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B cTatbe TeopeTnyeckn 060CHOBbIBAIOTCSI MOTUBbI
Y 3Ha4YeHne CTPOUTEIbCTBA HOBbIX TOHHeNNen

B paMKax cCTpaTtern4eckoro passutusi CeTu
poccurickux xenesHbix gopor. lMpeanoxeHa
Kknaccungukauns xesne3Hoa0pPOXHbIX TOHHENen
uncxopas U3 yener nx cosgaHus u BUAOB
reHepupyembix a¢ppekToB. PaccmoTpeHb!
noAxoAbl K OLleHKe L4e/1ecoo06pa3HoOCTN

TOHHe1e, AaloLLNX BO3MOXHOCTb «CIPSIMJIeHUS»
CyLLecTBYIOLEro Xene3HO[40PO0XHOIro coooLeHns,
YNy4LEeHUs ero Ka4eCTBeHHbIX XapaKTepUucTuK

¥ NoBbILLEeHUs1 3KOHOMU4YHocTu. Ha ocHoBe
JIOrMKO-aHaInTU4eCcKoro MmetToaa onpeaenéx
CreKTp NoTeHUnasnbHbix 3¢pPeKToB, BO3SHUKAIOLLNX
npu CTPOUTEJIbCTBE TaKUX TOHHE el

KakK Ha oTpacsieBoM, Tak U Ha MakpoypoBHe. Oco60
aKLeHTUpPoBaHO BHUMaHue Ha BbIGope ropu3oHTa
pac4yéta u HopM ANCKOHTUPOBaHus. CaenaH
BbIBOJ,, YTO COOPY)XEHUE XKEJI€3HO[OPOXXHOIo
TOHHeJIsI MOXeT GbITb MPU3HaHO Lies1IeCO0BpPa3HbIM
Aaxe npu ANNTesIbHOM CPOKe OKYnaemMocTu
KanuTanbHbiX BiioXkeHuii (15-20 ner) B cnyyae
3Ha4YnMoro 4YNCToro AUCKOHTUPOBAHHOIO
ajekra.

KntoyeBsie crioBa: xene3Hon0pPOXHbIE TOHHE N,
TEOPUS, CTPOUTESILCTBO, PEKOHCTPYKLMS,
knaccugukaums, oLeHka Liesnecoobpa3HocTy,
ANCKOHTUPOBaHWe, OTAaIEHHbIE 3P DEKTHI.
|
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BOTPOCHI TEGP

OueHkKa uenecoodpa3HoCTH
TOHHenemn:
TeopeTu4yecKkune acnekTbl

Mauepem JImumpuii Aaexcanoposur — doxmop
SKOHOMUHECKUX HAYK, npogheccop, 3aedyroujuii
Kaghedpoii SKOHOMUKU CIPOUMEeNbHO20 OU3Heca

u ynpaenenus coocmeennocmuio Poccuiickoeo
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

Tumoe Eezenuii FOpveeun — kanoudam mexHu4ecikux
Hayk, yuénblii cekpemapb Q06e0uHEHH020 YUEH020
cogema OAO «P2KJ]», douenm kaghedpvt mocmog

u moHHeneli Poccuiickoeo yHueepcumema mpancnopma
(MHUHT), Mockea, Poccus.

€PBbI XeJIe3HONOPOKHBII TOHHEITH ObLT

TOCTPOEH B AHINIMY Ha JTuHUM JluBep-

my;ib—Manuectep B 1826—1830 ronax,
€ro TIPOTSKEHHOCTD cocTapisuia 1190 meTpos.
B 1861 romy mis aBrkeHust Ha Betke [letepOyp-
ro-BapiaBckoii xene3Hoi 1oporu ObLUT OTKPBIT
Kosenckuit TonHens (1285 M) — onvH U3 ABYX
TIEPBBIX XKEJIE3HOAOPOKHBIX, TTOCTPOCHHBIX
B Poccuiickoit umnepun. B konue XIX Beka
TTOSIBUJIOCH OOJTBITIOE KOJTMYECTBO TOHHENEH Ha
Kaskase, B Kppmmy 1 Crbmpu. Ha Hagano XX Be-
Ka MPULIETICS «ITUK» UX CTPOUTENILCTBA Ha Jlaib-
HeM BocTtoke.

INosiBneHre 3TOTO BU/Ia NCKYCCTBEHHBIX CO-
OPYKEHUI1 OTKPBLIO TIPUHITUTTATIEHO HOBBIE
BO3MOKHOCTH TSI PA3BUTHSI 3KeJIE3HOIOPOXKHOM
CETH, POCTa CKOPOCTHU U YICIICBICHUS TTyTeit
COOOIIIEHMSI, CTAJI0 OCHOBOW CO3MaHUsI HOBOM
TIOIOTPACITN TPAHCITIOPTHOTO CTPOUTEITHCTBA —
KeJIE3HOIOPOKHOTO TOHHeNecTpoeHust. [Toatomy
B COOTBETCTBHH C KJTAaCCH(PUKAITCH MHHOBAITAI
B chepe KeJIe3HOIOPOXKHOTO TPAHCIIOPTA, TIPEJI-
JIOXKEHHOM B paboTe [ 1], TOHHEH CJieayeT CUUTaTh
0a31CHOI THHOBALIME, OTHOCSILEHCS K TPyTITe
«TTOIPBIBHBIX»! (MAKPO-) MHHOBAIIWIA.

' Ot anr. disruptive innovation — MHHOBaLIMK, KOTOPbIE

M3MEHSIIOT COOTHOIIIEHUE IIEHHOCTE! Ha PhIHKE. —
TPUM. pef.
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Ta0imuna 1

Knaccudukanus niiaHupyeMbIX K CTPOUTEIbCTBY KeJIe3HOA0POKHBIX JIMHUA

Kareropust nuHumit

McToyHuK (MexaHU3M)
buHaHCUpOBaHUSI

1) Jlunuu, obecrieunBaroLIKe MOBBIIIEHNE OTAaYM OT YACTHBIX MHBECTULINI
(T.e. hopmupymoinre 3pheKTh ISt HETPAHCIIOPTHOTO OU3HEeca)

TocynapcTBeHHO-YacTHOE
TapTHEPCTBO

2) JIuHuu, ycKopsoIye ColalbHOe pa3BUTUE U CITIOCOOCTBYIO-
1Me MOBBILIEHUIO CTOMMOCTH Y€JIOBEYECKOro KanuTaja CTpaHbl
(T.. hOpMUPYIOILIKE COLIMAIbHBIE U MAKPO3IKOHOMMUYECKUE 3(PHEKTHI)

BromxeTHbIe cpeacTBa

3) JIuHuu, okyraemMbie 3a CUET JOXOIOB OT MEPEBO30K

(T.. obecnieunBarolme 3phHeKTUBHOE BeACHUE TPAHCTIOPTHOIO OU3Heca)

YacTHble THBECTULINN
B XKEJIE3HOMTOPOXKHYIO
oTpacib

OKOHOMUYECKUE OCOBEHHOCTU

XKene3HomopoKHbIE TOHHETN XapaKTepy -
3YIOTCS YpE3BbIYATHO BHICOKOM KAITUTATIOEM -
KOCTBIO Y 3HAYUTETbHBIM BpEMEHEM CTPOU -
TeabcTBa. O6a 3T (pakTopa BeayT K yBeIUYe-
HUIO TIOTEPh OT «3aMOPaKMBaHUST» KaluTana
B CTPOSIILIEMCST OOBEKTE.

Kpome Toro, 3HaunTeIbHAS TTPOIOIKM -
TEJIbBHOCTh CTPOUTELCTBA TOHHEJICH 0TI -
eT 3(OEKTHI OT X IKCTUTyaTaIINH, a 3HAYUT —
OTHOCHUTEILHO CHIKAET 3HAYeHHNE ITUX 3D~
(bekTOB ¢ YUETOM TUCKOHTUPOBAHUS |3, 6]
M yXyAllIaeT 9KOHOMUYECKHe TTapaMeTphl CO-
OTBETCTBYIOIIMX ITPOCKTOB.

K Tomy Xe 3HaUUTeTbHBII BPeMEHHOM TO-
PUBOHT 9KOHOMUYECKOU OIIEHKN CTPOUTEITb-
CTBa TOHHEJEN BEIET K POCTY HEONpeneIEH-
HOCTH ¥ PUCKOB T10 TTIOBOJTY HeoOeCcTieYeHHOM
pacuétHoit apekTuBHOCTU. [ToKazaTe1bHbIM
TIPUMEPOM SIBJISIETCSI COOPYXEHUE XKeJIe3HO-
JIOPOKHO-aBTOMOOMIEHOTO TOHHEJIS TTOI ITPO-
JuBoM Jla-MaHI1I, KOTOpHhIil TTocie BBoaa
B 9KCIUTyaTtauuio B cepeanHe 1990-x ronos
OKaszayicd YOBITOUHBIM U3-3a TPEXKPATHOTO
OTKJIOHEHUS (haKTUIECKOro oobeéma xKese3-
HOJIOPOXHBIX MIEPEBO30K OT IMTPOrHO3HOTO [7].

B TO e Bpemst coopyKeHUe XKeJle3HOI0-
POXKHBIX TOHHEJIEH SIBJISIETCST TIPUMEPOM pea-
JIM3AIIUY B OTPACIIA OKOJIEHBIX METOIOB TPAHC-
TMOPTHOTO MPOU3BOJICTBA [8], KOTOPHIE 32 CUET
YIUTUHEHUST TIEprOo/Ia TIPOM3BOICTBA U TTOBbI-
IIEHUST KalTUTaT0EMKOCTHU BEIYT K POCTY €ro
3¢bdGEeKTUBHOCTU. YUUTHIBasi HOPMAaTUBHBII
CPOK CJIYKObI TOHHEJIe}, COCTABIISIONIN I
100 net, ©x coopykeHUE MOXKET ObITh OMpPaB-
JIAHO B CJTy4yae TeHepaluy CBEPXI0JTOCPOTHBIX
(«BEKOBBIX») COLIMATIbHO-9KOHOMUYECKNX
3¢ GeKTOB, HATMUKME KOTOPBIX Ha XKeJIe3HOA0-
POXHOM TpaHCIOPTE MOKa3aHo B padote [5].

C y4€TOM CKa3aHHOTO CTPOUTEIBCTBO XKe-
JIE3HOIOPOXKHBIX TOHHEJIEH HYXKIaeTCsT B CHC-
TEMHOI OlIeHKe, KOTOPast JI0J’KHA OCHOBBI-
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BaThCsl Ha MX HAyYHOM KJIacCU(UKaLU B 3a-
BMCUMOCTH OT LieJIeil CTPOMTEILCTBA U BUIOB
reHepUpyeMBbIX 3(PDEeKTOB.

KJJACCUDUKALLUA
XEJIEBHOA,0POXXHbIX TOHHEJIEN

Hcnonb3yst Toruko-aHaATUTUIECKUM METOI
[9], MOXHO IPEIOKUTH CASAYIOLIYIO KiIac-
cudUKaIMIO XeJIe3HOIOPOXKHBIX TOHHEISH
I10 1IeJISIM CTPOUTEIBCTBA U BUAAM TeHEPUpPY-
eMbIX 3(p(PeKTOB:

1. ToHHemM, eNarone BO3MOXHBIM OTKPbI-
TH€ HOBOTO 3KeJIe3HOIOPOKHOTO COOOIIIECHNS:

a) TOHHEJIX Yepe3 TOPHbIe TTPerpaibl;

0) TOHHEJIM Yepe3 BOIHbBIC ITPErpabl.

2. ToHHenu, AeaolIye BO3MOXKHBIM CITPSIM-
JICHUE CYIIECTBYIOIIETO XeJIe3HOIOPOXKHOTO
COOOILIEHNS, YIy4IIIeHNEe er0 KaYeCTBEHHBIX Xa-
PAKTEPUCTUK U TIOBBIIIIEHNE SKOHOMUYHOCTH.

DhODEKTHI OT CTPOUTEIBCTBA TOHHEIIEH,
OTHOCSIIINXCS K TIEPBOM TPYIIIE, T.€. SIBJISIO-
IIIMXCSI COCTAaBHOM YacThIO 0oJiee KPYIHBIX
MMPOEKTOB OpraHU3alli HOBOTO KeJIe3HOI0-
POXKHOTO COOOIIECHMS, HY>KHO pacCMaTpUBaTh
B KOHTEKCTE 00111l S5KOHOMUYECKOI KJIacCH-
duKaLUU TJIaHUPYEMBIX K CTPOUTEILCTBY
KEJIE3HONOPOXKHBIX JIMHUMI, IPEIT0XKEHHOK
B paborte [10]. Dra knaccudukaiys mokazaHa
B Tabsune 1.

Kakas-To nuHus MOKET 00J1a1aTh IIPU3HA-
KaMU JBYX MJIM BceX TpEX Kareropuii. Hampu-
Mep, 1 TTOBHIIIATh OTIa4Yy OT YaCTHBIX MHBEC-
TULUI, ¥ CTUMYJIMPOBATh COIIMATbHOE Pa3BU-
THE.

[MpuHUIMIIMATBHOE OTIMYKE TTPEACTABICH-
HO Ki1accu(UKaIM OT TPAIUIIMOHHBIX CO-
CTOUT B TOM, UTO KaTeropupoBaHUE JTUHUK
BBITTOJTHEHO UCKTIOUUTEIBHO TI0 3KOHOMMYE-
CKHMM MpU3HaKaM, 0e3 MCITOJIb30BaHUS TeX-
HUKO-TEXHOJIOTUYECKMX XapaKTepucTuk. Co-
OTBETCTBEHHO 3Ta KiacCU(MUKAIIUsI OXBAThI-
BaeT TOJBKO JUHUM, (POPMUPYIOIIME TS WU
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WHbIE 9KOHOMUYECKUE U CoLlMalIbHbIE (B KO-
HEYHOM CUETE — TOXE IKOHOMUYECKUE) 3~
dexTbl. E€ ucnonp3oBaHue, ciiegoBaTeIbHO,
JleJlaeT HaTuuue Takux 3G @GeKToB, ONpaBIabl-
BalOLIMX MHBECTULIMU B CTPOUTEIBCTBO Ke-
JIE3HOJOPOXKHBIX IMHUI, 00513aTEIbHBIM U «OT-
CceKaeT» BO3MOXHOCTU COOPYKEHUSI SKOHO-
MUYECKU HEOOOCHOBAHHBIX JIMHUIA.

OLUEHKA 3PDPEKTUBHOCTU
CTPOUTEJIbCTBA TOHHENEN

DPDEeKTUBHOCT CTPOUTETLCTBA TOHHETICH,
OTHOCSIIIXCST K TAHHOI TPYTITIe, OLIeHUBAET-
Cs1 B paMKaX KOMTUIEKCHBIX IPOEKTOB HOBOTO
JKEJIe3HOIOPOXKHOTO COODIIEHNSI C TIOMOIIIBIO
CTaHNIAPTHBIX METOJIOB, M3JIOKEHHBIX, B 4aCT-
HocTH, B pabotax [11—13]. [Tpu aToM TOIKHBI
YIUTHIBATHCS] TEXHUKO-TEXHOJIOTUUECKUE OCO-
6enHoctu [14] u pucku [15].

B ciydyae He0OXOAMMOCTU MTPEOJOAECHUS
BOIHBIX TIperpas (peK, MpoJIuBOB), KakK mpa-
BUJIO, BO3HUKAET MUJIEMMa: COOPYKaTh IS
9TOTO TOHHEJb WJIX MOCT?

C 5KOHOMUYECKOU TOYKU 3PEHUS ITOT
BOIIPOC JIOJKEH PelaThCsl C UCTOJIb30BaHUEM
MoKa3aTesel CpaBHUTEIbHOM 9KOHOMUYECKOU
addexTuBHocTH [13, . 183—185; 16], mo3Bo-
JISTIOUIUX BBISIBUTH TTPEUMYIIIECTBA peaTn3aiiiu
OJIHOTO BapuWaHTa IO CPABHEHUIO C JPYTUM.
ITpu 3TOM Ba>kHO MPABUIBHO YUECTh TEXHU-
YeCKHUEe aCTeKThl COOPYKEHUsI TOHHETbHOTO
WJIM MOCTOBOTO TIepexo/ia, 0e3yCJIOBHO, BIUSIIO-
e Ha 9KOHOMUYECKME XapaKTePUCTUKH
TOTO WJIM MHOTO BapuaHTa, HO UMEIOIIINE U ca-
MOCTOSITeJTbHOE 3HaYeHUE.

Oco00 cremyeT OCTAaHOBUTHCS Ha OIICHKE
11€71eCO00Pa3HOCTH CTPOUTETHCTBA TOHHEJIEH,
OTHOCSITIIMXCST KO BTOPOIA TPYTITIE, TO €CTh 1al0-
VX BO3MOKHOCTb «CITPSIMIICHUST» CYIIIECTBYIO-
IIETO XKeJIE3HOMOPOXKHOTO COOOIICHUS, YITyd-
IIeHUST €r0 KaYeCTBEHHBIX XapaKTePUCTUK
¥ TIOBBILICHUST 5)KOHOMUYHOCTH (IIPUMEPOM
smistercst CeBepo-Myiickuii ToHHeIb Ha BAMe).

CoopyXeHue TaKkoro TOHHEJS 11eJ1ec000-
pa3HoO, €CJTU KalUTaJIbHbIE BIOXEHUS B €T0
CTPOUTENILCTBO OYIyT KOMIIEHCUPOBAHBI B TIPU -
eMJieMble CpoKu 2 PeKTaMu, TeHEPUPYEMBbI-
MU OJ1arofapst KCIUTyaTalud TOHHES.

[Tpu 53TOM BO3HUKAIOT CJIEYIONINE TTPOO-
JIEMBI:

— OTpe/IeJIEHUS TIOJTHOTO TIEPEYHsT BO3HU-
Kaumx 3pdeKToB (0TpACIEBBIX U MAKPO-
9KOHOMUYECKUX) U OLICHKU BEJIMUMHBI KaX-
JIOTO U3 HUX;
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— omnpejeneHus o0IIero ropu3oHTa pac-
YyéTa, MPUEeMJIEMOTO CPOKa OKYaeMOCTH Ka-
MUTaJbHBIX BIOXEHUH 1 BbIOOpa KO3 hULm-
eHTa JUCKOHTUPOBAHUS JJISI COU3MEPEHUS
Pa3HOBPEMEHHBIX 3aTpaT U 2 HEKTOB.

KoHeuyHo, ToJIHbII ITepeyeHb BO3ZHUKAI0-
IIUX B PE3YJIbTaTe CTPOUTENHCTBA XKEJIE3HON0-
POXHOTO TOHHEJS 3 (HEKTOB U OlLIEHKA UX
BEJIMYMH MOTYT OBITh TIOJTy9€HBI TOJIBKO B pe-
aJTbHBIX YCIIOBUSIX C TIOMOIIIBIO TEXHUKO-29KO0-
HOMUYECKUX pacyéToB. Ho THTIOBOI MepeyeHb
TakuX 3pPeKToB MOXKHO c(hOpMUPOBATh HA
OCHOBE JIOTUKO-aHAJIUTUYECKOTO METOA.

B o61eM ciayyae nmociyie cTpouTeIbCTBA
TOHHEJIS, CIIPSIMIISIOIIETO CyIIeCTBYIOIIEee
KEJIE3HOAOPOKHOE COODIIEeHUE U yydlIal-
11IETO €ro Ka4eCTBEHHbIE U 9KOHOMUYECKUE
XapaKTepUCTUKH, MOTYT BO3HUKATD CJICAYIO-
mue 3G dEeKTHI.

TIpexnae Bcero yaenieBiIeHUE IPy30BbIX
MEePEeBO30K 3a CYET COKpAIEHUST MaplIpyTa
CJIeIOBaHUS TPY30B HA HAIMpaBJIeHUU, 00CITy-
X1BAEMOM C OMOLIbBIO TOHHENA, ¢ [ 10 /. [lns
TPy30BJIAEIIbLIEB OHO MOXET ObITh TPUMEPHO
OLIEHEHO 10 hopMyJie:

AD=d-P-(l,-1),
rae d — 1oxoaHasi CTaBKa 3a MepeBO3KHU IPY30B
B pacuéTe Ha 1 T * KMm;

P — 00BEM Ipy30BBIX TEPEBO30K 10 AaH-
HOMY MapupyTy.

J71s Kene3HOJ0POXXHOTO TPAHCIIOpTa 3Ta
BEJIMYMHA COCTABUT COKpAIlleHUE TOXOI0B 3a
nepeBo3ku. Ho cokpatgaTcs u aKcryataiu-
OHHBIE PACXOJbl OTPACIU HA BEJTUYUHY
AC=c/cP-(,—1),

T1e ¢/C — ce0eCTOMMOCTD I'PY30BBIX TIEPEBO30K
Ha JaHHOM MapuipyTe.

B o61iem ciyuae (B cpeiHEM IO CETH)
JIOXOJHasl CTaBKa MO rPy30BbIM MEPEBO3KAM
BbIlIE UX cebectonmMocTu. OMHAKO HAa KOH-
KPETHBIX y4YacTKaX, 0COOEHHO CIIOKHBIX
B 9KCIUTyaTallMOHHOM OTHOIIIEHWH (B TOPHOM
MECTHOCTHU U T.1.), CEOECTOUMOCTh NEPEBO-
30K HEPEIKO MPEBBIIAET JOXOIHYIO CTaBKY,
GopMUPYIOIILYIOCS HA OCHOBE CpeHeCeTe-
Boro Tapuda. B aToM BapuaHTe 5KOHOMUS
Pacxo10B MOXKET ObITh OOJIbILIE, YEM CHUXKE-
Hue goxonoB. Ho maxe eciau 210 U He Tak,
B pe3yJIbTaTe COOPYKEHUSI TOHHES XKee3-
HOJIOPOXXHBIN TPAaHCIOPT, KaK MPaBuiIo,
MOoJIy4aeT COKpalleHue caMoil cebecTonuMo-
CTHU TIEpeBO30K Ac/c Gy1arofaps MOBHIIICHUIO
Beca U cKopocTu nmoe3aoB. OlieHKa cedecToun-
MOCTH MEePEBO30K B PE3yJIbTaTe MOBLIIIECHUS
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BecCa U CKOPOCTH MOE3/I0B MpeacTaBIeHa
B[17, 18].

CoxkpanieHue 9KCIUTyaTallMOHHBIX PaCX0-
JIOB B pe3yJIbTaTe CHIKEHUST Ce0eCTOMMOCTH
COCTaBUT:

AC,=Ac/cP-l,

Takum obpa3zom, o01IasT 9KOHOMUS IKC-
TUTyaTallMOHHBIX PACXOIO0B KeJIe3HOTOPOXK-
HOTO TpaHCIIopTa OyAeT:

AC, =AC+AC,

3a cYET coKpallleHUsI PACCTOSTHUS U MTOBbI-
IIEHUST CKOPOCTH TIEPEBO3KU COKPATUTCS CPOK
JIOCTaBKU TPY30B Ha pacCMaTpUBaeMOM Ha-
NpaBJICHUU, 0003HAYUM ITY BEJTUYUHY At .
3aech ele onuH 3(pdeKT — CHUKEHUE MoTephb
OT «3aMOpaXkMBaHUs» 000POTHOTO KaruTaja,
BOTUTOIIEHHOTO B TIEPEBO3MMBIX TOBapax. B co-
OTBETCTBUM C METOJIOJIOTUEN, M3JIOKEHHOM
B [19], oHO MOXeT OBITh OLIEHEHO KaK:

AK, =PI[*At,+i,
rae P — 00b€M nmepeBo3oK;

Il — cpennsist ieHa | TOHHBI TIEPEBO3M-
MOTO TPYy3a;

i — MPOLIEHTHAs CTaBKa.

VYrnemieBieHe U yCKOPEHNE TTIePEeBO30K
TIPUBOIIT, IIPU MPOUYNX PABHBIX YCIIOBUSX,
K pocTty cripoca. Poct cripoca oyrkeH o1ieHu -
BaTbhCSl B KOHKPETHBIX YCIIOBUSIX HA OCHOBE
MapKEeTUHTOBBIX UCCIIEIOBAaHUI, HO B 0011IEM
cirydae JUisl ero IpubJIN3UTETbHON OLIEHKY
MOTYT OBITh UCITOJIb30BAaHBI CPETHECETEBBIE
KO3 PUIIMEHTBI 3J1aCTUYHOCTU cripoca. Kak
noxa3saHo B ucciaenopanuu [20, c. 117—140],
LIEHOBYIO 2JIACTUYHOCTD CITPOCA Ha TPY30BbIE
TMePeBO3KM MOXHO TIPUHSTH Ha ypoBHE 0,5,
a HEILIEHOBYIO 3JIaCTUYHOCTD, 3aBUCSIILYIO OT
YPOBHSI Ka4eCcTBa MePeBO3KM (CPOK TOCTABKU
rpy3a — KJIIOYEBOI TTOKa3aTesIb KauecTBa Tie-
PEBO3KM) — HA eAMHUYHOM ypoBHe. O003Ha-
YUB JOTIOJTHUTENbHBIN CITPOC Ha TTePEBO3KN
AP, 1oxobl 3kej1e3HOI0POKHOTO TPAHCIIOPTA
OT 3TUX JOTOJTHUTEIHHBIX TIEPEBO30K MOXHO
paccuuTath 1o gopmyJie:

D=d-AP-I,

Ho yBennuenue cripoca Ha epeBO3KU 0y-
neT hopMupoBaThCs, 10 KpaiiHelt Mepe, Jac-
TUYHO, 3a CYET YBEJIMUEHUSI 00BEMOB MPO-
MBIIIJIEHHOTO U CEJIbCKOXO3SIIICTBEHHOTO
npon3BoacTBa. Kak obocHoBaHO B [21], yBe-
JIMYEHUEe TTPOMBIIIIEHHOTO U CETbCKOXO03sIH -
CTBEHHOTO TIPOU3BOJICTBA B AaHAJIOTUYHBIX
CJTydasiX MOXeT COCTaBUTh:
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AT =AP-11*(1— o),

TJIE 0, — JIOJISI TOTIOJTHUTEJIbHOTO TPY30ITOTOKa,
c(hOpMUPOBAHHOTO 3a CYET MPUBJICYECHUS
TPY30B C IPYTUX BUIOB TPAHCITOPTA.

D@ dheKThl, BO MHOTOM CXOXKME MO CBOET
CYTH C TIEpEUMCIIEHHBIMU, BOBHUKHYT U B che-
pe MacCaXnpCKUX MePeBO30K.

Takum 06pa3oM, COOpYKEHME XKeJIe3HOI0-
POKHBIX TOHHEJIEH BbI3BIBAET ITUPOKUI CTIEKTP
9KOHOMMYECKUX 3(hHeKTOB Kak Ha OTpace-
BOM, TaK M Ha MaKpOYPOBHE, KOTOPBIE TOJIK-
HBI OBITh YYTEHBI IPU OLIEHKE 11eJIeco00pa3-
HOCTHU CTPOUTEJILCTBA TOHHEIS.

ITpu BEIOOpE rOpH30HTA PACUETOB IS OLICH-
KU 11eJIECO00Pa3HOCTH CTPOUTETLCTBA XKeJle3-
HOJIOPOXKHBIX TOHHEJIE BOSHUKAET ITPOTHUBO-
peunte. C OTHOI CTOPOHBI, B KAYECTBE TOPU30H-
Ta pacyéTa TeOPETUIECKN MOXKET OBbITh TTPUHSIT
OOIIMIA XKM3HEHHBII LMK/ TOHHEJISI, BKJIIOYalo-
1WA BPEMsI €70 CTPOMTEITHCTBA U OKCIUTyaTal|H,
KOTOpHIi cocTaniisieT cuiie 100 xet. C apyroit
CTOPOHBI, YeM OOJIbIIIe TOPU3OHT PacueéTa, TeM
BBIIIIE HEOTPEIETIEHHOCTD TIPH OLICHKE OTIAIEH-
HbIX 2(pdekToB. Kpome Toro, mpu UCnosb30Ba-
HMM OOIIETIPUHSITHIX HOPM JIMCKOHTA, KaK IT0-
Ka3aHo B paboTte [5], TMCKOHTUPOBAHHBIE 3¢h-
(hexThI OT 2KCITTyaTaluy MHOPACTPYKTYPHBIX
00BeKTOB 3a npeaeaamMu 20-71eTHEro rTopru30HTa
Pacy€TOB CTPEMSITCS K HYITIO.

BbixomoM MOXeT OBITh ITOHMKEHNE HOPMBI
JIMCKOHTA B 00Jiee OTNaIeHHbIE TO/IbI, TIPABO-
MEPHOCTbh 4ero 000CHOBaHa B TOM Xe padoTe.
ITpu sTOM AJ151 TOpU30HTA pacuéTa 25 et u 60-
Jiee TMCKOHTUPOBAHUE CBI3aHO C MEXITOKO-
JIEHYECKUM pacripenesieHueM 3¢ GeKToOB OT
WHBeCTUI. [To MHEHUIO HEKOTOPBIX YUEHBIX
[22, c. 308—309], B aTHUX CaydyassX TUMCKOHTU-
pOBaHUE MTPOBOAUTD HEJIb3sI, TAK KaK KaXKIbIi
JtoJutap JIsl Oyay1ero MoKoJieHUs OyIeT UMETh
Ty K€ «COIMAJIbHYI0 CTOUMOCTb», UTO U JIJIST
HbIHeNTHero. K Tomy ke HeBO3MOXKeH 0TKa3
OT JIeXKallleTo B OCHOBE TUCKOHTUPOBAHUS
BPEMEHHOTO TIPEIIOYTEHUSI, KOTOPOE «KaTe-
TOpUATbHO HEOTAETNMO OT YeJIOBEUECKOM
nesateabHocTr» [23, ¢. 451].

JleTabHOE pacCMOTpeHUe YKa3aHHOM v~
JIEMMBI BBIXOIUT 3a MpPeesIbl yOIuKyeMOoit
paborsl. [To HalleMy MHEHUIO, TTALIMaTUBHBIM
pelIeHueM SIBISIETCS] MUHUMU3A1I1sT HOPMbI
JMIMCKOHTA 3a npeneaaMu 20—25-1eTHero ne-
puoja 10 YpOBHSI, OJIM3KOTO K HYJIIO, HO BCE
K€ OTJIMYHOTO OT HYJISI.

DTO AOJKHO TTO3BOJIMTH COXPAHUTH 3HA-
YUMOCTbD JJaXe OTIaTEHHBIX 9KOHOMUYECKUX
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3 HEeKTOB OT IKCILTyaTallii TOHHENS, U B Ta-
KOM CJTyJae UMeeT OTpeie/IEHHbIE OCHOBaHMS
HCTIOJTb30BaHUE CBEPXIOJTOCPOYHBIX TOPU-
30HTOB pacuéra, OJM3KUX K MPOJOSKUTEb-
HOCTH XXU3HEHHOTO IIMKJIa TOHHEJIST WK JaXe
PaBHOTO eMy.

To ecTb coOpyXeHNE TOHHEJIST MOXKET ObITh
MMPU3HAHO 11eJIECO00pa3HBIM MPU HATUINU
3HAYMMOTO YMCTOTO JUCKOHTUPOBAHHOTO 3(-
(exTa 3a BHIOpaHHBIN TOPU3OHT PACUETA TaxkKe
TPY 3HAYUTETLHOM PAaCUETHOM CPOKE OKyTIa-
€MOCTH KanmuTaJbHbIX BIOXeHui (15—20 net
u 6osee).

* % %

IIpemioXeHHbIE B CTAThe TEOPETUYECKIUE
OCHOBBI OLIEHKH I1eJIeCO00Pa3HOCTH CTPOU-
TEJILCTBA JKeJIE3HOIOPOXKHBIX TOHHEJIEH MOTYT
CTaTh OCHOBOW pa3paboTKU METOINIECKOTO
MHCTPYMEHTAPUsI JUISl IPUHSITUS YIIPABJIEH -
YeCKUX PELIEHUI [0 CTPOUTEILCTBY TOHHEIEH
B paMKax peajau3alunu TpaHCIIOPTHOM cTpa-
terun Poccuiickoit @enepannn.
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ESTIMATING THE FEASIBILITY OF TUNNELS: THEORETICAL ASPECTS

Macheret, Dmitry A., Russian University of Transport, Moscow, Russia.
Titov, Evgeny Yu., JSC Russian Railways / Russian University of Transport, Moscow, Russia.

ABSTRACT

The article substantiates the motives and
significance of construction of new tunnels within
strategic development of the network of Russian
railways. The classification of railway tunnels based
on the purposes of their creation and the types of
generated effects is proposed. Approaches to
assessment of feasibility of tunnels, which allow
the «straightening» of the existing railway
communication, improving its quality characteristics
and efficiency, are considered. Based on the

logical-analytical method, the spectrum of
potential effects arising thanks to the construction
of such tunnels at both the sectoral and macro
levels is determined. Particular attention is focused
on the choice of the calculation horizon and the
discountrates. Itis concluded that the construction
of a railway tunnel can be considered expedient
even with a long payback period of capital
investments (15-20 years) in the case of a
significant net discounted effect for the chosen
calculation horizon.

Keywords: railway tunnels, theory, construction, reconstruction, classification, feasibility assessment,

discounting, remote effects.

Background. The first railway tunnel was built in
England on Liverpool-Manchester line in the years
1826-1830, its length was 1190 meters. In 1861, Kovno
(now Kaunas) Tunnel (1285 m), one of the first two
railways tunnels built in the Russian Empire, was opened
for movement at St. Petersburg—Warsaw Railway. At
the end of 19" century a large number of tunnels
appeared in the Caucasus, Crimea and Siberia. At the
beginning of 20" century, there was a «peak>» of their
construction in the Far East.

The emergence of this type of artificial structures
has opened up fundamentally new opportunities for
development of the railway network, growth of speed
and reduction in the cost of railways, and has become
the basis for creation of a new sub-sector of transport
construction - railway tunnel construction. Therefore,
in accordance with the classification of innovations in
the field of railway transport, proposed in [1], tunnels
should be considered as a basic innovation related to
the group of disruptive (macro) innovations.

Objective. The objective of the authors is to
consider theoretical aspects of feasibility of tunnels’
construction.

Methods. The authors use general scientific
methods, comparative analysis, mathematical,
economical, logical methods.

Results.

Economic features

Railway tunnels are characterized by extremely
high capital intensity and a significant construction time.
Both of these factors lead to an increase in losses from
«freezing» of capital in the newly constructed facility.

In addition, the considerable duration of tunnel
construction postpones the effects of their operation,
which means that these effects are relatively reduced
taking into account the discounting [5, 6] and worsen
the economic parameters of the respective projects.

A significant time horizon for economic evaluation
of tunnel construction also leads to an increase in
uncertainty and risks associated with unsecured
estimated efficiency. An illustrative example is
construction of a railway and automobile tunnel under
the English Channel, which, after commissioning in the
mid-1990s, was unprofitable because of a threefold
deviation of the actual volume of rail traffic from the
forecast.

At the same time, the construction of railway tunnels
is an example of implementation in the industry of
devious methods of transport production [8], which,
due to lengthening of the production period and
increase in capital intensity, lead to an increase in its
efficiency. Considering the normative service life of
tunnels, which is 100 years long, their construction can
be justified in the case of generation of long-term
(century-long) socio-economic effects, the presence
of which in rail transport is shown in [5].

With this in mind, the construction of railway tunnels
requires a system assessment, which must be based

on their scientific classification, depending on the
purpose of construction and the types of generated
effects.

Classification of railway tunnels

Using the logical-analytical method [9], it is possible
to propose the following classification of railway tunnels
for the purposes of construction and the types of
generated effects:

1. Tunnels, making possible the opening of a new
railway communication:

a) tunnels through mountain barriers;

b) tunnels through water barriers.

2. Tunnels, which make it possible to straighten the
existing railway communication, improve its quality
characteristics and increase the efficiency.

Effects from construction of tunnels belonging to
the first group, i. e. which are an integral part of larger
projects for organization of a new railway route, should
be considered in the context of the general economic
classification of planned railway lines proposed in [10].
This classification is shown in Table 1.

A line may have signs of two or of all three
categories. For example, it can increase the return on
private investment, and stimulate social development.

The principal difference between the presented
classification and the traditional one is that
categorization of lines is performed exclusively on
economic grounds, without the use of technical and
technological characteristics. Accordingly, this
classification covers only the lines that form certain
economic and social (ultimately, also economic) effects.
Its use, therefore, makes the presence of such effects
Jjustifying investments in the construction of railway lines
mandatory and «cuts off» the possibility of building
economically unjustified lines.

Estimating the effectiveness of construction
of tunnels

The efficiency of construction of tunnels belonging
to this group is evaluated in the framework of complex
projects for a new railway route using standard methods,
set out in particular in [11-13]. At the same time,
technical and technological features [14] and risks [15]
should be taken into account.

If it is necessary to overcome water obstacles
(rivers, straits), as a rule, a dilemma arises: to build a
tunnel or bridge for this?

From the economic point of view, this issue should
be solved using the indicators of comparative economic
efficiency [13, pp. 183—-185; 16], which allow one to
identify the advantages of implementing one variant in
comparison with another. At the same time, it is
important to take into account the technical aspects of
construction of a tunnel or a bridge crossing, which
undoubtedly affect the economic characteristics of a
particular option, but also have an independent
significance.

It is necessary to mention specially the feasibility
of constructing tunnels belonging to the second group,
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Table 1
Classification of planned railway lines

goods being transported. In accordance with the
methodology outlined in [19], it can be estimated as:

T “:.T-iii;‘a .
)

Category of lines Source (mechanism)

of financing

1) Lines providing increased return on private Public-Private

investment (i. e. forming effects for non-transport | Partnership
business)
2) Lines accelerating social development Budgetary funds

and contributing to the value of the human
capital of the country (i. e. forming social and
macroeconomic effects)

Private investment in
the railway industry

3) Lines whose costs are covered with revenue
from transportation services (i. e. ensuring
efficient management of transport business)

that is, enabling the existing railway route to be
«straightened», improving its qualitative characteristics,
and improving its efficiency (the example is the North-
Muya Tunnel at the Baikal-Amur Railway).

The construction of such a tunnel is advisable if the
capital investments in its construction are compensated
in an acceptable time by the effects generated by the
operation of the tunnel.

The following problems occur:

— determination of a full list of arising effects
(branch-wise and macroeconomic) and an estimation
of a value of each of them;

— determination of the overall calculation horizon,
an acceptable payback period for capital investments
and the choice of the discount factor to measure the
costs and effects that arise during different time periods.

Of course, a full list of effects arising from
construction of a railway tunnel and estimation of their
values can be obtained only in real conditions with the
help of technical and economic calculations. But a
typical list of such effects can be formed on the basis
of a logical-analytical method.

In general, after building a tunnel that straightens
out the existing railway route and improves its quality
and economic characteristics, the following effects can
occur.

First of all, cheapening of freight transportation by
reducing the route of the goods on the direction served
by the tunnel, from I to |,. For cargo owners it can be
roughly estimated by the formula:

AD=d-P+(l,-1),
where d is income rate for carriage of goods per
1ton+km;

P — volume of freight transportation on this route.

For rail transport, this figure will be a reduction in
revenue for transportation. But the operating costs of
the industry will also decrease by an amount
AC=c/c-P+(l,~1),
where c/c is cost price of freight transportation on this
route.

In the general case (on average over the network),
the revenue rate for freight transportation is higher than
their cost price. However, in specific sections, especially
difficult to operate (in the mountainous terrain, etc.),
the cost of transportation often exceeds the yield rate,
which is formed on the basis of the average network
tariff. In this option, the cost savings can be greater
than the decline in income. But even if this is not the
case, as a result of the tunnel construction, railway
transport, as a rule, gets a reduction in the cost of
transportation Ac/c due to the increase in weight and
speed of trains. Estimating the cost of transportation
as a result of increasing the weight and speed of trains
is presentedin [17, 18].

Reducing operating costs as a result of cost
reduction will be:

AC,=Ac/c P-l,.

Thus, the total savings in operating costs of rail

transport will be:

AC,, =AC+AC,.

By reducing the distance and increasing the speed
of transportation, the time for delivery of goods in the
direction in question will be shortened, let us denote
this value as At,. Here, another effect is reduction in
losses from freezing of working capital embodied in the
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AK,, = P*PreAt, i,

where P is volume of transportation;

Pr - average price of 1 ton of transported cargo;

i — interest rate.

Cost reduction and acceleration of carriage lead,
with other things being equal, to an increase in demand.
The growth in demand should be evaluated in specific
conditions on the basis of marketing research, but in
general, average network’s elasticity coefficients of
demand can be used to estimate it. As shown in the
study [20, pp. 117-140], the price elasticity of demand
for freight transportation can be taken at the level of
0,5, and the non-price elasticity, depending on the level
of the quality of transportation (the term of delivery of
cargo is deemed to be the key indicator of the quality
of transportation) — at a single level. Having designated
the additional demand for transportations as AP, the
incomes of railway transport from these additional
transportations can be calculated by the formula:
D=d-AP-],

But the increase in demand for transportation will
be formed, at least in part, due to an increase in the
volume of industrial and agricultural production. As
grounded in [21], the increase in industrial and
agricultural production in similar cases can amount to:
AP=APPr+(1-a),
where o is a share of the additional cargo traffic
generated due to the attraction of goods from other
modes of transport.

Effects, largely similar in nature to those listed, will
also arise in the sphere of passenger transportation.

Thus, the construction of railway tunnels causes
a wide range of economic effects at both the sectoral
and macro levels, which should be taken into account
when assessing the feasibility of constructing a
tunnel.

When choosing a calculation horizon for assessing
the feasibility of construction of railway tunnels, a
contradiction arises. On the one hand, the overall
life cycle of the tunnel, including the time of its
construction and operation, which is more than 100
years, can theoretically be accepted as the calculation
horizon. On the other hand, the larger is the
calculation horizon, the greater is the uncertainty in
estimating the remote effects. In addition, as shown
in [5], using the generally accepted discount rates,
the discounted effects from the operation of
infrastructure objects beyond the 20-year horizon of
calculations tend to zero.

The solution may be a reduction in the discount rate
in more remote years, the validity of which is justified
in the same work. At the same time for a horizon of
calculation of 25 years and more, discounting is
associated with intergenerational distribution of effects
from investments. According to some scientists [22,
pp. 308-309], in these cases, discounting cannot be
carried out, since each dollar for the future generation
will have the same «social value» as for the present one.
In addition, it is impossible to abandon the time
preference, which is a ground for discounting, and
which is «categorically inseparable from human activity»
[283, p. 451].

A detailed examination of this dilemma goes beyond
the scope of the published paper. In our opinion, a
palliative solution is to minimize the discount rate outside
the 20-25-year period to a level close to zero, but still
different from zero.

This should make it possible to retain the
significance of even distant economic effects from
operation of the tunnel, and in this case there are certain
grounds for using ultra-long-term calculation horizons
close to the lifetime of the tunnel or even equal to it.

That is, construction of a tunnel can be considered
expedient if there is a significant net discounted effect
for the chosen calculation horizon even with a significant
estimated payback period of capital investments (15—
20 years or more).
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Conclusion.

The theoretical foundations for assessing the
feasibility of construction of railway tunnels proposed
in the article can be the basis for developing
methodological tools for making managerial decisions
on construction of tunnels within the framework of the
implementation of the Transport Strategy of the Russian
Federation.
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