — CBepaoBckasi—3anaagHo-Cudbupcekas

11 3anagHo-Cubupckast — FOxHo-Ypanbckas — CBepaioBckast — KpacHosipckast

12 KpacHosipckast — 3ananHo-Cubupckasi — 3abaiikaabckast

13 3abaiikanbckas — KpacHosipckast — BoctouHo-Cubupckas

14 BocTtouHo-Cubupckast — 3abaiikanbckast — JlanbHeBOCTOUHAS

15 HanbHeBocTouHasi — BoctouHo-Cubupckas

JKEJIE3HOIOPOXKHOM TPAHCIIOPTE, YBEIMYCHUE
MX KOJIMYECTBA, YTOObI aBTOMATU3MPOBATh T1e-
PEBO30YHBIN TIpoLIeCC; 2) 3HAYMTEIbHBIM POCT
aBTOMAaTU3MPOBAHHBIX CUCTEM YIIPABJICHHSI, YTO
MO3BOJISIET YCKOPUTh BBIMOJTHEHUE ONepaluii
TPAHCTIOPTHOIO OOCTY>KMBaHUST; 3) yKPYITHEHHE
MOJIUTOHA YIPaBJIeHUsI, OObEIMHEHUE TEM Ca-
MBIM TI0Jl €IMHBIM Ha4YajloM OOJIBIIIOTO YMCIIa
0OBEKTOB.

TTo GosnblIOMyY CYETY HAO CTABUTH B 3TOM
IUIaHe 1eJTb HAWTK ONTUMAaIbHOE YUCIIO U3
MMEIOIIETOCS cocTaBa. B KauecTBe KpUTepust
MOXHO B3STh, K IIPUMEPY, MUHUMAaJIbHbBII 00-
MEH IT0e31aM1i MEXY JOPOraMy MJIM MMHU-
MaJIbHYIO CTOMMOCTb ITEPEBO3KHU SIMHULILI Beca
rpy3a IIpy pa3HbIX OrPAaHUYCHUSIX, B TOM YHCIIe
orpaHMYeHU Ha 00BEM rpy30Boit paboThl. Ho
peam30BaTh TaKoM TU1aH BechMa cI0XHO. [To-
3TOMY OTPaHMYMMCS JIMIIIb TTIOMCKOM pallio-
HaJIbHOTO METO[a HAaXOXICHMS YKPYITHEHHBIX
Kene3HbIx popor (Y2KJI).

K mcxomHbIM JTaHHBIM JUTST pELICHUS 3a1a4u
Y2K]I oTHOCUTCSI MaTpulia KOPPECTIOHAECHIINIA
A= ((a,-,-)) (c i-11 XeJe3HOW MOpOru Ha j-10,
BKJTIOYAsI U TPAH3UTHBIE TOE3IOMIOTOKHM C IOPO-
M OTIpaBJICHUs Ha JOPOTy Ha3HAYeHUs 3a
cyTKM). J1OMKHBI COOIOIATHCS MPEXIe BCEro
TpH TpeOOBaHUS:

1. XKenesHbie 10pOru, MpeTeHAYIOIINE CIU-
TaThCsl YKPYIMHEHHBIMU, 00s13aHbI UMETh OOLLIE
rpaHuilbl. To ecTh MOe3M, MPOXOASIINEI 10
Y2K]I, He MOXeT naxke BpeMEHHO BBIXOIUTH 3a
€€ rpaHuLIbl Ha IPYTUE, €il MOJTOOHBIE.

2. YKpYITHEHUE KeJIe3HBIX JOPOT He TOJIK-
HO OBITh CJIWIIKOM Maj03HAaUYUMbIM, YTOOBI
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3 dEKT OT HEro ObLT HE OYEHb 3aMETEH, U He
MOKET 0Ka3aThCsl CAUIIKOM OOJIbIITUM, YTOObI
rpO3UTh MoTepeit ynpasiasieMocTu. MHbIMU
CJIOBaMU, YKPYITHEHUE MPU3BAHO COOTBETCT-
BOBATh MPOrPECCy BHIYUCIUTEIbHBIX CPEACTB
U1 aBTOMaTU3UPOBAHHBIX CUCTEM, YITPaBJISIO-
LIKUX MpolleccaMU MEePeBO30K, TO €CTh OTBe-
YyaThb COBPEMEHHOMY PacTyIlleMy YPOBHIO
DPYKOBOJICTBA.

3. Bce YK o cBouMm macuitadbaM He
JOJIKHBI PE3KO OTJIMYAThCH APYT OT Apyra.

NMHOOPMALUA AN KOHCTPYKLUUU
BBeném nokaszaresib «cyMMapHbIii 0OOMeH
noe3ao0noTokaMu BHyTpu ogHoit Y2K/I». Uc-
X0/l U3 €r0 CMbICJIa, YKPYITHEHHbIE JOPOT'U
HE JOJIKHBI CIMIIKOM OTJIUYATbCS APYT OT
Jpyra: MaKCUMYyM ToKa3arteJis mo Bcem Y 2KJI
He MOXXET MpeBbIIIaTh €ro XK€ MUHUMYM
B 1,5—1,9 paza. DTo HE0OXOAMMO, UTOOBI
YCJIOBHBIE MAPTHEPHI MU KOHKYPEHTHI padoTaiu
B OJIM3KUX pexkrMax, K00 TOOUTHCS paBEHCT-
Ba MoKa3aTeJssl HEBO3MOXHO, MOTOMY 4TO
HUCXOJHBIE TOPOTU HEJb35 pa3pe3aTh Ha YaCTH.
Ilo atnacy xeae3HbIX JOPOT ISl KaxKIou
u3 15 (uckmouaeM u3 paccMotrpeHust Kanu-
HUHTPAACKYIO XeJe3HYI0 JOPOTY) ONpeaes-
€M CMEXHbIe C Hell (MMeroLre o01Ire rpaHu -
1IbI) ¥ 3alIMChIBAEM 3TU JaHHbIE B Ta0IUILy 1.
B xauecTBe UCXOAHBIX JAHHBIX UCTIOIb3Y-
eTcsl MeXIIOPOXXHas IIaxMaTKa rpy30I0TOKOB
3a 2014 roa. Hajee cHavaia pacrnosaraem Bce
JIOPOTU B MOPSIIKE YMEHbILIEHUS] CYMMapHOU
MOrpy3KM — TabuLa 2, a TOTOM OTHOCUTEIb-
HO BBITPY3KM — Tabauia 3.

MBHULKNI B. A. CN0CO6 HaXOXAEHUS YKPYMHEHHBIX XXeJIe3HbIX A0pOor




1. Ha30B&M KOJTMYECTBO MOE3I0B B CYyTKHU
10 TaHHBIM MEXI0POXKHOM IIIaXMaTKH IT0e3-
IomoToKoB. [10e310moTOK — 3TO BEKTOP,
COCTOSIIIMEI M3 TPEX KOMITOHEHT: YMCIIO
M0e310B B CYTKM, HAMMEHOBaHKE JOPOTH
OTIIpaBJIEHWsI, HANMEHOBAHWE JOPOry Ha3-
HayeHMsI.

2. Pacroyioxum Bce 3JIEMEHTBI MEKIOPOXK-
HOI [IaXMaTKH ITOE3I0ITOTOKOB I10 YObIBAHUIO
Yuicia 1moe3noB B cyTKU. Ha3o0BEM moryunBILImMii-
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Ta6smna 2
Taﬁmma CYMMapHOﬁ MOrPY3KH 110 2KeJI€3HBIM J0poramM
Howmep | HaumeHoBaHUe Xee3HOM 10poru CymMapHasi orpyska Ha J0pore
(4MCII0 MOE3/10B B CYTKM)

1 3anangHo-Cubupckas (3¢6) 117,1

2 Caepmiiosckast (CBp) 68,4

3 OxHo-Ypanbckas (FOyp) 55,8

4 OkTs16pbeKast (OKT) 52,4

5 Kytiiobrmesckas (Ko6mr) 50,7

6 IOro-Bocrounas (FOBc) 34,2

7 MockoBckast (Mck) 34,1

8 CesepHast (CeB) 33,1

9 Kpacnosipckas (Kpc) 31,9

10 Boctouno-Cubupckas (Bco) 28,93

11 ITpuomxckas (I1ps) 28,9

12 TopbkoBckas (Ipk) 20

13 CeBepo-Kaskasckas (CkB) 16,9

14 JanbHeBocTouHas ([Bc) 10,1

15 3abaiikanbckas (3a0) 5,6

CymMapHasi morpy3ka Ha ceTu 588,13
Tabmmma 3
CymMapHas BBITPY3Ka 10 ZKeJIe3HbIM I0poramMm
Homep | HauMeHoBaHMe XeJe3HOM 10poru CyMMapHasi BbIrpy3Ka Ha 10pore
(4MCIIO TTOE3I0B B CYTKU)

1 OxkTs16pbeKast (OKT) 113,9

2 MockoBckast (Mck) 70,2

3 Cesepo-Kakasckast (CkB) 61,3

4 JanpHeBocTouHas (JIBc) 60,0

5 Csepmiosckas (CBp) 36,2

6 Oro-Bocrounas (FOBc) 32,3

7 OxHo-Ypanbckast (KOyp) 31,6

8 CesepHas (CeB) 25,4

9 3ananHo-Cubupckas (3co) 23,7

10 Topbekosckas (Ipk) 21,4

11 Tpusoskckast (ITps) 16,8

12 Kyii6biesckas (Ko6rir) 15,6

13 3abaiikanbckas (3a0) 12,0

14 Bocrouno-Cubupckas (Bco) 10,7

15 Kpacnosipckast (Kpc) 8,3
AJITOPUTM BbIAEJIEHUA Cs1 psii TIOCIeI0BATEeIbHOCTHIO YOBIBAHUSI TTOE-
NnoOJINTOHOB ME)KJJ,QPO)KHbIX 3JI0ITOTOKOB.

KOPPECNOHAEHL WA 3. TepBblii mar — 6epéM MaKCUMAJTbHBII

3JIEMEHT 3TOM TocienoBarebHoCTH. [1o cTpo-
Ke, KOTOpasi €0 COAEPKUT, OTIPEIEIISIeM SKeJTe3-
HYIO JOPOTY, KOTOpasl €ro OTHPaBiIsieT (ITyHKT
OTITpaBJICHUs), ¥ TIO0 CTOJIOIY, B KOTOPOM OH
HaXOIWTCsI, HA3bIBAEM JIOPOTY, Kyla OH CJIeIyeT
(TTyHKT Ha3HAUEHMUST).

4. Tlo tabnuie 1 CMEXHOCTHU KeJIe3HbIX
JIOPOT ¥ aTJIACy HAXOAMM KpaTJaIIIiif MapIIpyT
cJIenoBaHMs (B KM) OT IOPOTH OTITPABJICHUS IO
JOpOry Ha3HaueHMs. {1 KpaTKOCTH Ha30BEM

UeHuLKn B. A. CNoco6 HaxoXAeHU YKPYMHEHHBIX XXeJe3HbIX A0por



€70 TIOJIMTOHOM MEXKTOPOXKHBIX KOPPECTIOHIEH-
LIMiA TIO€37I0TTOTOKOB, a ITOTOK TOE3/I0B, CIIEIY-
FOIIUIA TT0 3TOMY MapuIpyTy, HaYaJIbHBIM T10e-
3MOTIOTOKOM OT JIOPOTH OTIIPABJIEHMSI 10 JOPO-
'Y Ha3HAYEHUSI.

5. Ilo MexXa0pOXKHOI 1IaxMaTKe HaXOAuM
TOE3MOTIOTOKU, CIIEIYIONIUE TTO MapIIpyTy Ha-
YaJIbHOTO ITOE3I0TI0TOKA (BO3ZMOXKHO, YaCTSIMU
0 IPOMEXYTOYHBIM 1oporaMm). HazoBém Takue
TPOMEXYTOYHBIMU TTOE3IOTIOTOKAMM.

6. Bo3MOXHBI MMOE3I0MOTOKH, KOTOPBIE TI0
KpaTtyaiiieMy IyTH CJIeIyIOT Ha JOPOTY Ha3Ha-
YeHMsI Yepe3 opory oTrpasieHus. Ha3oBEM ot
MOE3MOTIOTOKY TTOTTy THBIMU.

7. bepst HaYaTIbHBII MTOE3I0MOTOK CO BCEMU
€T0 TIPOMEKYTOUYHBIMU 1 TIOITyTHBIMU BapraH-
TaMH, TIOJTy9YaeM CyMMapHBII TTOE300ITOTOK OT
JIOPOTH OTIIPABJICHUS IO TIOPOTH Ha3HAYEHUSI,
KOTOPBII MOXKHO CUMTATh MOIIHOCTBIO TTOJU-
TOHAa MEXIOPOXKHBIX KOPPECTIOHIEHIINIA.

8. KoHcTaHTHpyeM: BblIEEH MOJIUTOH Me-
SKITOPOXKHBIX KOPPECITOHIEHIINI TTOe3I0TI0TO-
KOB Ha HarpaBJIeHU «I0poTa OTIIpaBJIeHUST —
JIoOpora Ha3HaYeHMsI» U OTpeJie/ieHa eTO MOIII-
HOCTb TSI MAKCUMaJTbHOTO 3JIEMEHTA MEXIO-
POSKHOIA IIIaXMaTKK TTOE3I0ITOTOKOB.

9. Bropoii mar — 6epéM clieayouui mo
BEJIMUMHE JIEMEHT ITOCJIeIOBATEIbHOCTH YObI-
BaHMsI TOE3I0TIOTOKOB MIPU YCJIOBUH, UTO OH HE
BXOIWT B TTOJIUTOH, OTIPeIeIIsIeMbIii MAaKCUMaTb-
HBIM 2JIEMEHTOM MEXIOPOXHOM IaXMaTK!
MOE3IOTIOTOKOB. DTO XK€ YCIOBUE TOJDKHO CO-
OJTIOATHCST U JUTST BCEX TIOCTIETYIONTNX BBIOMpa-
€MBIX 3JIEMEHTOB MEXTOPOXKHOU IIaXMaTKH.
Kpowme Toro, crieaytonuii 1o BeJIMIMHE 2JIEMEHT
TOCJIEIOBATETLHOCTH YOBIBAHUSI TTOE3I0TIOTO-
KOB OepeTcs MpU YCJIOBUU, UTO €ro Jopora Ha-
3HAUEHUST HE SIBJISIETCSI LTSI HETO CMEKHOM.

10. TToBTOPSIS 7151 0OO3HAYEHHOTO DJIEMEH-
Ta MYHKTHI 3—6 MPUBEAEHHOIO alrOpUTMa,
HaXO/IM CJIETYIOIIMIA TTOJTUTOH MEXITOPOSKHBIX
KOPPECTIOH/IEHITUH ITOe3I0ITOTOKOB Ha HAITpaB-
JIEHUU «JI0OpOTa OTIPaBJIEHUST — JIOpoTa Ha3Ha-
YEHUST» 1 €T0 MOIITHOCTD U T.1I.

11. PacrionaraeM MOIIHOCTU MOJUTOHOB
MEXIOPOXKHBIX KOPPECTIOHACHITUI TTOe310TI0-
TOKOB Ha HaITPaBJIEHUU «I0POTa OTITPABIEHUS —
JIOpOra Ha3HAYEHUS» B ITOPSLIKE YObIBAHUSI.

12. 3agaBast mopor MOLIIHOCTU, HKE KOTO-
POTO YYUTHIBATh MOIITHOCTH TIOJIMTOHOB HElle-
JIeco00pa3Ho, BbIIE/IsIeM 3HAYMMBbIE TTOJTUTOHBI
MEKIOPOXXHBIX KOPPECTIOHACHITNI, KOTOphIe
Oy/IyT Majiee yIUThIBATHCS ITPU (hOPMUPOBAHUY
YKPYITHEHHBIX KEJI€3HBIX TOPOL.
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AJITTOPUTM ®OPMUPOBAHUSA YK,

1. CHavama pacCMOTpUM cCJIyJail ceTu Ke-
JIE3HBIX IOPOT, B KOTOPOI €CTh BETBb, IIPEACTaB-
JIsSTo1ast co0oit OHY JTMHMUIO, TT0 KOTOPOI T0-
CJIeI0BaTeNIbHO PACIIOaraloTcsl XeJe3Hble 10-
poru. Ha aroit TuHUM Kaxkgas mopora uMeeT
TOJIBKO JIBE CMEXXHbBIE TOPOTY, a MUMEHHO, TOPO-
ra, eif mpenlIecTByoIlasl, U 10pora, pacroyio-
JKeHHas rnocie He€. Eciiv aTa TMHMS MOAX0nuT
K TpaHMIIe CETH, TO TOCJAESIHSISI IOpora uMeeT
TOJIbKO ITPEAILIECTBYIOIILYO eii topory. Hazosém
TaKoe pacrojIoKeHue 10por JTuHeHHbIM. Torna
MOJIUTOH MEXKIOPOXKHBIX KOPPECITOHISHIINI
M0E3I0MOTOKOB IS TMHEIHOTO PACTIONOXKEHNS
JIOPOT MOKHO BBIAEUTH B OHY WJIX HECKOJIbKO
YKPYITHEHHBIX XKeJIE3HBIX TOPOL. DTO 3aBUCUT
OT MOIIHOCTM Takoro mosiuroHa. Eciau mori-
HOCTb COOTBETCTBYET COBPEMEHHbBIM aBTOMATHU-
3UPOBAaHHBIM CUCTEMAaM, YIIPABJISIOIIMM Iepe-
BO3KaMU, ¥ KQ4eCTBO MOTEHIMATbHBIX PYKOBO-
JIATeJIel yIOBIETBOPSIET TPEOOBAHUSIM, MPEIb-
SABASIEMBIM K pykKoBoauteasam Y2KJI, To
11€716CO00Pa3HO BLIACIUTH STOT ITOJIUTOH B OIHY
YKPYITHEHHYIO XeJie3Hywo aopory. Eciu ke
MOIITHOCTb B pa3bl IPEBBIILIAET BO3MOXKHOCTU
KauyeCTBEHHOT'O YIIPaBJICHMSI, TO IIOJIUTOH CTOUT
pasnenuTh Ha Heckosibko YK/,

2. Ilepeiiném K pacCMOTPEHUIO BETBEI CeTH
JKeJIe3HBIX TOPOT, KOTOphIe comepxkaT B cebe
HECKOJIbKO JIMHUIA. B 3TOM cityyae aHau3upyem
noporu HazHaueHus. Eciu Ha onHY Takyio
KPYIHYIO TOPOTY CJIeMyeT 3HaYUTeIbHas 4YacTh
MOE3I0MOTOKOB C Pa3HbBIX JOCTATOYHO KPYITHBIX
JKeJIe3HBIX I0POT, HO CMEXXHBIX MeXITy CO0OM,
TO OHU MOTYT BOITH B COCTaB OHOM YKPYITHEH-
HOM1, ec/ii Ta YAOBJIETBOPSIET TPeOOBAHUSIM,
MPpEeAbSBISIEMbIM K Heil U e€ Oyay1ieMy pyKOBO-
JIATEITIO.

3. YkpynHEHHas kene3Hast 1opora MOXeT
HMMETb TOE3I0MOTOKU HE TOJILKO Ha OIHY, HO
U Ha HECKOJIbKO TOPOT Ha3HAUEHMSI.

4. Hu omHa 13 paccMaTpuBaeMbIX KeJIe3HbIX
JIOPOT HE MOXXET BXOAUTH B COCTaB IBYX U OoJiee
YKPYIMHEHHBIX >KeJIE3HBIX TOPOL.

5. ITyHKT 4 TpeOyeT THIaTeJIbHOTO pacCMOT-
PEeHUSI, TaK KaK 3/1eCh BO3MOXKHBI pa3HbIe BapU-
AHTBI BXOXKIEHUSI JKEJIe3HOM TOPOTru B COCTaB
TOM WJIM UIHOM YKPYITHEHHOM XKeJIe3HOM JOPOTH.

6. HauboJiee moaxomsiym BapuaHTOM BXO-
JKIESHUS KeJIE3HOI TOPOTU B COCTaB YKPYITHEH-
HOI SIBJSIETCSI TOT BapuUaHT, IPU KOTOPOM
MaKCUMU3UPYETCS CYMMapHOe KOJIUYECTBO
BHYTPEHHUX IT0€310ITOTOKOB, BXOISIIMX B KAXK-

JIYIO YKPYITHEHHYIO 3KEJIE3HYIO TOPOTY.

UBHMLKNI B. A. CNoco6 HaxoXAeHUS YKPYMHEHHDIX XXeJe3HbIX A0por




NMPUMEHEHUE AJITOPUTMA
NnoJIMroHoB

1. CocTaBMM IepeyeHb 2JIEMEHTOB B MEXK-
JIOPOXHOM IaxMaTKe M0e310M0TOKOB IO
yObIBaHUIO UX BednyuH: 3co—/ABc = 30,
3¢6—>0xkr=27, CBp—>OkT=21,7, CeB—>OKT=
18,6, 3c6—>Mck =18,3, lOyp—Csp = 17,8,
IMpB—CkB=14,2, OkT—>CeB=13,2,3c0—I0BC
=12,6, Komm—Cks=11,4, OBc—>Mck=11,4,
IOyp—Ko6m = 10,6, Koui—Oxkrt = 10,4,
Mck—OxT=9,6, FOBc—CxB=9,1, 3c6—10yp
= 8.9, Ipk—OkT = 8,4. 3aech nudpa ykasbl-
BaeT, CKOJIHKO B 3TOM HaIlPaBJICHUU €KECyTOU -
HO B CPEIHEM YXOIUT I10E30B.

2. Haiiném MakcuMasbHbI 2JIeMEHT B Me-
JKIOPOKHOM IIaxMaTKe Moe310I0TOKOB. B co-
OTBETCTBUHU C ITYHKTOM 3 aJITOPUTMA UM SIBJISI-
eTcs noe3gonotok 3co—/Bc. HauanbHbIi
ITOE3/I0ITOTOK Ha HampapieHur — 30 1moe3noB
B cyTKM. [IpoMexXyTOUHbIE IMOE3M0MOTOKHU
cocTaBiIAgioT 26,6 + 10,9 = 37,5 moe3nos, Imo-
MyTHBIE CO Bcex Aopor, kpome 3¢6, Kpc, Bco,
3a0, ciaenytoT Ha JIBc uepe3 3¢, 1 OHU HAOU-
patot 13,9 moe3noB B cyTku. Tormna MOITHOCTh
noesnonoroka 3co—/Isc: 30 + 37,5 + 13,9 =
81,4 cocTaBa B CyTKH.

3. Cnenytomuii mo yoObIBAHUIO 3J€MEHT
B MEXIOPOXKHOM IIIaxMaTKe I0e3I0IT0TOKOB
—27 moe3a0B B CyTKU. B cOOTBETCTBUM C ITyHK-
ToM 3 anroputma — 370 3¢0—OKT. [Tpomexy-
TouHble Mmoe3aonoToku: KOyp—OkT — 4,7;
CBp—Oxr—21,7; Ipk—>OkT—8,4; CeB—>OKT—
18,6; 3c6—>Ipk — 1,5; 3¢6—>CeB — 2,3;
Oyp—Ipk—4,1; FOyp—CeB—1,2; CBp—>Ipx—
5; CBp—CeB — 2,3. CyMMapHbIii TPOMEXYTOU-
HBII 110e31010TOK — 70 I0e310B B CYTKU.
ITomnyTHBII oe3n0110ToK — 2,6. M Toraa Moit-
HocTh moe3gonotoka Kpc, 3c6, HOyp,
Cp—Ipk, CeB, Okt OyaeT coctaBisith 27 + 70
+2,6 = 99,6 M0oe310B B CYyTKU.

4. B cOOTBETCTBUH C I1. 9 aJITOPUTMA BbIC-
JICHUST TIOJIMTOHOB MEKITOPOKHBIX KOPPECIIOH -
neHuui nmoesgonotrokn Cep—OkT (21,7),
Ipk—OkT (8,4), CeB—OKT (18,6) yKe HENB3s
HUCTI0JIb30BaTh. CleAyIOINil 110 YObIBAHUIO
aJieMeHT — 18,3 moe3a0B B cyTKU. B cooTBeT-
CTBUH C IyHKTOM 3 airoputMa — 310 3¢c0—>MCcK.
ITpomexyTouHble oe3nornoroku: KOyp—Mck
=3,6, CBp—>Mck = 6,0, FOyp—Ko6m =106,
Kom— Mck = 3,5. B cymme umeem 23,7. Io-
nyTHbele moe3gonoToku: Kpc, Bco, 3a0,
JABc—Mck = 5,3. Torma MOIITHOCTb ITOE310I10-
Toka 3¢co—Mck: 18,3 + 23,7 + 5,3 = 47,3 no-

€3/10B B CYTKMU.
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5. Crenyrolue 3JeMeHThl IO YObIBAHUIO
Kyp— Csp = 17,8, IIpp—>CkB = 14,2,
OxT—CeB = 13,2 He1b35 UCIOJIB30BaTh B CU-
JIy T. 9 aJropuT™Ma BBIJIEICHUS TTOJIMTOHOB.
Ocraércs 6patb aeMeHT 3¢c0—HOBc. Hauanb-
HbIIA ITOE3I0IMOTOK 31ech 12,6. ITpoMexyTou-
HBI cymmapasbii: 1,8 + 1,3 + 2,3 =5.4. Tlo-
NyTHBIA cyMMapHbIi: 0,3. MolltHOCTh noe3-
nonotoka 3¢o— FOBc cocrannsiet 18,3. [lanee,
mockousbky FOBc, TTpB CKB cMeXHbBIE MEXITy
co0oii, 11eecoodpa3Ho paccMaTpUBaTh CyM-
MapHbIit ToTok ¢ 3¢6 Ha nmoguroH KOBc, I1pB
n Cks. Torma ocra€rcs HaATU MOIITHOCTH
moe3nonoTokoB 3c6—>CkB u 3c6—>IIpB
¥ MPUOABUTDH UX K MOIITHOCTH TTOE3I0MOTOKA
3¢c6—H0Bc. B utore monyyaem: 18,3 + 30,7 +
6,9=155,9.

6. Cnenyoniyie 3JIeMEHTHI O YOBIBAaHUIO:
Ko61m—Cks = 11,4 yxe uCTIoJIb30BaJICS B1I. 5;
FOBc—Mck = 11,4 Bxomut B 110TOK FOr—>MCK,
KOTOpBII paBeH 18,5, T.e. cIMIIKOM Mas Mo
CPaBHEHUIO C JIPYTUMHU MOE3J0MOTOKAMM;
IOyp—Ko61 = 10,6 ectb B osuroxe 1. 4.
Torna Ha ouepeau Kom—>OkT. OH BXOIUT
B nouroH (FOr—Ceepo-3aman): Cks, [1pB,
IOBc, Mck, Kom—Oxkt, CeB. CHavaa pac-
CMOTPUM CYMMAapHBI TToe3n10moTok CBK,
Ips, I0Bc, Mck, Kom—Oxr: 9,6 + 10,4 + 07
+ 2,8 + 5,4 =28,9. 3arem Cks, Ilps, IOBC,
Mck, K6mi—Ces: 1,6 + 0,4 + 1,8 +0,7 + 1,3
=5,8. CyMMapHBIi IT0e3I0T0TOK paBeH 34,7.

7. @uKcUpyeMble TTOE30TIOTOKN MEXITY
Tpemst cMexxHbIMU qoporamMu Cks, [1ps, FOBC
(nosurown FOr) coctasstior 36,8 moe3noB/cyT-
ku. Yepes MOTUTOH MPOXOAUT TaKkKe 4acThb
MEXJTOPOXKHOTO TTOE30MOTOKA TOJUTOHA
IOr—Lentp (Cks, [Tps—CeB, OKT) 1 1O/~
roHa Boctok—Fro-3anan (Kpc, 3c¢0,
KOyp—Cxks, HOBc). Bcero MmexxmopokKHBIX
KOppPEeCIMOHACHIINH 72,6 Toe3aa,/CyTKH.

8. B cpenHeM moe3aonoTOKU MEXIY TPEeMS
cMexxHbIMM foporamu 3¢0, FOyp, CBp cocras-
JsT10T 43 Toe3na/cyTku. Yepes oJIMroH Takske
CIIEIYIOT KOPPECITOHIEHIINY HaITpaBJIeHWIA:
B—C3 (Kpc, 3¢6—>O0xkT, 3c6—Ipk, 3c6—Ces,
KOyp—Ipk, Oyp—Ces) = 38,7; B—1I (Kpc,
3c6—>Mck, Kom) = 51,2, B—KO3 (Kpc,
3c¢6—IIps, Cks, FOBC) = 39,5. Bcero mexmo-
POXHBIX KoppecnioHAeHIui — 129,4 moes-
JIOB/CYTKHU.

NMPUMEHEHMUE AJITOPUTMA YK,
1. O6BemMHSIEM ABa TTOE3I0ITOTOKA: 1) BOc-
ToK (B) Ha ceBepo-3aman (C3) eBpomeiickoit
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yactu Poccun — Kpe, 3¢6, FOyp, Cep—IpK,
Ces, OkT; 2) BoctoK (B) B ienTp (L) eBpomneii-
ckoit yactu Poccun — Kpc, 3¢c6, FOyp, Csp,
Ko61—Mck. D10 11e1ecoo0pa3HOo MTOTOMY, UTO
VICXOMIHBIE TOPOTH TIOUYTH TE K€ CAMBIE, TOJIBKO
U3 BTOPOTO MOE3A0MOoToKa 1obasisgercs Komi.
Emé nsmeHeHue: B KOHEUHBIE TIOPOTY U3 BTO-
poro mnoe3aornotoka nobasnsiercs Mck. Oba
BapuaHTa JOCTAaTOYHO €CTeCTBEHHBIC. TeM
OoJiee, 4To MOTOK ¢ 3¢6 Ha OKT HEMHOTO MPO-
xomut 1 1o Mck. B aToM ttane Mck Bcé-Taku
cBs3aHa ¢ Ipk, Ces, OKT, B TOM 4MCJie OHa
TPAaHUYUT CO BCEMU TPEMsI JIOPOTaAMU.

OObeAMHEHHBIN MOE3I0MOTOK U3 MCXOJ-
Hbix gopor Kpc, 3¢6, FOyp, Csp, K611 Ha ko-
HeYHbIe JOporu OyaeT UMETh MOIIHOCTb 97,8
JUTSI TIEPBOTO ITOE3I0M0TOKA U 36,7 111 BTOPO-
ro (o01as MOIIHOCTh cocTaiser 134,5+62,2
(BHYTpeHHMUI1 Oe31010TOK Mexxay 3¢, FOyp,
Cap, Ko6mr) =196,7). K mperMy1iiecTBy TaKOro
MO/IX0/Ia OTHOCUTCSI TO OOCTOSITENILCTBO, UTO
B pe3yJIbTaTe MOXKHO C(hOPMHUPOBATH JIBE CHITb-
HbIe YKPYITHEHHbBIE IOPOTH: TIEPBasti COCTOUT U3
ucxoaHbix gopor 3c6, FOyp, Csp, K611, a BTO-
past — U3 KOHeYHbIX Jopor Mck, Ipk, Ces, OKT.
Bmecte oHu OymyT 00CTy>XKMBATh CaMblid KPYTI-
HBII MMOE3M0NOTOK Ha TeppuTopun Poccuii-
ckoit deneparmy. BHyTpeHHUIT 0OMeH T10€3-
JIOTIOTOKAMMU JUTs IEPBOIA COCTaBIseT 66,4, mist
BTOpOIt — 44,0.

2. Caeayoluii Mo MOIIHOCTU TTOJUIOH
3co—/Bc: 31,4 + 35,5 + 3,9 = 70,8 moe3noB
BcyTkU (3¢0, Kpc, Beo, 3a0, [IBc). Tak kak 3¢6
yXe Tiorajia B TIepBYIO YKPYITHEHHYIO, TO OHa
yHaIsIeTcs, M TPEThs YKPYITHEHHAS XKeJie3Hast
nopora nosydaet cede Kpc, Bco, 3a0, /Isc. Eé
BHYTpEeHHMI 00MeH moesnornotokamu 40,8
MOE3I0B B CYTKU, a oomit — 111,6.

3. Emg oaun noauron — 3¢6, Csp, Oyp,
Kom—IIps, Cks, FOBc — UMeeT MOILIHOCTb
noesgomnoroka 18,3 + 30,7 + 6,9 = 55,9. Yer-
BEPTYIO YKPYIMHEHHYIO XEJIe3HYI0 AOPOTY
dopmupyem B coctase I[1pB, Cks, FOBC. Mex-
JIOPOKHBIE KOPPECITOHICHIINY BHYTPU HeE —
36,8 moe3noB B cyTkH. B cymme mostydaem 92,7.

SAKJTIOMEHUE

[MpenmoxeH paloHaTbHBIA METOM pe-
IIeHUsT BaXHOI B HACTOsIIIIee BpeMs TTpo0-
JIEeMBI — YKPYTTHEHUS KEJIE3HBIX TOPOT, KO-

TOpOe HeOOXOAMMO IIPOU3BOINTH B CBSI3M:
a) C CYIIECTBEHHBIM pa3BUTHEM KaK BBIUM-
CIIUTENIbHBIX CPEACTB, MCITOJIb3YeMBIX Ha
JKeJIe3HOOOPOKHOM TPAHCIIOPTE, TaK U yBe-
JIMYEHUEM X KOJIMYECTBA; 0) CO 3HAUUTEIIb-
HBEIM POCTOM JOJH aBTOMAaTU3MPOBAHHBIX
CUCTeM, YIIPaBISIOIINX IpolieccaMMy TIepe-
BO30OK; B) C YKpYIHEHHEM MOJUTOHOB
yIIpaBJIeHUSI, COBEPIICHCTBOBAHUEM pE-
CYpCHOI 6a3bl MPOM3BOICTBA.

MeTon HaxOXAEHUS pallMOHaAJIbHBIX
¢dopM opraHM3aM TPAHCIIOPTHBIX CTPYK-
Typ OCHOBAH Ha MCITOJIb30BaHUU MaTPHUIIEI
MEKIOPOKHEIX MTOE3I0ITOTOKOB, aJITOPUT-
MOB BBIJICJICHUS ITOJIUTOHOB KOPPECITOHICH -
LU, JaI0IIUX BO3MOKHOCTh 0O0CHOBAHHO
BHIOMIPATh BApMAHTHI YKPYITHEHHBIX KeJIe3-
HBIX JOPOT.
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METHOD OF FINDING SOLUTIONS TO ENLARGE RAILWAYS

Ivnitsky, Victor A., Russian University of Transport, Moscow, Russia.

ABSTRACT

The author justifies the rationality of changing of the
exisiting Russian network of interconnected railways
[branches of JSC Russian Railways — ed. note] by
enlarging certain of them under conditionswhen the level
oftheirtechnical equipment, automation of management

processes and possibilities to consolidate production
resources are growing thanks to the advancement of
transportandlogistics system of globalization of network
technologies. The proposed method of rank positioning
of railways, selection of optimizing criteria evaluation is
tested on systemic and provable examples.

Keywords: modernization, scientific and technical progress, automated control systems, enlarged railway,

methodology, approaches.

Background. The trend of reforming the railways
in the world [e.qg., 1] has been implemented in
numerous changes based on rapidly progressing
computing facilities and automated systems [e.qg., 2],
focused on enhancement of competitiveness by
developing infrastructure [e.g., 3], optimizing railway
network and capacity, and transportation logistics
nodes with the account for accessibility [e.g., 4-9].
For Russian railways, the problem of reforming railway
network, by means of their enlargement has become
in the opinion of the author topical.

Objective. The objective of the author is to
consider a method of finding solutions of a problem
of possible enlargement of some interconnected
railways.

Methods. The author uses general scientific and
engineering methods, comparative analysis,
evaluation approach, mathematical apparatus.

Results.

Problem formulation

Let there be N railways and they are sequentially
numbered from 1 to N. Inter-railway correspondence
is described by the average matrix B = (( b,.l.) ) of train
flows per day, where iis the departure railway number,
j is the destination railway number, b,./. is the average

Table 1
Data on contiguity of railways
October — Moscow — North
2 Moscow — October — North — Kuibyshev —

Gorky
3 Gorky — Moscow — North — Kuibyshev —
Sverdlovsk

North — October — Gorky — Moscow
5 North-Caucasian — South-East — Privolzhskaya

South-East — Moscow — Privolzhskaya —
Kuibyshev

7 Privolzhskaya — Kuibyshev — North-
Caucasian — South-East

8 Kuibyshev — Moscow — South-East —
Privolzhskaya — South Ural — Gorky

9 Sverdlovsk — Gorky — South Ural — West
Siberian

10 | South Ural — Privolzhskaya — Kuibyshev —
Sverdlovsk — West Siberian

11 | West Siberian — South Ural — Sverdlovsk —
Krasnoyarsk

12 | Krasnoyarsk — West Siberian — Zabaikalskaya

13 | Zabaikalskaya — Krasnoyarsk — East Siberian

14 | East Siberian — Zabaikalskaya — Far East

15 | Far East — East Siberian
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value of train flows from the departure railway i to the
destination railwayj. The task is to enlarge the railways
for more efficient management of train flows. The
material basis of reorganization is: 1) significant
development of computing facilities used in railway
transport, an increase in their number to automate
the transportation process; 2) significant growth of
automated control systems, which allows to accelerate
implementation of transport services; 3) enlargement
of the management polygon, thereby unifying a large
number of objects under a unified control.

By and large, itis necessary to set a goal in this
plan to find the optimal number from the existing
composition. As a criterion, it is possible to take,
for example, the minimum exchange of trains
between railways or the minimum cost of
transporting a unit of cargo weight under various
restrictions, including a restriction on the amount
of freight work. But it is very difficult to implement
such a plan. Therefore, we shall confine ourselves
to a search for a rational method for finding
enlarged railways (ER).

The matrix of correspondence A =(( a,./.) ) (from
the i-th railway to the j-th, including the transit train
flows from the departure railway to the destination
railway per day), corresponds to the initial data for
the solution of ER problem. First of all, three
requirements must be observed:

1. That is, a train passing through ER cannot
even temporarily go beyond its borders to other
similar ER.

2. The enlargement of railways should not be too
small, so that the effect from it is not very noticeable,
and it cannot be too large to threaten the loss of
controllability. In other words, the enlargement is
intended to correspond to the progress of computing
facilities and automated systems that control the
transportation processes, thatis, to meet the modern
growing level of management.

3. All ER by their scale value should not differ
sharply from each other.

Information for design

We introduce the indicator «total exchange of train
flows within one ER». Proceeding from its meaning,
the enlarged railways should not be too different from
each other: the maximum of the indicator for all ER
cannot exceed its minimum by 1,5-1,9 times. It is
necessary that conditional partners and competitors
work under more or less similar modes, because it is
impossible to achieve the equality of the indicator,
because the original railways cannot be cut into parts.

Using the railway atlas for each of the existing
fifteen railways (in the research we don’t consider the
Kaliningrad railway which is not directly interconnected
with the network of other branches of the JSC Russian
Railways) we determine those adjacent to it (having
common boundaries) and write these data in Table 1.
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Table 2

Table of total loading by railways

Number | Name of railway Total loading on the railway
(number of trains per day)
1 West-Siberian (Zsb) 117,1
2 Sverdlovsk (Svr) 68,4
3 South Urals (Yuur) 55,8
4 October (Oct) 52,4
5 Kuibyshev (Kbsh) 50,7
6 South-East (Yuvs) 34,2
7 Moscow (Msc) 34,1
8 North (Sev) 33,1
9 Krasnoyarsk (Krs) 31,9
10 East Siberian (Vsb) 28,93
11 Privolzhskaya (Prv) 28,9
12 Gorky (Grk) 20
13 North-Caucasian (Skv) 16,9
14 Far East (Dvs) 10,1
15 Zabaikalskaya (Zab) 5,6
Total loading on the network 588,13
Table 3
Total unloading by railways
Number Name of railway Total unloading on the railway
(number of trains per day)
1 October (Oct) 113,9
2 Moscow (Msc) 70,2
3 North-Caucasian (Skv) 61,3
4 Far East (Dvs) 60,0
5 Sverdlovsk (Svr) 36,2
6 South-East (Yuvs) 32,3
7 South Urals (Yuur) 31,6
8 North (Sev) 25,4
9 West-Siberian (Zsb) 23,7
10 Gorky (Grk) 21,4
11 Privolzhskaya (Prv) 16,8
12 Kuibyshev (Kbsh) 15,6
13 Zabaikalskaya (Zab) 12,0
14 East Siberian (Vsb) 10,7
15 Krasnoyarsk (Krs) 8,3

The source data used are inter-railway cross
reference chart of train traffic (trains/day) for
2014. Then we first place all the railways in order
of decreasing the total loading — Table 2, and then
regarding unloading — Table 3.

Algorithm for allocation of polygons for
inter-railway correspondence

1. We will name the number of trains per day
according to the data of the inter-railway cross
reference chart of train traffic. Train flow is a vector
consisting of three components: the number of
trains per day, the name of the departure railway,
the name of the destination railway.

2. We arrange all the elements of inter-railway
cross reference chart of train traffic in descending

numbers of trains per day. We call the resulting
series a sequence of decreasing train flows.

3. The first step is to take the maximum
element of this sequence. On the line that contains
it, we determine the railway that sends it (the point
of departure), and by the column in which it is
located, we name the railway where it goes
(destination).

4. From Table 1 of contiguity of railways and
the atlas, we find the shortest route (in km) from
the departure railway to the destination railway.
For brevity, let’s call it the polygon of inter-railway
correspondence of train traffic, and the flow of
trains following this route, the initial train flow from
the departure railway to the destination railway.
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5. From inter-railway cross reference chart, we
find trains that follow the route of the initial train flow
(possibly by parts along intermediate roads). We call
them intermediate train flows.

6. There are possible train flows that follow the
shortest path to the destination railway through the
departure railway. Let’s call them passing train flows.

7. Taking the initial train traffic flow with all its
intermediate and passing variants, we get the total
train flow from the departure railway to the destination
railway, which can be considered the capacity of the
polygon of inter-railway correspondence.

8. We declare that a polygon of inter-railway
correspondence of train traffic on the direction
«departure railway — destination railway» is allocated
and its capacity is determined for the maximum
element of inter-railway cross reference chart of train
traffic.

9. The second step is to take the next largest
element of the sequence of decreasing train traffic,
provided that it does not enter the polygon
determined by the maximum element of the inter-
railway cross reference chart of train traffic. The
same condition must be observed for all subsequent
selectable elements of the inter-railway cross
reference chart. In addition, the next largest element
of the sequence of decreasing traffic is taken,
provided that its destination railway is not adjacent
toit.

10. Repeating points 3-6 of the algorithm for the
indicated element, we find the next polygon of inter-
railway correspondence of train traffic on the
direction «departure railway—-destination railway» and
its capacity, etc.

11. We place capacities of polygons of inter-
railway correspondence of train traffic on the
direction «departure railway—destination railway» in
descending order.

12. Setting the capacity threshold below which
it is not appropriate to take into account the
capacities of the polygons, we single out the
significant polygons of inter-railway correspondence,
which will be further taken into account when forming
enlarged railways.

Algorithm for ER formation

1. Let’s first consider the case of a network of
railways, in which there is a branch, which is a single
line along which the railways are located sequentially.
On this line, each railway has only two adjacent
railways, namely, the railway ahead of it, and the
railway located after it. If this line approaches the
boundary of the network, then the last railway has
only the railway that precedes it. Let’s call this
arrangement of railways linear. Then the polygon of
inter-railways correspondence of train traffic for
linear location of railways can be identified in one or
several enlarged railways. It depends on the capacity
of such a polygon. If the capacity corresponds to
modern automated systems, controlling
transportation, and the quality of potential managers
meets the requirements imposed on the managers
of ER, itis advisable to single out this polygon in one
enlarged railway. If the capacity is several times
greater than the possibility of quality management,
then the polygon should be divided into several ER.

2. Let’s pass to consideration of branches of a
network of railways which contain several lines. In
this case, we analyze the destination railways. If one
such large railway is loaded with a significant part of
the train traffic from different sufficiently large
railways, and each of them is adjacent to each other,
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they can be included in one enlarged railway if it
satisfies the requirements imposed on it and its
future manager.

3. An enlarged railway can have train flows
directed not to a single but to several destination
railways.

4. The railway cannot be part of two or more
enlarged railways.

5. Point 4 requires careful consideration, since
there are different ways in which the railroad can
enter the structure of a particular enlarged railway.

6. The most suitable option for the railroad to
enter the enlarged one is the option in which the total
number of domestic train flows entering each
enlarged railway is maximized.

Application of the polygon algorithm

1. We will compile a list of elements in the inter-
railway cross reference chart of train traffic in
descending order of its value: Zsb — Dvs = 30, Zsb
— Oct=27,Svr— Oct=21,7, Sev— Oct = 18,6, Zsb
— Msc =18,3, Yuur — Svr= 17,8, Prv — Skv =14,2,
Oct — Sev = 13,2, Zsb — Yuvs = 12,6, Kbsh —
Skv=11,4, Yuvs - Msc = 11,4, Yuur — Kbsh = 10,6,
Kbsh — Oct = 10,4, Msc — Oct = 9,6, Yuvs — Skv =
9,1, Zsb—Yuur=8,9, Grk—~Oct = 8,4. Here the figure
indicates how many trains depart daily on average in
this direction.

2. We will find the maximum element in the inter-
railway cross chart of train traffic. In accordance with
point 3 of the algorithm, itis the train flow Zsb — Dvs.
The initial train traffic on the direction is 30 trains per
day. Intermediate train traffic is 26,6 + 10,9 = 37,5
trains. Passing train flow from all the railways except
forZsb, Krs, Vsb, Zab, follow to Dvs through Zsb, and
they comprise 13,9 trains per day. Then the capacity
of the train flow Zsb — Dvs: 30 + 37,5+ 13,9 =81,4
trains per day.

3. The next descending element in the inter-
railway cross chart of train traffic is 27 trains per day.
In accordance with point 3 of the algorithm - this is
Zsb — Oct. Intermediate train traffic flows: Yuur —
Oct-4,7; Svr— Oct-21,7; Grk — Oct - 8,4; Sev —
Oct - 18,6; Zsb — Grk — 1,5; Zsb — Sev - 2,3; Yuur
— Grk-4,1; Yuur — Sev - 1,2; Svr — Grk — 5; Svr —
Sev - 2,3. The total intermediate train traffic is 70
trains per day. Passing train traffic — 2,6. And then
the capacity of the train flow Krs, Zsb, Yuur, Svr —
Grk, Sev, Octis 27 + 70 + 2.6 = 99,6 trains per day.

4. In accordance with point 9 of the algorithm for
allocating polygons for inter-railway correspondence,
the train flows Svr — Oct (21,7), Grk — Oct (8,4),
Sev — Oct (18,6) can no longer be used. The next
descending element is 18,3 trains per day. In
accordance with point 3 of the algorithm — this is Zsb
— Msc. Intermediate train flows: Yuur - Msc = 3,6,
Svr— Msc = 6,0, Yuur — Kbsh = 10,6, Kbsh — Msc
=3,5. In total we have 23,7. Passing train flows: Krs,
Visb, Zab, Dvs — Msc = 5,3. Then the capacity of the
train flow Zsb — Msc: 18,3 + 23,7 + 5,3 = 47,3 trains
per day.

5. The following elements in descending order
Yuur — Svr = 17,8, Prv — Skv = 14,2, Oct — Sev =
13,2 cannot be used by virtue of point 9 of the
polygon allocation algorithm. It remains to take the
element Zsb — Yuvs. The initial train flow is 12,6.
Intermediate total train flow: 1,8 + 1,3 + 2,3 = 5,4.
Passing total train flow: 0,3. The capacity of the train
flowZsb — Yuvs is 18,3. Further, since Yuvs, Prv, Skv
are adjacent to each other, it is advisable to consider
the total flow from Zsb to the polygon of Yuvs, Prv
and Skv. Then it remains to find the capacity of train
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flows Zsb — Skv and Zsb — Prv and add them to the
capacity of the train flow Zsb — Yuvs. As a result, we
get: 18,3+ 30,7 + 6,9 = 55,9.

6. The following elements in descending order:
Kbsh — Skv= 11,4 have already been used in point 5;
Yuvs — Msc = 11,4 enters the flow South — Msc,
which is equal to 18,5, i.e. is too small compared to
other train flows; Yuur — Kbsh = 10,6 in the polygon
of point 4. Then Kbsh — Octis included in the polygon
(South—-North-West): Skv, Prv, Yuvs, Msc, Kbsh —
Oct, Seuv. First, let’s consider the total train flow Svk,
Prv, Yuvs, Msc, Kbsh — Oct: 9,6 + 10,4+ 0,7 + 2,8 +
5,4=28,9. Then Skv, Prv, Yuvs, Msc, Kbsh— Sev: 1,6
+0,4+1,8+0,7+ 1,3=5,8. The total train flowis 34, 7.

7. Inter-railway train traffic between three
adjacent roads Skv, Prv, Yuvs (polygon South) is 36,8
trains/day. A part of the inter-railway train flow of
South-Center polygon (Skv, Prv—Sev, Oct) and
East-South-West polygon (Krs, Zsb, Yuur — Sky,
Yuvs) passes through the polygon. Total inter-railway
correspondence is 72,6 trains/day.

8. Average inter-railway train traffic between three
adjacent roads Zsb, Yuur, Svr is 43 trains/day. The
polygon also accumulates correspondences of the
directions: East-North-West (Krs, Zsb — Oct, Zsb —
Grk, Zsb — Sev, Yuur — Grk, Yuur — Sev) = 38,7;
East-Center (Krs, Zsb — Msc, Kbsh) = 51,2, East-
South-West (Krs, Zsb — Prv, Skv, Yuvs) = 39,5. Total
inter-railway correspondence is 129,4 trains/day.

Application of ER algorithm

1. We combine two train flows: 1) east to the north-
west of the European part of Russia — Krs, Zsb, Yuur,
Svr — Grk, Sev, Oct; 2) east to the center of the
European part of Russia — Krs, Zsb, Yuur, Svr, Kbsh
— Msc. This is advisable because the original railways
are almost the same, only to the second train flow a
Kbsh flow is added. Another change: final ER should
include Msc from the second train flow. Both options
are quite natural. Moreover, the flow from Zsb to Oct
passes to some extent through Msc. In this regard,
Msc is still connected with Grk, Sev, Oct, including the
border with all three railways.

The combined train traffic from the original
railways Krs, Zsb, Yuur, Svr, Kbsh to the final railways
will have a capacity of 97,8 for the first train flow and
36,7 for the second one (the total capacity is 134,5 +
62,2 (internal train flow between Zsb, Yuur, Svr, Kbsh)
= 196,7). The advantage of this approach is that, as
aresult, two strong, enlarged railways can be formed:
the first consists of the original railways Zsb, Yuur, Svr,
Kbsh, and the second — from the final railways Msc,
Grk, Sev, Oct. Together they will serve the largest train
flow on the territory of the Russian Federation. The
internal exchange of train flows for the first is 66,4 for
the second - 44,0.

2. The next polygon by its capacity is Zsb — Dvs:
31,4+ 35,5+ 3,9=70,8trains perday(Zsb, Krs, Vsb,
Zab, Dvs). Since Zsb has already entered the first
enlarged one, it is removed, and the third enlarged
railway gets for itself Krs, Vsb, Zab, Dvs. lIts internal
exchange of train flows is 40,8 trains per day, and the
total - 111,6.

3. Another polygon — Zsb, Svr, Yuur, Kbsh — Prv,
Skv, Yuvs - has a train traffic capacity of 18,3 + 30,7 +

6,9 = 55,9. The fourth enlarged railway is formed in
the composition of Prv, Skv, Yuvs. Inter-railway
correspondences inside it are 36,8 trains per day.

Conclusion. A rational method is proposed for
solving the important problem which is the enlargement
of the operation range of railways, which must be
carried out in connection with: a) the significant
development of both the computing facilities used in
railway transport and the increase in their number;
b) the significant increase in the share of automated
systems that manage the transportation processes;
c) the enlargement of the management polygons, the
improvement of the resource base of production.

The method of finding rational forms of
organization of transport structures is based on the
use ofthe matrix of inter-railway train flows, algorithms
for allocation of correspondence polygons, which
make it possible to choose the variants of configuration
of enlarged railways reasonably.
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