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B paHHOM cny4ae >xesie3HO40POXHbI
TPaHCMNOPTHbIV KOMIJIEKC NMPeACTaB/1eH
KakK 9/1eMeHT B CTPYKTYpe KOHLenuun
nepexona 3KOHOMUKU CTPaHbI

K ycToiynsomy pa3sutuio. lMpu aTom
noAHSAT BOMPOC 0 popMUpPoOBaHUN
06BbEKTUBHBIX KPUTEPUEB
aKoJsiormyeckoii 6esaonacHocTu
rpy30BbIX U MaCCaXXUPCKNX

nepeBo30k. CpopmupoBaHbl
aKosiornyeckue acrneKTbl aKcrnayaTaynm
JKes1Ie3HOA0POXXHOIro TpaHcnopTa

Y NpeasioXeHbl KPUTEePUasibHbI€ OCHOBbI
6e30MnacHOCTU MNPUYACTHbIX K AOPOram
nHppPacTPyKTYpPbl N MOABUXHOIO
cocTaBa, conyTcTByouieli nepeBo3Kkam
cpensbl.

Knro4eBbie c/ioBa: Xene3HOL0POXHbIV
TPaHCropT, NepeBo3ku, yCTONYNBOE
passuTue, 3K0JI0rM4eCcKne acriekTsl,

KpUTEPUN 3KOI0rn4eckori 6e30nacHoOCTH.
|
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BESOINACHOCITE

Kpmegvm 3KOJIOrM4ecKomn
e30MacHOCTHU
XXeNe3HOAOPOXHbIX MepPeBO30K

Osanecosa Enena Arexceeéna — accucmenm
Kaghedpvl mexrocghepHoli bezonachocmu Poccuiickoeo
yHusepcumema mparcnopma (MHUUT), Mockea,
Poccus.

pemy YIEHBIX HET eIMHOTO MHEHUSI, SIBJISI-

10TCSI JT MHBECTULIMM B Pa3BUTHE TPaHC-

TIOPTHOM CETH OCHOBOI SKOHOMUYECKOTO
pocTta, MPUBOAUT JIM SKOHOMUYECKOE Pa3BUTHE
K YBEJIMYEHUIO YrCa U 00beéMa nepeBo3oK. OnHa-
KO OYEBHUIIHO, UTO POCT IKOHOMUKM ¥ TPAHCTIOPT-
HOI1 Harpy3KW — TIPOLIECCHI B3aMMOCBSI3aHHbIE
M, KaK OTMEYEHO B TPAHCIIOPTHOM CTpaTeruu
Poccuiickoit enepaiu, «1o Mepe AaTbHEHIIero
Pa3BUTHUS CTPAHBI, PACIIMPEHUsI €€ BHYTPEHHUX
Y BHEIITHUX TPAHCTIOPTHO-3KOHOMUYECKUX CBSI3EH,
pocTa 00bEMOB MPOU3BOJICTBA U IMOBBILLIEHUST YPOB-
H$1 XKW3HU HACEeJIeHUsI 3HAUEHVE TPAHCTIOPTA U €T0
poJib Kak crucTeMoobpasyiolero gakropa OyayT
TOJIbKO Bo3pacTaThb» [1].

PazBurast TpaHCTIOpTHAs ceTh, 00OJIamaoNIas
JIOCTaTOYHOM MTPOITYCKHOM CIIOCOOHOCTBIO 1 BBICO-
KM YPOBHEM KauecTBa MIEPEBO30YHOTO TIPOILIEC-
ca,— HEOTheMJIEMBII 3JIEMEHT 9KOHOMUYECKOTO,
COIMATBHO-TIOJIUTMYECKOTO W KYJIBTYPHOTO TTPO-
rpecca Jilo0oro rocyIapcTBa.

HeiHerHee ero mosoxeHue ieiaeT TpaHCTIopT
OJIHUM U3 KITFOUEBBIX 3BEHBEB B ITEPEX0ie K HOBOMY
9KOJIOTMYECKOMY MUPOTIOpsIIKY. B mpotiecce cra-
HOBJIEHMSI 9KOJIOTIECKOM HAYKU BCE 0JIee MOHST-
HBIM CTaHOBWJIOCH TO, YTO YEJIOBEK CIIOCOOEH
BHOCHUTb YCTOWYMBBIE U3MEHEHUSI B CTPOCHUE
onocdepsl. OTHAKO TaKWe M3MEHEHUS UMEIOT
B OOJIBIIIMHCTBE CBOEM HETraTMBHbBIE TIOCIIEICTBYS



He TOJIBKO JUIS1 PUPOJIbI, HO M CaMOTO0 yesioBeka [2].
Kax cienctBre Ha cMeHy KOHIEIIMSIM TOTpeOu-
TEJILCKOTO OTHOIIIEHHUS K PECypcaM TTaHEThI Cero/-
HS1 TPUXOJTAT TIapaiirMa BOCTPeOOBAHHOCTH pally-
OHAJIBHOTO MIPUPOIOTIONIB30BAHMS: B HAYIHOM CO-
001IIeCTBe IIMPOKO MPU3HAHBI UIEW YCTOMYMBOTO
Pa3BUTHS, 00CYKIAIOTCS TaKne KOHLIETIIINM, KaK
«rumnote3a [en», «Teopusi 30J0TOr0 MULIUAPAA»
U IIp.

B poccuiickoii HaydyHOU TpaIuLIMU MEPEXON
K YCTONYMBOMY Pa3BUTHMIO PacCMaTPUBAETCS Kak
3Tar 3BOJTIOLIMU 6ruocdepbl B HOOChepy, a HE caMo-
11eJTb; YCTOIMBOE Pa3BUTHE, TIO MEPKAM 3aIaIHbIX
KOJIJIET, CBSI3aHO C MPO0IeMaMu SKOHOMUKH, HayKH,
TEXHUKH, HOBBIX 9KOJIOTUYHBIX TEXHOJIOTUH, B TO
BpEMSI KaK UIeV CTAHOBJIEHMSI HOOC(HEPHI B TIEPBYIO
04epe/ib aCCOIMMPOBAHBI C POCTOM JYXOBHOCTH,
HpPaBCTBEHHOCTH, (POPMUPOBAHNEM HOBOM ACTETH-
KM

TTomoOHBI MOAX0D XOPOLLIO MPOUILITIOCTPUPO-
BaH B. A. Bantomuneim u O. JI. Ky3HeloBbIM,
kotopsle uiyT: «HoochepHoe pa3ButHe (HOO-
c(eporeHes) u ycToiuMBOE pa3BUTHE, MO CYTH,
oueHb Onu3kue noudtusi. Hoocdepa — 3penbiit
¥ 3aBEpIIAOIINiA 3Tal Tepexoa K YCTONUMBOMY
Pa3BUTHIO, XelaeMasi Oyaylias KO3BOIIOLUS 00-
LIeCTBa ¥ NPUPOIbD> [LNT. 110: 3, ¢. 68]. B naHHoi
TPaKTOBKE TEPeCTpoiika MUPOBON 3KOHOMUKH
B COOTBETCTBUU C IMOJIOKEHUSIMU KOHIICTIIIUU
YCTOMYMBOTO Pa3BUTHS, TO €CTh MEPEXOJ K COCTO-
STHUIO TADMOHMYHOTO POCTa, HE CTaBSIIETO O
YIpo3y KU3Hb OYIyIIMX MOKOJIEHU,— HaCyIIHast
HEOOXOMUMOCTh, 00513aTe/IbHOE YCIOBUE U OCHOBA
JaJbHENIIEro SBOTIOMOHHOIO Mporpecca. JKo-
HOMMYECKHI pOCT HEOOXOMMM, OTHAKO OH IOJDKEH
OBITb COTPSIKEH C MEPEXOIOM K KaueCTBEHHO HO-
BBIM TEXHOJIOTHSIM, CHIXKAIOIIAM YIENbHYIO Ha-
IPY3Ky Ha OKPYXaloIlylo MPUPOIHYIO CPely Ha
€MHUILY TIPOM3BOIMMOM TIPOIYKIIMY WJTH YCITYT.

J1o060i1 00beKT TexHOCPEPHI, B TOM YUCIE
1 KeJIe3HOIOPOXHBIN TPAHCIIOPT, MPECTABISIET
c0o00ii crCTEMY, B3aMMOJICICTBYIOLIYIO C OKPYyXa-
olIel ero cpemoii. Penraroimm TyT CTaHOBUTCS
BbIJIEJICHUE BCEX ACTEKTOB TAKOTO B3AUMOJICHICTBYS,
OLIEHKA VX 3HAYMMOCTH, BO3MOXHBIX ITyTeii KOHT-
poss u perynupoBanud. [Ipobiema xe cocTout
B TOM, YTO Ha CETOIHSIITHUI IEHb TIPE/IEIIbl YCTOM-
YMBOCTH OMOTEXHOC(hEPHI M3Y4eHbI HEOCTATOUHO,
a CJIeoBaTeIbHO, HET M OOBEKTUBHBIX KPUTEPUEB
OLIEHKH WX 3HaYMMocTH. [Ipu 3ToM pazpaboTka
W pean3aiys SKOJIOTUYECKMX KPUTEPUEB, OCHO-
BaHHBIX Ha TIPUHIIMIIAX TIEpeXo/ia B HOBOE YCTOM-
YMBOE COCTOSTHUE, JITIs TPUHSITUS PEIIIEHNMSI B ITOJTh-
3y HauOoJiee ONTUMATBLHOTO BapUaHTA Pa3BUTHS
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3KEJIe3HOIOPOXXHOTO KOMILIEKCA U €T0 OTIEbHBIX
KOMITOHEHTOB OECCIIOPHO HEOOXOIMMBI.

ZKene3HomOpOKHBII TPaHCTIOPT, 1O TIPU3HA-
HUIO CTMEIMATNCTOB, CETOIHS CUNTACTCS OTHUM
13 HarboJiee IKOJOTUYHBIX. DMUCCHUST YTIIEKIC-
JIOTO ra3a, MPUXOASIIASICS Ha OHOTO Taccaxupa
Ha KWUJIOMETp IyTH, MPHU MOe3IKe Ha TMoe3e
TIPUMEPHO B TPU pa3a MeHbIIIe, YeM Ha MallluHe,
1 B YeThIpE pa3a MeHbIlle, YeM Ha caMoJiéTe [4].
C npyroit CTOPOHBI, O JTOCTATOYHOCTH YPOBHSI
9KOJIOTUYECKO 0e30TTaCHOCTH Ha XeJIe3HBIX
JIOpOTax BCe Xe TOBOPUTH He Tpuxoautcs. 1o cux
TOp He HaXOJWT CBOETO PeLIeHMs LEIbIN psif
pooJeM.

Ha ocHoBe aHam13a nepeBo304HOro npolecca
KaK MCTOYHMKA HETaTUBHOTO BO3IEUCTBUS Ha
OKPYXAIOIIYIO CPEy MOKHO BbIICIUTH;

* BHEUIHUIA LIYM;

* JJIEKTPOMArHUTHOE U3ITyYeHNUE;

*+ OakTepuasbHOE 3arpsi3HEHUE TOPOKHOTO
TIOJIOTHA U TIPWJIETAIOIMX TePPUTOPHIA;

* 3arpsI3HEHUE TIPUJIETAIONINX TePPUTOPUI
TSDKENTBIMU METaJIaMU, IPYTUMU OpraHUYeCKUMU
Y HEOPTaHMYECKMMHU OTTACHBIMU BEIIECTBAMU (Mac-
112, CMa3KH, JIEKTPOIIHT);

* BBIOPOC MPOIYKTOB CrOPaHUsI TOTUTMBA JIOKO-
MOTHBAMU TIPY pabOTE YTOIBHBIX KOTJIOB CUCTEMBI
OTOTLIEHHS;

* 9JIEKTPONOTPeOIeHHE;

* pacxo[ BOJIbI, YIJISI U IPYTHUX PECYPCOB;

* 00pa3zoBaHME OMACHBIX HEOPTAHMYECKUX
OTXOJIOB;

* (bparMeHTaLus SKOCUCTEM;

* OTYYXIEHHUE TEPPUTOPHIA TTOJT CTPOMTETHCTBO
JIOPOTH U TIPHJIETAIONIEi MH(MPACTPYKTYPHI.

ITockosbKy 00BEKTUBHBIE U BCEOOBEMITIOLIME
KPUTEPUH OIIEHKM TAHHBIX aCTIEKTOB IPY OTCYTCT-
BUM TIOJTHOM UCXOHOW MH(OPMAIIMU MOTYT OBbITh
chopMyJIMPOBaHbI TOJIBKO YaCTUYHO, TIPEUIarao
Te KPUTEPUHU OLIEHKU SKOJIOTUYECKOii O6e30TacHO-
CTH XeJIe3HOIOPOKHOTO TPAHCIIOPTa, KOTOPhIe
JOCTVDKVMBI TSI peaTi3alii:

* yIIeJIbHOE TIOTPeOJIeHNE SHEPTUM Ha eMHUITY
MEPEeBO3MMOTO IPy3a WK NacCcakupa;

* KOHEYHOE TIOTpeOJIeHNE SHEPTHH KeJIe3HO-
JIOPOXXHBIM TPAHCTIOPTHBIM KOMITIEKCOM;

* JIOJISI MCTIOJb30BAaHUSI albTePHATUBHBIX
VCTOYHUKOB 3HEPTUU U IKOJOTMIECKU YMCTHIX
BUJIOB TOTLINBA,;

* YIIeJIbHBIE BHIOPOCHI 3arpsI3HSIOIINX BEIIECTB
Ha eIMHUITY TIEPEBO3UMOTO TPy3a WK TTacCaxurpa
(ompenensroTcs 1o pesy/ibTaTaM MHBEHTapU3aIy
BBIOPOCOB OT 00BEKTOB XEJIE3HOAOPOXHOTO TPAHC-
MopTa);

OBaHecoBa E. A. Kputepuu sKon0ormieckom 6€30nacHOCTN XXeJNe3HO40POXHbIX MEPEB0O30K




Ta0muua 1

AHaIIM3 3HAYMMOCTH HEKOTOPBIX 3KOJOTHYECKHX ACIEKTOB JKeJIe3HOIOPOKHBIX NMACCAKMPCKUX
nepeBo30K Mo Ko3GUIMeHTy npeBbilieHHs] HOPMATHBHOTO ((hOHOBOTO) 3HAYEHHS

No /it ®dakrop ®dakrnyeckoe HopmarusHoe Koabduuument Ccbuika
3HAYCHHE (dboHoBOE) npebiieHust (N) | Ha UCTOUHUK
3HAYCHUE MCXOIHBIX
JIaHHBIX

1 3arpsi3HeHUE MOYBOTPYHTOB TSDKEIBIMU METAILIAMI — o 1o 130* [6]
(Ha pacctostHuM 100 M OT OCH IJIABHOTO X0/1a)

2 Hanpspk€HHOCTD MATHUTHOTO 1107151 (Ha PACCTOSTHUI 86,7 16 5,4750 [7, 8]
2 M ot ocu iyt ripu Toke 1000 A), A/m

3 1lym (na paccrostnnm 100 M 76,5 55 1,3909 19, 10]
OT OcH NyTH), 1BA

4 VaenbHast SMUCCHSI TAPHUKOBBIX Ta30B B IPY30BbIX 35 — 0,0534** [12]
TIepeBO3Kax (I13eIbHas TATa), T/T * KM

5 VienbHast SMUCCHSI TAPHUKOBBIX Ta30B B IPY30BbIX 18 — 0,0247%* [12]
TIepeBO3Kax (JIeKTpudecKast TsIra), I/T * KM

6 Hanps:k€HHOCTD 3IEKTPUYECKOTo Most (Ha paccTosi- 1,9 1000 0,0019 [7,11]
HUM 3 M OT ocu myTH Ha BeicoTe 1,8 M), B/M

n
*C i G cZe=> ———(n-1), c0e =—— —
YMMApHbIU NOKA3amendb 3aePA3HEeHUA MANCENbIMU MEeMANNAMU.! s coe OMHOUleHUe
i=l Vi Bi

codepacanus InemMenma 8 uccaedyemom 00seKme Kk cpeoHemy (OHOBOMY €20 COOEPICAHUIO.
** B kavecmee (hoH08020 3HAMEHUS NPUHAMA YOCAbHAS IMUCCUS NAPHUKOBIX 24308 045 AGUAUUOHHO20 MPAHCROPMA.

* BAJOBOK BBIOPOC 3arpsi3HSIIONIMX BEILECTB
2KeJIE3HOJOPOKHBIM TPAHCTIOPTHBIM KOMILIEKCOM;

* yIeIbHBIC BRIOPOCH! TAPHUKOBHIX Ta30B Ha
€IMHULLY TTEPEeBO3UMOTO Ipy3a UM MacCcaxupa;

* BaJIOBOI BEIOPOC TTAPHUKOBBIX TA30B XKeJIe3-
HOJOPOKHBIM TPAHCTIOPTHBIM KOMILIEKCOM;

* TIPEBBILLIEHNME JOMYCTUMBIX 3HAUEHUIA KpUTE-
pHeB KayecTBa aTMOC(EPHOTO BO3MyXa, ITOBEPX-
HOCTHBIX M TOA3EMHbBIX BOJI, TIOUYBbBI BCJIEACTBUE
MPOLIECCOB IKCILTyaTallMK KeJIE€3HOA0POKHOTO
KOMILIEKCa;

* CTeTIeHb (PparMeHTAIINN SKOCUCTEM;

* OTYYXJICHUE TEPPUTOPUI JUTSI TPAHCTIOPTHOM
MHPACTPYKTYPBI;

* TOCTYITHOCTb U ITPUBJIEKATEIbHOCTh HA PhIH-
K€ TPAHCTIOPTHBIX YCIIYT.

Heo0xoa1Mo Takke yUuThIBaTh TO, YTO IKOJIO-
ITMYECKUE aCTeKThl U KPUTEPUU IKOJOTMUYECKOM
0€30TaCHOCTH MOTYT OBITh Pa3IIMIHbI TS PA3HBIX
sKocucteM. Tak, Harpumep, Ipu pa3padoTKe Me-
PONPUSITHIA ITO CHIDKEHUIO HETaTUBHOT'O BO3IEICT-
BUSI TPAHCIIOPTA HA OKPYXKAIOIIYIO CPEy B UepTe
HaCeJIEHHBIX MYHKTOB, 0€3yCJIOBHO, HA MEPBbIii
IUIaH BBIXOJST TPAHCTIOPTHBIM 1IyM, 3arpsi3HEHUE
aTMocdepbl MPOIYKTaMHI CTOPAHUST TOILIMBA, OT-
YyXTEHNE TepPUTOpUil (B YCIOBUSIX TUIOTHOI TO-
POICKOI 3aCTPOMKM), TOBBIIICHUE YPOBHS
2JIEKTPOMArHUTHOM HAMPSKEHHOCTH, 3arpsiI3HEHUE
1ouBkl. /11 0c000 oXpaHsieMbIX IIPUPOIHBIX TEP-
PUTOPUI KITIOYEBBIMU CTAHOBSITCS TAKAE MOMEHTBI,
KakK IITyM OT TPaHCIIOPTHBIX 00BEKTOB 1 (hparMeH-
Talsl 9KOCUCTEM, OKa3bIBAIOLIME KITIOUEBOE BIIMSI-
HHE Ha CMEHY MECTOOOMTaHUS ¥ MUTPALIIIO TIOTTY-
Jauuid. st 3emMenb celbCKOXO3SIMCTBEHHOTO Ha-
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3HAUCHUST HanboJIee 3HAYMMBIM CTaHET 3arpsi3He-
HUE MOYB TIXKEABIMU MeTalJaMu, IPYTUMU
BPETHBIMYU 1 OTTACHBIMM BEILIECTBAMMU.

B ycnoBusix Manioii U3y4eHHOCTH YCTOMYHUBO-
CTH OMoTeXHOC(EPHl 1 HEBO3MOXHOCTHU OIIpe/ie-
JICHUSI KOJTMYECTBEHHBIX TI0Ka3aTeNeil Mo BceM
TIpeITaraeMbIM KPUTEPHUSM IIPIHSITO PYKOBOICT-
BOBAThCS IPUHLIUIIOM «HYJIEBOI'O BO3IEHCTBUS»,
TO €CTb HOPMaJIbHOE (MACANBHOE) COCTOSTHUE
03HAyYaeT caMO OTCYTCTBUE IOTEHIINATBHO OTac-
Horo (dakropa. Takoil moxxom, BIIPOYEM, XOTS
U SIBJISIETCS] HBIHE HamOoJiee BOCTPEOOBAHHBIM,
MOXET MPUBOANTH K HEKOTOPOMY MCKaKECHUIO
Pe3yJIBTaTOB MPH ITPOBEACHIH OIICHKU SKOJIOTH-
YEeCKHIX PUCKOB.

JI71st OIIeHKM 3HAYMMOCTH 3KOJIOTUYECKUX ac-
TIEKTOB B YCIIOBHSIX HACEIEHHBIX ITYHKTOB C OIIpe-
JeJIEHHBIMU OTPAaHMYCHHUSMU TIPUTOIHA MOJICIb
WHTETPAIBHON OLEHKU, B OCHOBY KOTOPOU MOJIO-
JKeH 3aKOH MUHUMYyMa JInubuxa. Mozenb onvcaHa
B pabote «Mojiesib MHTETpabHOM SKOJIOr0-TUTHE-
HMYECKOI OLIEHKM ITPOM3BOACTBEHHOM Cpe/ibl» [3].

O1IeHKY Ka4yecTBa Cpe/Ibl IPeIaracTcs IIpoBO-
JTUTBH T10 CIIEMYIOIIEN CXEME:

1. OnpeneseHye HabOpa mapaMeTpPoB, IO KOTO-
pPBIM OyZIeT MPOBOAUTHCS OlieHKa. [TapameTpsl
MTOAOMPAIOTCS ¢ YIETOM 0COOCHHOCTEM 00BEeKTa
HCCIICIOBAHNSI.

2. OmpeneneHre HOPMATUBHBIX ((DOHOBBIX)
3HAYCHUI I BRIOPAHHBIX ITApaMETPOB B COOTBET-
CTBUM ¢ KaTeTopueli 00beKTa 1 LETIBIO MCCIIen0Ba-
HUSL

3. KomryecTBeHHasT O1leHKa BBIOpAaHHBIX ITapa-
METPOB.

OBaHecoBa E. A. Kputepum skonormyeckon 6e3onacHoCcTU XKeJ1Ie3HOAOPOXHbIX MepPeBO30K



4. OnpeneneHyie OTHOCUTEBHOTO MoKa3aTelist
KauecTBa cpefbl 1o hopmyJie
E=max(N, N,..N),
r1e N, — HaXOIUTCA [0 YCTAHOBJIEHHBIM 3aBUCHMO-
CTSIM:

— JUIS TAPaMETPOB CPe/ibl C BEPXHUM IPENEIOM

JTOITYCTUMBIX 3HAYECHMIA
C
N,=-1,
P

e C, — (hakTMyeckoe 3HaYEHHE N-TO NapameTpa
cpenbl, P — HopmatuBHOE ((hOHOBOE) 3HAUEHHE
N-TO MapameTpa;

— IS ITApaMEeTPOB CPEJIbI C HYDKHUM MPEISIOM

JOIYCTUMBIX 3HAYEH WA
P
N, =—"*;
C.

1

— IUIsI TAPAMETPOB CPEJIbI C I1ATIa30HOM JIOITY-
CTUMBIX 3HAUEHMIA [a, b]

C -
N, = 2?5—1 npn  C, [a,b];
N, =S npu 6>

b
N, =% npu C, <a.

1

B tabnuue 1 nmpeacraBieH npuMmep aHaau3a
3HAYMMOCTHU BKJIaJia HEKOTOPBIX KOJOTMYECKUX
ACIEKTOB 3KCILIyaTalluu XeJe3HOAOPOXKHOTO
TpaHcnopTa. MicxonHble JaHHbIE A1 aHAIU3a 10-
JIydeHbI U3 paHee OMyOJIMKOBAHHbBIX UICTOYHUKOB.
PanxupoBaHue acrekToB MPOBEAEHO MO KO3 hu-
LIMEHTY MPEBBILIEHUSI HOPMATUBHOTO ((POHOBOTO)
3HaYeHMs1 hakTopa. Pe3ybraThl aHaIM3a MoKa3aiu,
YTO CPelr PacCMOTPEHHBIX (haKTOpoB HamboJsee
3HAUMMBIMU TSI OKPYKAIOLIel Cpefibl SBISIOTCS
3arpsI3HEHKE TIOYBOTPYHTOB TSDKEIBIMU MeTalla-
MU, TIOBBIILIEHUE YPOBHS HANPSDKEHHOCTH MarHUT-
HOTO OIS BOJIM3M 271eKTPUDUIIMPOBAHHBIX y4acT-
KOB, a TAKKe aKyCTUUECKOE 3aTpsI3HEHNE ITPUJIeraro-
LLIMX TEPPUTOPUIA.

3AKJTIOHMEHUE

TIpoGnema pa3pabOTK1 OOBEKTUBHBIX KpUTE-
pUEB OLIEHKM 3KOJOTUYECKOI 6e30MacHOCTH
TPaHCIIOPTa, KakK 1 11000 APYyroii 0Tpac/y Hapoa-
HOTO XO3SIiCTBa, SIBJISIETCS aKTyaIbHOIM 1 Ha ce-
TOJHSIIHUI JIeHb TOJIbKO HAMEUEHBI ITYTH €€ pe-

mreHus. KoHLemmst pa3BUTHs Xele3HOT0POKHO-
IO KOMILJIEKCa TOJDKHA BKIJIIOYATh OTpeNeIEHHbIE
nokasateau 3G@GEeKTUBHOCTU MO KPUTEPUIM
3KOJIOTMYECKOI 0e30MacHOCTH, a He HOCUTD UC-
KJTFOUMTENTBHO AEKJIapaTUBHBII XapakTep. B ocHo-
BY pa3pabOTKU TaKOW KOHIIEMIIMU MOTYT ObITh
MOJIOXEHBI U MPEIIOKEHHBIE B CTAaThe KPUTEPUH,
OJTHAKO OCTAETCS MOKa OTKPBITHIM BOIMPOC O Me-
TOJIOJIOTUU UX OLIEHKM.
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ABSRACT

The article describes the case when railway transport
complex is presented as an element within structured
concept of national economy’s transition to sustainable
development. A question of formulating objective criteria

of environmental safety of freight and passenger
transportation is discussed. Environmental aspects of
operation of railways are developed, and criteria-based
approaches to safety of railway-related infrastructure,
rolling stock and environment are suggested.

Keywords: railways, transportation, carriage, sustainable development, ecological aspects, criteria of

environmental safety.

Scientists have no unity of opinion on whether or
not investments into the development of the
transportation network are the foundation of
economic growth; and whether economic growth
leads to increased intensity and volume of
transportation. It is evident, however, that economic
growth and the growth of «transportation load» are
related processes, and, as noted in the transportation
strategy of the Russian Federation, «along with
further development of the country, expansion of its
internal and external transportation and economic
links, increased production volumes, and
improvement of the nation’s standard of living, the
importance of the transport sector and its role as a
systemic factor will only go up» [1].

A well-developed transport network that has
sufficient throughput capacity and a high quality of
transportation processes is an indispensable part of
economic, sociopolitical, and cultural progress of any
nation.

Its current state makes transport one of the key
links in the transition to a new environmental world
order. As the science of ecology was maturing, it was
becoming increasingly clear that humans are capable
of making persistent changes in the structure of the
biosphere. However, such changes have had mostly
negative consequences not only for the natural
environment, but also for humans themselves [2]. As
aresult, the old concepts of treating the planet merely
asasetofresources to be consumed are increasingly
superseded by a paradigm of more careful and
rational treatment of the Nature: ideas of sustainable
development have gained universal recognition in the
academic community, and such concepts as the Gaia
hypothesis and the «theory of the golden billion», etc.
are explored.

The Russian academic tradition views the
transition to sustainable development as a stage in
the evolution of the biosphere into the noosphere,
rather than an end in and of itself: sustainable
development, in the view of western academics, has
to do with problems addressed by economics,
science, engineering, and novel environment-friendly
technologies; whereas the ideas of transitioning to
the noosphere are primarily associated with spiritual
growth, morals, and the emergence of new aesthetics.

Such an approach is well illustrated by
V. A. Vanyushin and O. L. Kuznetsov, who write,
«Noospheric development (the genesis of the
noosphere) and sustainable development are
essentially very close notions. The noosphere is a
stage of maturity and completion in the transition to
sustainable development» [3, page 68]. Construed
like this, the restructuring of the global economy in
line with the dicta of sustainable development as a
general concept, i.e. the transition to a state of
harmonious growth that bears no threat to the lives of
future generations, is an existential need, a required
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condition, and the foundation of further evolutionary
progress. Economic growth is necessary; it must,
however, involve a transition to qualitatively new
technologies that would reduce the specific load on
the natural environment per unit of product or service.

Any element of the technosphere, including rail
transport, is a system that interacts with its
environment. It is critically important that we identify
allaspects of this interaction, assess their significance,
and determine possible methods of their control and
regulation. What poses the greatest problem is that
to-date, the limits of the biotechnosphere’s stability
have not been studied and understood sufficiently,
and therefore there are no objective criteria to make
a judgment on their significance. That said, the
development and application of ecological criteria
that are based on the principles of transition to a new
sustainable state is unarguably necessary in order to
decide on the most optimal way to develop the railway
complex and its individual components.

Today, experts recognize rail transport as one of
the most environment-friendly modes of
transportation. In transportation by rail, emissions of
carbon dioxide per passenger per kilometer are about
one third of those in automotive transportation and
one fourth of air transport emissions [4]. On the other
hand, we still cannot say that railways’ environmental
safety is at a sufficiently high level. A whole range of
problems remain unsolved.

Our analysis of the transportation process as a
source of negative impacts on the environment
reveals the following factors:

* noise emissions;

- electromagnetic emissions;

« bacterial contamination of the rail track and
adjacent areas;

+ contamination of adjacent areas with heavy
metals and other organic and non-organic hazardous
substances (oils and other lubricants, electrolytes);

« emissions of fuel combustion products by
locomotives that use coal-fired heating boilers;

= consumption of electricity;

« consumption of water, coal, and other resources;

« generation of dangerous non-organic waste;

+ fragmentation of ecosystems;

« taking up land for the construction of railways
and associated infrastructure.

Given that, in the absence of complete input
information, an objective and comprehensive set of
criteria for the assessment of the above factors can
be defined only partially, we suggest only those criteria
forthe assessmentofthe rail transport’s environmental
safety that lend themselves to practical application:

« specific energy consumption per unit of freight
or per passenger;

- total use of energy by the rail transport complex;

« share of alternative energy sources and
environmentally friendly types of fuel;
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Table 1

Significance analysis of some environmental aspects of passenger railway transport by the
coefficient of normative (background) value violation

No. | Factor Actual value Normative Violation Source of
(background) | coefficient input data
value (N)
1 Contamination of soils with heavy metals — — up to 130* [6]
(at a distance of 100 m from the primary
traffic axis)
2 Magnetic field intensity (at a distance of 86.7 16 5.4750 [7, 8]
2 m from the track axis and at the current of
1,000 A), in A/m
Noise (at 100 m from the track axis), in dBA | 76.5 55 1.3909 [9, 10]
Specific emission of greenhouse gases in 35 — 0.0534** [12]
freight transportation (diesel locos), in
g/t-km
5 Specific emission of greenhouse gases in 18 - 0.0247** [12]
freight transportation (electric locos), in
g/t-km
6 Electric field intensity (at 3 m from the track | 1.9 1000 0.0019 [7,11]
axis, at a height of 1.8 m), in V/m
L C
* Cumulative value of contamination with heavy metals: Zc= Zf' ~(n-1),
=l “~bi
C.
where —— is the ratio of element content in the research sample to the mean background content of the element.
bi
** Adopted as the background value is the specific emission of greenhouse gases for air transport.

« specific emissions of contaminants per unit of
freight or per passenger (as determined by
inventorying emissions of rail transport facilities);

« cumulative emissions of contaminants by the
rail transport complex;

« specific emissions of greenhouse gases per unit
of freight or per passenger;

« total emissions of greenhouse gases by the rail
transport complex;

- violations of admissible quality criteria of
atmospheric air, surface and ground waters, and soil
resulting from processes involved in the operation of
the railway complex;

« degree of ecosystems’ fragmentation;

« alienation of land for transportation
infrastructure;

« accessibility and attractiveness to customers
on the market of transportation services.

It should also be taken into account that
environmental aspects and environmental safety criteria
can be different for different ecosystems. For example,
when measures are designed to reduce the negative
environmental impact of transport in populated areas,
such factors come into the foreground as transport-
related noise, contamination of the atmosphere with fuel
combustion products, alienation of land (in the
conditions ofa densely built-up urban areas), increased
intensity of electromagnetic fields, and contamination
of soil. For specially protected nature reserves, such
factors become key as the noise from transport facilities
and ecosystem fragmentation that have the decisive
impact on the change of habitats and migration of
biological populations. For agricultural lands,
contamination of soils with heavy metals and other
harmful or dangerous substances is the most significant.

In view of the current limited understanding of
biotechnosphere stability, and the impossibility of
determining the quantitative indicators for all of the
proposed criteria, itis customary to proceed from the

principle of «zero impact», meaning that the normal
(ideal) state is the absence the potentially damaging
factor. This approach, although the most accepted
one today, may however lead to a certain distortion of
the results obtained through the process of
environmental risk assessment.

To evaluate the significance of environmental
aspects in populated areas, the integral assessment
model based on the Liebig’s law of the minimum is
suitable with certain qualifications. The model is
described in the paper A model of integral ecological
and hygienic assessment of the industrial environment
[5].

The following procedure is suggested for
environment quality assessment:

1. Determine a set of parameters by which to
perform the assessment. The parameters are
selected in view of the specific features of the object
to be studied.

2. Determine the normative (background) values
of the selected parameters in view of the category of
the object and the purpose of the study.

3. Perform the quantitative evaluation of the
selected parameters.

4. Determine the relative indicator of the
environment quality by the formula

E=max(N, N,...N,),

where N, is determined by the identified
dependencies:

— for environmental parameters that have a ceiling
of admissible values

v,=&,
P,
where C, is the actual value of the n" environmental
parameter, P,is the normative (background) value of
the n" parameter;
— for environmental parameters with a floor of
admissible values
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— for environmental parameters with a range of
admissible values [a, b]
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' b-a

NG g C > b
b

N_a at C <a.
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Table 1 is an example analysis of the significance
of contributions made by some environmental aspects
of rail transport operation. The input data for the
analysis were taken from published sources. The
aspects were ranked by the coefficient reflecting the
degree of violation of the normative (background)
value of the parameter. The analysis shows that, out
of the reviewed factors, the greatest significance was
associated with the contamination of the soils with
heavy metals, excessive levels of magnetic fields
intensity in the vicinity of electric railway sections, and
acoustic contamination of adjacent areas.

Conclusions

The problem of developing a set of objective criteria
to be used for assessing environmental safety of the
transport sector, as well as any other sector of the
economy, remains unsolved. Today, only paths to its
solving have been outlined. A conceptual strategy for the
development of the railway complex mustinclude certain
effectiveness indicators based on the environmental
safety criteria rather than be merely declarative. The
criteria suggested in this article can, among others, be
laid in the foundation of the effort to develop such a
conceptual strategy. However, the question of a
methodology to be used for their validation remains open.
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