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THEORY

@[K 001.57:621.646:004

Cemén BJINHOB
Semen P. BLINOV

Urops TAPAPbIYKUH
Igor A. TARARYCHKIN

Simulation Modeling of Process of Damaging
of Network Pipeline Structures

(TekcT cTatby Ha aHIJl. 3. —

English text of the article — p. 14)

O60cHOBaHbI NOAX0AbI K OLleHKe
(YHKLUMOHaIbHOIO COCTOSIHUS
TPy6OnpPoBoOAOB NMpu HaINYnun

HenpepbIBHbIX TEXHOJIOrMY€CKUX MPOLIeCCOB
U CJI0XKHbIX MPON3BOACTB. PaccyutaHsl
XapaKTepuUCTUKN CTOMKOCTU U NporpaMmma
UMUTaLIMOHHOIo MoAeINPOBaHUs npouecca
noBpeXxAeHNsi CeTeBbIX CTPYKTYP CUCTEM
Tpyb6onpoBogHoro TpaHcnopra. lMoka3aHo,
4YTO CNOCOOGHOCTB COMPOTUBISITLCS MPOLIECCY
nporpeccupyoLLero rnoBpPeXaeHns Taknux
cuUcTeM 3aBUCUT OT UX CTPYKTYPbl U COCTaBa.
PaspaboTtaHHoe nporpaMmmMHoe obecrieyeHune
Mo3BOJISIET OCYLUECTBJISATh CPABHUTEJIbHbII
aHasin3 cBOWCTB a/ibTePHaTUBHBIX CTPYKTYP
U MPUHUMAaTb 060CHOBAaHHbIE MPOEKTHbIE
peLueHns: Ha aTane popMuUpoBaHNs
TPAHCMOPTHbLIX CUCTEM C 3a[4aHHbIMU
cBoVicTBaMu.

Kntovessie cioBa: TpybonpoBOAHbIN TPAHCMIOPT,
cuctema, CTPykTypa, UMUTaLIMOHHOE

mMozesiMpoBaHme.
|

® MWP TPAHCIMOPTA, Tom 15, N22,C. 6-19 (2017)

BOTNPOCHI TEGP

UMutaumoHHoe moaenmpoBaHue
npoLecca noBpeXxaeHns ceTeBbiX
TPYOONPOBOAHbIX CTPYKTYP

Tapaporuxun Heopv Arexcandposuy — 0okmop
mexHuuecKux HayK, npogeccop Kageopol
«Tpancnopmmuvie cucmemvl> Jlyeanckozo
HAYUOHAAbHOR0 yHUsepcumema um. B. Jlaas, Jlyeanck,
Ykpauna.

baunoe Cemén Ilagaosun — xandudam guzuio-
Mamemamu4eckux Hayk, 0oueHm Kagheopol
«Mamemamuueckuii anaauz» Yomypmckoeo
eocydapcemeennoeo ynusepcumema, Hocesck, Poccus.

[pyGOTIPOBOAHBIE TPAHCIIOPTHBIE CUCTE-

MBI LIIMPOKO UCTIOIb3YIOTCS B YCIIOBUSIX

COBPEMEHHOTO MPOMBIILUIEHHOTO MPO-
n3BoACTBA. C MX TTOMOIIBIO HA MPEITTPUSITUSIX
MeTaJUTypTuu, He(Tera3oBoro KOMIUIeKca,
XUMUAYECKUX KOMOMHATAX OCYLIECTBIISIOT J0-
CTaBKYy ChIPbs, TTOTy()aOpUKaTOB, TOTOBOM
npomykuyu [1-2].

besoTkazHoe GhyHKIIMOHUPOBAHUE TAaKUX
CHUCTEM 00eCTIeurBaET BO3MOXHOCTb OpTraHu-
3aLMAU HEMPEPBIBHBIX TEXHOJIOTUYECKUX MPO-
1IECCOB M CJIOXHBIX NMPOou3BoAcTB. OmHAKO
JIOCTaBKa TPyOOIMPOBOAOM Pa3IMYHOTO poaa
pEeareHTOB U OIaCHBIX BEUIECTB CBS3aHa
C ONpEeNeJIEHHBIMUA PUCKAMU U IJI CaMOU
TPAHCIIOPTHOM TEXHOJIOTUYECKOM CUCTEMBI,
W OKPYXAIOIIEN CPebl.

Tak, oTKa3bl OTAEIBHBIX 3JIEMEHTOB CIOXK-
HBIX TPYOOTIPOBOAHBIX CUCTEM B PSIZIE CTyYacB
He MPUBOIAT K 3aMETHOMY U3MEHEHUIO PEKH-
MOB (DYHKITMOHUPOBAHUS U3-3a HATUMYUS U3-
OBITOUHBIX CBSI3€ U CYILIECTBOBAHUS aJIbTEP-
HATUBHBIX MyTe JOCTAaBKU MPOLYKTA MOTpe-
ourtensim. B To xe BpeMmsl cepust MOCIEeN0-
BaTEJbHBIX OTKA30B WJIU MOBPEXICHUN
TPyOOMPOBOLOB MOXET COMPOBOXIATHCS
YAaCTUYHON WX MOJHOM noTepeit paboTocmno-
COOHOCTU CUCTEMBI.
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Puc. 1. CeteBasi cTpyKkTypa (a) n cooTBeTCTBYIOLUNI pa3MmeveHHbIii rpag
TPYy6ONPOBOAHON TPAHCNOPTHOI cucTtemni (6).

TTpuyrHBI BOBHUKHOBEHUSI TAKOTO poja
COOBITUI MOTYT OBITh CBSI3aHBI C BHYTPEHHUMU
mpoieccaMu B cucTeMe (TuapaBiIndeckue
yaapbl, KOPPO3MOHHOE MOBPEXICHUE U pa3-
repMeTu3aums Tpyo, OlIMOKU yIpaBaeHUs)
WY BHEITHUMU hakTopaMu (pacripocTpaHe-
HUE IMOXapoB, ceiicMUYecKasi aKTUBHOCTD,
pa3BUTHE OMoJI3HeH U T.11.) [3].

TTonoGHOTO poma MpoIecChl XapaKTepu3y-
FOTCSI CJIEYIOLIMM PSIIOM OCOOEHHOCTEIA.

1. Ipeackasarhb 3apaHee y4aCcTKH IOBPEX-
JIeHUsT TpyOOIIPOBOJOB M TOCJIEI0BATEIIb-
HOCTb Pa3BUTHUsI aBapUITHOM CUTyalluy He-
BO3MOXHO.

2. He npezacrasisieTcst BO3MOXKHBIM COCTa-
BUTD TIepeYeHb TPYOOIIPOBOIOB, KOTOPbIE OY-
JIYT TIOBPEXKIEHbI B Pe3yJibTaTe HEKOHTPOJIM -
pyeMoOro pa3BUTHUsI aBapuUHON CUTyalluu,
a TakxXe OIpeneUTh MOCIea0BaTeIbHOCTD
TaKUX MTOBPEXKICHUIA.

3. Maciuradbl ¥ MOCAEACTBUST aBapuu TSI
Bcell CUCTEMBI ITpejicKa3aTh BeChMa IpobjieMa-
TiaHO. OHU MOTYT OBITh CBSI3aHBI KaK C Yac-
TUYHBIM, TaK W TTOJIHBIM MPEKPaIIeHUEM JI0-
CTaBKHM 1IEJIEBOTO MPOIYKTa OJHOMY MU He-
CKOJIKMM TTOTPEOUTEIISIM.

ITpo1iecc mociaenoBaTeIbLHOIO Mepexoa
B HEpabOTOCTIOCOOHOE COCTOSIHME TPYOOIpPO-
BOJIHOM TPAHCIIOPTHOM CUCTEMBI B pe3yJIbTaTe
Pa3BUTHS CEpUM HEKOHTPOJIMPYEMBIX OTKa30B
MPaBOMEPHO CUMTATh, ITOJIaraeM, IMPOTrPecCcu-
PYIOILIUM TIOBPEXICHUEM.

XapakTepHast 0COOEHHOCTb IIPOrPECCUpPYIO-
ILIETO TTOBPEKIEHUST MOTUBUPOBAHA TEM 00CTO-
SITEJTLCTBOM, YTO TIEPEXOJ OTAEIbHBIX TPYOO-
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MPOBOJIOB B HEPAOOTOCITIOCOOHOE COCTOSTHUE
MPOMCXOIUT B CJYJailHOM MOC/IeI0BATEIbHO-
ctu. [1pu 3TOM M3-3a HAJIMYUST M30BITOUHBIX
CBSI3CM B CHCTEME Pa3BUTHE MMOBPEXICHMS Ha
pPa3HBIX 3Tanax MOXeT COMPOBOXAATHCS KakK
CHIDXKEHHEM OOBEMOB TPOIYKTOB, TOCTaBJIsIC-
MBIX ITOTPEOMTEIISIM, TaK M MX TIOC/IEI0BaTE b~
HBIM OTKJTIOUEHWEM, BIUIOTD JIO TIOJTHOTO TIpe-
KpauieHus1 PyHKIMOHUPOBAHUS CUCTEMBI.

CnocoOHOCTh TPYOOINPOBOAHOM TpaHC-
TTOPTHOI CUCTEMBI COITPOTUBJIISITBCS PA3BUTHUIO
3TOTO MpOIIecca 3aBUCUT TIPEKJIe BCEro OT e€
CTPYKTYpPBI, COCTaBa M TECHO COTIPsSDKEHa CO
CTOMKOCTBIO K ITPOrPECCUPYIOIIM MTOBPEK/Ie-
HUSIM.

[To 3T0i NpuYMHEe 0CcOObI UHTEPEC TIPe-
CTaBJISIET ITOMCK 3aKOHOMEPHOCTE, ITO3BOJISI-
OLLIMX TTPOTHO3MPOBATh IMOBEICHUE 1 OLICHU -
BaTh CTOMKOCTh Pa3IMYHBIX CETEBBIX CTPYKTYD
MpU TTOCJIeIOBATEIbHOM MMOBPEXIACHUN UX
JIMHEMHBIX 3JIEMEHTOB (TPYOOITPOBOIOB).

PelieHuio Takoit 3a1aum moMoraeT paspa-
00TKa MMHUTAIIMOHHOW MOJEIN Tpolecca
MPOTPECCUPYIOIIETO MOBPEXACHUST CETEBBIX
CTPYKTYP TpYOOIPOBOIHBIX TPAHCITOPTHBIX
CHCTEM, BKJTIOYasl M CO3MaHue KOMITBIOTEPHOMI
MPOTPaMMBbl, TTO3BOJISTIOIIEH OLIEHUBATh CTOM -
KOCTb K TIOBPEXIECHUSM TaKUX CUCTEM JUISI
MOCJIEAYIOIIEeTO MPUHSTUS 000CHOBAaHHBIX
MPOEKTHBIX PEIICHUIA.

PaccMoTpuM TpyOOIIPOBOIHYIO CUCTEMY,
CTPYKTypHas cXxeMa KOTOpOi TMoKa3aHa Ha
puc. la.

B cocTaBe cucteMbl MMeeTCs TSITh Y3JI0B,
B YMCJIE KOTOPBIX MUICTOYHUK LIEJIEBOTO ITPOIYK-

TapapbiukuH U. A., banHoe C. 1. UMUTaunoHHOe MOoAeNMpoBaHUE NPOLIECCa NOBPEXAEHUS CETEBBIX
TPYGONPOBOAHBIX CTPYKTYP



Del(M) = |n<« rows(M)—1

1
Mij«Mj <0
[(2j) »)

while |N Y Z(ak)<i> >0
i=40
k«—k+1
(Irm‘k ak)(—Del(ak,I)
(Ind a)

NormExit(M ,r) = |(Ind b) < Dolojl(M)

while Mic round(rnd(n)) j < round(rmd(n)) = 0

str < (“Ne noepescoenus” <Huodexcst nogp

PacuétHbii Moaynb nporpaMmbi

DopMUPOBAHWE CUCTEMbBI MaTpUL, ¢ NoLaroBbIM 0BHYNEHNEM 3NeMeHTOB MaTpULbl CMEKHOCTH,

OCYLLECTBNAEMOe B CNydaliHoM nopsake W XapakTepuayoLye NpoLece NoCTENEHHOTo NOBPeXaeHNs
CTPYKTYPbI 33@HHOro rpada

3aHyneHue cayvyaliHO ebi6paHHO20
eduHUYHO20 3nemeHma Mapuys! M.

Doiojl (M) = |(n« rows(M)—1 k0 ap« M Indp < «(i jj»)

I O nbHOE 1y ecex
Ha dom waze oduH

(n(—rmvs(M)fj' k0 ak<—M)

(DOpMI/IpOBaHVIe mMaTpuy OOCTUXXMMOCTK Ha OCHOBE I'IOJ'Iy'-IEHHOIFI COBOKYMHOCTW MatpunL, CMEXHOCTK

1x »  «Pesyasmarn )

Jor k0. last(b)

r

i=1
u(—stacklistr,(p Ind nT)]
(b c d u)

(b ¢ d u):= NormExit(Matsm ,r)

Ta A 1 oTneabHble motpedbutenu B, C,
J. Kpome toro, cucrema comepxut N = 6
TpyOOIIPOBONOB, KOTOPHIE B IMpoIlecce Mpo-
TPECCUPYIONIETO MOBPEXACHUS MEePEXOIsT
B HEpabOTOCIIOCOOHOE COCTOSTHUE B CITyJaii-
HOU MOCJIEN0BATEIbHOCTH.

Ecnu st mpekpaltieHysI mogayy 1eJeBoro
npoaykTa morpeduresnto B tpedyercst moBpeanThH
B CpeIHEM N TPYOOIIPOBOJOB, TO OTHOIIICHUE
W, =n/ N gpsercs OqHOM U3 XapaKTEPUCTHK
Tpoiiecca MPOrpeCcCUPYIOIIETO TTOBPEXICHMUSI.
Bo3MoxxHbIN nrana3oH M3MeHEeHMsT 3HaYeHU I
crerenu nioppexaenus: 0 < W, <1,

ITokazareneM CTOMKOCTU CETEBOW CTPYKTY-
PBI K IPOTPECCUPYIOIIUM TIOBpexXaeHusaM F,

Cp z (bk)i dp—cp >0 u(k><—(a'kT)

b - Mampuybi cMeXHoCmU
o prek ¢ - Mampuyb! docmuxuMocmU
d - HopMUpOEaHHBIE MaMPUYBI
u - pesynbmam

p - N2 ebixodHble o6vekms!

Puc. 2. JinctuHr pac4étHovi yactn PROGT.

SIBJISIETCSI CpeiHee apr(bMETUIECKOE 3HAYCHM I
BCeX CTeIeHel MOBPEeXKIeHNsI, YCTaHABIIBae-
MBIX [UIS aHAJIM3UPYEMOii ccTeMbl. B maHHOM

ciydae: _ _
Eo_ WB + WC + WD
w 3

IMokazaTenb CTOMKOCTH XapaKTepusyeT
€00011 TOJTIO OT OOIIIETO YKciIa TPyOOITPOBOIOB
CHUCTEMBI, KOTOPbIE B CPeTHEM HEOOXOIUMO
TOBPEIUTH TSI TIPEIOTBPAIEHUS TOCTAaBKA
LI€JIEBOrO MPOAYKTA BCEM IMOTPEOUTENSIM.

3amaua orpeieieHUsI XapaKTepUCTUK CTOM -
KOCTU aHAJIU3UPYEMOil CTPYKTYphI peliaiach
nyTeM pa3paboTKM Celualu3upOBaHHON
KOMITBIOTEPHOI MpOrpamMMBbl. JIMCTUHT pacyeT-
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0 [«(i j)»] 11111
1 (0 1) 11111
2 (2 1) 10111
H =
3 (4 0) 1 0111
4 (0 2) 00000
5 (4 2) g 0 0 0 0
L 6 L (4 3) | \0 0 0 0 0)]
Puc. 3. JIncTtuHr popmbl npencTaBrieHNs pe3ysibTaTa BbiMOJHEeHHbIX PaCYETOB.
3e t=1 3e t=2
4 ¢ 2 4 ¢ 2
®
0 1 0 1
4 ¢ . D 4 . 2
[ ] ® [ ] [ ]
0 1 0 1

Puc. 4. CTpykTypa ceTeBoro o6bekra, COOTBeTCTBYIOL4asA Pa3/INYHbIM MOMEHTaM CUCTEMHOIro
BpemeHu t npu peannaaynm npoueayps! NPOrpPeccupyioLero noBpPeXxaeHus.
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Ta0amua 1

Pe3ynbraThl MIMUTAIIMOHHOTO MOJIEJTMPOBAHUS MPOIECCA MOBPEKIECHUS

Teneparmst Ne 1 Teneparmst Ne 2

«MHIEKChI MOBPEXACHHBIX 2IEMEHTOB> «Pesynbrar» «MHIEKCBI MOBPEXKIEHHBIX 3JIEMEHTOB» «PesynbraT>
[mei j)r] 11111 (i g 11111
(1 0) 11111 (2 4) 11111
(2 1) 10111 (2 1) 11111
2 0 10111 (1 0) 10111
4 0 00000 (0 2) 10011
4 2) 00000 (3 4) 10001
4 3) 000060 L (4 0) | 00000

Teneparmmst Ne 3 Teneparmmst Ne 4

«l/lHI[CKCbI TIOBPEXICHHBIX 3JIEMEHTOB» « Pe3yJILTaT» «l/lHﬂeKCI:I TIOBPEXKIECHHBIX JIEMEHTOB» «PesyanaT»
[ jor ] 11111 [rei jr] 11111
(0 2) 11111 (0 2) 11111
(2 1) 11111 (2 1) 11111
(1 o) 160111 (0 4) 1106000
(3 4) 10101 (4 3) 11000
(4 2) 10001 (4 2) 11000
L (4 0) | 00000 L (20) | 00008

Teneparmst Ne 5 Teneparmst Ne 6

«I/IH,Z[CKCLI TIOBPEXIIEHHBIX 2JIECMECHTOB» «Pe3yJII>TaT» «I/IH,ELEKCLI TIOBPEXKICHHBIX 3JIEMEHTOB» «PesyanaT»
[mi j)r] 11111 (i j)r ]| 11111
(2 1) 11111 (4 3) 11101
(1 0) 10111 (0 2) 11101
4 0 10111 (¢ 1 11101
(4 2) 10100 (4 2) 10001
(2 9 00000 (2 1 10001
(3 4) 00000 L (0 4) | 00000

Teneparmmst Ne 7 Teneparmmst Ne 8

«I/IH,Z[eKCbI TIOBPEXIIEHHBIX 2JIEMEHTOB» «Pe3yJ11>Ta'r» «HH,E[CKCI:I TIOBPEXKIECHHBIX 2JIEMEHTOB» «Pesynb‘ra"r»
[ 7o 11111 (i j)r] 11111
(3 4) 11101 (2 1) 11111
(4 2) 11101 (4 2) 11111
2z 0) 11101 (0 2) 11011
(0 4) 11100 (4 0) 11000
0 1) 60000 (4 3) 11000
(1 2) 0000 0 | (0 1) | 90000

HOI 4aCTU MPOrpaMMbl UMUTALIMOHHOIO MO-
JIeTMPOBAHMSI IIPOTPECCUPYIOIIETO ITOBPEXKIC-
Hus PROGI1, peann3oBaHHOI B cucCTeMe
MathCAD, npuBogutcs Ha puc. 2.
McxXonHbIMM JaHHBIMM JIJISI PACYETOB CITy-
JKaT 3aJaHHOE KOJIMYECTBO Y3JIOB U IMHEITHBIX
3J7IeMEHTOB (TpyOOoTIpoBOaOB) B cucteme. Kpo-
Me TOTO, CTPYKTYypa aHATU3UPYyeMOTo 00beKTa
3amaeTcs rpad oM, MaTpuia CMEXHOCTH KOTO-

® MUP TPAHCMOPTA, Tom 1

poro Matsm oImchIBaeTCs B OJIOKE MCXOTHBIX
JAHHBIX.

Martpuiia cmexxHoctu rpada [4] mpencran-
JisieT co0O0il MPSIMOYTOJIbHYIO TAOJUILY, KO-
YEeCTBO CTPOK M CTOJIOIIOB KOTOPOI paBHO
YUCITy €r0 IIPOHYMEPOBAHHBIX BEPLIMH.

Ecnu mexny i-i1 u j-it BepuimHaMu pa3me-
YeHHOro rpacda CyIIeCTBYeT CBsI3b B BUIE Ped-
pa, TO 3JIECMEHTHl MAaTPUIIBI CMEXHOCTH:

.6-19 (2017)

TapapbiukunH U. A., banHoe C. 1. UMUTaunoHHOE MOAENTMPOBaHUE NMPOLLECCA NOBPEXAEHUSA CETEBBIX

TPYOONPOBOAHBIX CTPYKTYP




Tabumua 2

PacuéTHble XapaKTepUCTHKH MPOIIECCa MOBPEKIEHUS CETEBOi CTPYKTYPbI

Howmep XapakTepUCTUKY IIPOLIECCA ITOBPEXIEHUS
reHepanumn w, W, W,
1 0,333 0,667 0,667
2 0,5 0,667 0,833
3 0,5 0,833 0,667
4 1,0 0,5 0,5
5 0,333 0,833 0,667
6 0,667 0,667 0,167
7 0,833 0,833 0,167
8 1,0 0,5 0,667
CpenHee 3HaYeHUE 0,645 0,688 0,542
S1
1_[1 u Hz 1 0 2
O © O ® 9 °
I I, 3 11 4
O O O e ® o
Is Il 5 10 6
O o
I1; Ilg Iy 7 8 9

2)

0)

Puc. 5. CTpykTypHasi cxema Tpy6OnpoBOAHON CUCTEMbI C MOJIOXXEHNEeM UCTOYHUKa B y3s1e N u notpeburenen
BysnaxIl, I, ... I, (a), a Takxke COOTBETCTBYIOLLMI UCXOAHOI CTPYKTYype pa3meyeHHsiii rpag S1(6).

a,=a = 1. Ecnm ke mpsIMOIt CBSI3U MEXITY
YKa3aHHBIMH BEPIINHAME HET, TO &, ;= a, | = 0.

Ha rnaBHoi1 quaroHanu OMHapHOU MaTpu-
1Bl CMEXXHOCTHU HAXOISATCS HYJTU. MICKITIoueHN -
€M MOXXET OBITh BApHAHT C HAJTMIMEM B BEPIIIH-
He rpada nem. OmHAKO B JabHEUIIIEM pac-
CMaTpuBarTCs Tpadbl, HE UMEIOIINE TIETS/Ib
B CBOEM COCTaBe.

s TOHUMaHUSI CTPYKTYPBI IIPOTPAMMBI
VMMTAIIMOHHOTO MOJICIMPOBAHMSI Ha JINCTUHTE
YKa3aHbI OTHEIbHBIC (DYHKIIMOHAIBHEIC OJIOKH,
obecrieurBaronIe TpedyeMylo MocJenoBaTe b~
HOCTb BBIIMCIICHUIA. [Tpr He0OX0MMMOCTH MOXK-
HO BBIBECTH U OIIPEICIUTh COCTaB MATPMII,
YUYaCTBYIOIIMX B IIPOMEKYTOUHBIX pacuéTax.

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 6-19 (2017)

JIluHamMuyKa MOBPEXXACHUS CETEBON CTPYK-
TYpbl, ONMCbIBAEMOI MaTpulieit Matsm, ole-
HUBAJIACh MYTEM TeHepallMi CEpUU MaTPUIL
CMEXXHOCTH CO CITyJaifHBIM IMapHBIM OOHYJIe-
HUEM €IMHULI, PACIIOJI0KEHHBIX CUMMETPUYHO
OTHOCHUTEJIbHO IJIaBHOM nuaroHanu. [1pu atom
KOJIMYECTBO TaKUX MaTpull OyJeT COOTBETCT-
BOBATb YMCJTY €AUHMILI, PACTIOJOXKEHHbIX BbILLIE
IJ1aBHOH quaroHaiam Matsm.

Kaxkmast n3 mosry4eHHBIX TaKUM 00pa3oM
MaTpull CMEXHOCTU OyIeT XapaKTepu30BaThb
rpad MMoBpexXIacMOM CeTeBOI CTPYKTYPHI
B pa3JIMYHbIE MOMEHTBI CHCTEMHOTO BPEMEHMU.

Crenyromuii atan GyHKIIMOHUPOBAHUS
MpOrpaMMBbl CBSI3aH C TOCTPOSHNWEM COBOKYTI-

TapapbiukuH U. A., banHoe C. 1. UMUTaunoHHOe MOoAeNMpoBaHUE NPOLIECCa NOBPEXAEHUS CETEBBIX
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2)

S3
1 11 2
@ 2 o
3 10 4
@ \ 4 @
5 0 6
-
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Puc. 6. PaameyeHHble rpagbl S2 (a) n S3 (6) anbTepHaTUBHbIX CTPYKTYPHBIX CXeM TPYy6OrnpoBOAHONW CUCTEMbI
C pacrnosioxXxeHneM NCTOYHUKA NPOAYKTAa B Yy3J1ax, KOTOPbIM COOTBETCTBYIOT BePLUUHbI C 0603Ha4YeHnem 0.

HOCTU MaTPUII TOCTVOKUMOCTH, TIPU 9TOM KaxK-
Jiast U3 HUX (POpMUpPYyeTCst HA OCHOBE COOTBET-
CTBYIOIIIE MaTpUIIBI CMEXHOCTU. MaTpuiia
JIOCTUXXKUMOCTHU [5] XxapakTepusyeT HaJIuuue
COOONIEHUI MEXIY i-i U j-U BeplUIMHAMU
1 BOBMOXXHOCTb ITePEX0/1a N3 OHOI BEPIIMHBI
rpacda B IPYyrylo ¢ yUeTOM AEUCTBYIOLIEi CUC-
TEMBbI BHYTPEHHUX CBSI3€i.

Pe3ymsTaTel MOAETMPOBAHUS OTOOPAXKAIOT-
Csl B BUJIE TIEpEUHs 3HAYEHUN CUCTEMHOTO
BpeMeHU, 0003HaueHU pedep rpada, moBpex-
JTAEMbBIX B CIIyJaifHOM TOPSIZIKE, a TAKXKE UTO-
TOBO1 MaTpUIIbI, B COCTaB KOTOPOI BKITIOUEHBI
TIEPBbIE CTPOKU MCXOIHOM 1 BCEX ITOCTPOSHHBIX
MaTpPUIL IOCTKUMOCTH.

AHanm3 U3MeHEeHUsl CoNepXKaHUsI CTPOK
TOJIyY€HHOUW UTOTOBOM MATPUIIBI TIO3BOJISIET
YCTaHOBUTD, KTO U3 TIOTPEOUTENICH 1 B KaKOit
MOMEHT CUCTEMHOTO BPeMEHU TepsieT CBS3b
C MICTOYHMKOM I1JIEBOTO MIPOIKTa B IPOIIecce
TTPOTPECCUPYIOILETO MOBPEXICHMUS.

MHOTOKpaTHBII TIepe3aIycK MporpaMMbl
¢ hukcaiueit 3HaYeHUI CUCTEMHOTO Bpeme-
HU, TIPY KOTOPOM TTPOUCXOINT Pa3pbIB CBS3EH
MeXIly UICTOYHUKOM M KaXKJIbIM 13 TIOTPEOU-
TeJiel MPOAYKTa, MO3BOJIsIeT chOpMUPOBATH
0a3y TaHHBIX, TIPU TIOMOIIN KOTOPOI OIEHU -
BaIOTCS XapaKTEPUCTUKH CTOMKOCTH CETEBOM
CTPYKTYPBI.

Tak, paccMOTpeHHasl paHee CTPYKTypa
TPAHCIIOPTHOM CUCTEMBI, TTOKa3aHHasl Ha
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puc. la, xapakTepusyeTcsl pa3MeYeHHbBIM I'pa-
doMm, TIpencTaBIeHHBIM Ha puc. 10. st mpu-
HSITOTO TOpsiiKa 0003HAaYeHUsI BEPILIMH rpada
ero MaTpuilia CMEXHOCTHU:
01101
0100
Matsm = 1001
0 0 0 1
0

011

NS NN

PesynbraT MonmenpoBaHUs ITpoliecca IMpor-
PECCUPYIOILIETO IMTOBPEXICHMS ITPEICTABIISIETCS
B ¢popMe, TTOKa3aHHOI Ha puc. 3.

CoOoTBeTCTBYIOIIAsT TIOJYYEHHOMY pellie-
HUIO TMHAMUKa Mpolecca MpOorpecCUpyroiero
TTOBPEX/IEHMS CTPYKTYPHI rpada rmokasaHa Ha
puc. 4.

Ilpu ouleHKe CBOWCTB aHAJIU3UpPyeMO
CTPYKTYPHbI IPOLIECC MOBPEXKIECHUS TOBTOPSLI-
cs 8 pa3, YTo HEIOCTaTOUYHO MJIsT (pOpMHpPOBa-
HUS TIOJTHOLEHHOU 0a3bl CTaTUCTUYECKUX
MAaHHBIX, OMHAKO MO3BOJISICT IIPOAEMOHCTPU-
poBaTh (OYHKIIMOHUPOBAHWE KOMITBIOTEPHOM
MpOorpaMMBI ¥ OLICHUTh BO3MOXKHOCTHU peaji-
3yeMO#1 IPOIIeypbl UMUTAILIMOHHOTO MOJICITH -
pPOBaHMUSI.

PesynbraThl peanuzaiuu npolecca mpor-
PECCUPYIOIIETO MOBPEXICHUS MPUBEISHbI
B Tabmuue 1.
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O6paboTKa MOJTYICHHBIX JaHHBIX IIOMOTa-
€T YCTAaHOBUTH XapaKTEPUCTUKU CTONKOCTH
aHAJIM3UPYEeMOU CTPYKTYPHI, 3HAYCHUS KOTO-
PBIX IIPUBEACHHI B TaOJIUIIC 2.

Pe3ynbraThl MOIETMpPOBAaHUS TTO3BOJISIIOT
3aKJIIOYNTD, YTO IUTSI OTKITFOUCHUS IIOTpeOMTe-
Jis B OT MCTOYHMKA 11€JIEBOTO MPOAYKTa HEOO-
XOIMMO ITOBPEIUTH NIPUMEPHO 65 % Bcex
TpyOOIIPOBOAOB CUCTEMBbI. [lJIsT OTKIIIOUEHUSI
notpedureneit C u D ciaemyer B cpegHeM I10-
BpPEIUTb COOTBETCTBEHHO 69 % u 54 % Tpy6O-
TIPOBOJIOB.

PacuétHoe 3HaueHue rokasaTesisi CTOMKO-
CTU JUTS PACCMAaTPUBAEMOM CETEBOM CTPYKTYPHI:
F,,=0,625. 910 03HauaeT, 4To 11 IpeKpalie-
HUSI TOCTABKU 1IEJIEBOTO IPOIYKTa BCEM ITOTpe-
ouTensIM TpeOyeTcs TMTOBPEIUTh B CPEIHEM
0K0JI0 63 % OT 0011Ier0 YKcjia TpyoOIIpOBOIOB
CHCTEMBI.

PaccMoTpuM BO3MOXKHOCTH pa3paboTaH-
HOM KOMITBIOTEPHOM IIPOTpaMMBEI IIPU pelie-
HUHU TIPaKTA4YECKON 3amaun. [1peamnomoxmm,
IJIsT TPYOOTIPOBOIHOM CHUCTEMBI, MCXOMHAS
CTPYKTYpHas cxeMa KOTOpOI JaHa Ha puc. Sa,
HaJo0 OIPEeICIUTh MECTO PaCIIONIOXCHUS
HMCTOYHUKA 1IEJICBOTO IIPOAYKTA, IIPU KOTOPOM
obecrieunBaeTcs TOCTIKEHME €€ HanOOIbIIIEN
CTOMKOCTHU K IIPOLIECCY ITPOTPECCUPYIOIIETO
TIOBPEKIICHMSI.

PasMeueHHBI Tpad MCXOTHOI CTPYKTYp-
HOM CXEMBI C PacIlOJIOXKCHNEeM MCTOYHUKA
1eJIEBOTO IIPOAYKTa B BepinHe 0, a ToTpeou-
TeJiel B BepiurHax 1,2 ... 7 moka3aH Ha puc. 50.
[TonyueHHOE B pe3ynbraTe MOICIUPOBAHUSI
3HAYCHUE TTOKA3aTeNIsI CTOMKOCTH CTPYKTYPHI
S1: F,,= 0,467.

AJbTepHaTUBHBIE BapyaHTHI (DOpMUPOBA-
HUS CTPYKTYPHI TpyOOIIPOBOIHOM TPAHCITOPT-
HOM CHUCTEMBI ¢ U3MEHEHMEM TOJOXKCHUS
HMCTOYHHUKA 1IeJICBOTO MPOAYKTa ITOKa3aHbI Ha
puc. 6.

YcTaHOBJICHHBIC B Pe3YJIBTaTe KOMITHIOTEP-
HOTO MOJICIMPOBAaHNS 3HAUCHMS ITOKa3aTeIeit
CTOMKOCTH IIJIsI aJIbTepHATUBHBIX BapHMaHTOB
(opMHMpPOBaHUS CETEBOI CTPYKTYPHI C pa3Me-
yeHHbIM Tpacom S2: F, = 0,508 u rpachom S3:
F,, =0,544.

[TonydeHHBI pe3yabTaT O3HAYACT, YTO
TMOBPEXICHUE CTPYKTYPHI S1 MO0 MeXaHU3My
TIPOTPECCUPYIOIIETO TTOBPEXKICHUS CBI3aHO

C TIepeX0I0M B HEPaOOTOCITOCOOHOE COCTOSTHE
0K0J10 46 % TpyOOITPOBOIOB 6A30BOI0 BapyaH-
Ta. M3 pacCMOTPEHHBIX aJbTepHATUBHBIX Ba-
PHMAHTOB HAWIYUYIIUM ITOKa3aTeJeM XapaKTe-
pusyetcs ceteBas cTpyktypa S3. I1pu e€ uc-
MTOJIb30BaHUU TTOBPEXKICHIE CUCTEMBI OOBSIC-
HSIETCSI TIEPEX0JIOM B HepabOTOCITOCOOHOE
COCTOSIHME ITPUMEPHO 55 % OT 0011ero yncia
BCEX TPyOOTIPOBOIOB.

Takum 006pa3oM, Ipu MPUHSTUH IIPOEKT-
HOTO pellIeHUs TPEAOUYTeHNE CIACAYeT OT-
JIaTh UMEHHO TOoC/IeAHEMY BapuaHTy (hOpMU-
pOBaHMS CeTeBOU CTPYKTYphl. [Ipu aTom
HYXHO OTMETUTBH, YTO YPOBEHB 3aTpaT Ha
MIPOEKTUPOBAHKME U U3TOTOBJIICHUE KaXKIOM
W3 paCCMOTPEHHBIX CHCTEM OKa3bIBaeTCs
MIPUMEPHO OJMHAKOBBIM, IMOCKOJIbKY BCE
CTPYKTYPHBIC OTIMYUS CBSI3aHBI JIUIIb C U3-
MEHEHMEM PaCTIOJIOXKEeHUSI UICTOYHUKA 11eJIe-
BOTO MPOAYKTA.

BbiBO4bl

1. PazpaboTaHbl XapaKTepUCTUKU CTONKO-
CTH U TIPOrpaMMa UMUTALIMOHHOTO MOZIETNPO-
BaHMsI ITPoIIecca MPOrPECCUPYIOIIETO TTOBPEXK-
JIEHUSI CETEBBIX CTPYKTYP CHUCTEM TPYOOIpo-
BOJIHOTO TPAHCTIOPTA.

2. PacuéT oxumaeMbIX XapaKTEepUCTUK
CTOMKOCTH K MOBPEXKICHUSIM TaKMX CHUCTEM
IO3BOJISIET IPUHUMATh O0OCHOBAHHBIE MPO-
€KTHbIE pPellleHMs P CPAaBHEHMU aJIbTepHA-
TUBHBIX BApUAHTOB. Tak, COMoCTaBIEHHE TT0-
KazareJsieit cToiikocTu aJist cTpykTyp S1, S2u S3
JTaeT OCHOBaHME 3aKJII0YUTh, YTO HamboJjee
MpUEMJIEMBIMU CBOMCTBAMM 00JIaaeT CUCTe-
Ma, TIOCTpOeHHas Ha 6a3e CTPYKTYpHI S3, mis
KOTOPOi1 YyCTaHOBJIEHO pacyéTHOE 3HAYeHUeE
F,=0,544.
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SIMULATION MODELING OF PROCESS OF DAMAGING OF NETWORK PIPELINE

STRUCTURES

Tararychkin, Igor A., Lugansk National University n.a. V. Dahl, Lugansk, Ukraine.
Blinov, Semen P., Udmurt State University, Izhevsk, Russia.

ABSTRACT

The approaches to assessment of the functional
state of pipelines in the presence of continuous
technological processes and complex industries are
substantiated. Stability characteristics and a simulation
modeling program for the process of damage to network
structures of pipeline transport systems are calculated.

It is shown that the ability to resist the process of
progressive damage of such systems depends on their
structure and composition. The developed software
makes it possible to perform a comparative analysis of
the properties of alternative structures and to take
reasonable design decisions at the stage of formation
of transport systems with specified properties.

Keywords: pipeline transport, system, structure, simulation modeling.

Background. Pipeline transport systems are
widely used in the conditions of modern industrial
production. With their help at the enterprises of
metallurgy, oil and gas complex, chemical plants raw
materials, semi-finished products, finished products
are delivered [1 2].

The trouble-free functioning of such systems
ensures the possibility of organizing continuous
technological processes and complex productions.
However, the delivery of various types of reagents and
hazardous substances by the pipeline is associated
with certain risks for the transport technological
system itself and for the environment.

Thus, failures of individual elements of complex
pipeline systems in a number of cases do not lead to
a noticeable change in the functioning regimes due
to excessive connections and the existence of
alternative ways of delivering the product to
consumers. At the same time, a series of consecutive
failures or damage to pipelines may be accompanied
by a partial or complete loss of system performance.

The causes of such events can be related to
internal processes in the system (hydraulic shocks,
corrosion damage and pipe depressurization, control
errors) or external factors (fire spreading, seismic
activity, landslide development, etc.) [3].

Such processes are characterized by the following
series of features.

1. It is impossible to predict areas of damage to
pipelines and the sequence of development of an
emergency in advance.

2. It is not possible to compile a list of pipelines
that will be damaged as a result of uncontrolled

Do
C

[e

©
A B

a)

development of an emergency situation, and also to
determine the sequence of such damages.

3. It is very difficult to predict the scale and
consequences of the accident for the whole system.
They can be associated with either a partial or
complete cessation of the delivery of the target
product to one or more consumers.

We believe it is legitimate to consider the process
of successive transition to the inoperative state of the
pipeline transport system as a result of the
development of a series of uncontrolled failures as a
progressive damage.

Objective. The objective of the authors is to
consider a simulation modeling of process of damage
of network pipeline structures.

Methods. The authors use general scientific and
engineering methods, graph construction,
comparative analysis.

Results. A characteristic feature of progressive
damage is motivated by the fact that the transition of
individual pipelines to an inoperative state occurs in a
random sequence. Atthe same time, due to excessive
connections in the system, the development of damage
at different stages can be accompanied by both a
decrease in the volume of the product delivered to
consumers and their subsequent shutdown, until the
system completely ceases to function.

The ability of the pipeline transport system to
resist the development of this process depends
primarily on its structure, composition and is closely
associated with resistance to progressive damage.

For this reason, a search for regularities that allow
predicting behavior and assessing the durability of

e
4 2
0 1

b)

Pic. 1. Network structure (a) and the corresponding marked graph of the pipeline transport system (b).
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Calculated program module

Formation of matrices with incremental zeroing of elements of the
adjacency matrix, carried out in a random order and characterizing
the process of gradual damage to the structure of a given graph

Del(M) = |me rows(M) =1
whtite Mo roundirndin)) J «round(rmd(n)) = 0
1
Mij+ M+ 0
i 43y M]
Dolaji (M) == |[nérowsiM)—1 ke 0 age M Indg i« ji»)

while |:N - i Z{q;(}:} =8
i=0

ke k+1
Ef.mfg- ay }(— De.f{.ﬂ*_]']
(Ind a)

Zeroing of a randomly
chosen unit element of the
matrix M

Consecutive zeroing of all
unit elements. At each step,
one randomly selected
element is zeroed.

[nems{}ll’)—} ki @ ﬂ]—(—”}

Formation of reachability matrices based on the obtained set of adjacency

matrices
NormExit(M ,r) := | (Ind b))« Dolofl (M)
str «— («Ne damage» «Indices of damaged elements» «Result»)
Jor ke, fast(b)
. ‘@ & - adjacency matrices
op Z [p*)‘ dp x>0 o e {4{ Prik ¢.— reachability matrices

i=T

nt—sl‘ark[ﬂ.‘r.fp Ind "T}]
(b e d u)

(b ¢ d a):= NormExit{Matsm ,r)

d - normalized matrices
w— result
p - M output objects

Pic. 2. Listing of the calculation part of PROG1.

various network structures with consequent damage
to their linear elements (pipelines) is of particular
interest.

The solution of this problem is assisted by the
development of a simulation model of the process of
progressive damage to the network structures of
pipeline transport systems, including the creation of
a computer program that allows assessing the
damage resistance of such systems for the subsequent
adoption of well-grounded design solutions.

Let’s consider a pipeline system, the structural
diagram of which is shown in Pic. 1a.

There are five nodes in the system, among them
the source of the target product A and individual
consumers B, C, D. In addition, the system contains
N = 6 pipelines, which in the process of progressive
damage turn into an inoperative state in a random
sequence.

If, in order to stop supplying the target product to
consumer B, an average of n pipelines is required to
be damaged, then the ratio Wy =n /N s one of the
characteristics of the process of progressive damage.
Possible range for changing the values of the degree
of damage: 0< W, <1,

The indicator of the resistance of the network
structure to the progressive damage F, is the

arithmetic average of the values of all degrees of
damage established for the system under analysis. In
this case:

- =WB+WC+WD
w 3 ’

The durability index characterizes the
proportion of the total number of pipelines of the
system, which on average need to be damaged to
prevent the delivery of the target product to all
consumers.

The task of determining the characteristics of the
stability of the analyzed structure was solved by
developing a specialized computer program. Listing
of the calculation part of the simulation program for
progressive damage PROG1, implemented in the
MathCAD system, is shown in Pic. 2.

Initial data for calculations are a given number of
nodes and linear elements (pipelines) in the system.
In addition, the structure of the analyzed object is
given by a graph which adjacency matrix Matsm is
described in the block of input data.

The adjacency matrix of graph [4] is a rectangular
table which number of rows and columns is equal to
the number of its numbered vertices.

If there is a connection between the i-th and j-th
vertices of the marked graph, then the elements of
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Pic. 3. Listing of the form of presentation of the result of the performed calculations.

3 4 (=1 3¢ =2
4 ¢ 2 4 .2
L ®
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3' t:3 3. t=4
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b ® ® ®
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40 ° ) 4o >
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0 1 0 1

Pic. 4. The structure of the network object, corresponding to different points of the system time t when
implementing the procedure of progressive damage.

On the main diagonal of the binary adjacency
matrix zeros are located. An exception may be the
option of having a loop at the top of the graph.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 2, pp. 6-19 (2017)

Tararychkin, Igor A., Blinov, Semen P. Simulation Modeling of Process of Damaging of Network Pipeline
Structures

the adjacency matrix are: a,=a,= 1. If there is no
direct connection between the indicated vertices,
then a=a,= 0.




Table 1

Results of simulation modeling of the damage process

Generation Ne 1 Generation Ne 2

«Indices of damages elements» «Result» ' «Indices of damages elements» «Result»
[ j)r ] 11111 (i j)r] 11111
(1 0) 11111 (2 4) 11111
(2 1) 10111 (2 1) 11111
(2 0) 160111 (1 ) 10111
(4 0) 00000 (0 2) 10011
4 2) 00000 (34 10001
(4 3) 00000 L (4 0) | 00000

Generation Ne 3 Generation Ne 4

«Indices of damages elements» «Result» «Indices of damages elements» «Result>
[rei )] 11111 Toci )] 11111
(0 2) 11111 (0 2) 11111
(2 1) 11111 (2 1) 11111
(1 0) 10111 (0 4) 11000
3 4 10101 (4 3) 11000
(4 2) 10001 (4 2) 11000
L« 0) | 00000 L1 o) | 00000

Generation Ne 5 Generation Ne 6

«Indices of damages elements» «Result» «Indices of damages elements» «Result»
(e j)r ] 11111 [rci j)r) 11111
(2 1) 11111 (4 3) 11101
(1 0) 10111 (0 2) 11101
(4 0) 10111 (0 1) 11101
(4 2) 10100 (4 2) 10001
(2 0) 00000 (2 1) 10001
(3 4) 00000 L (0 4) | 000006

Generation Ne 7 Generation Ne 8

«Indices of damages elements» «Result» «Indices of damages elements» «Result»
[ j)r] 11111 (i j)r] 11111
(3 4) 11101 (2 D 11111
(4 2) 11101 (4 2) 11111
(2 o) 11101 (0 2) 11011
(0 4) 11100 40 11000
(0 1) 00000 4 3) 11000
(1 2) 00000 L (0 1) | a0 000

However, further we consider graphs without loops in
their composition.

To understand the structure of the simulation
modeling program, the listing shows the individual
functional blocks that provide the required sequence
of calculations. If necessary, it is possible to derive
and determine the composition of matrices involved
in intermediate calculations.

The dynamics of the damage to the network
structure described by the Matsm matrix was
estimated by generating a series of adjacency
matrices with random pair zeroing of the units

arranged symmetrically with respect to the main
diagonal. In this case, the number of such matrices
will correspond to the number of units located above
the main diagonal of Matsm.

Each of the adjacency matrices thus obtained will
characterize the graph of the damaged network
structure at various points in the system time.

The next stage of program functioning involves
the construction of a set of reachability matrices, each
of which is formed on the basis of the corresponding
adjacency matrix. The reachability matrix [5]
characterizes the presence of messages between the
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Estimated characteristics of the process of network structure damage

Table 2

i-th and j-th vertices and the possibility of transition
from one vertex of the graph to another taking into
account the existing system of internal connections.

The simulation results are displayed in the form of
a list of values of the system time, the notation of
edges of the graph that are damaged in a random
order, and the resulting matrix, which includes the first
lines of the original and all constructed reachability
matrices.

Analysis of the change in the content of the rows
of the resulting matrix allows us to determine which
of the consumers and at what time of the system time
loses the connection with the source of the target
product in the process of progressive damage.

Multiple restart of the program with fixing of values
of the system time, at which the connection between
the source and each of the consumers of the product
is broken, makes it possible to create a database by
which the characteristics of the stability of the network
structure are evaluated.

Thus, the structure of the transport system
considered earlier, shown in Fig. 1a is characterized
by amarked graph, shown in Pic. 1b. For the accepted
order of designating the vertices of a graph, its
adjacency matrix:
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Generation’s number Characteristics of damage process
W, W, W,
1 0,333 0,667 0,667
2 0,5 0,667 0,833
3 0,5 0,833 0,667
4 1,0 0,5 0,5
5 0,333 0,833 0,667
6 0,667 0,667 0,167
7 0,833 0,833 0,167
8 1,0 0,5 0,667
Average value 0,645 0,688 0,542
51
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O © O L L -
C C, 3 11 4
6' . [ . 2 2
Cs Cs 5 10 6
O -
G, Cs Co 7 8 9
a) b)

Pic. 5. Structural diagram of the pipeline system with the position of the source in the node SR and consumers
inthe nodesC, C,, ... C, (a), and the marked graph S1 (b) corresponding to the original structure.

01101
10100
Matsm:=|1 1 0 0 1
00001
\1 0110

The result of modeling the process of progressive
damage is presented in the form shown in Pic. 3.

The dynamics of the process of progressive
damage to the structure of the graph corresponding
to the solution obtained is shown in Pic. 4.

When assessing the properties of the analyzed
structure, the process of damage was repeated
8 times, which is not enough to form a full-fledged
statistical database, but it allows to demonstrate the
functioning of the computer program and to assess
the feasibility of the simulation modeling procedure.

The results of the progressive damage process
are shown in Table 1.
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Pic. 6. The marked
graphs S2 (a) and S3 (b)
3 0 4 3 10 4 of alternative structural
® + o L 4 ® diagrams of the pipeline
system with the location
of the product source in
5 10 6 5 0 6 the nodes to which the
vertices with the designation
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The processing of the obtained data helps to
establish the stability characteristics of the analyzed
structure, the values of which are given in Table 2.

The simulation results allow us to conclude that
to disconnect the consumer B from the source of the
targetproductitis necessary to damage approximately
65 % of all pipelines of the system. To disconnect
consumers C and D, an average of 69 % and 54 % of
pipelines, respectively, should be damaged.

The estimated value of the durability index for the
network structure under consideration is F,,= 0,625.
This means that to stop the delivery of the target
product to all consumers it is necessary to damage
an average of about 63 % of the total number of
pipelines of the system.

Let’s consider the possibilities of the developed
computer program in solving a practical problem.
Suppose, for the pipeline system, the initial block
diagram of which is shown in Pic. 5a, it is necessary
to determine the location of the source of the target
product, in which it is ensured that it achieves the
greatest resistance to the process of progressive
damage.

A marked graph of the original structural scheme
with the location of the source of the target product
at the vertex 0, and consumers at the vertices 1,2 ...
7 is shown in Pic. 5 b. The resulting value of the stability
index of the structure S1: F,= 0,467.

Alternative variants of forming the structure of
the pipeline transport system with a change in the
position of the source of the target product are shown
in Pic. 6.

The values of the durability indicators for
alternative variants of forming the network structure
with the marked graph S2: F,,= 0,508 and graph S3:
F, = 0,544., determined as a result of computer
simulation.

This result means that damage to the structure S1
by the mechanism of progressive damage is associated
with the transition to an inoperative condition of about
46 % of the pipelines of the base version. From the
considered alternative variants the best indicator is
possessed by the network structure S3. With its use,

the damage to the system is explained with the
transition to an inoperative condition of approximately
55 % of the total number of all pipelines.

Thus, when making a design decision, the last
option of forming a network structure should be given
preference. It should be noted that the level of costs
for designing and manufacturing each of the systems
considered is approximately the same, since all the
structural differences are related only to changes in
the location of the source of the target product.

Conclusions.

1. The durability characteristics and the program
of simulation modeling of the process of progressive
damage to the network structures of pipeline transport
systems have been developed.

2. Calculation of the expected characteristics of
the damage resistance of such systems allows us to
make sound design decisions when comparing
alternative options. Thus, a comparison of the indices
of stability for the structures S1, S2 and S3 gives
grounds to conclude that the most suitable properties
are possessed by the system constructed on the basis
of the structure S3, for which the calculated value
Fw = 0,544 is established.
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¢unsTpauun, BbIGope BUAA TEOPETUYECKOM
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xapaktepuctuk AedeKkToB u OTCTYrneHni
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dopmynupyetcs maremarnyeckas

Mogenb, obecrne4ynBaloLyas MoBbILLIeHUEe
NHPOPMaTUBHOCTU OL,€HKU paKTU4ecKkoro
COCTOSIHUSI XX€J1Ie3HOAOPOXHOIO MYTH.
Bbicokass MTHpOPMaTUBHOCTb HY)KHa ripexxae
Bcero A1 popMupoBaHNs anekBaTHbIX
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ABVKEHUS.
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MYTHU JIEXKUT c1ocod popMUupoBaHUUN
0a3bl JaHHBIX 0 AedeKTax B paboTe MyTU U Me-
pax I10 UX YCTPAaHEHUIO WU HEAOMYIIeHUIO
nosiBjieHus1. PaccMoTpuM 4acTHYIO 3amady
MOBBIIIEHUsST MUHOOPMATUBHOCTU OLEHKHU
cojiepKaHMS TyTH I10 MTOKAa3aHUsSIM BaroHa-
MyTeU3MEPUTEJISI U BOZMOXHOCTD ITOJTyUEHUS
0O0JIbILIErO YK CJIa TapaMETPOB 3a OMH ITPOXOT
MyTeU3MEePUTEIbHOM TEXHUKH C UCITOIh30Ba-
HUEM IPOTrpaMMHO-aINapaTHOW CUCTEMBbI
MOHMTOPHMHTA U 00pabOTKM N300pakeHU It Ha
npeaMeT oOHapyKeHus 1e(PeKTOB U OMpeie-
JIEHMSI MX XapaKTePUCTUK.

.20-31 (2017)




Baron-nyreusmepurens [1] 3anuceiBaer
MOKAa3aHUS COCTOSIHUSI TeOMETPUU PETHCOBOM
KOJIeu, B TOM YHCJIe B IUTaHe (Cy>KEeHUE, YIIU-
peHue KoJieu, pUXTOBKa) 1 npoduie (rmpoca-
KU, IEPEeKOCHI), KaK MOKa3aHo Ha puc. la mis
onHoro u3 nmapametrpoB. CyiiecTByromas
CHCTEMa OLICHOK COCTOSIHUS PETbCOBOI KOJIEU
U TJTaHUPOBaHUS pabOoT IO MOKA3aHUSIM Y-
TEU3MepUTeJield Ha OCHOBE MHCTPYKLUHU [2],
yTBepXaeHHO B 1997 rony, He periaMeHTU-
pYeT OLIEHKU JJIS1 JIUHUKN CO CKOPOCTSIMU
nBrKeHus 1o 140 km/4.

Kpome Toro, MHCTpyKIIMS TOIYCKAeT He-
OTHO3HAYHOCTb TOJIKOBAHUS OLIEHKU COCTOSI-
HUSI TIyTH, HAIpUMeEp: TPOcaaKa BETMUYMHON
26 MM M JUIMHOW 6 M TpeOyeT orpaHuYeHHUS
ckopocT 60 KM/4, a TIpocaaka JJIUHOM 7 M
u BeJnunHO 50 MM (hopMasIbHO JOMYyCKaeT
cKopocTh 140 KM/49; TepeKoc BETMIMHOM 21 MM
U JuiuHoi 20 M mpeamnosiaraeT orpaHuYeHUe
ckopoctu 60 KM/4, a TIepeKoC BEIUYUHOMN
40 MM 1 gyiHOM 21 M hopMasTbHO JOTTyCKaeT
ckopocTth 120 km/4. BanmoBast olleHKa KO-
METPOB, 32 KOTOPYIO PAOOTHUKU CTPYKTYPHBIX
noapa3ieeHUi, 0OCTy>KUBAIOIINX KEIe3HO-
JIOPOXKHBIN TMyTh, MOJYYalOT MaTepUuabHOE
MOOIIPEHNE, HE BCETIa COOTBETCTBYET MOPSI/I-
Ky YCTpaHEHUS OTCTYIUIEHU I, HalleIEHHBIX Ha
noBblllIeHWEe Oe3omacHoCTU ABvxeHud. [1o
CyTH, OTCYTCTBYeT AuddepeHInalus BHyTpU
OJIHOJ 1 TOM K€ Ka4eCTBEHHO! OLIEHKM K10~
metpa. Hampumep, 11 yCTaHOBJIEHHBIX CKO-
pocTeit aBrkeHust 61—120 KM/9 OTCTYTUICHUST
TPeTheil cTeneHu — Tpu nepekoca B 19—20 mm
WJIV OJTMH ITepekKocC B 17 MM TTPUBOJIST K OMHOM
U TOY K€ YAOBJIETBOPUTEIbHOM OLIEHKE KUJIO-
meTpa. [TomoOHas1 olleHKa HEe CTUMYJIUPYET
YCTpaHEHUE B MEPBYIO OYEePEedb OMACHBIX OT-
CTYIUJIEHUM.

OueHka coiepXaHus MYTU MO JaHHBIM
MYTEU3MEPUTETLHOTO BaroHa 3akJio4yaeTcs
B YCTAaHOBJIEHUY OAJUIOB 3a MPEBbIIIEHNE YCTa-
HOBJICHHBIX TTIOPOTOBBIX 3HAYEHU OT HOPM
conepxxaHus myTu [2]. COBOKYITHOCTb OLIEHOK
KaXJIO0Tro OTCTYIJIEHUs Ha y4yacTKe B BUIE
CYMMBbI 0aJLJTOB UJTW KOJTMYECTBA HEUCTIPABHO-
CTEl OMpeIeICHHbIX CTeNIEHEeW OTKIIOHEHU
MPEICTaBIseT COO0N KOMITJIEKCHYIO OLIEHKY
y4JacTka MmyTH B 1iejoM [3]. s yMeHbIleHus
BJIUSTHUS ONTMCAHHBIX HEIOCTATKOB IMpejiara-
€TCSI UCXOAUTh U3 JOIYIIEeHUs, YTO MpPOoLecC
3aIACU COCTOSTHUS MMyTU MMyTEU3MEPUTETTbHBIM
BaroHOM OTHOCHUTCS K CJTyJaiiHbIM MpOLIeccaM,
B KOTOPBIX MMapaMeTPOM UHIEKCUPOBAHUS

® MWP TPAHCIOPTA, Tom 15, N2 2, C. 20-31 (2017)

BBICTYIIAe€T HE BpeMsI, a KOOpAMHATA, OTCUM-
ThIBaeMas BAOJb IIUMHbBI yTu (puc. 1). Ilpu
9TOM MOXHO CUMTaTh, YTO OH TOJTHOCTHIO
orpesieNisieTcsl CeMECTBOM CBOMX peajn3a-
1M1, a TPEeBBIIIIEHNE YCTAHOBJIEHHBIX ITOPOTOB
(cTereHM OTCTYTUIEHU OT HOPM COJIep>KaHUsI
PEBCOBOM KOJIEN) 3TO BBIOPOCHI CIIyYaitHOTrO
nporecca.

HccnenoBanusi B 00J1aCTA TEOPUU CITydaii-
HBIX TIpolieccoB [4, 5], noka3aBiIie SKBUBa-
JIEHTHOCTb 33j1a4 TEOPUM TepecedyeH N YPOB-
Hel, TeOpUU BEIOPOCOB CTy4aiiHbIX ITPOLIECCOB
U TEOPUU CIIyJallHBIX TOUEYHBIX TTPOIIECCOB,
JIaI0T BO3MOXHOCTh TOJOUTH K CO3MaHUIO
MaTeMaTUUeCKON MOAEIN, 00ecreunBaloIIeit
TOBBIIIIEHE TH(OOPMATUBHOCTU OIIEHKHU (paK-
TUYECKOTO COCTOSIHUSI KeJIe3HOTOPOXKHOTO
MMyTH, HEOoOXOaUMOii st (hOPMUPOBAHUS
aJIeKBaTHBIX YIPABJISIONINX BO3IEHCTBUI Ha
MyTh C 1eJIbI0 0OecrieueHust 0e30MacHOCTH
JIBVDKEHMSI, TIOJIEPXKaHUSI €ro B paboTOCTIO-
COOHOM COCTOSIHUM 0€3 MOTOJHUTEIbHBIX
TPOXOJIOB TPAHCITOPTHBIX CPENICTB C IETEKTH -
PYIOILIMM OOOPYIOBaHUEM.

Ecnu no ocu abeuuce (puc. 1) oTJIOXKUTD
MPOTSKEHHOCTD TIYTH L, a TI0 OCY OpIMHAT —
AMILUIUTYAbl HEPOBHOCTEN PEJIbCOBOU KOJIEU
A, TO TTOJTyIrM BEIOOPOUHYTO (DYHKIIHIO HETIpe-
pBIBHOIO ciaydailHoro npouecca A(L) nis
yuactka L € {Lo, L,+ L}, xoTopas nepecekaer
1oporoBble ypoBHU C,, XapaKTepU3yIoLIKe OT-
CTYIUIEHMSI OT HOPM COJIlep>KaHUsI PeTbCOBOI
KOJIeH.

JL1s1 TpOCTOTHI TIpeAICTaBICHUSI TIpeiiarae-
MOI1 MOJIEST BO3bMEM TOJIBKO OJIMH TTOPOTOBBIN
ypoBeHb C, COOTBETCTBYIOLINI, HaIIpUMep,
TpeTheli CTENeHH OTCTYITTICHUIT OT HOPM COep-
>KaHUS TIyTU, KOTOPBIA B CBOIO ouepeb hop-
MUpYeT OAMH TOUeUHbIii Tpouecc n(L), cooT-
BETCTBYIOIIWI TOJHKO 3TOMY ITOPOTOBOMY
3HaueHuto C. ®ynkus A (L) ipu 3TOM Xapak-
TEPU3YET COCTOSTHUE TTYTH Ha yJacTke { L , L, +L}
OTHOCUTEJTLHO TTOPOTOBOTO YpoBHSI C, ee MmoBe-
JIEHVE MOKHO OIHCATh YUCIIOM TIOJIOXKUTE b~
uoix n* (C, L) u orpuniatenbibix 7~ (C, L) BbI-
6pocos. To ectb a,(L) = (a—C)l(a—C),
rine a = a(L) — peanuzaiiys 3aMcy mNoka3zaHui
BaroHa-IyTeu3MepUTeIsl Kak CITyqaifHOTO ITpo-
uecca A(L), [ (a) — enMHUYHBIN CKAYOK.

Iporuecc / (a—C) kak pyHKIIMS HaA TIPO-
TSOKEHHOCTH OLIEHMBAEMOTO yJacTKa Ipe-
CTaBJISIET CO0OIM CTyJaiftHy10 TTocIeoBaTe b-
HOCTb MPSIMOYTOJIBHBIX UMITYJTLCOB €IMHUY -
HOU amruutyabl (puc.1B). OHU CUHXPOHHBI
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a)

¢ nepexoaamu ¢hyHkimu A(L) yepe3 ypoBeHb
C, TO ecTb UMEIOT Ty X€ JUTUTEJIbHOCTbD, YTO
Y UMITYJIbCBl HETPaBUJIbHOW (POPMBI, TTOKA-
3aHHbIe Ha puc. 16. Yucnao nepeceyeHUt
N(C, L) 3aganHoro ypoBHs C ompeneisieTcs
U3 YCIOBUSI, UTO MPOLIECC 3aMMCH COCTOSTHUS
pPEbCOBOI KOJIEW B MPOCTPAHCTBE MOXKHO
cuuTtath TudbepeHIMpyeMbIM. DTa BETUINHA
OTIpeIeIIIeTCs TSI CPETHETO YnCiia repecede-
Huii N(C, L) 3amarHoro ypoBHs C ¢ TpaeKTo-
pueit caygaitHoro nponecca A(L) Ha OlLleHU-
BaeMoM y4Jactke L. JIjis onpeneneHus 4uciia
BBIOpOCOB Ha ydyacTtke QyHKuU© [ (4—C)
nuddepeHIUpyeM o L, 4TO AaeT g UMITYJIb-
COB IOJIOKUTENbHBIX TIpu A' > 0 1 oTpuLa-
TenbHBIX pu A' < 0.

B peasibHOCTH OLIEHKM BEJIMUUHBI BBIOPO-
ca HeI0CTaTOYHO, MO0 TpocaaKa 1 MepeKoc

0 Lol T
A+(L) %)
0‘ ANA ~
6) L
|(A-C)‘
0 - T
i(A-C)‘
0 .
N | |t
SH=1i(A-C)|
| I
L

Puc. 1. 3anucb cocTosiHNs pesibCOBOW KOJIeN Mo Noka3aHUsIM BaroHa-nyTen3MepuTens: a) nokasaHus
nyrenamepuresis Kak yHKUUS CIy4aiiHOro npouecca Ha y4acTtke nyTu; 6) HeaIMHerHoe npeobpa3oBaHne
A—I(A-C) kak ngeanbHblii orpaHnynTens(aeTekrop) no C; B) cnyyariHas nocsien0BaTesibHOCTb MPSIMOYrosibHbIX
MMnyNIbCOB e ANHUYHOM aMMINTYAbI; I) e AMHNYHbIE UMIYJIbCbl BBIOPOCOB; A) A/INTEJIbHOCTb BbIOPOCOB.

MOTYT XapaKTepu30BaThCSI OMHUM U TEM XKe
BBIOPOCOM, HO WX BJIMSIHUE HA 6€30M1aCHOCTh
JNBVKCHUSI PA3IMYHO U OIpEIessaeTcsl He
TOJIBKO (DaKTOM HaJIM4us BEIOpOCa, HO U €TO
JUITATEJIbHOCTBIO. JITUTEIbHOCTL BhIOpOCaA
MOXeT ObITh 3amucana Kak AL =L —L,
a CpeHSIS ITUTEIbHOCTh MPeObIBAHUS TPAeK-
topuu A(L) Han ypoBHeM C npencTaBjieHa Kak
L*(C) =1-F(C, T), npu tom, uto F (a, L) —
(yHKIIMS pacnpeneeHus.

CyMmMapHasi JUIMTeIbHOCTh BCeX BHIOPOCOB
L wa unrepsane (0, L) paBHa apudmernye-
cKoii cymme L =2 AL, 1 cOBNAAET C MpOT-
JKEHHOCTBIO TIpeObIBaHUS peann3anuu a(L)
Bobmactu A > C. Ty ke cyMMapHYIO JUTUTE b~
HOCTb UMEIOT U UMIYJIbChI [(A-C), TIpy 3TOM,
IMOCKOJIbKY UMITYJIbCHl HE OTPULIATEIbHBI
1 UMEIOT eIMHUYHbIE aMIUTATY/IbI, [UTUTEITb-
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Puc. 2. Cxema o6pa3oBaHus pa3MbITvs Npu pacgoKycrupoBke npu D,,pz Dﬂp.

HOCTb BBIOPOCOB MOXHO OIPEAEINTL U3 BbI-
L
paxenus L, = _[0 1(A-C)dt .

[MToBbieHMe MHGOOPMATUBHOCTHU OLIEHKU
COCTOSTHUSI KEJIE3HOIOPOXHOTO TYTU BO3-
MOHO TaKXe TP MPUMEHEHUN COBPEMEH-
HBIX CUCTEM BUICOMOHUTOPUHTA U U3Mepe-
HUSI, B KOTOPBIX B KAUECTBE CITOCOOOB TIOJTY-
YeHUsI IEPBUYHON MH(OPMAIU O COCTOSTHUN
HCCIeyeMbIX O0BEKTOB (Ie(HEeKTOB U OTCTY-
MJIEHUI OT MPOEKTHOTO ToJIoXKeHus1) [6—11]
MOXHO BBIIEJTUTH AJITOPUTMBI CTEPEO3PEHUST
[6, 7], HaOOp MHTE/UIEKTYabHBIX KaAMep, I10-
3BOJISTIONIMX TIOJTYYUTh BUIIEO B PEXVME pealib-
HOTO BpeMeHHU |[§], UCrosb30BaHUEe KaMephl,
JAIolIei TpexMepHoe n3o0paxeHue (OqHUM
W3 €ro MapaMeTPOB SIBIISIETCSI PACCTOSTHUE 10
OTIENbHBIX 3JIEMEHTOB [9]), HO TpUMeHeHre
TAKOU TEXHOJIOTUU CBSI3aHO C OOIBLINMU BbI-
YUCJIUTETbHBIMU HATPy3KaM1 Ha TEXHUTYECKOe
obecrieyeHue, MO3ITOMY OOBIYHO BBIIEIISIIOTCS
TOJIbKO TOYKM O0BEKTa, PacIOIOKeHHbIE
BIOJTb €TO TPAHUIIBI HA PABHOM yIaJICHUU IPYT
ot apyra [10]. loctaToO4YHO aKTUBHO B pelie-
HUU WHXEHEPHBIX 3a/1a4 Pa3BUBAETCSI METO]
TPEXMEPHOU PEKOHCTPYKIINW, OCHOBAaHHBII Ha
JIOTIOJTHUTEJILHOM TTOJICBEYMBAHUY UCCIIEye-
MOTO OOBEKTa M U3y4eHUU (hOPMbI 00pa3yeMbIX
TeHeit [11].

B nmanHOM ciyuyae it OBBIIIIEHUST WH-
(bopMaTUBHOCTHU OIIEHOK COCTOSTHUS TIYTH,
MOJIy4aeMbIX Ha OCHOBE TPUMEHEHUS My Te-
U3MEPUTEIbHOU TeXHUKU, TIpejiaraeTcs
MPUMEHSTh TPOTPAMMHO-ATIaPaTHYIO CU-
CTeMY BUIIEOMOHUTOPUHTA, KOTOpasi MO-
CpPeICTBOM aHaJin3a Cepuu M300pakeHUi

® MWP TPAHCIOPTA, Tom 15, N2 2, C. 20-31 (2017)

00BEKTOB MCCIICIOBAHUS ITIOMOTACT OTIPEIC -
JINTh Ham4ue (pacmo3HaTth [12]) u mapame-
TpBI 1eDEKTOB (pa3Mepsl, PacIlOIOXKeHNE,
dopmy). Cucrtema BUIEOMOHUTOPUHTA HC-
MMOJIB3YET aATOPUTMBI M METOIBI, TIO3BOJISI-
JOIIe Ha OCHOBE aHaIM3a 1e(OKYCUPOBKH
MmepeiTy OT mapamMeTpoB (poTomeTeKTOpa
K QU3NYECKUM PACCTOSTHUSIM IS OOBEKTOB,
YbpM 00pa3bl IPeACTaBICHBI HAa N300paKeHUN
[6, 8]. st ycTaHOBJIEHUS B3aMMOCBSI3U
MEXKIy TapaMeTpaMU peabHBIX 00OBEKTOB
U XapaKTepUCTUKAMM UX 00pa3oB, (poTome-
TEKTOPOB U PEXKMUMOB ChbEMKHU yIOOHBI pa3-
MBIThIE U300paxkeHus. «Pa3MbITue» obpasa
MOXET ITOSIBUTHCS M3-3a IBVIKCHUS 00beKTa
WU JeTeKTopa, 0COOCHHOCTEeU TPaHMII
oOpa3za, arperaTHOTO COCTOSIHMSI, a TaKXKe
13-3a pa3IMIHBIX HACTPOEK (hOTOMEeTEKTOpa
(dbokycHoe paccTrosiHHMe, Auadparma, BBI-
nepxka u amneprypa) (puc. 1). B kauectBe
(GYHKIIMOHATBHOTO, CBSI3BIBAIOIIETO OCHOB-
HbIC XapaKTePpUCTUKU IETEKTOpPa M PacIo-
JIOKeHUs obOpa3a 00beKTa B DKCITO3UIIUU
MPUMEHSIETCI COOTHOLIeHue [6, 13]:

1/f=1/DDb+1/Dﬁp , (1)

e f— (okycHoe paccrosinue, D , — paccTo-
SHUE OT 3aJaHHOI TOYKMN 00BEKTA 1O OOBEK-
TUBa (GOTOAETEKTOpA, D, — paccrosinue
MEXITy LICHTPOM O0BEKTHBA 1 C(DOKYCHUPOBAH-
HBIM N300pakeHIEeM MCCIeTyeMOro O0OBEKTa.

W3 Beipaxkenus (1) TpedyeTcst onmpeneanThb
3HAYEHUS Dob " Dﬁp JIJTSI 3aJaHHOTO (POKYCHO-
ro paccrosHus. PasMmbITiie o6pa3a MOXKHO
IpeacTaBUTh B BUIE [5]

O-ZBDrip_DﬁP|/Dﬁp ’

)
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Puc. 3. PaccTosiHusi, nosiy4eHHbIe 1o CXemam CTepeo3peHusl, U peasisbHoe PaccTosiHue
B 3aBUCUMOCTM OT CPEAIHEro 3Ha4YeHNsl Pa3MbITUS.
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Puic. 4. 3aBUCUMOCTb pa3MbITUsl OT PacCTOSIHNSA A0 o6bekTa oT pyHkuum hi (X): a) nuHeriHas,
6) norapugmmyeckasi, B) 9KCNOHEeHUNabHas.

Ime ¢ — pa3MbITHE 00BbeKTa, B — 3HAUCHHE
aneprypsl, D”.p — PacCTOSIHUE OT LIEHTPA 00b-
eKTHBa 10 IJIOCKOCTU OOBEKTA.

[Ipu onpeneneHnn pa3MepoB MSITHA pa3-
MBITHSI TIPETTOJNIATaeTCsl, YTO PA3MBITHE B TOU-
Ke MPOUCXOIUT OIMHAKOBO BO BCEX HAIPaB-
nenwusix |7, 8, 13]. Ilpenyaraercs yctaHaBu-
BaTh Ha BaroHe-ITyTeM3MepUTeIie CTepeoTiapy,
(opmupylonyo nzobpaxkeHue BEPXHETO
CTPOEHUS ITyTH [ISI TIOCTIEAyIolIel 00paboTKn
B CUCTEME MOHUTOpUHTA U u3MepeHus. [la-

® MUP TPAHCIOPTA, Tom 22, C.20-31(2017)

pamMeTpbl OOHAPYKEHHBIX 1e(EKTOB Ompe/e-
JISIIOTCST HA OCHOBE KOMITJIEKCHOY METOIUKH,
arperupyronieit airopuTMbl CTEPEO3PEHUS
U OLIEHKU Pa3MbITUST U300paKeHU 00BEKTa,
TMOJTYYeHHBIX ¢ IBYX Kamep (puc. 3) [13, 14].
Kaxnoe namepeHHOE pa3MbITHE MOXKHO
MPEACTaBUTH B BUJEC CYMMBI:
0,=n,(X) +A, 3)
rae M, (X) — HeKoTopas u3BeCTHas (DYHKLMA,
OTHOCHTEJTLHO KOTOPOIi Oy/IeM CUMTATh OLICHKN
pacnpezeneHus; A, — omurbKa U3MEPEHNS;
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Puc. 5. 3aBucumocTb gucnepcum oT paccTosHus npu koagpuumeHte punsrpauymn K = 0,1 ansa pasnnyHbix
Mogaeneii: a) nMHeHo, 6) 1orapndmmnyeckoii, B) 3KCIOHEHUNaIbHOM.

X=(X,,...,X )T — BeKTOp MECTONOJIOXKEHMS 00b-
exTa (nedekra); 0,,0,, .0 — pe3ynsraTsl usmMepe-
HUIA cpeTHeli BeTMYUHBI Pa3MbITHSI OOBEKTA.

s olleHMBaHUS BEKTOpa MapaMeTpoB
nedekra X = Aj(e) MpeUTaraeTcs NCIT0Ib30-
BaTh M-OILICHKM, KOTOPBIC MPEICTABISIIOT
€000 MUHUMYM CyMMBI (DYHKITUH OT JTAHHBIX:
X(O) =argmin, (', L(O,—n,(0),  (4)
roe L(0) — pyHKIuMs, COOTBETCTBYIOIIAS Me-
TOMY OLICHMBAaHUS (VTSI METOAa HAUMEHBIIX
KBafpaToB — L = z%; 111 METOJa HAUMEHBILINX
Monysieil — L = [7]). ITo aHaIu3y 3TUX OLEHOK
BbIOMpaeTcsl Hanbosiee NpuOIMXKeHHas K Ha-
omonenuaM GyHkuusa n(X) no cpoicTeam
HECMEIIEHHOCTHU, COCTOSITETbHOCTH 1 3hhex-
TUBHOCTH.

OmgHMM W3 BapyUaHTOB ITOJTYYCHUS YCTOM-
YUBBIX OLEHOK HAOIIOAEHU O, ABIAETCH
BapbUPOBaHKE BUAA GyHKIMK 1 (X) TIpU HEn3-
BECTHOM PacIpe/e/IeHUK OLIMOOK A, ¥ UCTIO b~
30BaHUM CPETHEKBAAPATUIHOTO OTKJIOHEHUSI
0, Bxauectse 1, (X) mpeutaraeTcs pacCMOTPETh
psin dyskumii: , (X) = a+b * [x—x | (mneitHas);
N, (X) = b+|In(x-x,)|+a (norapudmmyeckas);
N(X) = b * expl(c *x—x,)|+a (3xcTioHEeHIMATb-
Has). [locie moncTaHOBKY TaHHBIX BhIpaXKe-
HUI B ONpeAcidioniie YpaBHEHUSI MOXKXHO
MpeACTaBUTh B BUIE IpapUKOB 3aBUCUMOCTH
Pa3MBITHS OT PACCTOSTHUS IO 00beKTa (puc. 4).
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JI1s1 cT/TaXKBaHUST UMETOTIIMXCST U BOZMOXK-
HBIX BBIOPOCOB TIpejiaraeTcsi IpUMeHUTh
(unsTpanmio K nepBoHaYaIbLHBIM HA0II0/IE-
HUSIM Y TIPOAHAJTNU3UPOBATH OIICHKY METO/IOB
HauMmeHblux KBaapaToB (MHK) 1 HaumeHb-
mmx Momyieit (MHM) nst Tpex paccMoTpeH-
HBIX (DYHKIIMI TTOC/Ie TIPUMEHEHUST (PUIIBTPA.
Ipouenypa punabrpaiiuu MOXeT ObITH MPe-
CTaBJIeHa B BUJIE UTEPAIIOHHBIX BHIPAKEHUIA:

0 =Ke0,,+(1-K)(0" +u,), ©)

u, =n(x,,,)—n(x,) — g IMHEAHON (YHK-
nunu;

0 =Ke0,.,+(1—K)(6 u,), (6)

u, =n(x,,,)/n(x,) — nns norapudmuyeckoit

M 9KCITOHEHUMATbHOM (PYHKIIWIA.

3nech 0 < K< 1 —koaddummeHT puiabTpa-
uuu; 0, u 0, — TeKyliee U cieayoliee
3HaUYeHUS HaOJIoneHNI mocie GUIbTpaLin;
0,,, — mocienyroriee HaOII0IeHE; u, — ma-
pameTp U3MEHEHUsI CUCTEMBI; (X, ) UN(X,, ) —
TeKylllee U Mocieayollee 3HaYeHUsI QyHK-
MU, B3ITOM B KAa4e€CTBE TEOPETUUYECKOIM;
X, — pacCTosiHUE 10 o0OBeKTA.

B uteparmioHHol ripolienype repBoHavYaIb-
HBIM 3HaYCHUEM MOCIIe (DIIBTPALIMM IIpe/Iara-
eTcsl IPUHATH caMo HabmoeHue, Te. 6 =6, .
IIpu ucronbp30oBaHUM CXEeMBI (DUIBTPALIUU
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MOXHO JTOOUTBHCS YMEHBIIEHUS TUCIIEPCUN
omnbKku myTeM BbiOopa koabduumreHta K,
a ucnonb3yd Meronsl MHK 1 MHM — o1nie-
HUTD BIUAHIE QYHKLIUK 1, (X) IPU pasHbIX €€
BUJIaX Ha KOHEYHbBIE OMpeaessieMble TeOMET-
puyeckrie mapaMeTpsl 1eeKToB Mocye Mpu-
MEHEHUS aJITOPUTMOB (PUIBTpAIIUU K U3ME-
peHusM (puc. 5).

ITpu momo1u npeajaraemMoro aropurmMa
dunpTpaliuy ¢ yuyeToM BapbUPOBaHUS KO-
sdduLeHToB K TpU aHaI13€e MOJTYyYEeHHBIX
GyHKIIMI ToyyaeM pacnpeneaeHus: Olu-
00K ¢ MeHblIel aucnepcueit, yeM 06e3 uc-
MoJIb30BaHUsI (GUIBTPA, TO €CTh OllEHKA
nosayvaetcs 6oJiee 9(ppeKTUBHOM, a 3HAUUT,
MOXHO CAEJIaTh BIBOABI O TOM, YTO (DUIBTP
MpeaoCTaBJIsIET BO3MOXHOCTbh MOJYYUTh
0oJsiee TOUHYIO TEOPETUYECKYIO (DYHKIIUIO.
Ol1leHKOl ¢ HaMMEHbIIEeH AucIepcrueit sB-
qnsietcd oueHka MHK mist teopetudeckoit
dyskumn:y, = a+b|In(x-x,)|, rae a = 10,696,
b = 93,122 nipu anroputme GUIbTpALINU
¢ koapduuuentom 0,1.

BbiBOAbl

[MoBbireHNe THGOPMATUBHOCTH OLIEHKU
COCTOSTHUSI ITyTH TIO TIOKA3aHUSIM T€OMETPH -
YECKUX U ONTUIECKUX CPEJICTB MOHUTOPUH -
ra BaroHa-IyTeu3MEepUTEIIs 3a CUET TIPUMeE-
HEHUs METONIOB CTAaTUCTUYECKOTO aHaIn3a
TO3BOJISIET HE TOJbKO TTOBBICUTD IOCTOBEP-
HOCTh OIEHKM OTAEJLHOTO yJyacTKa, HO
W peuraTh Apyrue 3aJadyu TEXHUYECKOTO
00CTYXKNBaHUS XEJE3HOJOPOXHOTO MYTH.

OmnpeneneHne IIUTEIbHOCTU KaXIOTO
BbIOpOCa, MHTEpBaja MEXIy BbIOpocamu
W TUCTIEPCUW BO3HMKAIONIMX OIIMOOK Ha-
OPSIMYIO CBSI3aHO C OLIEHKOW 00BEMOB padoT
1O YCTPAaHEHUIO OTCTYIUICHU OT HOPM CO-
JlepXaHUsI pPeIbCOBOM KOJIEW U TIpexX]e
BCETo BEJIMUUH CABUXKEK U TTOABEMOB MYTH
1 00bEMaA JOCHITTAEMOTO 1IeOHS MPY TJIaHO-
BO-TIpeyTNIpeInTeIbHON BbiTIpaBKke. [1pu
9TOM HamboJjiee 3(PPEeKTUBHO MPeaTOKeH-
HBIE AJITOPUTMBI CTATUCTUYECKOTO aHAIN3a
peaJibHbIX U3MepeHUil OyIyT paboTaTh COB-
MECTHO C aJITOPUTMOM OTIpe/IeICHUS Tmapa-
METpPOB KPUBU3HBI B IUIAHE, BO3BBIIICHUS
10 YPOBHIO: Hayajao (KOHEIl) W JJTUHBI TIe-
PEXOJHBIX KPUBBIX B TJIaHE U 10 YPOBHIO,

panuychl ¥ BO3BBIIICHUS B KPYTOBBIX KPU-
BBIX; HEPOBHOCTH B IIPOIOJIBHOM IIpoduie,
YTO TIO3BOJIUT PEIIUTh 3a1a4dy pacyéra 1mo-
TpeOHOTro 00bEMA 1IEOHSI HE TOJbKO IJISI
yCTpaHEeHUs JIOKAJIbHOW HEPOBHOCTH ITyTH,
HO ¥ CIIOITHOM BBITIPaBKM ITPU MOCTAaHOBKE
MYTH B IPOEKTHOE TOJOXECHHUE.
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INCREASE IN INFORMATIVE VALUE OF RAILWAY TRACK MAINTENANCE
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ABSTRACT

Using the methods of statistical analysis
based on the theory of random process emissions,
the theory of random point processes, the method
of least squares, the method of least modules,
filtering algorithms, the choice of a type of a
theoretical function and its parameters that allow
reducing the error of the measured characteristics

of defects and deviations of the track from the
design position, a mathematical model is
formulated that provides an increase in the
informative value of the assessment of the actual
state of the railway track. High information value
is needed primarily for formation of adequate
control actions on the track in order to ensure
traffic safety.

Keywords: railway track, measured parameters, information-measuring system, defect detection, statistical
analysis, theory of random processes, mathematical model.

Background. The basis for ensuring the safety
of the railway operation is a way to create a database
of defects in the track operation and measures to
eliminate them or prevent their occurrence. Let’s
consider a particular task of increasing the informative
value of the track maintenance assessment according
to the readings of a track measuring car and the
possibility of obtaining a larger number of parameters
in one pass of the track measuring equipment using
the software and hardware monitoring and image
processing system for detecting defects and
determining their characteristics.

Objective. The objective of the authors is to
consider informative value of railway track
maintenance assessment.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
assessment method, statistical analysis, mathematical
apparatus.

Results. The track measuring car [ 1] records the
state of the geometry of the track gauge, including in
the plan (narrowing, gauge widening, straightening)
and profile (subsidence, misalignment), as shown in
Pic. 1a for one of the parameters. The existing system
of assessing the state of the rail track and planning
work according to the readings of the track measuring
equipment on the basis of the instruction [2],
approved in 1997, does not regulate estimates for
lines with speeds of up to 140 km / h.

In addition, the instruction permits ambiguity in the
interpretation of the track assessment, for example: a
subsidence of 26 mm with a length of 6 m requires a
speed limitof 60 km / h, and a subsidence of 7 m length
and 50 mm in size allows a speed of 140 km / h; a skew
of 21 mm with a length of 20 m implies a speed limit of
60 km / h, and a skew of 40 mm with a length of 21 m
formally allows a speed of 120 km / h. The score of
kilometers for which employees of structural units
serving the railway track receive financial incentives
does not always correspond to the procedure for
eliminating deviations aimed at improving traffic safety.
In fact, there is no differentiation within the same
qualitative assessment of the kilometer. For example,
for established speeds of 61-120 km / h of third-
degree retreat — three skews of 19-20 mm or one skew
of 17 mm lead to the same satisfactory estimate of a
kilometer. Such an assessment does not stimulate the
elimination of first and foremost dangerous deviations.

Estimation of the track maintenance according to
the data of the track measuring car is to establish

scores for exceeding the established threshold values
from the track maintenance standards [2]. The set of
estimates of each deviation on the site in the form of a
sum of scores or the number of malfunctions of certain
degrees of deviation is a complex estimate of the
section ofthe track as a whole [3]. To reduce the effect
of the described shortcomings, it is proposed to
proceed from the assumption that the process of
recording the track state by a track measuring car
refers to random processes in which the time index is
the coordinate counted along the track length (Pic. 1).
At the same time, it can be considered that it is
completely determined by the set ofitsimplementations,
and exceeding the established thresholds (the degree
of deviation from the norms of the rail track
maintenance) is the emissions of a random process.

Studies in the theory of random processes [4, 5],
which proved the equivalence of the problems of level
crossing theory, the theory of random process
emissions and the theory of random point processes,
make it possible to approach a mathematical model to
increase the informative value of the actual state of the
railway track, necessary for formation of control actions
on the track for the purpose of ensuring traffic safety,
maintaining it in a working condition without additional
passage of vehicles with detection equipment.

Ifalong the abscissa axis (Pic. 1) the track length L
is laid out, and along the ordinate axis — the amplitude
of the unevenness of the track gauge A, we obtain a
sample function of the continuous random process A(L)
for the section L € {L L+ L}, that intersects threshold
levels C, characterizing deviations from the norms of
the maintenance of the track gauge.

For simplicity of representation of the proposed
model, we take only one threshold level C,
corresponding, for example, to the third degree of
deviations from the track maintenance norms, which in
turn forms one point process n(L), corresponding only
to this threshold value C. The function A(L) characterizes
the state ofthe track inthe region {L, L +L} with respect
to the threshold level C, its behavior can be described
by the number of positive n*(C, L) and negative n-(C, L)
emissions. Thatis, a(L) =(a-C)l(a-C), wherea=a(L)
is the realization of recording the readings of the track
measuring car as a random process A(L), | (a) is the
unit jump.

The process | (a—C) as a function of the length of
the estimated area is a random sequence of rectangular
pulses of unitamplitude (Pic. 1c). They are synchronous
with the transitions of the function A(L) through the level
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Pic. 1. Record of the state of the rail track according to the readings of the track measuring car:
a) readings of the track measuring car as a function of the random process on the track section; b) non-linear
transformation A—I(A-C) as an ideal limiter (detector) in C; c) a random sequence of rectangular pulses of unit
amplitude; d) single impulses of emissions; e) duration of emissions.

C, thatis, they have the same duration as the impulses
of irregular shape shown in Pic. 1b. The number of
intersections N(C, L) of a given level C is determined
from the condition that the process of recording the
state of a track gauge in space can be considered
differentiable. This value is determined for the average
number of intersections N(C, L) of a given level C with
the trajectory of the random process A(L) on the
estimated section L. To determine the number of
emissions on the site, the function | (A-C) is
differentiated with respect to L, which gives g impulses
positive for A' > 0 and negative for A' > 0.

In reality, estimating the magnitude of the
emission is not enough, since subsidence and skew
can be characterized by the same emission, but their
impact on traffic safety is different and is determined
not only by the fact of the emission, but also by its
duration. The emission duration can be written as
AL, = L,,~L, and the average length of stay of the
trajectory A(L) over the level C is represented as
L(C)=1-F,(C, T), with F (a, L) being the distribution
function.

The total duration of all the emissions L, in the
interval (0, L) is equal to the arithmetic sum L =Y AL,
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and coincides with the residence time of the
realization a(L) in the region A > C. The pulses I(A-C)
have the same total duration, and since the pulses are
not negative and have single amplitudes, the duration
of the emissions can be determined from the

expression L, = IOL 1(A-C)dt .

An increase in the informative value of the
estimation of the state of the railway track is also
possible with the use of modern video monitoring and
measurement systems, in which algorithms for stereo
vision [6, 7] can be distinguished as methods for
obtaining primary information about the state of the
objects under study (defects and deviations from the
design position) [6-11], a set of intelligent cameras
that allow to get video in real time [8], use of a camera
that gives a three-dimensional image (one of its
parameters is the distance to individual elements [9]),
but the use of such technology is associated with large
computational loads on hardware, so usually only
points of the object located along its boundary at equal
distances from each other are singled out [10]. The
method of three-dimensional reconstruction, which is
based on additional illumination of the object under
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Pic. 2. Scheme of blur formation in case of defocusing withD,, > D, .

study and the study of the shape of the formed
shadows, is developing quite actively in solving
engineering problems [11].

In this case, itis proposed to use the software and
hardware video monitoring system to increase the
informative value of track condition estimates
obtained using track measurement equipment, which
helps to determine the presence (recognize [12]) the
parameters of defects (size, location, shape).The
video monitoring system uses algorithms and
methods that allow to switch from photodetector
parameters to physical distances based on the
defocus analysis for objects whose images are
represented in the image [6, 8]. To establish the
relationship between the parameters of real objects
and the characteristics oftheirimages, photodetectors
and shooting modes, blurred images are convenient.
The «blurring» of the image may appear due to the
movement of the object or the detector, the features
of the image boundaries, the aggregate state, and
also due to the different settings of the photodetector
(focal length, aperture, shutter speed and aperture)
(Pic. 1). As a functional, connecting the main

characteristics of the detector and the location of the
image of the object in the exposure, the ratio [6, 13]
is applied:

1/f=1D,+1/D,,, (1)

where fis focal length, D, is distance from the given
object point to the photodetector objective, D, . is
distance between the center of the lens and the
focused image of the object under study.

From expression (1), it is required to determine
the values of D, and D, for a given focal length. The
blurring of the image can be represented in the
form [5]

o=8|D,-D,

/D,, , (2)

where o is blur of the object, B is aperture value, D,
is distance from the center of the lens to the plane of
the object.

When determining the size of the smearing spot,
it is assumed that the blurring at the point occurs
identically in all directions [7, 8, 13]. Itis proposed to
install a stereopair on the track measuring car that
forms the image of the track superstructure for further

85 Mo
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o .
a 20 40 &0 B0 100 120 pixels

Pic. 3. Distances obtained by stereo vision schemes and the real distance, depending on the average blur value.
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Pic. 4. The dependence of the blur on the distance
to the object from the function v, (X): a) linear,
b) logarithmic, c) exponential.

processing in the monitoring and measuring system.
The parameters of detected defects are determined
on the basis of a complex technique that aggregates
the stereoscopic algorithms and estimates the
blurring of the object images obtained from two
cameras (Pic. 3) [13, 14].

Each measured blur can be represented as a sum:
0,=n,(X) +A, (3)
where n, (X) is some known function, with respect to
which we shall consider the estimates ofthe distribution;
A is measurementerror; X=(X,, ..., X )"is vector of the
location of the object (defect); 0,, 0,, ...0, are results
of measurements of the average blur of the object.
To estimate the defect parameter vectora X=A(0)
it is suggested to use M-estimates, which are a
minimum of the sum of functions from the data:

X(0) = arg min, (2,_, L(6,~7,(X))), (4)
where L(0) is function corresponding to the estimation
method (for the least squares method - L = z?; for the
least modulus method — L = |z|). Based on the
analysis of these estimates, the function n(X), is
chosen as it is most closely approximated to
observations, according to the properties of
unbiasedness, consistency and efficiency.
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Pic. 5. Dependence of dispersion on distance with
a filtration coefficient K = 0, 1 for different models:
a) linear, b) logarithmic, c) exponential.

One way to obtain stable estimates of observations
0, is to vary the form of the function n(X) with the
unknown error distribution A, and use the root-mean-
square deviation 6. As n,(X) we propose to consider a
number of functions: n, (X) = a+tb- |x-x,| (linear); ,
(X)=b- |In(x-x,)| +a(logarithmic);n(X)=b* |exp|(cx-
x,)| | +a (exponential). After substituting these
expressions into the defining equations, we can
representthem in the form of graphs of the dependence
of the blur on the distance to the object (Pic. 4).

To smooth existing and possible emissions, it is
suggestedto apply filtering to the initial observations and
to analyze the estimation of least-squares (LSM) and
least-modulus (LMM) methods for three functions
considered after applying the filter. The filtering procedure
can be represented in the form of iteration expressions:

O = Koy, + (1= K)(O +u,), (5)
u, =n(x,,,)—n(x,) —for linear function;
O = KoO,, + (1= K)(G" su,) (6)

u, =n(x,,)/n(x,) — for logarithmic and exponential
functions.
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Here 0<K< 1isfiltering coefficient; 6,°and 0, '
are current and next values of observations after
filtering; 0,,, is follow-up observation, u, is parameter
of the system change; n(x,) and n(x,,,) are current
and subsequent values of the function taken as
theoretical; x, is distance to the object.

In the iterative procedure, it is proposed to take
as the initial value after filtering the observation itself,

i.e. " =0, . Using the filtration scheme, it is possible

to reduce the error variance by choosing the
coefficient K, and using the methods LSM and LMM —
to estimate the influence of the function n, (X) for its
different types on the finite determined geometric
parameters of the defects after applying the filtering
algorithms to the measurements (Pic. 5).

With the help of the proposed filtering algorithm,
taking into account the variation of the coefficients K,
we obtain error distributions with a smaller variance
in the analysis of the obtained functions, than without
using a filter, that is, the estimate is more efficient,
and therefore it can be concluded that the filter
provides an opportunity to obtain a more accurate
theoretical function. The minimum variance estimate
is the estimate of LSM for the theoretical function is
the function: y_, = a+b|In(x-x,)|, where a = 10,696,
b =293, 122 for the filtering algorithm with a coefficient
of 0,1.

Conclusions. The increase in the informative
value of the track state assessment according to the
indications of geometric and optical means of
monitoring of the track measuring car using the
methods of statistical analysis makes it possible not
only to increase the reliability of the assessment of a
particular section, but also to solve other tasks of
maintenance of the railway track. The determination
ofthe duration of each emission, the interval between
emissions and the variance of the errors that arise is
directly related to the assessment of the amount of
work to eliminate deviations from the standards for
the maintenance of the track gauge and, first of all,
the values of the shifts and lifts of the track and the
volume of the rubble to be filled in case of schedule
preventive smoothing. In this case, the most effective
algorithms for statistical analysis of real measurements
will work together with an algorithm for determining
curvature parameters in terms of plan, elevation in
level: the beginning (end) and length of transitional
curves in plan and in level, radii and elevations in
circular curves; unevenness in the longitudinal profile,
which will solve the problem of calculating the required
volume of crushed stone not only to eliminate the local
unevenness of the track, but also to smoothly
straighten out the track to the design position.
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BOTPOCHI TEGP

Oco0eHHOCTUN 3KCNEePUMEHTOB
Ha NPOLL,eCCHOM TpeXmMepHomn
MoOAeNn CTaHUun

Anekcangp Nr0OJIOBHUY

Alexander K. GOLOVNICH

Features of Experiments based

on Process 3D-Model of the Station
(TekcT cTatby Ha aHr1. §13.—

English text of the article — p. 36)

N3omopdgHon anHamunyeckas
3D-mMmonzenb MOXeT CTAaHOBUTBLCS

npuv OTCYTCTBUMU CYLLECTBEHHbIX
pasnnyn Mexxay AeviCTBUTEJIbHbIM
obpa3om u ero nogobuem
(nporotunom). TeopeTnyeckas
oLeHKa pe3yibTaToB Hab1lo[4eHns
peasibHbIX TEXHOJIOrNY€CKNX
npoLeccoB Ha )XeJs1Ie3HO4O0POXKHOM
CTaHLNN U UMUTUPYIOLLNX UX

B Xo4e 3KCrepumMeHTOB MOAEJIbHbIX
aHaJsioroB, BOCCO34aloLnx ANHAMUKY
BcCex onepawuii Ha OCHOBe pacyéTta

U TPEXMEPHOIro BOCMPOU3BeAEeHUs

C KOPPEKTHbIMU PU3N4eCKUMu
SIBJIGHUSIMU TSIrOTE€HUS1, COMPOTUBJIEHUS,
VHEepLnUn U HainYnem rnpoYnx
conyTcTByoWnx peakyuii. MogenbHas
¢usuka nogTBEepXK4aeT BO3MOXXHOCTb
PEKOHCTPYNPOBaTbh MHOXX€CTBEHHbIE
adpekTbl ynpaBrisieMbix [eiicTBUIA

B npegesiax BDeMeHHOIro KBaHTa
paccYnUTbiBaeMbiX CUJI.

KntoyeBbie c/ioBa: Xene3Hon0poXHast
CTaHUWMSI, MPOEKTUPOBAHUE, MPOLIECCHbIN
nogxod, aKkcrnepumMeHT, 3D-mozaerb,
UHPOPMAaLVIOHHBIE TEXHOJIOMNN.
|

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 32-37 (2017)

Toaoenuu Aaexcanop Koncmanmunosun —
00KMOp MEXHUMECKUX HAYK, 3A6€0YIOUiUil
Kagedpoii « Tpancnopmmuie y3av> Beaopycckoeo
20Cy0apcmeen 020 yHueepcumema mpancnopma,
Tomens, Benapyco.

a3paboTKa aJleKBaTHOW TMHAMUYECKOM

MOJIEJTN KeJIE3HOIOPOKHOUM CTaHIINH,

peKOHCTpyupywlei dbusudeckue
¥ TEXHOJIOTUIECKUE OTIepaliuy 00CTy>KUBaHUST
MOE3/10- U BarOHOIIOTOKOB C BU3yaJn3alliei
JIOCTUTAeMBIX COCTOSTHUI B TPEXMEPHBIX 00pa-
3aX, IaeT BO3MOXHOCTb MOJYYUTh MOITHBIN
WHCTPYMEHT [Tl UMUTALIU PEATbHBIX TIPOIIeC-
coB. CTpyKTypHO-(YHKIIMOHATLHOE ITOI00Me
3D-Mozenu MpOTOTUITHBIM 00bEKTaM CTAHITUI
(>keJ1e3HOMOPOXKHBIM ITYTSIM, BATOHAM, JIOKOMO-
THBaM) TIPUOIKAET MOJIETbHYIO MHTEPIIPEeTa-
110 1O (DOpMeE U COIEP>KAHUIO K TIPOMCXOIS -
UM TIpolieaypaM Mpu pachopMUPOBAHUN
TOE3I0B, Mo/Iaue, BHITPY3Ke, TOTPY3Ke BaTOHOB
Ha TPY30BbIX IyHKTAaX U T.TT. MoJesh XeIe3HO-
JIOPOXXHOW CTAaHLIMU, 00 BEKThI KOTOPOUl (PyHK-
IIMOHUPYIOT B COOTBETCTBUM C (hPU3UIECKUMU
3aKOHAMU JIBUXKEHUS TeJl U TPeOOBAHUSAMU
TEXHOJIOTUU, MOXET ObITh TPUMEHUMA IS
Pa3IMYHBIX 9KCTIEPUMEHTOB, 3aMEHSISI UCTIOJb-
30BaHNE PECYPCOB peasbHOI CTAaHIINH.

BO3MO>XHOCTU
HATYPHOIO Uu MOZEJIbHOIO
9KCNEPUMEHTUPOBAHUSA

INepemava yHKIIMI HATYPHOTO SKCTIEPH-
MeHTa MOJIEJTbHOM PEKOHCTPYKIINU CBSI3bIBACT-
s C BBIMOJIHEHUEM YCIIOBUSI OJMHAKOBOW J0-



CTOBEPHOCTHU PEINPE3eHTATUBHOM peaibHOM
CTAaTUCTUKU U BLIOOPKH, MOTYy4aeMON B Pe3yJib-
TaTe ChEMa NAaHHBIX C BUPTYAJIbHbBIX JTaTYUKOB,
YCTAHOBJIEHHBIX Ha MOJEJIbHBIX 0OBEKTaX.
B aTOM cyuae criemyeTt yauThIBaTh TOT (DAKT, 4TO
PE3YyJIBTaThl IKCIIEPUMEHTOB Ha MOJIEIU OYIyT
He WACHTUYHBI, HO OJIM3KU K UCXOaM Ha aHa-
JIOTUYHBIX 00beKTax nporotuna. [IporeccHas
PEKOHCTPYKIMS CJIOXKHBIX TEXHOJIOTMYECKUX
ornepaluii ¢ BATOHOITOTOKAMU KaK TMHAMUYE-
CKOE€ Pa3BEPThIBAHUE COOBITUI C y4eTOM (hU3U-
YECKMX B3aMMOJICCTBUI MEXTY TeJTaMU MOXKET
OBITb TOCTATOYHBIM MPUOIKEHUEM K (PYHK-
LIMOHUPOBAHUIO PEATBHO CTAHIIUU.

TTpu HEOOXOAMMOCTH TOTYyYEHHSI AOCTOBEP-
HOTO aHAIUTUYECKOTO MaTepuasa Mo COCTOsI-
HUI0 00BEKTOB B Mpollecce dKCITyaTalllu,
BBISIBJICHUIO MIPUYUH BOZHUKHOBEHUST 3HAUU-
TEJIBHBIX HAMIPSDKeHU I U AehopMaliii B CIIOXK-
HbIX KOHCTPYKLIMOHHBIX 3JIEMEHTAX IMYTHU
U TIOIBVDKHOTO COCTaBa HaMOoJiee HalIeKHbBIM
CITOCOOOM SIBJISIETCS MTPOBEACHUE UMEHHO Ha-
TypHOro 3KkcnepumenTa [1]. OgHako Hamo OT-
METUTh, UYTO CaM OH TaKXe MPOBOAUTCS Ha
CBOEOOPA3HOM MOJEIBHOM cTeHe (busnye-
CKOM), OTpe/ieJIeHHBIM 00pa30M MOATOTOBJIEH-
HOM TSI ChéMa 3aJaHHOI MH(pOpMaIIHU.

W3 Bcex cTaHILIMOHHBIX OOBEKTOB BhIOMpA-
€TCSI HEKOTOPBIN YYaCTOK MyTH, Ha KOTOPOM
YCTaHaBJIMBAIOTCS YCTPOWMCTBA CUUTHIBAHUS
vHOOpMaIMKY B MIOJTHOM COOTBETCTBUM C TUIa-
HUPYEMBbIM 3KcIiepuMeHToM. [TpousBonurcs
OrpaxaeHue TeppUTOPUr, MUHUMU3UPYIOTCS
BCe€ BHEIIIHKE BO3EUCTBUS, CIOCOOHBIE Hapy-
ILIATb YUCTOTY SKCIIepUMEHTa. B 3TOM oTHOI11e-
HUU HaTypHOE KCIIEPUMEHTUPOBAHNE MOKHO
paccMaTrpuBaTh KaK HEKOTOPbIi MHOTOKPAaTHO
TOBTOPSIEMBIIA OTBIT C COXPAHEHUEM UCXOTHBIX
no3uluii B ero nposeaeHuu. OMHaKo Bce Ha-
YaJbHbIE YCJIOBUS HATYpPHOTO SKCIEpUMEHTa
00yCJIIOBIMBAIOTCS JeMCTBUEM MHOXECTBA
CITy4aiftHbIX (DAaKTOPOB U CTAHOBSITCS HECKOJIBKO
OTJIMYHBIMM OT nipeablayux. [o psay npuunH
00BEKTUBHOIO XapakTepa (HECOBEpIUIEHCTBA
CUUTBHIBAEMOT0 00OPYIOBAaHUS,, CTOXaCTUYECKO-
rO XapakTepa MPOsIBICHUS BIUSIOIIUX (DaKTO-
POB, KOPPETUPOBAHHOTO ACUCTBUS CUJ U AP.)
PpE3YJIBTaThl TAKMX 9KCIIEPUMEHTOB HECYT B ce0e
OMNpeAEIeHHYIO CTOXaCTUYECKYIO OIIMOKY. bo-
Jiee COBEpLIEHHbIE TPUEMbI U METObI CheMa
UHOOpMaLK, HECOMHEHHO, OyIyT MPUBOIUTh
K 00Jiee TOYHBIM BbIBOJAM.

Bropoii npuunHOil HEBO3MOXKHOCTHY UIEH-
TUYHOTO PEMPOAYLIMPOBAHUS PE3y/IbTaTOB Ha-
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TYPHOTO 3KCIIEPUMEHTA CTAHOBSITCSI OLTMOKA
BIIpOLIEMype peructpaivu usmepenuit. Hanpu-
Mep, U3MepSIeTCs CKOPOCTh BeTpa V' u cuia
BETPOBOI Harpy3Kku f, BO3ACHCTBYIOIINX Ha
OTLIETI TTPY POCITYCKE C TOPKUA B MOMEHT BpeMe-
HM 7, KOTOPbIE IPY MHOTOKPATHOM IIOBTOPEHUM
pacnpenensiorcs B uHTepBanax [V, —AV,
V+AV I ulf—Af,. f,+Af,]. Bee uamepenus npo-
XOMISAT 3a HEKOTOPBIN MTPOMEXYTOK BpEeMEHU
[£,—At, 1 +At)]. Ha BbIxome hUKCUPYIOTCS He-
KOTOpbIE YCpeTHEHHbIE, 3apeTCTPUPOBAHHBIC
B MOMEHT 7 +¢,, 3Ha4eHus V, u f. Bo Bpemsa
HEKOTOPOTo CJIEAYIOIIETO akTa SKCIIepUMEHTA
Ha pe3yJIbTaT MOTYT OKa3bIBaTh JeiicTBUE (hak-
TOPBI, OTCYTCTBOBABIIIUE O CHUX ITOP WU MaJIO-
3HAYMMBbIE JIJIST JAHHOTO 3KCIIepUMEHTa, HO
B COBOKYITHOCTHM CBOETO COBMECTHOTO ICCTBUS
CITOCOOHBIE TIPUBECTU K MHOMY MUTOTY, UTO,
COOCTBEHHO, U TIPOUCXOUT B PEATbHBIX YCIIO-
BUSIX. B 9THX yCI0BUSIX TaTYMK CpabOTaeT B MO-
MEHT BPEMEHH /;+¢,, 00pabaThiBast HECKOIBKO
MHOM rpadpuK BETpOBOI HArpy3Ky B AMANa30HE
[,—At,, 1, +At]. CratucTyeckas oOpaboTKa
HUBEJIMPYET TaKKe OTKJIOHEHUS , KOTOPbIE B CH-
JIy CBOEW CIIyYailHOCTU MMEIOT, KaK IpaBuJlo,
CUMMETPUYHbIE paCOpeIeTICHUS.

Hcnonp3oBaHre MOMIEIM BMECTO HATYp-
HBIX 00pa310B OMpeNeIeHHBIM 00pa3zoM
MEHSIET O0IIyI0 KapTUHY, KoTopasi (GopMu-
pyeTcs TPy ACUCTBUM YITPOIIEHHBIX MOJIETh-
HBIX TIPABUJI, OTCYTCTBUU CIIyYailHBIX (haK-
TOPOB M MHOXXECTBEHHOU KOPPEISIIUN UX
BIUSTHUS U T.NI. [IOBTOPUTH MOIETbHBIN
9KCIEPUMEHT TMPU 3aJaHHBIX MCXOIHBIX
YCJIOBUSAX MOXET 0Ka3aThCs JOCTATOYHO
MPOCTO C OOJIBIION BEPOSITHOCTBIO MOJIyYE-
HUS pe3ysibTaTa, COBMAAAIONIETO C Mpebl-
IYIIUM 3KcriepuMeHToM. [loaTomy mpu
HEM3MEHHBIX BXOJHBIX JaHHBIX B MOJEIHU
HET HEOOXOIMMOCTH ITPOBOUTH MHOTOKPAT-
HbIe HaOJIONEHUSI — WX PE3YJIbTaThl OyayT
MPaKTUIECKU UICHTUYHBI.

KonebaHnus uCXoqoB HaTypHBIX IKCHEPU-
MEHTOB M TOCTOSIHCTBO MOJIEJIBHBIX PEKOH-
CTPYKIMI TEOPETUYECKH TOJDKHO OBITH CBSI3aHO
B TOM CMBICJIE, YTO PEe3yJbTaT MOJAEIbHOIO
SKCIMEPUMEHTA CTPEMUTCS K MATEMAaTUYECKOMY
OXUIAHWUIO 3HAYUTEJBbHOI MO 00BEMY CTaTH-
CTUYECKO BEIOOPKY HATYpPHBIX NaHHBIX. [Tpo-
CTasi MOJIEJIb OTHOCUTEJTbHO CJIOXKHOM peaTbHOM
TEXHUYECKOW CHUCTEMbI PACCMATPUBAETCS KakK
€e HEeKOTOPBIN CyOCTPaTMBHBIN KOHTJIOMEpAT,
«CYXOI OCTaTOK» OT BCEX CJIOKHOTIOMYMHEHHBIX,
MHOTOYPOBHEBBIX BIIVSTHUI pa3IMIHBIX (haKTO-
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POB, B KOTOPOM OCTAJIUCh TOJIBKO TTOCTOSTHHO
JICCTBYIOIINE, YCTONYMBbIC BO BDeMEHM OCHOB-
HblE BO3IEMCTBUS, CyIIECTBEHHbIE IS TIpa-
BUJIBHOTO MCTIOJTHEHUS TEXHOJIOTMYECKOM
ornepaluy B IXarna3oHe JOIMYCKAaeMbIX OTKJIO-
HEHU.

EctecTBeHHO, MPOCTOTAa MOJEIN OTHOCHU-
TeJibHa. [{71d ee UCIOoJb30BaHUS CTPYKTypa
0OBEKTOB TOJKHA HEKOTOPHIM 00pa3oM BOC-
MPOU3BOIUTH (GPU3UYECKUE U TEXHOJIOTUYECKUE
3(beKThI B 3aaHHBIX Mpe/eiax 3HaYeHU pe-
AJIBHBIX ITAPaMETPOB, KOPPEKTHO UMUTHPOBATh
O0OBEKTUBHBIE HEJTMHEHBIE TTPOLIECCHI (HApy-
Mep, TIpU apuMeTUIECKO MTPOrpeccuu pocta
3Ha4YeHMs1 apameTpa X, IPUBOIUTD K TEOMETPH-
YecKoil mporpeccuu pocrta adexra Ej, peru-
CTPUPYEMOTO B ICHCTBUTEILHOCTH).

J1ocToBEpHOCTh MOJETBHOTO 9KCIIEPUMEHTA
JTOJKHA TIOATBEPKIATHCS COMOCTABISIEMbIMU
MCXOoJaMU Ha HaTYpHBIX o0beKTax. OaHaKo
KpOMe KOPPEKTHOT'O BOCITPOU3BEACHMS PE3YJIb-
TAaTOB pPeaJIbHBIX OMBITOB MOJIE/b MPU3BaHA
00J1amaTh MpeacKa3aTeIbHbIMUA BO3ZMOXKHOCTS -
MU. B MpOTUBHOM cilydyae MOJe3HOCTh TaKOU
CJIOXKHOU MOJIENIN C PEKOHCTPYKIIMEN (hr3nye-
cknx 3P(PeKTOB COMHUTENIbHA, TTOCKOIBKY
MOXHO U 0e3 Hee MPOBECTU HATYPHBII SKCIIe-
PUMEHT U BOCIOJIb30BAThCS TOJIyYeHHBIMU
pe3ysTaTaMy ¢ TapaHTUPOBAHHOM TOCTOBEP-
HOCTBIO JUTS pellIeHUsT HEOOXOMMMOM IPUKJIIa/I-
HOW 3a1a4M.

HNuxeHepHas (mpoueccHast) MoAeJb CTaH-
LIMU IOJKHA 00J1a1aTh BBICOKUM MOI00KMEM TT0
cBoeMY (DYHKIIMOHATY PealbHOMY MPOTOTUITY
Ha XeJe3Hoil mopore. Peub uaetr o ToM, 4yTO
COCTOSTHUE MOJIEJIbHBIX OOBEKTOB U3MEHSIETCS
COIIACHO MaTeMaTUYEeCKUM Pacy€éTaM B TAKOM
K€ HarpaBJIeHUH, B KAKOM TIPOMCXOIUT U3Me-
HEHUE COCTOSIHUI peajlbHbIX CTAaHIIMOHHBIX
OOBEKTOB ITPU IEHCTBUY OTTPE/IEIEHHBIX HATPY-
30K (CWJIBI TSTOTEHUS PY CKAThIBAHWY OTLIETIOB
C TOPKH, CWJIbI MTHEPIIUY TIPU COyIapeHnN Ba-
TOHOB B COPTUPOBOYHOM ITapKe, CUJT COITPOTUB-
JIEHUST TTPY TOPMOKEHHMH COCTaBa Ha yCTPOMCT-
Bax yaepxaHus u ap.). [Tpy 3ToM KoJImyecTBeH-
Hble 3 deKThl, HabIIaeMble Ha MOJEIU
(CKOpOCTh IBMXKEHWST BATOHOB, [UTMHA TOPMO3-
HOTO MyTH), TOJKHBI COOTBETCTBOBATh PEaTbHO
PETUCTPUPYEMBIM SIBJIEHUSIM, BO3HUKAIOIIIM
TIPU PaBHBIX UCXOMHBIX YCIOBUSIX. BO3MOXHBI
onpenesieHHbIe OTKJIOHEHUST UCKOMBIX 3Haue-
HUIA TTapaMEeTPOB MOJIEJTY OT TIPOTOTUITUPYEMBIX
npoiieccoB. bosiee AeTalbHbIE B CTPYKTYPHOM
1 YHKIIMOHAJILHOM OTHOIIEHUW UMUTALINU
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CYXatoT 00J1aCTh JOMYCKAEMBIX OLLIMOOK, TTO3BO-
Jisi1 GOpMUPOBATh aleKBATHBIE MOJEIIU.
«BkparuieHue» B pe3yasraThl IEHCTBUI OCOOBIX
(akTOpOB, KOTOPHIE PACCENBAIOT MOTyYaeMble
JNETePMUHUPOBAHHBIE 3HAYEHUS MapaMeTPOB
B ITOJIHOM COOTBETCTBUU C PeaTbHBIMU ITPOLIEC-
camu, enie 0ojiee MPUOIDKAET MOJIENb K UCXO-
JlaM HaTypHOTO 9KCIIEPUMEHTA.

NMPEMMYLLECTBA 3KCNEPUMEHTA
HA 3D-MOAEJIN

DKCNIepUMEHTBl Ha BU3YaJIbHOUW MOIETN
MO3BOJISIIOT KOHLEHTPUPOBaTh BHUMAaHUE Ha
CYLIECTBEHHBIX KOHCTPYKIITMOHHBIX JIEMEHTAX
U TEXHOJIOTUYECKUX OIepalusiX, SKCIEPTHO
OLIEHMBATh PEeAJbHBIN MPOLECC, PAHXUPYS
3HaUMMBbIe (haKTOPhI B3AUMHOTO BIVSTHYS B TN -
HaMuKe siBieHuit. 3D-Moesh CTaHInY Cliey-
€T pacCMaTpUBAaTh KaK HAITISIIHBIA PEKOHCTPYK-
TUBHBII 00pa3, co3gaminii KoM(GOPTHYIO
cpemy JUIsl UCCIIENOBATENs C LEJbI0 U3yYeHUSs
HEU3BECTHBIX 3aKOHOMEPHOCTEU B3aMMOJIECT-
BUS B CHCTEMaXxX KOJIECO-PEJIbC, BATOH-TPY3,
JIOKOMOTHUB-BaroH u T.11. Hadmonenue 3a pyHk-
IIMOHVMPOBAHUEM TICEBIO(MU3NUECKOI MONIENH,
aleKBaTHOW XeJIe3HOAOPOXKHOW CTaHIUU,
BOCIIPUHUMAETCS KaK 9KCIIEPUMEHT Ha pealib-
HBIX O0BEKTaX, MPOBOAUMBIN B 0€30MACHBIX
YCJIOBUSIX, MEHEE TPYIOEMKMX, HE TPEOYIOILIUX
3HAUUTENIbHBIX 3aTPaT Ha MTOATOTOBKY K padboTe,
He BIMSIONIUX Ha e TETbHOCTb IPYTUX MTOApPa3-
JeJICHWIA cTaHIIu |2, 3].

Takoil peKOHCTPYKTUBHBIN aHAJIOT peaslb-
HOM CTaHIINY MPEICTABIISIETCS KaK M30MOphHasT
3D-mopenb cranmmy, HaOMoaaeMast Ha 9KpaHe
JICIUIes] B BUOE TMOCJIENOBATEIbHOCTU KapOB
U3MEHSIONINXCS 00bEKTOB. 3PUTETLHO OHA
BOCITPUHUMAETCS KaK BUIEOChEMKA HEKOTOPO-
TO TEXHOJIOTUYECKOTO MPOLIECCa, UCITOTHEHHO-
ro Ha peayibHOM cTtaHIuu. Beicokas creneHb
JeTaln3aly BHEITHUX (hOPM MOJETbHBIX
00BEKTOB, HEOTJIMYMMBIX OT BU/Ia COOTBETCTBY-
FOLLIMX ITPOTOTUIIOB, JOTMOJHSETCS CTPYKTYPHO-
(PYHKIIMOHATEHBIM TTOI00MEM, KOTIa KOMITHIO-
TEpHbIE PENPOIYKIIMMA BATOHOB U MyTEW U3Me-
HSIIOT CBOE IMOJIOXEHUE TMOJ BO3AEUCTBUEM
OMPEIEIEHHBIX MOJEIbHBIX, PACCYUTAHHBIX
B [TOJIHOM COOTBETCTBUU C MTAPAMETPAMU PEATb-
HBIX YCTPOWCTB HArpy3oK. B aTom ciyyae sKc-
TIEPUMEHTHI Ha TAKUX M30MOP(HBIX MOJEIISIX
TIOCJIE TIPOBEIEHNST BEpU(PUITNPYIOLTUX ITPOLIS-
JIyp MOTYT 00€CIIeYMBaTh ONBITHBIE UCCIIEN0BA-
HUSI C BBICOKUM JIOBEPUEM K TTOJTy4aeMbIM pe-
3yJIBTaTaM.
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Ha uzomopdpHbix 3D-Moaenasax craHIun
MOXHO C YCIIEXOM M3y4aTb COCTOSIHUSI 00bEK-
TOB B TIOTPAHUYHBIX M KPUTUIECKUX CUTYAITH -
SIX, KOTJIa IOCTAHOBKA U MTPOBEACHUE aHAI0-
TUYHBIX UCTTBITAHUI B peaTbHBIX YCIOBUSIX HE
MOTYT OBITh BBITTOJTHEHBI TI0O COOOPAKEHUSIM
06e30IMmacHOCTU (HampuMep, omnpeneaeHue
30HBI XMMUYECKOTO TTOPaKeHUS TIPU aBapuun
JKEJIE3HOIOPOXKHOTO MOABUXHOIO cOcTaBa
C OTIaCHBIMU TPy3aMU OKUCIISIIONINX, SITIOBH-
THIX, MH(MEKIIMOHHBIX U JIPYTUX BEIIECTB;
MOJIEJTMPOBAaHUE CXO/Ia BATOHOB C IYTH B KPH -
BOU mepes CI0XHOW pa3BI3KOW ¢ aBTOMO-
OWJIBHBIMU U 3KeJIE3HBIMU IOPOTaMU; OTIPEIe-
JIEHWE TIPeeTbHON CKOPOCTH IBVXKEHUS T10-
€3/1a ¢ KOHKPETHOM CXEMOU PacroIoXeHUs
B COCTaBe TIOPOXKHUX U TPYXKEHBIX, YHUBEP-
CaJIbHBIX U CTIENMAJIM3UPOBAHHBIX BarOHOB
TIPY ITPOXOXKIEHUU CTIOKHBIX KPUBBIX B TIaHE
u podue).

MogenbHas hu3rKa NO3BOJIUT PEKOHCTPY-
MPOBaTh MHOXKECTBEHHBIE MPSIMbIE Y KOCBEH -
Hble 3(p(PeKThI 1eCTBUS B3aUMOKOPPEJIUPO-
BaHHBIX YCJIIOBUI U (DAKTOPOB, pacCUUTATh
W BU3yaJIM3MPOBATh COCTOSIHUS OOBEKTOB,
JIOCTaTOYHO YIaJeHHBIX TI0 BpEMEHU OT T10-
3ULIMI CTOJTKHOBEHUSI 00BeKTOB. [Ipn aTOM
JeTaTbHO (PUKCUPYIOTCS HE TOJBKO OTHENb-
HbIE KaJIphl, KaK B peaIbHO KWHOChEMKE, HO
M 3aIMCBhIBAETCSI COCTOSTHUE KaXIOW TOUYKHU
nudpoBOoro o6bEeKTa, C KOTOPOTO MOXKHO
CHSITh TaHHBIE B 1000 MOMEHT BpeMEeHU
B Ipeziesiax BpeMeHHOTO KBaHTa PaCCUUTHIBA -
€MBIX CWJI, HATIPSDKEHW I, BO3HUKAIOIINX JIe-
(opmarmii. Tak Kak Bce KpUTUIECKUE CUTYa-
LMY TIPOMCXOJISIT 32 BECbMa He3HAYNTEIbHBIN
nepuo. (CeKyHAbI U AOJU CEKYHI), TO MOocIe-
JyIO11Iee U3yYeHE KOMIBIOTEPHOI aHUMAaLIU
U30MOP(MHOI MOJEIN CTAHIIUU C PACTSIKKOU
1IKajabl BpeMeHu B 20 u 6oJiee pa3 Mmo3BOJIUT
MPOBECTHU JA€TAIbHBII aHAIN3, BBISIBUTH 0CO00
OTIaCHbIE TOYKM W TIOBEPXHOCTU B3aMMOJIeii-
CTBYIOIINX OOBEKTOB, MHTEPBAJIbl BPEMEHH,
TpeOylolre KOHCTPYKIIMOHHOTO YCUTIEHUS
3JIEMEHTOB, OTPAaHUYEHUSI CKOPOCTU TIPU
HEKOTOPBIX COUYETAHMSIX BEIUYUH (DU3NIe-
CKUX XapaKTepUCTUK U TIPOYETO.

CroumocTb pazpaboTku uzoMopdHoii 3D-
MOJIEJTA CTAHLIVU MTPeIoaraeTcs 3HaYuTe b~
HOIi, HY>KHBI YCUJIASI MHOTUX CITeIIMAIICTOB

B 00J1aCTU aITOPUTMU3ALUU, TPOTPAMMUPO-
BaHUsI, BEIYMCIUTEILHON MaTeMaTUKU, (Gpu-
3WKHW, CACTEMHOTO aHAJIN3a, OTTBITHBIX TEXHO-
JIOTOB-TPaHCMOPTHUKOB. OTHAKO BO3MOXHO-
CTU TaKOW MOJIEIU, KaK CUCTEMHOM CPEIbI,
COM3MEPUMBI C TOTEHIMAJIOM peajbHOU
TEXHUYECKOI CUCTEeMBbI, oOecrneuunBaloleii
WCCIIENOBAaHUS 3aKOHOMEPHOCTEM NENUCTBUS
O0BEKTUBHBIX CBSI3€1 HATYPHBIM U CTATUCTU-
YeCKUM MaTepuraioM. MoaeabHOoe BOCIIPOU3-
BEICHUE TEXHOJOTUYECKUX MTPOLIECCOB CTAHET
aJIeKBaTHOM 3aMEHOW HAaTypHOMY 3KCHEpU-
MEHTUPOBAHMUIO C COITYTCTBYIOLLIMMU BbICOKH -
MU U3AEPKKAMHU, CIOXHBIM ME€XaHU3MOM
MJIaHUPOBAHUS U KOHTPOJISI BCEX 3TAIlOB
MPOBEACHUS SKCIIEPUMEHTA.

BbiBOAbl

WnxxeHepHast MOEIb CTAHLIMK 11O (popMme
U COEPKAHUIO MOXET OBITh NMPUOJIMKEHA
K CBOEMY MPOTOTUITY HACTOJIBKO, YTOOBI CTaTh
MOJHOLIEHHOM 3aMEHOM [IJIs1 ITOJIyYEHUS OIpe-
JIeJIEHHBIX CTaTUCTUYECKMX JaHHBIX IO pas-
JIMYHBIM TTPOOJIEMHBIM acnieKTaM (QYHKIIMO-
HUPOBAaHUS TPAHCIIOPTHOI CUCTEMBI, N3yUe-
HUS CJIOXHBIX SIBJI€HUI, BOZHUKAIOIIUX MPU
NEeHCTBUU HEMCCIENOBAHHBIX (haKTOPOB
(CBEpPXBBICOKMX CKOPOCTEM, )KECTKOTO pano-
aKTUBHOTO W3JIy4YeHUs, aHOMAJIbHBIX JaBJie-
HUI U TEMIIepaTyp u 1p.).

M3omopdHoii nuHamuyeckas 3D-Monaenb
CTaHIIUU CTAHOBUTCS MIPU OTCYTCTBUU CYIIIE-
CTBEHHBIX PA3ININI MEXIY UMUTHPYIOIITUMH
TEXHOJOIMYECKME OIepaluu MpoleaypaMu
U peaTbHBIMU (DU3NUECKUMU MPOIecCaMu,
MOPOXKIAIOIIMMU 3TH TEXHOJIOTMYECKUE OTIe-
pauuu. [Tpy aToM 3HaAUUTETBHO PaCIIMPSIIOT-
Cs1 BO3MOXXHOCTHU TaKOW penponyLUpyIoLIei
cpelibl, OCOOEHHO B YaCTU MOJEIUPOBAHUS
OITACHBIX CUTYALII, IPUBOISILIMNX C BEICOKOU
BEPOSITHOCTBHIO K KPYILIEHUSIM 1 aBapUsIM.
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FEATURES OF EXPERIMENTS BASED ON PROCESS 3D-MODEL

OF THE STATION

Golovnich, Alexander K., Belarusian State Transport University, Gomel, Belarus.

ABSTRACT

A 3D-model can become anisomorphic one if there
are no significant differences between the actualimage
and its likeness (the prototype). Theoretical evaluation
of the results of observation of real technological
processes at the railway station and imitating them in
the course of experiments of model analogues,

recreating the dynamics of all operations based on
calculation and three-dimensional reproduction with
correct physical phenomena of gravitation, resistance,
inertia and the presence of other accompanying
reactions. Model physics confirms the possibility of
reconstructing multiple effects of controlled actions
within the time quantum of the forces being calculated.

Keywords: railway station, design, process approach, experiment, 3D-model, information technologies.

Background. The development of an adequate
dynamic model of a railway station, reconstructing
physical and technological operations for servicing
train- and car flows with visualization of achievable
states in three-dimensional images, makes it possible
to obtain a powerful tool for simulating real processes.
The structural and functional similarity of the
3D-model to the prototype objects of the stations
(railway tracks, cars, locomotives) approximates the
model interpretation in form and content to the
originating procedures in the process of train
formation, delivery, unloading, loading of cars at
cargo points, etc. The model of the railway station,
the objects of which function in accordance with the
physical laws of motion of bodies and the requirements
oftechnology, can be applied to various experiments,
replacing the use of resources of a real station.

Objective. The objective of the author is to
consider features of experiments on the process
3D-model of a railway station.

Methods. The author uses general scientific and
engineering methods, statistical analysis, comparative
method, mathematical apparatus, 3D-modeling.

Results.

Possibilities of full-scale and model
experimentation

The transfer of the functions of the full-scale
experiment of model reconstruction is related to
fulfillment of the condition of equal reliability of the
representative real statistics and the sample obtained
as a result of the data collection from the virtual
sensors installed on the model objects. In this case,
one should take into account the fact that the results
of the experiments on the model will not be identical,
but are close to the outcomes at similar prototype
objects. Process reconstruction of complex
technological operations with car flows as a dynamic
deployment of events, taking into account physical
interactions between bodies, can be sufficient to bring
about the functioning of a real station.

If it is necessary to obtain reliable analytical
material on the state of objects in the process of
operation, to identify the causes of occurrence of
significant stresses and deformations in complex
structural elements of the track and rolling stock, the
most reliable method is to carry out the full-scale
experiment [1]. However, it should be noted that it is
also conducted on a kind of model stand (physical),
in a certain way prepared for retrieval of the given
information.

Of all station objects, a certain track section is
selected, on which information reading devices are
installed in full accordance with the planned
experiment. The fencing of the territory is carried out,
all external influences that could violate the purity of
the experiment are minimized. In this respect, full-
scale experimentation can be considered as a
somewhat repetitive experiment with preservation of
the initial positions in its conduct. However, all the
initial conditions of the full-scale experiment are
conditioned by the action of a set of random factors
and become somewhat different from the previous
ones. For a number of reasons of objective nature
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(the inconsistency of the readout equipment,
stochastic nature of the manifestation of influencing
factors, the correlated action of forces, etc.), the
results of such experiments carry a certain stochastic
error. More advanced techniques and methods of
information retrieval, of course, will lead to more
accurate conclusions.

The second reason for the impossibility of an
identical reproduction of the results of the full-scale
experiment is errors in the measurement recording
procedure. For example, we measure the wind speed
V and the strength of the wind load f acting on the
uncoupling during the dissolution from the hump at
time t, which are distributed during looping in the
intervals [V,-AV,, V +AV,] and [f —-Af,, f+Af,]. All
measurements pass for some time inferval [t,-At,,
t,*At,]. At the output, some averaged values \70 and

» recorded at the time t +¢ , are fixed. During some
next act of the experiment, the effect can be exerted
by factors that have been absent until now or are of
little significance for the given experiment, but in the
aggregate of their combined action, they can lead to
a different result, which, in fact, occurs in real
conditions. Under these conditions, the sensor will
operate at time t +e,, processing a slightly different
wind load graph inthe range [t —~At,, t +At,]. Statistical
processing neutralizes such devia i?ions, which by their
chance have, as a rule, symmetrical distributions.

The use of the model instead of natural samples
changes the general picture in a definite way, which
is formed under the action of simplified model rules,
the absence of random factors and the multiple
correlation of their influence, etc. It can be quite easy
to repeat the model experiment with the given initial
conditions with a high probability of obtaining a result
that coincides with the previous experiment.
Therefore, with constant input data in the model, there
is no need to conduct multiple observations — their
results will be almost identical.

Fluctuations in the outcomes of full-scale
experiments and the constancy of model
reconstructions should theoretically be related in the
sense that the result of the model experiment tends
to the mathematical expectation of a significant
statistical sample of full-scale data. A simple model
of a relatively complex real technical system is
considered asits some kind of substrate conglomerate,
a «dry residue» from all complex, multilevel influences
ofvarious factors, in which there are only permanent,
time-stable basic actions that are essential for correct
performance of a technological operation in the range
of tolerable deviations.

Naturally, the simplicity of the model is relative.
For its use, the structure of objects must in some way
reproduce physical and technological effects within
the given limits of the values of real parameters,
correctly imitate objective nonlinear processes (for
example, with an arithmetic progression of the growth
of the value of the parameter X, the geometric
progression of the growth of the effect E]., registered
in reality).

The validity of the model experiment should be
confirmed by comparative outcomes on natural
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objects. However, in addition to correctly reproducing
the results of real experiments, the model is called
upon to possess predictive capabilities. Otherwise,
the utility of such a complex model with the
reconstruction of physical effects is doubtful, since it
is possible to carry out a full-scale experiment without
it and to use the obtained results with guaranteed
reliability for solving the necessary applied problem.

The engineering (process) model of the station
must have a high similarity in its functional to the real
prototype on the railway. The point is that the state of
model objects changes according to mathematical
calculations in the same direction as the change in
the states of real station objects under the action of
certain loads (gravitational force when rolling off the
slides from the hump, the inertia force when the cars
collide in sorting yard, resistance forces when braking
the composition on hold devices, etc.). In this case,
the quantitative effects observed on the model (speed
of cars, length of the stopping distance) must
correspond to the actually recorded phenomena
arising under equal conditions. Some deviations of
the desired values of the model parameters from
prototyped processes are possible. More detailed
structural and functional simulations narrow the
domain of pre-emptive errors, allowing to form
adequate models. «Inclusion» into the results of
actions of special factors that dissipate the determined
deterministic values of parameters in full compliance
with real processes, further approximates the model
to the outcomes of the full-scale experiment.

Advantages of experiment on 3D-models

Experiments on the visual model allow to
concentrate on significant structural elements and
technological operations, expertly evaluate the real
process, ranking significant factors of mutual
influence in the dynamics of phenomena. The
3D-model of the station should be considered as a
visual reconstructive image, creating a comfortable
environment for the researcher to study unknown
patterns of interaction in wheel-rail systems, cargo
car, locomotive-wagon, etc. Observation of the
functioning of a pseudophysical model, adequate to
a railway station, is perceived as an experiment on
real objects, conducted in a safe environment, less
labor-intensive, not requiring significant expenses for
preparation for work that does not affect the activities
of other units of the station [2, 3].

Such a reconstructive analog of a real station is
represented as an isomorphic 3D-model of a station,
seen on the display screen as a sequence of frames
of changing objects. Visually, itis perceived as a video
recording of a certain technological process
performed on a real station. A high degree of detailing
of external forms of original objects that are
indistinguishable from the type of the corresponding
prototypes is filled with a structural and functional
similarity when the computer products of cars and
tracks change their position under the influence of
certain model calculated in full accordance with the
parameters of real devices Loads. In this case,
experiments on such isomorphic models after
conducting verifying procedures can provide
experimental studies with high confidence in the
results obtained.

On isomorphic 3D-models of the station, it is
possible to successfully study the states of objects in
borderline and critical situations, when setting and
carrying out similar tests in real conditions cannot be
performed for safety reasons (for example,
determining the zone of chemical damage in the event
of an accident of railway rolling stock with hazardous
loads of oxidizing, poisonous, infectious and other

substances, modeling of the derailment of cars from
the track in the curve before a complex intersection
with motor roads and railways; determination of a limit
speed of the train with the specific circuit arrangement
of empty and loaded cars in the train, universal and
special cars during the passage of complex curves in
the plan and profile).

Model physics will allow to reconstruct multiple
direct and indirect effects of the action of mutually
correlated conditions and factors, calculate and
visualize the states of objects that are sufficiently
remote in time from the positions of collision of
objects. In this case, not only individual frames are
recorded in detail, as in real filming, but the state of
each point of the digital object is recorded, from which
it is possible to take data at any time within the time
scale of the calculated forces, stresses, and
deformations. Since all critical situations occur for a
very small period of time (seconds and fractions of
seconds), the subsequent study of computer
animation of an isomorphic model of the station with
a time scale extension of 20 or more will allow a
detailed analysis, identify particularly dangerous
points and surfaces Interacting objects, time intervals
that require structural reinforcement of elements,
speed limits for certain combinations of physical
quantities and so on.

The cost of developing an isomorphic 3D-model
of the station is expected to be significant, the efforts
of many specialists in the field of algorithmization,
programming, computational mathematics, physics,
system analysis, and experienced transport
technologists are needed. However, the possibilities
of such a model as a system environment are
commensurable with the potential of a real technical
system that provides studies of the laws governing
the operation of objective connections by full-scale
and statistical material. Model reproduction of
technological processes will become an adequate
substitute for full-scale experimentation with
associated high costs, a complex mechanism for
planning and controlling all phases of the experiment.

Conclusions. The engineering model of the
station in form and content can be approximated to
its prototype so that it can become a full-fledged
substitute for obtaining certain statistical data on
various problem aspects of the functioning of the
transport system, studying complex phenomena
arising from the action of unexplored factors (ultrahigh
speeds, severe radioactive radiation, anomalous
pressures and temperatures, etc.).

The dynamical 3D-model of a station becomes
isomorphic in the absence of significant differences
between simulating technological operations and real
physical processes that generate these technological
operations. At the same time, the possibilities of such
a reproducing environment are greatly expanded,
especially in the modeling of dangerous situations,
which bring with high probability to crashes and
accidents.

REFERENCES

1. Sidnyaeyv, N. 1., Vilisova, N. T. Introduction to the
theory of experiment planning [Vvedenie v teoriyu
eksperimenta]. Moscow, Bauman MSTU, 2011, 463 p.

2. Golovnich, A. K. Physical properties of objects of
3D-station engineering model. World of Transport and
Transportation, Vol. 13, 2015, Iss. 4, pp.. 25—34.

3. Golovnich, A. K. Technological properties of 3D-
station engineering model. World of Transport and
Transportation, Vol. 14, 2016, Iss. 2, pp. 34—42. °

Information about the author:

Golovnich, Alexander K. — D.Sc. (Eng.), head of department of Transport junctions of Belarusian State
Transport University, Gomel, Belarus, golovnich_alex@mail.ru.

Article received 07.02.2017, accepted 21.04.2017.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 2, pp. 32-37 (2017)

Golovnich, Alexander K. Features of Experiments Based on Process 3D-Model of the Station




-

THEORY

@[K 539.3:621.891;678.5

Bnapumup BAPAYLUKUH
Vladimir V. BARDUSHKIN

Bnapumup KOJIECHUKOB
Vladimir I. KOLESNIKOV

Operational Elastic Properties of
Chaotically Reinforced Tribocomposites
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PelueHa 3agaya nporHo3vupoBaHus
SKCr1yaTauMOHHbIX YripPyrux CBOWCTB
KOMMO3UTOB Ha OCHOBE CBSI3YIOLLUNX

C BbICOKMM COA4EPXXaHUEeM 3MOKCUAHbIX
rpynn (mapka SIMNA® n e€ moangukauyus),
XaoTU4eCKu apMUpPOBaHHbIX

KOPOTKUMM MOJIMNMUBHBIMU

(nnn cTekNITHHbIMMU) BOJIOKHaMU

C aHTUDPUKLNOHHBIMU [NCTIEPCHBIMU
AobGaBkamu nonnMTeTpagphTopaITUIIEHA.
lMpoBeaeHbI YNCTIeHHbIe MOAEJIbHbIe
pacy€tbl 3¢pPEeKTUBHBIX Yripyrnx
xapakrepuctuk (mogyns FOHra

u koagppuymeHTa lNMyaccoHa) ykaszaHHbIX
TPUGOKOMIMNO3UTOB, yYUTbIBAIOLYMNE
N3MEHEeHUS1 KOHLEeHTpaLuui nx
KOMITOHEHTOB.

Knto4yeBbie cioBa: TpaHCnopTHOE
MallMHOCTpPoeHue, MmoaesivipoBaHue,
TPUOOKOMIMO3UT, BKITHOHYEHME,
arnokcuaHoe ceasyrLlee, 9PdeKTVIBHbIE
MoAyn YripyrocTu.

BOTPOCHI TEGP

JKCrJsiyaTauuoHHbIe ynpyrue
CBOMCTBA XaOTU4YeCKM
apMUWPOBAaHHbIX TPMOOKOMMNO3UTOB

Koaecnuxoe Baadumup
Heanoeun — dokmop
MexXHU4ecKux HaykK,
npogeccop, akademux
PAH, npesudenm PI'YIIC,
Pocmos na Jlony, Poccus.
bapoywxun Baadumup
Baaenmunosuu — doxmop
Gusuko-mamemamuve-
CKUX HAYK, 00UeHm, npo-
eccop HUY «MUIT>,
Mocksa, Poccus.

Coruée Anexcandp Ilasao-
euY — KaHouoam u3uko-
Mamemamu4ecKux Hayx,
doyenm PI'YIIC, Pocmoe
Ha Jlony, Poccus.

Anexcanap CbI4YEB
Alexander P. SYCHEV

OMIIO3UTHI Ha IOJMMEPHOI OCHOBE,
COCTOSIIIME U3 TUCKPETHBIX BKIIFOYESHMIA
M OKPY>KAIOILIEN X CTUIOIITHOU MAaTPULIbL
(CBSIZYIOIIIETO), HAXOMST IITUPOKOE TTPaKTHUC-
CKO€ IIPUMEHEHNE B TPAHCIIOPTHOM MAaIlIMHO-
CTPOEHUHU, HAIIPUMED, B y3J1aX TPSHUSI U COTIPSI-
JKeHUST. ApMUPOBaHUE YKa3aHHBIX MaTePUAJIOB
YacTO MPOU3BOAMUTCS BKIIIOYEHUSIMU HEU30MeE-
TPUIHOM (hOpMBI (BOJOKHA, TUCKHU U T.II.),
CIIelMaIbHBIM 00Pa30M OPUEHTHPOBAHHBIMU
B IIPOCTPAHCTBe KoMrio3uta. [10CKONbKY Tex-
HOJIOTMU MX CO3IaHMsI TOBOJIBHO TOPOTOCTOS -
1M, BO3HUKAET HEOOXOIMMOCTh B pa3pabOTKe
METOIOB MOJICJIMPOBAHMS CTPYKTYPbI, IIOA00pa
KOMITOHEHTOB U ITPOTHO3UPOBAHMS MX BIUSIHUS
Ha 9KCIUTyaTallMOHHbIE (PU3MKO-MEXaHUYECKIE
CBOICTBA MPOEKTUPYEMBIX MaTepuaioB [1—4].
J1J1s1 OJTy4eHMsI BHICOKOIIPOUHBIX U TEILIO-
CTOMKMX IOJIMMEPHBIX TPHOOKOMITO3UTOB Hau -
OoJiee MEePCIEKTUBHBIMU CBS3YIOLIMMU SIBJISI-
FOTCSI BIIOKCUIHBIC CMOJIbI C BBICOKMM COIEP-
JKaHUEM STIOKCUIHBIX TPYIIT — oT 28 10 54 %
(3T0 B 1,5-2,5 paza BhIllle, yeM y HauboJiee
YaCcTO IIPUMEHSIEMOI B IPOMBIIILICHHOCTH OTe-
YECTBEHHOI cMoJbl MapKu D/1-20 munu ee ame-
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pukaHckoro aHasiora DER-330) [5]. B aToit
CTaThe TIPUBEACHBI PE3YJIBTaThl MCCIIeI0BaHUI
TPOYHOCTHBIX U TEIIO(MU3NUECKIX TTOKa3aTe-
JIeil STIOKCUITHBIX CBSI3YIOIIMX Ha OCHOBE TPH-
MIMLIMAITIapaaMiHO(peHoIa — CMOJT MapoK
DOIMTAD u DITAD-M (cMmorna DTTAD-M moamdu-
LIMPOBaHA TUIIULIMAWIOBBIM 3¢bripoM DL-kam-
(opHoIt KUCI0TBHI B cooTHOoLEeHUH 60:40).
ConepxkaHue 3MOKCUIHBIX rpynin y DTTAD
coctanisieT 38 %, a'y DITAD-m — 30 %. Taxke
B paboTe [5] mokazaHO, YTO OTBEPKAEHHDIE
MOJTMMEPbI HA OCHOBE MCCIIENOBAHHBIX CMOJT
JIOCTUTAIOT MAaKCUMAJTbHBIX 3HAUEHU T (PU3UKO-
MeXaHW4YEeCKMX TIoKa3aTeseil Il OMMCaHHBIX
BJIMTEPATYpPe AMOKCUIHBIX MaTePUAJIOB MOI00-
HOTO KJ1acca.

NMOCTAHOBKA 3A0A4YU
N NOCTPOEHUE MOAOEJIN

B manHoi1 paboTe cTaBUTCS 3a1a4a MPOTrHO-
3MPOBAHMSI IKCTLTyaTAlIMOHHBIX YITPYTUX CBOCTB
TPUOOKOMIIO3UTOB TPU HAJIMYUU B HUX BITOK-
CUITHBIX CMOJI C BHICOKMM COJIEpXKaHUEM DITOK-
CUJTHBIX TPYTITT C AHTU(DPUKIIMOHHBIMU IUCTIEPC-
HBIMU JI00aBKaMU 1 XaOTMUYECKU PaCTIpe/ieIeH-
HBIMU B TIPOCTPAHCTBE MaTepraia pyoIeHbIMI
KOpPOTKMMHU BOJIOKHaMH. B ocHOBe perieHust
YKa3aHHOU 3a/1auyl JIEXKUT BBIUMCIICHNE X 3-
(beKTUBHBIX (IKCITyaTallMOHHBIX) YIPYTUX
CBOJCTB [2, 4, 6]. DT1 CBOCTBA ONPEIEISIOTCS
C IOMOILIBIO TEH30pa YETBEPTOrO paHra ¢ («*»
31eCh U JlaJiee YKa3bIBaeT Ha TO, YTO pacCMaTpy-
BatoTcs 9(PheKTUBHBIE XapaKTEPUCTUKN KOMITO-
3UTOB), CBSI3BIBAIOILIETO CPEAHNE 3HAUCHMSI Ha-
MPSDKEeHUI (S,-j(”» u neopmanmii (e, (r)) B Mate-
puare:
(8,7 = () (e (M. 1J ik 1=1,2,3, (1)
TJie ¥ — pafnyc-BeKTOP CIy4ailHOW TOYKHU
Cpelibl, yIJIOBbIe CKOOKY 3/1eCh U Iajiee OTpe-
JIEJISTIOT TIpoleaypy ycpenHeHusi. OTMeTuM,
YTO JJIsI MHOTOKOMIIOHEHTHOTO KOMITO3UTa
B CJTy4ae BBITIOJTHEHUST YCIIOBUSI 9PTOANYHOCTH
MOYHO UCTIONTb30BaTh yCPEAHEHUE TT0 00bEMY
(n1st Kaxxaoro ero komrnoHeHTa) [6]. Torma
orepaumsl yCpeaAHeHUsI o BceMy 00beMy Ma-
Tepuaia 1j11 HEKOTOPOU CTydallHOU BETUYU-
HBI a(r) CBOIUTCSI K CYMMUPOBAHUIO:
(oa(r)) =ZV(a(n), (2
e V. — oObEMHast KOHLIEHTpALIUs KOMITOHEH-
Ta $-TO THIIA, a a (r) — COOTBETCTBYIOLIAs YKa-
3aHHOMY KOMITOHEHTY CJTy4JaiiHasi BeIMIMHa,
%VS =1

7151 mpoBeneHNsT KOPPEKTHOTO aHaIn3a
3(PhEKTUBHBIX YIIPYTUX CBONCTB KOMITO3UTOB,
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TTO3BOJISTIONIETO YUUTHIBATh B3aUMOJIEHCTBIE
3JIeMEHTOB HEOIHOPOIHOCTH, COCTaB, (hopmy,
OPUEHTALINIO Y KOHIIEHTPAIIO KOMITOHEHTOB,
HEeO0OXOIMMO pelaTh ypaBHEHUST paBHOBECHST
YIIPYTOIi HEOJHOPOMHO# cpeibl. OMHAKO B 00-
IIIEM CJTyJae TIOTyYUTh COOTHOIIEHUE [UIsT YMC-
JIEHHBIX PAcYETOB TeH30pa 3D(HEKTUBHBIX MO-
Jyaieii yrpyroctv ¢ He yaaetcst. [Toatomy s
€0 BBIUMCIIEHUS UCTIOJIB3YIOTCSI Pa3IMuHbIe
npuomkeHust. OMHUM U3 TaKUX MPUOIVKe-
HUI, YIUTHIBAIOIINX TIEPEUNCICHHBIE BBIIIE
(akTopbl, SBISETCS 0000LIEHHOE CUHTYJISIPHOE
MPUOJIVIKEHUE TEOPUM CITydallHbIX IToJieil [6].
B ero pamkax UCTob3yeTcst TOJIbKO CUHTYJISIP-
Hasl cocTaBJistiolas TeH3opa [prHa ypaBHeHU
PaBHOBECHSI, 3aBUCSIIIAS JIUIIIb OT Ae/TBTa-(hyHK-
mu Jnpaka, a Takxke BBOIUTCS OTHOPOIHOE
TEJIO CpaBHEHUSI, MaTepUaibHble KOHCTAHThI
KOTOPOTO BXOJISIT B OKOHYATEIbHOE BhIpaXKeHIE
U1 BhrauciieHnd ¢ . @U3ndecKuii CMBICI 0000-
IIEHHOTO CUHTYJISIPHOTO TIPUOJIVIKEHUST 3aKITIO-
YaeTcsl B IPETIONIOKEHUN OMHOPOTHOCTH MOJIEH
HanpsoKeHU U fecdbopmaliuii B rpeesiax aJe-
MEHTa HEOTHOPOTHOCTH. B aTOM Ciy4yae Bbipa-
keHue mjst ¢ B (1) MMeeT CaeayroLuii BU/I

(MHIEKCHI OITyIIEHbI) [6]:
= —grc"(r) -

(=g (M), (3)
rae / — eTMHUYHBIN TEH30p YeTBEPTOTO PaHTa;
¢(r) — TeH30p MOJIYJIeil yIIPYrOCTU; ABYMSI LLITPU-
XaMM 00O3HaYeHa pa3HoCTh ¢"(r) = c(r) — c¢°
MEXTy COOTBETCTBYIOIIMMHU TTapaMeTpaMu He-
OITHOPOJTHOI CPEJIbI M OITHOPOTHOTO TeJIa CpaB-
HeHUs (XapaKTepUCTUKU Tejda CpaBHEHUS
0003HAYaIOTCs Jajiee BEpXHUM MHAEKCOM «C»);
g(r) — uHTerpan OT CUHTYJISIPHOM COCTaBJISIIO-
el BTOpoil Mpou3BOAHON TeH3opa [puHa
YpaBHEHUI1 pAaBHOBECHSI, SIBJISTIOIIAICS TEH30-
POM 4eTBepTOro paHra. J{yist BEIMUCICHMSI KOM-
TIOHEHT g, TeH30pa g(r) HeoOxoaUMO BHavase
OCYILIECTBUTb PACYEThbl KOMIIOHEHT d,, TEH30pa
YETBEPTOTO PaHra A, a 3aTeM B g, 110 [IBYM I1a-
pam uHaekcos (i, j u k, [) mpoBecTH oreparmio
cummeTpusaumu [6]. KomnonenTsl a, ;,TeH30pa
A BBIMUCIISTIOTCSI C TIOMOIIIBIO CJIEYIOIIETO CO-
OTHOIIICHMS:

1 0
Dy =__j”k”j (t7),dQ, “4)
4z
rae dQ = sinfBdBdp — 2eMeHT TeJIECHOTO yrja
B c(hepuyECKOii cucTemMe KoopauHar, (771) , —
3JIEMEHTBI MaTpHUIIbl, OOpaTHON Marpuiie 7'
C 3JIEMEHTaMMU £, = (CC)WJ. non,anmun, (k,j=1,
2, 3) — KOMITOHEHTbI BEKTOpA BHELTHEN HOpMa-
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Tab6auna 1

Du3nKo-MexXaHHYeCKHe CBOICTBA KOMIIOHEHTOB TpHOOKommo3uTos [1, 5, 7—10]

Tun komnoHeHTa | MaTepuan KOMIIOHEHTa E, I'Tla n 1, r/cM?
1 INTOD 0,15 0,33 2,20
2 APUMU 120,0 0,36 1,45
BILIC 76,2 0,22 2,54
3 OIAD 5,4 0,46 1,30
DIAD-m 4,6 0,42 1,24
OM1-20 3,8 0,39 1,18

JI K TIOBEPXHOCTH BKJIIOYeHMsI. [{71s1 armurico-
WIATbHBIX BKITIOYEHU C TJIABHBIMHU TTOTYOCSIMA
[,, [, 1 [, KOMIIOHEHTbI BEKTOPA HOPMAJIX OTIpe-
JIEJISTIOTCS] COOTHOIIEHUSIMU

n, = (I) 7" sin® cosp, n, = (,) ' sinb sing,
n, = (1,)~" coso.

CootHorreHne (3) MOXET ObITh UCITONIB30-
BaHO 151 pacuéta 3(PHEKTUBHBIX XapaKTepu-
CTUK CTAaTUCTUYECKU OJTHOPOIHBIX MATPUIHBIX
KOMITO3UTOB C BKJIIOYEHUSIMU 3JUTUIICOMIAITb-
HOI (hOpMbI, OPUEHTUPOBAHHBIMU JIPYT OTHO-
CUTEJILHO Apyra [2].

NMPOBEOEHUE MOOEJIbHbIX
PACYETOB

Hanee B paboTe paccMaTpUBalOTCSI KOMIIO-
3UTHI ¢ BKITIOUCHUSIMU IBYX THIIOB. K rmepBomy
TUITY OTHOCSITCSI IMCIIEPCHBIC BKIIIOYEHMSI T10-
smrtetpadTopatieHa (ITTPD), paBHOMEepHO
pacrpee/eHHbIe B IPOCTPAHCTBE KOMITO3UTA
1 BBITIOJTHSIOIIME aHTU(DPUKITMOHHYTO poiib. Ko
BTOPOMY THUITY OTHOCSITCSI pyOJICHbIE KOPOTKHE
BOJIOKHA, XaOTUUECKHU PACITPE/ICIEHHBIE B ITPO-
CTPaHCTBE KOMITO3UTA 1 BBITTOJTHSIOIIE (DYHK-
1IMIO ero yIpouHeHusl. OTaeTbHO NCCIeTYIOTCST
KOMITO3UThI, HATIOJITHEHHBIE: a) BBICOKOTEPMO-
OTHECTOMKMMU TTOTMUMHUIHBIMYA BOJIOKHAMK
(mapka APUMMU, TV 2272—034—17277875—
2003, msrotoButenb — OO0 «JIMPCOT»,
I. MpiTHIM); 6) BOJOKHAMU OECILIEIOUYHOTO
crexna (BIIC). B kauecTBe MaTpuIlbl — KOM-
TOHEHT TPEThEro TUIa — paccMaTPUBAIOTCS
snokcuaHeie cBsasyioune DITAD, DITAD-m
u BJ1-20. Caszyroiiee D/1-20 paccMOTpeHO 151
IPOBEACHMSI CPABHUTEILHOIO AHAI3a 9KCILTya-
TallMOHHBIX YIIPYTHUX XapaKTepUCTUK TPUOO-
KOMITO3UTOB Ha €r0 OCHOBE Y Ha OCHOBE CMOJI
OITAD, DITAD-M. OU3NKO-MeXaHNYECKUE
CBOMCTBAa KOMIIOHEHTOB TPHMOOKOMIIO3UTOB
npuBeneHbl BTadauue 1 (E— momynb FOHra npu
cxatun, n — koaddunuent Ilyaccona, r —
IUTIOTHOCTb).

[Ipu mocTpoeHnr MO IPOrHO3UPOBa-
HUS 9P HEKTUBHBIX YIIPYTUX CBOCTB paccMar-
pUBaeMbIX MaTepHaoB OydeM OCHOBBIBATHCSI
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Ha IIPEeICTABJICHUI MX CTPYKTYPhI B BUIC CTaTH-
CTUYECKI OMHOPOTHBIX MATPUUHBIX KOMITO3H-
TOB. ApMUPOBaHVE KOMITO3UTOB IIPOM3BOIUTCS
BKJTIOUCHMSIMU B Buze cep OMMHAKOBOTO pa-
nyca R B BUIIE PaBHBIX IPYT APYTY BRITSIHYTHIX
SIITUTICOMIOB BpallleHUS (ll, l2 u l3 — TIOJTyOCH
3TUX BJUTATICOMIOB, 00JIbINAst N3 KOTOPBIX UMe-
et wmHY L). [1py 3ToM 3/umMrconasl OpueHTH -
POBaHBI CBOCH OOJIBIIICH ITOTYOCHIO B IIPOCTPAH-
CTBE KOMITO3MTA B CEMU pa3IMIHBIX HAITpaBJIe-
HUSIX (OTHOCUTEIIEHO JJA00OPATOPHOM CUCTEMBI
KOOPIMHAT). A UMEHHO, TTapaJIeIbHO KOOPIH-
HaTHBIM OCSIM (TPH HaIIPaBJICHNS ) U TTapaJijieb-
HO MPSIMBIM, OOPa3yIOIINM paBHBIC YIJIBI CO
BCEMU KOOPAMHATHBIMU OCSIMU (UETBIPE Ha-
npasieHus). Kpome Toro, Oyzmem cunTarh, 9TO
MOJIETbHBIC KOMITO3UTBI COCTOST M3 M30TPOII-
HBIX KOMITOHEHTOB C OObEMHBIMI KOHLIEHTpA-
IUSIMU Vv V2 )it V3, TIIe UHIEKC «1» OTHOCUTCH
KIIT®D, nupekc «2» — K BojokHam (APUMUA ]
wm BIIC), a «3» — k cBssyiomum (DI1AD,
DIAD-m mu DJ1-20).

C yuetoM (2) pacuéTHOE cooTHOIIeHME (3)
IUT TeH30pa 3D (MEKTUBHBIX MOYJICH YIIPYTOCTH
¢ IpUMET CJIeAYIOLLNIA BUI

¢ :(ZS:VSCS(I—gS(CX —cc))"j.
{sn(-sle-e)))

B dopmysie (5) ¢, 1 ¢© — TeH30pbI MOAyIIEH
VIIPYTOCTH $-TO KOMITOHEHTa KOMITO3UTA U OJI-
HOPOJTHOTO TeJla CPAaBHEHMSI COOTBETCTBEHHO;
g, — 9TO TeH30p g(r) $-T0 KOMIIOHEHTA KOMIIO-
3UTa, BBIYMC/IIEMBIi 110 COOTHOIIeHUIO (4). [Tpu
9TOM g, COOTBETCTBYET C(HEPUIECKMM BKITIOYE-
nHusm ([, = [, = [, = R = 1); g, COOTBETCTBYET
3JUTUIICOUAATBHBIM BKIIOYEHUSIM (BOJIOKHAM),
OPUEHTUPOBAHHBIM OTHOCUTENILHO OCeit KOop-
JIMHAT BIOJIb YKAa3aHHBIX BBILIE CEMM HaIpaB-
JIEHUH, ¢ TIaBHOM Tonyockio L = 50 u ocTaib-
HBIMHU TIONYOCSIMM, PaBHBIMU 1; g, — CBA3YIO-
1eMy (NP BBIYMCIIEHUHM g, TIOJIAraaoch, 4To
[, =1,=1 =1). Bynem cuurath TaKxe, 4TO

1 2
00BEMHBIE COMEpPXKAHUS DIUIUMIICOUTATBHBIX

©)
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BKJIIOUEHUH B KaXIIOM M3 CEMU yKa3aHHBIX
HanpapJIeH1iA OMHAKOBbI U PaBHbI V), /7.

1 IpoBeieHUST MOZIETBHBIX PACUETOB ITPU
oTieparysIX Hajl TeH30paMU1 UCTIONb30BaJIach UX
MaTpuuHast ¢opma 3arucu [6]. [Tpu aToM He-
HYJICBBIC SJIEMEHTBI C; i,j=1,2,...,6) cummer-
PUYECKOI MaTpUIIbl TEH30pa MOJTYJIei yIIPyro-
CTH ¢ JUTSI U30TPOITHOTO MaTepuasia BhIpaXkatoT-
cs yepe3 moayib FOHra E u kKoadduumeHt
TTyaccoHa n cieayrolum 00pa3om:

¢, =¢,=C¢C _—E(I_V) :
1= Cn =63 d+v)(1-2)°
E
CM:csszcﬁﬁzm;
Ev
Cp =6 =

3=
1+v)(1-2v)

[Ipy BEIYMCIEHUM YIIPYTUX XapaKTePUCTUK
OIHOPOIHOIO TeJIa CPaBHEHMS UCITOIb30BaJICs
MeToz camocoriacoBanusi [6, 11]. C ool 1esibo
B paboTe ObUIa OpraHM30BaHa UTEPALMOHHAS
MpoLieaypa, B KOTOPOii B KAYECTBE ITapaMeTPOB
¢° TeJ1a CpaBHEHUS OpaIiCh 3HAUYEHUST TEH30pa
MOJyJIeil yrpyrocTu (B MaTpu4HOI (hopMme 3a-
IUCH), MOJYyYeHHbIC Ha MPEAbIIYIIEM IIare
urepauuy. B KkauecTBe HayabHbBIX 3HAYCHUI
IapaMeTPOB TeJla CPaBHEHUST OpaIKCh YIIPyrie
XapaKTePUCTUKU, ITOJTy4EHHbIE B TPUOIVDKCHUMI
Xua, T.e. cpegHero apuMeTHIeCKoro 3Havue-
HUI, TIOJYyYeHHBIX B TIpuOmkeHusx Poiicca
n Doiirra [6, 11]. Beixox u3 utepamoHHOR
MPOLIEAYPhI OCYLLIECTBIISUICS,, KOIIa MAKCUMAIb-
Hasl pa3HMLIA MEXIy MOIY/ISIMU ¢° COCTABJIsLIA
menee 0,01.

PesynbraThl BceX MOJENbHBIX PAcYETOB
MPUBEACHBI Jajee OTHOCUTEIbHO IPOLICHT-
HBIX KOHLIEHTpalmi m (s =1, 2, 3) a11eMEHTOB
HEOJHOPOAHOCTHU 110 Macce, CBSI3aHHBIX
¢ OOBEMHBIMU KOHLIEHTPALMSIMU U TIJIOTHO-
CTSIMM KOMITOHEHTOB KOMIIO3UTa C [IOMOIIbIO
dopMyIIbI

V.p,

Ve

i

m, = -100, mac. %.

YucneHHOe MOJETMPOBaHUE, MPOBEACHHOE
M0 COOTHOIIEHUIO (5) ISl pa3IMUHbIX 3HaYe-
HUI KOHLIEHTpALIMi BKIIIOYEHUN, TTOKa3aJo,
YTO paccMaTpUBaeMbIe B pabOTe KOMIO3UTHI
0071a1a10T n30Tponueit 3(hEKTUBHBIX YIIPYTUX
cBoiicTB [6]. TakuM 06pa3oM, pacyEThl TEH30-
pa 3HEKTUBHBIX MOIYJICi YIIPYTOCTH ¢ TTOJI-
HOCTbIO MOJATBEPAUIN T€ MPEAIOJ0KEHUS,
KOTOpbIE MOXHO ObLTO BBIIBUHYTh 3apaHee,
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E* ITa

mz,%
20 30 40 50 60 70

Puc. 1. UameHeHne aKkcnayaTaunoHHbIX ynpyrnx
CBOViCTB TPMGOKOMITO3UTOB NPy yBeINYeHNN
MPOLEHTHOro coAepxaHusi m, Bos10koH (APUMNL
wnn BLLC) n ¢pukcupoBaHHOM KOHUeHTpauun
m, =10 % NTPI:

1 - 3MA®, 2 — 3AP-m, 3 — 34-20.

NUCXons U3 CTPYKTYpPHBI paCCMaTpUBaCeMbIX Ma-

TECPUAJIOB.

Ha puc. 1 1 2 ipuBeaeHbBI pe3yIbTaThl Y-
CJICHHBIX paC‘{éTOB 3HAYEHUU SKCITyaTallMOH-
HBIX YIIPYTUX XapaKTepUCTUK — MoayJisa FOHra
E nkoadduimenta [TyaccoHa n’ — MomeIbHbBIX
TpI/I60KOMHO3I/lTOB OT U3MEHEHUM ITPOLIEHTHBIX

E* I'Tla

30

25 3

20 - APUMU T

L e

10 ) . 1my,%

Puc. 2. UsmeHeHue aKcriylyaTaunoOHHbIX
ynpyrux cBOVicTB TPUGOKOMITO3NTOB Npu
yBesIn4eHnn NPoLeHTHoro cogepxanus m, MTHI
u pukcupoBaHHOM KOHLeHTpauuu m,= 50 % BOJIOKOH
(APUMUL nnn BLLC):
1-3MA®, 2 - AMNAD-m, 3 - 3]-20.
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conepxkanuii BosiokoH (APUMMUWI wim BILIC)
U IVCITePCHBIX BKIIoueH [ITDD.
DKCIUTyaTalliOHHBIE YIIPYTUe XapaKTepy-
CTUKU E' 1 n" BBIUMCIISIMCH Yepe3 DIEMEHThI
MaTpULBI ¢ C IIOMOLLBIO CIIEAYIOIMX (OPMYJT

[6]:

B ey, (3c, +2¢,) _ c,
Ciy +Cy ey hc)
SAKJTOMEHUE

Ha ocHoBaHMM TIPOBEIEHHBIX UCCIIENOBA-
HUIT MOXHO 3aKJTIOYUTH CIIETYIOIee.

1. [IpuMeHeHNE B KaYeCTBE CBSI3YIOIINX
CMOJT C BBICOKUM COJIEP>KAaHUEM DITOKCUIHBIX
TPYIII PUBOIUT K CYIIIECTBEHHOMY YITyJIIIEHUIO
9KCTUTYyaTallMOHHBIX YIIPYTUX CBOUCTB TPUOO-
KOMITO3MTOB IO CPAaBHEHUIO C MaTepraiaMu Ha
OCHOBE JPYTUX MOJUMEPHBIX CBI3YIOIINX
(cm. puc. 1, 2 u [4]).

2. YBemueHne KOHIEHTPAIY BOJIOKOH TPU
(bukcupoBaHHOM colepXKaHUU BKITIOYEHU N
[IT®D npuBoaUT K pocTy 3HaYeHUi E', pu
3TOM XapaKTep 3aBUCUMOCTU — HEJIMHEUHbBIN
(puc. la). YBenuiueHue e KOHIEHTPAIH J1C-
repcHbIX BKModeHU [1TAD mpu pukcupo-
BaHHOM COJIEP>KaHUU BOJIOKOH MOKET TIPUBO-
JINTh KaK K HE3HAYUTEJIbHOMY POCTy (TIpU MC-
MoJb30BaHUM BOTOKOH APMUMMUN]), Tak
Y K HE3HAYMTEJIbHOMY CHYKEHUIO 3HAUeHUI £
(ripu ucnonbzoBanuu BosiokoH BIC). Tpu
9TOM XapakTep 3aBUCUMOCTH OJIM30K K HEJTU-
HeliHomy (puc. 2a).

3. VBenuueHue KOHIEHTPALIMU BOJIOKOH
APUMU nipu pyuKcUpoBaHHOM COAECPXKAHUU
BrmoueHnii [TTAD npuBoaUT K HEMOHOTOH-
HOMY M3MEHEHUIO 3HAYeHUil Ko duimeHTa
Ilyaccona v* (puc. 16). YBenudeHue xe mpo-
LIEHTHOTO COJIEPXKaHUS AUCTIEPCHBIX aHTU-
pukoHHBIX 100aBoK [1TM3 npu hrkcrpo-
BaHHOI KOHILIEHTpaluuu BojJokoH APUMUN]]
TIPUBOAUT K HE3HAYUTEJBHOMY CHUKEHUIO
3HAYEHUH V' TI0 3aKOHY, OJIM3KOMY K JIMHEIHO-
My (puc. 20).

4. YBenueHre KOHIIEHTPAIMY KaK BOJIOKOH
BIIIC, Tak 1 AucriepcHBIX aHTUMPUKITMOHHBIX
no6aBok [TTOD npuBOAUT K MOHOTOHHOMY
YMEHBIIIeHNIO 3HaYeHnit KoadduimenTa IMy-
accoHa v* (puc. 16, 20).

5. ITockonbKy Bapualusl MpOLEHTHOrO
conepxxaHusi BosiokoH (APUMW ]I wnu BILIC)
MPUBOAUT K Oojiee 3HAYUTETbHOMY U3MEHe-
HUIO 3KCIUTyaTallMOHHBIX YIIPYTUX XapaKTe-
PUCTUK TPUOOKOMITO3UTOB, YEM Bapuallus
KOHIIeHTpauuu BKItoueHuit [ITPD, Heobxo-
JIMMBI JIOTIOJTHUTETbHBIE KCTIepUMEHTAIbHbIE
U TEOPETUYECKIME UCCIIETOBAHNS IO ONTUMU--
3a1Mu KoHIeHTpamu Kak [ITDD, tak u Bo-
JIOKOH C LI€JIbI0 MAKCUMAJIBHOTO YJIy4YIlIeHUS
TpUOOXapaKTePUCTUK paccMaTpUBaAEMbIX
KOMIIO3UTOB 0€3 CYIIECTBEHHOTO YXYALIEHUS
HX YIIPYTO-MPOYHOCTHBIX MoKa3aresneit. Cka-
3aHHOE OCOOEHHO BaXKHO JJII TPUOOKOMIIO-
3UTOB, PabOTAIOIINX B TSKEJTOHATPYKEHHBIX
y3J1ax TpeHUs.
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OPERATIONAL ELASTIC PROPERTIES OF CHAOTICALLY REINFORCED

TRIBOCOMPOSITES
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ABSTRACT

The problem of predicting the operational elastic
properties of composites based on binders with a
high content of epoxy groups (the grade of EPAF and
its modification), chaotically reinforced with short
polyimide (or glass) fibers with antifriction disperse

additives of polytetrafluoroethylene was solved.
Numerical model calculations of the effective elastic
characteristics (Young’s modulus and Poisson’s
ratio) of these tribocomposites were made taking into
account changes in the concentrations of their
components.

Keywords: transport engineering, modeling, tribocomposite, inclusion, epoxy binder, effective elastic

moduli.

Background. Composites on a polymer basis,
consisting of discrete inclusions and the
surrounding solid matrix (binder) find wide
practical application in transport engineering, for
example, in friction and conjugation nodes.
Reinforcement of these materials is often made by
inclusions of non-isometric shape (fibers, disks,
etc.) by the composite specially oriented in the
space. Since the technologies for their creation
are quite expensive, there is a need to develop
methods for modeling the structure, selecting
components and predicting their effect on the
operational physical and mechanical properties of
the materials being designed [1-4].

To obtain high-strength and heat-resistant
polymeric tribocomposites, epoxy resins with a
high content of epoxy groups — from 28 to 54 %
(this is 1,5-2,5 times higher than for the most
commonly used in the industry domestic resin
brand ED-20 or its American counterpart DER-330)
[5]. In the same article, the results of studies of
strength and thermophysical parameters of epoxy
binders based on triglycidylparaminaminophenol
resins of the grades of EPAF and EPAF-m (EPAP-m
resin modified with diglycidyl ether of DL-
camphoric acid in a ratio of 60: 40) are presented.
The content of epoxy groups in EPAP is 38 %, and
in EPAP-m — 30 %. It was also shown in [5] that
cured polymers on the basis of the investigated
resins reach the maximum values of physico-
mechanical parameters for epoxy materials of this
class described in the literature.

Objective. The objective of the authors is to
consider operational elastic properties of
chaotically reinforced tribocomposites.

Methods. The authors use general scientific
and engineering methods, mathematical
calculations, comparative analysis.

Results.

Statement of the problem and construction
of the model

In this paper, the problem of predicting the
operational elastic properties of tribocomposites
based on epoxy resins with a high content of epoxy
groups with antifriction dispersed additives and
chaotically distributed in the space material by
chopped short fibers is solved. The solution of this
problem is based on the calculation of their
effective (operational) elastic properties [2, 4, 6].
These properties are determined by means of the
fourth-rank tensor ¢” («*» here and further
indicates that the effective characteristics of the

composites are considered), which connects the
mean values of the stresses (c,.].(r)> and the
deformations (g, (r)) in the material:

(1)

1)) =(C )y el T, i Jo ko 1=1, 2,3,
where r — radius vector of the random point of the
medium, the angle brackets here and below determine
the averaging procedure. We note that for a
multicomponent composite, if the ergodicity condition
is satisfied, averaging over the volume (for each
component of it) can be used [6]. Then the averaging
operation over the entire volume of the material for
some random variable a(r) reduces to summation:
(ca(r)) =xV.(@a(r)), (2)
where V- volume concentration of the s-th type
component, and a/(r) — random variable
corresponding to the specified component,

V=1

To carry out a correct analysis of effective
elastic properties of composites, allowing for
interaction of elements of heterogeneity,
composition, shape, orientation and concentration
of components, it is necessary to solve the
equilibrium equations for an elasticinhomogeneous
medium. However, in general case it is not possible
to obtain a relation for numerical calculations of
the tensor of the effective elastic moduli c'.
Therefore, various approximations are used to
calculate it. One of these approximations, taking
into account the factors enumerated above, is the
generalized singular approximation of the theory
of random fields [6]. It uses only the singular
component of the Green’s tensor of equilibrium
equations, depending only on the Dirac delta
function, and also introduces a homogeneous
comparison body which material constants enter
the final expression for computing ¢’. The physical
meaning of the generalized singular approximation
is the assumption that the fields of stress and
strains are homogeneous within the element of
inhomogeneity. In this case, the expression for ¢’
in (1) has the following form (the indices are
omitted) [6]:

c ={c(r)(1=g(r)c"(r)) " {(1-g(r)c"(r)) )", (3)

where | — unit tensor of the fourth rank; c(r) —
elastic modulus tensor; two dashes denote the
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Table 1

Physico-mechanical properties of tribocomposite components [1, 5, 7—10]

Type of component | Material of component E, GPa p, g/cm?
1 PTFE 0,15 0,33 2,20
2 ARIMID 120,0 0,36 1,45
AFG 76,2 0,22 2,54
3 EPAF 5,4 0,46 1,30
EPAF-m 4,6 0,42 1,24
ED-20 3.8 0,39 1,18

difference c"(r) = c(r) — c° between the
corresponding parameters of inhomogeneous
medium and homogeneous comparison body
(characteristics of the comparison body are
denoted below by the superscript «c»); g(r) —
integral of the singular component of the second
derivative of the Green’s tensor of the equilibrium
equations, which is a fourth-rank tensor. To
calculate the components i of the tensor g(r), it
is first necessary to perform calculations of the
components a,,; of the fourth-rank tensor A, and
then perform a symmetrization operation in a;; with
respect to two pairs of indices (i, jand k, 1) [6]. The
components ay,; of the tensor A are calculated
using the following relation:

(4)

where dQ = sin6dbd¢ — solid angle element in the
spherical coordinate system, (t~') , — elements of
the matrix inverse to the matrix T with elements
(= (cc)ik,j nen,an, and n, (k, j=1,2, 3) -
components of the exterior normal vector to the
inclusion surface. For ellipsoidal inclusions with
principal semiaxes |, I,and |,, the components of
the normal vector are determined by the relations
n, = ()" sin® cose, n, = (l,) " sinb sing,
n,=(l,)"" cosé.

Equation (3) can be used to calculate the
effective characteristics of statistically homogeneous
matrix composites with ellipsoidal inclusions oriented
relative to each other [2].

Carrying out model calculations

Composites with inclusions of two types are
then considered. The first type includes dispersed
inclusions of polytetrafluoroethylene (PTFE),
evenly distributed in the space of the composite
and performing an antifriction role. The second
type includes chopped short fibers randomly
distributed in the space of the composite and
performing the function of hardening it. Separate
study is carried out for composites filled with: a)
high-heat-resistant polyimide fibers (ARIMID
brand, TU2272-034-17277875-2003, manufactu-
red by LLC LIRSOT, Mytischi); b) fibers of alkali-
free glass (AFG). As a matrix — a component of the
third type — epoxy binders of EPAF, EPAF-m and
ED-20 are considered. The binder ED-20 is
considered for carrying out a comparative analysis
of the operational elastic characteristics of
tribocomposites based on it and on the basis of
EPAP and EPAF-m resins. The physical and
mechanical properties of tribocomposite
components are given in Table 1 (E — Young'’s
modulus for compression, v — Poisson’s ratio,
p — density).

1 .
ay =—Ejnkn,. (r",dQ

2
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When constructing a model for predicting the
effective elastic properties of the materials in
question, we will base our analysis on the
representation of their structure in the form of
statistically homogeneous matrix composites.
Reinforcement of composites is made by inclusions
in the form of spheres of the same radius R and in
the form of elongated ellipsoids of revolution (1, 1,
and I, — semi-axes of these ellipsoids, the largest
of which is of length L). In this case, the ellipsoids
are oriented with their larger semiaxis in the space
of the composite in seven different directions
(relative to the laboratory coordinate system).
Namely, parallel to the coordinate axes (three
directions) and parallel to the straight lines,
forming equal angles with all coordinate axes (four
directions). In addition, we will assume that the
model composites consist of isotropic components
with volume concentrations V,, V,and V,, where
the index «1» refers to PTFE, the index «2» refers
to fibers (ARIMID or AFG), and «3» refers to binding
agent (EPAF, EPAF-m or ED-20).

Taking into account (2), the calculated relation
(3) for the elastic modulus tensor ¢’ takes the
following form:

o= (ZS:V:cs (1-2(c -a))"}
{zulr-ste-) ]

In formula (5), ¢, and c° are the elastic moduli
tensors of the s-th component of the composite
and the homogeneous reference body,
respectively; g, is the tensor g(r) of the s-th
component of the composite, calculated from the
relation (4). In this case, g, corresponds to
spherical inclusions (I, =1,=1,=R =1); g,
corresponds to ellipsoidal inclusions (fibers)
oriented with respect to the coordinate axes along
the seven directions indicated above, with the main
semiaxis L =50 and the remaining semiaxes equal
to 1; g, refers to the binder (in calculating g, it was
assumed thatl, = 1,=1,=1). We will also assume
that the volmume contents of the ellipsoidal
inclusions in each of the seven indicated directions
are the same and are equal to V,/7.

To carry out model calculations in operations
on tensors the matrix form of their recording was
used [6]. The nonzero elements c; (i,j=1,2, ..,
6) of the symmetric matrix of the elastic modulus
tensor ¢ for an isotropic material are expressed in
terms of the Young’s modulus E and Poisson’s ratio
v as follows:

(5)

E(l-v)

€1 =€y =G5 :m 5
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Pic. 1. Change in operational elastic properties of tribocomposites with an increase in the percentage of m,
fibers (ARIMID or AFG) and fixed concentration m, = 10 % PTFE:
1 — EPAF, 2 — EPAF-m, 3 — ED-20.

(& —7E :
T 21+v)’

o = Ev
BT A+v)(1-2v)

In calculating the elastic characteristics of a
homogeneous comparison body, the self-
consistency method was used [6; 11]. To this end,
an iterative procedure was organized in which the
values of the elastic modulus tensor (in the matrix
form of recording) obtained at the previous step
of the iteration were taken as parameters c° of the
comparison body. As initial values of the
parameters of the comparison body, the elastic
characteristics obtained in the Hill approximation
were taken, i.e. arithmetic mean values obtained
in the Reuss and Voigt approximations [6; 11]. The
exit from the iterative procedure was performed
when the maximum difference between the c°
modules was less than 0,01.

The results of all model calculations are given
below with respect to the percentage concentrations
m_ (s =1, 2, 3) of the heterogeneity elements

Cyy =Cs5 =

Cp =Cy =

E” GPa

30

25 3

===, ARIMID
— AFG

20

15

10 my. %

15

10

a

according to mass, associated with the volume
concentrations and densities of the composite
components using formula

m, =M~100 , mas. %.
V.o

Numerical simulation based on the relation (5)
for different values of the inclusions concentrations
has shown that the composites considered in this
work have an isotropy of effective elastic properties
[6]. Thus, the calculations of the tensor of the
effective moduli of elasticity ¢” fully confirmed
those assumptions that could be advanced,
starting from the structure of the materials under
consideration.

Pic. 1 and 2 show the results of numerical
calculations of the values of the operational elastic
characteristics — the Young’s modulus E" and the
Poisson’s ratio v: — model tribocomposites from
changes in the percentage contents of the fibers
(ARIMID or AFG) and dispersed PTFE inclusions.

=== ARIMID
— AFG

0.36
0.34
0.32

0.3
1] 5

Pic. 2. Change in operational elastic properties of tribocomposites with increasing percentage
of m of PTFE and fixed concentration m, =50 % of fibers (ARIMID or AFG):
1 — EPAF, 2 — EPAF-m, 3 — ED-20.
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The operational elastic characteristics E'and
v'were calculated through the elements of the
matrix ¢” using the following formulas [6]:

E = (3, +2¢4,)

Cy +Cy
. _ <

V =—F———.
2c, +cyy)

Conclusion. On the basis of the conducted
researches itis possible to conclude the following.

1. Application of resins with a high content of
epoxy groups as binders leads to a significant
improvement in operational elastic properties of
tribocomposites in comparison with materials
based on other polymer binders (see Pic. 1, 2and
[41).

2. An increase in concentration of fibers at a
fixed content of PTFE inclusions leads to an
increase in the E" values, while the character of the
dependence is nonlinear (Pic. 1a). An increase in
the concentration of dispersed inclusions of PTFE
at a fixed fiber content can lead to both a slight
growth (when using ARIMID fibers) and to a slight
decrease in the E" values (using AFG fibers). The
character of the dependence is close to nonlinear
(Pic. 2a).

3. An increase in concentration of ARIMID
fibers with a fixed content of PTFE inclusions leads
to a nonmonotonic change in the values of the
Poisson’s ratio v’ (Pic. 1b). An increase in the
percentage content of disperse antifriction
additives of PTFE at a fixed concentration of
ARIMID fibers leads to a slight decrease in the
values of v' according to a law close to linear
(Pic. 2b).

4. An increase in concentration of both AFG
fibers and dispersed antifriction additives of PTFE
leads to a monotonous decrease in the values of
the Poisson’s ratio v’ (Pic. 1b, 2b).

5. Since the variation in the percentage of
fibers (ARIMID or AFG) results in a more significant
change in operational elastic characteristics of
tribocomposites than the variation in the
concentration of PTFE inclusions, additional
experimental and theoretical studies are needed
to optimize the concentration of both PTFE and
fibers in order to maximize the tribocharacteristics
of the composites under consideration without
significant deterioration of their elastic-strength
indicators. This is especially important for
tribocomposites operating in heavily loaded
friction nodes.
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BAIrOHbI

60, 82
|
CHuxeHne Bnbpaumy Ky30B8a.
KOHTPO/1b TOPMO3HOM
CUCTEMDI.

TKX 74

ABTOMOOMIV Ha pesibcax.
U He TosbKo.

HAYKA U TEXHUKA e+ SCIENCE AND ENGINEERING
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Krakow: accelerated track
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Reduction of car body’s
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Control of braking system.
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Bnopsumepx
YEPJIYHYAKEBUY

Wiodzimierz
CZERLUNCZAKIEWICZ

Accelerated TINES Technologies
for Tram Tracks

(TekcT cTatby Ha aHIJl. 3. —

English text of the article — p. 55)

B cTtaTtbe npeacTassieH crnocob opraHusaunmn
PEeMOHTa TpaMBaliHOro nyTv Ha ynuue
¢ 60/1bLLIOV TPAHCMOPTHOM HarPy3KOJA.

B cBs13u ¢ 0CO6bIM MECTOMOJIOXEeHNEeM
00beKTa KJII04YeBbIM acrekToM npu Boibope

TexXHO/10ruu 6b1/1 KOPOTKMNIA CPOK BbIMOJIHEHUS

paboT c 06sa3aTesibHbIM MOJIyHeHUEM
BbICOKUX TEXHUKO-3KCIJlyaTalunOHHbIX
napameTpos, obecneynBaoLnNx
AJIUTEJIbHYIO N HAAEXHYIO 3KCJlyaTaLunio
PEesiIbCOBOIro MoJIOTHA MOCJ1e PEKOHCTPYKLUN.
Moapsaynk npumennn cuctemy tuna TINES
LC—-L XL, OCHOBHbIM 3J71€MEHTOM KOTOPOI
sABssseTca cOOpHasi xesne300eToOHHas NauTa
AnuHon 17 M, CO BCTPOEHHbIM MOAYJ/1EM
ERS-M. TexHO/10rnsi peMOHTa Y KOHCTPYKUNS
TpamMBaWiHbIX MyTeii OblIv Nogo06paHbI

Tak, 4TOObl OrPaHNYUTb PUCK BO3MOXHOIO
npoaseHns BpeMeHu peannsaunm rnpoeKTa.
3T0 COOTBETCTBOBAJIO OXUAAHUSM
MHBECTopa, OCHOBHO LieJ1blI0 KOTOPOro
ocTaBasioCb NOTPaTUTb HA AEMOHTaX

u MogepHu3auuio He 6osiee 60 Yacos.

Knioyesbie crioBa: TpamBani, PesibCOBbIV MyTb,
BEepXHee CTPOEHUE yTu, PEMOHT, YCKOPEHHbIE
TexHonorum, TINES LC-L XL, KpakoB, ka4ecTBo.
|
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HAYKA 1 TEXHWKA

YCKOpPEHHbIe TEXHOJI0rnun
TINES pna tpamBanHbIX nyTen

Yepaynuareeuu Baodzumepic — oupekmop
no eonpocam Bocmounvix poinkoe TINES Railway,
Kpakos, [oarvwa.

mua xerykelikast — oqHa U3 Haubosiee

3arpy>keHHbIX B Kpakoe. OHa sIBIIsIeT-

¢S BaXKHBIM TOPOKHBIM MapIIpyTOM
B CETU OO1LIECTBEHHOI'O TPAaHCMHOPTA, MOCKOJIb-
Ky COeAMHSIET IBa NepecajouHbIX y3i1a — [pe-
ry>kelKylo rioiaab u LleHTpaabHbIi KpbIThI
pbIHOK. TIIOC K TOMY UMeEeT HeMalloe 3Have-
HUE C TOYKH 3pEHUS IIPOCTPAHCTBEHHOTO 10C-
TyTa, MOCKOJbKY MO3BOJISIET 00eCHeYuTh He-
MOCPEACTBEHHBIN MPOoe3 K LIEHTPY Topoaa
nepexos B yauLly JInTist, a Takke rnepecekasich
¢ ymuueii CTapoBUCITBEHOM, KOTOpast UAET I10
BTOPOMY T10 BEJTMIMHE KYJIETYPHOMY KOMITJIEK-
cy — pailony Kasumex, Benst Ha Ipyroit 6eper
peku Bucinbl. B TeueHue Bcero nHs 31eCh IO-
CTOSTHHO HaOJII0OmaeTcsl BBICOKAsh MHTCHCHUB-
HOCTB IOPOKHOTO IBVKCHHSL.

Bce 3T hakTOpPEI CBUIETEILCTBYIOT O TOM,
YTO IIPU IIPOBEICHUY PEMOHTA ITyTH B JAHHOM
JIOKaJU3al1Mu y yIIpaBJIsitolero uH@pacTpyk-
TypOIf BO3HUKAET MHOKECTBO JIOTUCTUIECKIX
W 3KOHOMHUYECKHUX MPOOJIEM, CBSI3aHHBIX
C opraHu3auuveil IBMKeHUS. JIUTeIbHBIC
TePUOAbI 3aKPBITUST IBUKCHUS CTAHOBSIITCS
0YeHB JOPOTOCTOSIINMU, 2 KPOME TOTO MOTYT
TIPUBECTU K TPAHCITOPTHOMY KOJIJIATICY B 3TOM
yactu ropoja. [ToaTomy Bo3HUKIIa HEOOXOAM -
MOCTh B TaKOI TEXHOJIOTMU pabOT, KOTopas
Obl MO3BOJIMJIA YJIyUllIaTh COCTOSIHUE TpaMBaii-



Puc. 1. CywecTBeHHble TPELYUHBI N CKOJIbI B MOKPLITUN.

HOTO TIOJIOTHA ITPH YCJIOBUM MUHUMATA3ALINHI
BPEMEHHM OTpaHUICHMS TPAHCIIOPTHOTO IBU-
JKEeHUSI.

COCTOAHUE NYTU
NEPEJ PEKOHCTPYKLMUEN

TpamBaiiHOe MOJOTHO BAOJb YJIMIIBI
[xeTyxKelKoii BbIIeJIeHO U3 TIPOoe3Kel yacTu
C MOMOIIIbIO OETOHHBIX pa3AeiauTeNncit, Ko-
TOpbIe HE AAlOT 3aHUMATh MOJIOCY IBMXKE-
HUS, TIpeaIHa3HAYeHHYIO IJIsI TOPOJACKOIO
00IIIECTBEHHOTO TPaHCIIOPTa, BOMUTEISIM
YaCTHBIX TPAaHCIIOPTHBIX cpeacTB. BHeape-
HUe pasaeiauTesieil ObIO HEOOXOAUMO ISt
TMOBBIIIEHUS] UHTEHCUBHOCTU OBMKEHMS
aBTOOYCOB U TpaMBaeB.

PeMoOHTUpYeMBIii y9acTOK JUTMHOM 17 MeT-
pPOB BKJIIoYaa B ce0s1 ABYIYTHBIN (pparMeHT
TOJIOTHA, BKJTIOUAst MEXKAYITyThe. TexHuueckoe
COCTOSTHUE PEeJIbCOBOIO TOJOTHA, KOTOPOE
OBLJI0O MHBEHTEPU30BAaHO BO BPEMSI ITOCEIIICHUST
00beKTa CIIeIIMaICTaMu, 0Ka3aJI0Ch UCKITIO-
YUTEIBHO IJI0X0e. B cyIiecTByloeM moKphl-
TUU OBUIM BUIHBI MHOTOYMCIECHHBIC CKOJIbI
M TpeLIMHBI achabTOO0ETOHA, a TAKXKE OTPHIB
PE3MHOBBIX IPUPEJIHCOBBIX 2JIEMEHTOB U 2JIe-
MEHTOB KpeIuieHus penbca. [ToBpexxneHus
MpUBEIN K TOMaJaHNI0 BOALI B TpaMBaliHOE
MOJIOTHO, YTO YCKOPWJIO POCT CKOJIOB U Tpe-
IIMH B acanbTro0eTOHHOM MOKPHITUHU. B He-
KOTOPBIX MecTax HaOmomaauch 0COOEHHO
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OoupIme aeopMaIi B pe3yJibTaTe MoabeMa
OETOHHBIX TUIUT.

[110X0€ cocTOsTHME TTOJIOTHA CO3IaBajio
YTPO3bI IBIXKCHUIO TpaMBaeB. Bbuto ycTaHOB-
JICHO, YTO OCHOBHBIC Ne(heKThl HaXOIWINCh
B paliOHE MOIEPEYHOTO JUHEHHOTO BOAOOT-
Boja. [lopoxkHoe achalbTo0e TOHHOE TOKPBI-
THE, TI0 KOTOPOMY IBUTAJINCh TOPOACKHUE aB-
TOOYCHI, TOXE TTOABEPTaIoCh OBICTPOMY pa3-
pymieHuio. [eno mounio yxe m0 TOTOo, 4TO
B TpaMBafHOM ITyTH OBLT 3a(bUKCUPOBaH OT-
PBIB pejibca OT OETOHHOTO OCHOBAHMSI.

CorjacHO MPOEKTHOM JOKYMEHTAIIUH,
MPEAOCTABICHHOU TTOAPSIYUKY, TPAMBAMHBII
ITyTh OBLJT BBITIOJTHEH B TEXHOJIOTUH CITIOIITHOMN
OITOPHI peIbca B MOHOJIUTHOM KeJIe300€TOH-
Hoit ute. OMHAKO BO BpeMsl pa300pPOUHBIX
paboT 0Ka3aJ0Ch, YTO KOHCTPYKITUS CYIIECT-
BYIOIIIETO ITOJIOTHA OTJIMYACTCS OT 3asIBJICHHOM
B IIPOCKTHOU MOKyMeHTaluu (puc. 2), 94To
IIPUBEIIO K YBEIIMUCHUIO TTPOIOJIKATEIIBHOCTH
JIEMOHTaXXHBIX Pa0OT.

OXUWAAHUE NHBECTOPA

B cBs131 ¢ ymOMSIHYTBIMY OCOOEHHOCTSIMU
yiuibl [KeTyKelKoil B TOPOJICKOI crucTeMe
COOOILIEHUSI TPUOPUTETOM JIJISI UHBECTOpA IPU
PEKOHCTPYKIIUM e(DEKTHOTO y4acTKa CTalio
COKpallleH1e BpeMeHU paboT U MaKCUMallb-
Hoe coxpaHeHue aBrmKkeHuss. OCHOBHas 11eJb
3aKJIloyajiach B OrpaHUYE€HUHU 3aTpaT Mo Mmo-
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AONOTHO

NONGGA NIBUKEHAR FOPOMIGKOTQ TPAHCTIORTA

NONOCA IBWKEHUA FOPOICKOrQ TRAHGNIGRTA
aap 340

—<CVULLYKTOH %o
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penbs 60R2
NDMPENLEOBBIE NPOGHIH

NOApeNEEoaie NpodhHNH

WenasoBaTaHHAR NNHTA TONW, 20 OM, KNACE BeToHa G30/37
Toluni GeTon G12/15 - 5 oM
# necok - 10 - 20 oM.

Puc. 2. MonepeyHoe ceyeHne TpaMBaiiHOIro rMoJIoTHa Ha yn. [Keryxeukow — KOHCTPYKUUS nepes PeMOHTOM.

Puc. 3. NMnuta 3aBogckoro narotosneHusi TINES LC—L XL.

OONOTHO

NONoOCA NBWHEHWA TOPOCKOr0 TPAHCAGPTA NOoNOCA NAWHEHKA TOPOCKOrQ TPAHCOCOTA

340 340

——

©GeToH ¢ GaansrosLM webHeM knacca C35i45]

| pensc BOR2

NPUPENBCOBEIA NPOgNE
ANKWTA 38B0ACKOMO WaroToeneHna TINES LC-L - 35 cm
nogxnaaks EDILON ERS Polymer Shim

YAOHEHHBIE HA GeToHHbIK Gnokax
2 x BeToHHbIA Gnok Boic. 14 oW
GeTon knacca C30/37 - 18.cm

M cnoi GBeToHa knacca C30/37 - 20 om

Puc. 4. MonepeyHoe ceyeHue nosioTHa Ha yn. Dkeryxeukowi ¢ cucremori TINES LC-L XL.

MWP TPAHC!
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BOJy U3MEHEHU I B OPraHn3aIuu JIBIKEHMS,
BO3MOXHOTO TPaHCIIOPTHOTO KoJjijarca Ha
yJacTKe, I/Ie PacloJIOXeH TepecagoaHblit
y3eI1, a TaKKe PUMeHEeHNe TaKOi KOHCTPYK-
IIUU ITyTH, KOTOpast Obl TapaHTUpPOBAJIA J0OJI-
TOJIETHIOIO SKCIUTyaTallluio C MUHUMAaJTbHBIMU
pacxoJaMy Ha COAepXKaHue.

TIpu BbIOOpPE MOKPBITUS KIIIOUEBYIO POJIb
WUrpajia BEICOKast yCTOMYMBOCTh K MHTEHCHUB-
HOMY JABUXEHUIO OOIIeCTBEHHBIX BUIOB
TpaHCIIOPTa: TpaMBaeB U aBTOOYCOB. Ympas-
JITIONIM I MH(PPACTPYKTYPOIl XOTET MUHUMU -
3UPOBATh JAJIbHEMIIINE paCcXO/Ibl Ha CoepKa-
HUE ¥ TapaHTHPOBATH MOJIb30BaTe/IsSIM Oe3aBa-
PUITHYIO CTyXOy CHCTEMBI Ha JOJTHE TOMIbI.
WM3-3a 0JM30CTU 3aCTPOMKU, B TOM UYHUCIE
SKUJIBIX JIOMOB, 3HAYMMBIM (haKTOPOM SIBJISI-
JIMCh obecriedyeHue TOMYyCTUMOTO YPOBHS
BUOPOU3OJISIINM, YMEHbBIICHUE TMHAMUYE -
CKOTO BO3JEUCTBUS OT MPOE3KaIIIEero
TpaHcIopTa Ha O6Jm3Jexarnue 3nanusi. Beico-
KUe, HO IpY 3TOM OOOCHOBaHHbIE TPEOOBAHUS
WHBECTOpA YK€ Ha Ha4aJIbHOM 3Tarle UCKITIO-
YU OOJTBIIMHCTBO MCTIONBb3YyeMbIX B [Tosbiire
KOHCTPYKIIMI U TEXHOJIOTUA.

CoOCTBEHHO, TOTAa-TO K MHBECTOPY
u obpatunach ¢upma TINES, npennaras
MpUMEHEeHNE UHTETPUPOBAHHOTO XeJe3HO-
JIOPOXXHO-aBTOA0POXXKHOTO MOKpbITUsI TINES
LC—LXL. OHo pa3paboTaHO /11 MAaKCUMaJlb-
HOTO COKpAIIeHUS CTPOUTETbHO-MOHTaXKHBIX
paboT Mpy 3aMeHe BEPXHETO CTPOSHUS TTyTH
1 obecTieunBaeT HAMBBICIITUI CTAaHAAPT Kaue-
ctBa. TeXHUKO-3KCIITyaTallMOHHbIE XapaKTe-
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Puc. 5. fetanbHbiii pa3pes y3na kpenaeHus
penbca B cucteme TINES LC—-L XL: 1- cnnowHoun
noapesibCoBbIV NPOpUb; 2 — NPUPEsIbCOBbINA
npogunb; 3 — knevi gns npopuneii.

puctuxu rmokpbiTus TINES LC—L XL rapan-
THUPYIOT JIOJTHIA CPOK CITY>KOBI, MUHUMAJTA3a-
LIMIO PACXOJIOB Ha COMIEp>KaHKe, a TAaKKe CTOJIb
BaxKHOE JUISI TOpOJia YCJIOBYE, KaK BUOPOM30-
JISIIMsS, JOoCcTUTaeMasl 0Jaromapst CTUIOLITHOM
oITope pesibea.

OCOBEHHOCTHU
MCNOJIbBOBAHHOIO PELLEHUA

HMHTerpupoBaHHOE XKEJIE3HOIOPOXKHO-
aBTogopoxHoe nokpeitue TINES LC—L XL
COCTOMT U3 KPYITHOTa0apUTHBIX Mepedadpu-
KOBaHHBIX XKeJIE300€TOHHBIX TUIAT C 3aKpeTl-
JICHHBIMU C TIOMOIIIbIO MOJYJIbHOM CUCTEMBI
pesibcamu B 3a1iuTHOM cjioe ERS-M Ha sTarne
3aBOJICKOTO M3TOTOBJIEHUS. Pesibe onupaeTcs
Ha MOAPETHCOBBIN MPOMWIH U KPETTUTCS T10-
CPENCTBOM TTPUPENIbCOBBIX TIpoduieit u3 pe-
3WHOBOTO TPAHYJISITA.

Puc. 6. AemoHTax
CyLLEeCTByIOLEero rnosoTHa.
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Puc. 7. Yknanka nantel TINES LC—L XL.

Puc. 8. Mnutel MmexxaynyTbs 3aBOACKOro n3rotossieHns nokpbitus TINES LC-L XL.

[MonHast 3aBoacKast TOTOBHOCTD MTOKPBITHST
TINES LC—L XL 3HauuMTenbHO COKpallaeT
BpeMsI €€ MOHTaXKa, 4TO U SIBJISIOCH TIIaBHOM
1LIeJIbIO MHBECTOpA. JJOMOJHUTENIBHO Mpeaia-
raemasi KOHCTPYKIIUSI ITyTU OTBevasia TpeOo-
BaHUSIM 110 BUOPOUBOJISIIINN, & TAKKE MUHM-
MaJTi3alUU padoT MO TEKYIIEMY COIEPXKAHUIO
CHUCTEMBI BO BpPEMSI €€ MOCIeNYIOIIeH SKCILTya-
tauuu. Crioco6 kperienuss ERS-M rapanTtu-
PYET CIUIOLIHYIO HAIEXKHYIO U YIIPYTYIO OMOPY
pejibca, orpaHUYeHMe IIymMa, a TakKe XOpo-
LIYIO JIEKTPUYECKYIO U3OJISIIUIO PETbCOBOM
JIMHUU.

TEXHOJ10Irua BbIMOJIHEHUHA PABOT

PeMOHT nyTy ObL1 3aIUIAHMPOBAH Ha BbI-
XOIIHbIE THU HEIEU, IPUHNUMAs BO BHUMaHUe
YMEHbIIEHNEe UHTEHCUBHOCTU ABUXKEHUSA
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B 9T0 Bpems. CTpouteabHble pabOThl Hava-
JIUCHh B TISITHUILY, B BeuepHUe 4yachl. [locie
3aKPBITUST ABMKEHUSI Y BBITIOJIHEHUS TIOJITO-
TOBUTETHHBIX OMepaluii (B T.4. OTKJIIOUEHHE
M TIepeHOC KOHTAKTHOI ceTr) ObLI0 pa3odpa-
HO ac(anbTOOETOHHOE MOKPBITUE, MYTEBOM
0eTOH U MinTa ocHoBaHMs. s pa3dopKu
HCTIOJIb30BAIMCH 9KCKABATOPHI C THIPaBIIM-
YECKUM MOJIOTOM, 3KCKaBaTOPBI-TIOTPY3YMKHI
M CaMOCBAaJIbI C 3aJHEN pa3rpy3KOi.
TTonyyeHHas TpaHiest Obl1a BEITPOGUIN-
poBaHa 1 BHIPOBHEHA, @ OCHOBAHUE YTUIOTHE -
Ho ¢ noMolibto Bubporiut WACKER maccoit
500 kr. Ha ciepyomem sTane mpoBeAeHbBI
TeOTeXHUYECKIE U3BICKAHUS C LIEJIbIO OLIEHKN
COCTOSTHMST XapaKTepUCTUK OCHOBaHUS (M3-
MepeHue KoadhduiimeHTa yIIoTHeHUS, MOy -
T nechopMaliuy 3alMTHOTO CJIOST 10 BETBU
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Puc. 9. Yknagka nantbl MeXaynyTbs B paiioHe KaHain3aLunoHHOIO JII0Ka.

€r0 BTOPMYHOI'O Harpy>XeHusl, 3HaYeHUEe KO-
TOPOT0 JOKHO OBITh He MeHbIe 120 MI1a).
Korma noarBepanioch, 4To OCHOBaHUE OTBE-
YyaeT BCeM TPeOOBaHMSIM, OBLIO MPOM3BENECHO
apMUpOBaHUeE B BUIC apMaTyPHbBIX CTaJIbHbBIX
ceTok @8 ¢ pazmepamu 5000 x 2150 MM (B IBYX
cJ1051X). B ceTkax BeIpe3aiu OTBEPCTHS, YTOObI
pa3MeCTUTh B HUX MOHTaXHble OETOHHBIE
0JIOKM, a Ha HUX MOJIOXMTH CIIelIMaIbHbIC
MONKJIAIKK IIJIsI PErYJIMPOBKU ITOJIOXKEHUS
IUIMTHI B BEPTUKAJIBHOM IUIOCKOCTHU. YKJIaaKa
MOKPBITHS JIJIMHOM 17 METPOB CTajla cephe3-
HBIM BBI30BOM C TOYKHU 3PEHUSI BHICOTHOM
MPUBSI3KU K CYILIECTBYIOIIEMY ITOJIOTHY.

ITociie BBITTOJIHEHMS TTOATOTOBUTEIbHBIX
paboT MpoBeieHa YKIaaKa IUIUT 3aBOJACKOIO
M3rOTOBJICHMSI HAa MOHTaXHBIX ortopax. [lepe-
HOC TUTUT OCYILECTBJISIICS C TIOMOIIIBIO ITSITH -
OCHOTI'0 aBTOMOOMJIBHOT'O KpaHa MaKCUMaJlb-
HO Tpy30M0IbeMHOCTbIO 250 TOHH C IMPOTU-
BOBecoM 69 TOHH M CIeLUaTbHBIM TEJIeCKO-
MMMYECKUM TPpaBepcoM ¢ TpojieToM 10 M.

ITpu reone3nyeckoM Haa30pe BBHITTOIHEHA
PEryJIupoBKa TUIMT B BEPTUKAJIBHON U TOPU-
30HTAJIBHOM TUIOCKOCTSIX. OTMETKM TOJIOBKHU
peJibca KOHTPOJMPOBAJIUCH T€0e31UCTOM,
CJlyyau OTKJIOHEHUI OT ITPOEKTHOM TOKyMEH -
TalMy KOPPEKTUPOBAIKUCH ITyTeM H00aBJe-
HUSI/yOalleHUsI TOHKUX PEeryJIrMpOBOYHBIX
MOAKJIAMOK ITOCJIE TPEIBaPUTEIHLHOTO TTOIb-
€Ma muThl. Benen 3a ycTaHOBKOM ITyTEBBIX
IUTAT aHAJIOTMYHbIE TEXHOJIOTMYECKUE Orepa-
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LIMY BBITTOJHEHBI JUTS TUTUT MEXIYIYThsI, KO-
TOpPbIE pa3MellaICh C 00X CTOPOH KaHAIU-
3allMOHHOTO JII0OKA, HaXOMsIIIerocsi B OCU
MOJIOTHA.

ITpocTpaHCTBO B pailoHe JItoKa 3aITOJTHUIN
OETOHOM Ha cliefylolleM aTarne yCTpoicTBa
BepxHero crpoeHus: nytu. Ilocie ykimaaku
IUIAT MOLLIM TEPMUTHASI CBapKa pejibCoOB
1 1iM¢oBKa CBapHBIX IIBOB. 3aTeM ObLIO
BKJIEUBaHUE MTPUPETBCOBBIX 1 MOIPETbCOBBIX
npodusieil B MecTax CBapHbIX IIBOB, YTOOBI
COXPaHUTb OOHOPOAHOCTh KOHCTPYKIIUU
BepxHero ctpoeHus nytu. [lo 3aBepiieHUn
«OTaTyOK1» U3 MEeHOIOJMCTUPOIa TTo OoKaM
TUTAT Y 3aILUThl TEXHOJIOTMYECKHUX IIIBOB MEX-
ny rummtamu TINES LC—L XL, a Takke Ka-
HaJIM3allMOHHOTO JII0Ka, HayaJlOCh UHbEKTH -
pOBaHUeE IO IJIMTHl OBICTPOTBEpACIONIEH
6etonHoit cmecu C30/37.

bricTpoTBepAcOIMM OETOHOM KpoMe
TOTO 3aMOJHEHO MPOCTPAHCTBO MEXY CYIlIe-
CTBYIOLIMM BEPXHUM CTPOCHUEM ITyTU U TLTU -
TaMu 3aBojackoro usrotoBiaeHus TINES
LC-LXL.

®duHnnIHBIE pabOTH BKJIOYAIN B ce0s
3aIloJIHeHUE YIPYro 3aJIMBOYHON Maccoit
Edilon Corkelast TO 1mBoB MeXX1y MOHOJIUT-
HOM OETOHHON IUIMTON W MYyTEeBOW MIUTOM
TINES LC—L XL, yctaHOBKY 2JIeMEHTOB
BOJIOOTBOJA B ILUIMTE, a TaKXe BbUIMBaHUE
OETOHHOIT CMeCH B paiiloHe KaHAJIM3alIMOHHO-
IO JIIOKa.
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3AKJTOMEHUE

1. OnucaHHas TEXHOJIOTUS IIyTEBBIX pPe-
MOHTHBIX pabOT U KOHCTPYKLIMS BEPXHEIO
CTPOEHMSI TPAMBAHOIO IIYTHU YYJIU HE TOJIb-
KO KOPOTKOE BpeMsl 3aKPbITUSI ABMXEHUS,
HO U PUCK 3aePKEK IPU BbIIOJIHEHUS OT-
JIeJIbHBIX 3TAlo0B MPOTrpaMMbl. DTO MO3BO-
JIMJIO YAOBJIETBOPUTH OKMUAAHUSI MHBECTOPA,
OCHOBHBIM 13 KOTOPBIX ObLIO BpEMSI BbIBOJA
M3 DKCIUIyaTallMU I10J10THA He 6oJjiee Ha 60
4acoB.

2. [TomotHo mHO# 2x17 METPOB OTMHOY-
HOTO ITyTU C MEXKIYITyTheM ObLIO JEMOHTUPO-
BAHO U 3aHOBO YJIOXEHO C IIPUMEHEHUEM
MHTETPUPOBAHHOIO XKeJIE3HOIOPOKHO-aBTO-
mopoxkHoro nokpeitusg TINES LC—L XL
B TeueHue 59 yacos.

3. Boicokast 3aBoICKasi FOTOBHOCTh ITOKPbI-
THUSI TPAMBAHOIO IIyTU I103BOJIMJIA MaKCH-
MaJIbHO COKPATUTh CPOKU pealu3aliiu Ipo-
€KTa, a C HUMM ¥ CPOKU 3aKPITHS YIULIbI 111

N

Puc. 10. YcTaHoBka onany6ku n3 neHornoJsicTMposa nepes BbliusaHneMm 6eTOHHOV CMecH.

Puc. 11. PenbcoBoe NoKpbiTHE NOc/ie peMOHTa C CUCTEMOJ NINT 3aBoACKkoro narotosneHns TINES LC-L XL.

TpaMBailHOro, aBTOOYCHOTO Y aBTOMOOWJIb-
HOTO JIBVDKEHMUSI.

4. PemonTt nytu B KpakoBe Ha yauiie
I’keryxeunkoil ObIJI MEePBBIM IIPOEKTOM
B [Tosbliie, TIe MCIIOIB30BAIMCh KPYITHOTa-
OGapUTHBIC ILIUThI 3aBOACKOrO0 M3rOTOBJIE-
HMs. 3ajaHue 3aKJII0YaJl0Ch HE TOJbKO
B BBIIIOJIHEHUM CTPOMUTEIbHO-MOHTaXHBIX
paboT, HO M U3rOTOBJeHUU MpedadbpUKaTOB
M UX TPAHCIOPTUPOBKE HA CTPOMTEIbHYIO
IUIOLIAKY.

5. PaspaboTtaHHasa cucteMa BEpPXHEro
CTPOEHUS IIYTU ITOMOXET OpraHu3alusM,
YIPaBIISIONIMM TPaMBaitHOI MHGPACTPYKTY-
pOli, PEMOHTUPOBAaTh U PEKOHCTPYUPOBATh
MOBPEXIACHHBIC JTUHUU B MECTax, Ile K-
YEeBOM 11eJIbIO SIBJISIETCS COKpAIlleHNE BpeMe-
HU TPAHCIIOPTHOTI'O JIBMXXEHHUS M obecrieve-
HHUE IIPU 3TOM BBICOKOTO KadecTBa paboT
C Y4€TOM BUOPOU3OJISIIIMOHHBIX U 3JIEKTPO-
M30JISILIMOHHBIX ITAPAMETPOB. °

Kpakos, MNonblua, w.czerlunczakiewicz@tinescg.com.

KooppaunHatel aBTopa: YepnyHuakesuy B., [lupekTtop no Bonpocam BocTo4Hbix peiHkoB TINES Railway,

Crtatbsa noctynuna B pegakumio 30.10.2016, npuHaTa k nyénvkauum 18.01.2017.
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ACCELERATED TINES TECHNOLOGIES FOR TRAM TRACKS

Czerlunczakiewicz, Wiodzimierz, TINES Railway, Krakow, Poland.

ABSTRACT

The article presents a way to organize repair of a
tram track in the street with a large traffic load. In
connection with the special location of the facility,
the key aspectin the choice of technology was a short
period of work, with mandatory obtaining of high
technical and operational parameters ensuring long-
term and reliable operation of the rail track after
reconstruction.

The contractor used a TINES LC-L XL type system,
the main element of which is a prefabricated reinforced
concrete plate 17 m long, with a built-in ERS-M
module. The repair technology and the construction
of tram tracks were chosen to limit the risk of a possible
extension of the projectimplementation time. Thiswas
in line with the investor’s expectations, the main goal
of which was to spend not more than 60 hours to
dismantle and upgrade.

Keywords: tramway, track, track superstructure, repair, accelerated technologies, TINES LC-L XL, Krakow,

quality.

Background. Grozhezetskaya Street is one of
the busiest in Krakow. It is an important road route
in the public transport network, since it connects
two interchange hubs — Greguzecky square and the
Central covered market. Plus, it has a considerable
significance from the point of view of spatial access,
since it allows to provide direct access to the city
center by going to Ditlja Street, and also intersecting
with Starovislava Street, which goes through the
second largest cultural complex — the Kazimierz
district, leading to the other bank of the Vistula
River.

Throughout the day, a high traffic intensity is
constantly observed here.

All these factors indicate that when repairing a
track in a given location, the manager of the
infrastructure has many logistical and economic
problems associated with the organization of the
traffic. Long periods of traffic closure become very
expensive, and in addition can lead to traffic collapse
in this part of the city. Therefore, there was a need for
such a technology of work that would improve the
condition of the tram track, provided that the time for
limiting traffic is minimized.

Objective. The objective of the author is to
consider the application of TINES technologies using
the example of tram track repair in Krakow.

Methods. The author uses general scientific and
engineering methods, comparative analysis, statistical
method.

Results.

State of the track before reconstruction

A tram track along the Grozhezetskaya street is
separated from the roadway by means of concrete

dividers, which do not allow occupying the lane
intended for urban public transport to drivers of
private vehicles. The introduction of separators was
necessary to increase the traffic intensity of buses
and trams.

The 17-meter-long repair site included a two-
track fragment of the canvas, including the cross-
road. The technical condition of the rail tracks, which
was inventoried during a visit to the facility by
specialists, turned out to be exceptionally bad. In the
existing coating, numerous cracks in the asphalt
concrete were seen, as well as the separation of
rubber rail elements and rail fastening elements.
Damage caused water to enter the tram tracks, which
accelerated the growth of chips and cracks in the
asphalt concrete pavement. In some places,
especially large deformations were observed as a
result of the rise of concrete plates.

The poor state of the roadbed created a threat to
the movement of trams. It was found that the main
defects were in the region of the transverse linear
drainage. Road asphalt concrete covering, on which
the city buses moved, also suffered rapid destruction.
The matter has already reached the point where a rail
track was detached from the concrete base in the
tram track.

According to the design documentation provided
to the contractor, the tram track was made in the
technology of continuous rail support in a monolithic
reinforced concrete slab. However, during the
disassembly work, it turned out that the design of the
existing roadbed is different from the one stated in
the design documentation (Pic. 2), which led to an
increase in the duration of dismantling.

Pic. 1. Significant cracks
and chips in the covering.
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Pic. 2. The cross-section of the tram roadbed on the street. Grzhezhetskay — the construction before the repair.

Pic. 3. Factory made plate TINES LC—L XL.
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Pic. 4. Cross section of the roadbed on the street. Grzegorzeckaya with the TINES LC—L XL system.
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Waiting for the investor

In connection with the above-mentioned features
of the Grozhezhetskaya Street in the urban traffic
system, priority for the investor in the reconstruction
ofthe defective site was the reduction of the work time
and the maximum conservation of traffic. The main
objective was to limit the costs of changes in the traffic
organization, the possible transport collapse at the
site where the interchange hub is located, as well as
the use of such a design track that would guarantee
long-term operation with minimal maintenance costs.

When choosing the covering, the key role was
played by high resistance to the intensive movement
of public modes of transport: trams and buses. The
infrastructure manager wanted to minimize further
costs for maintenance and guarantee users a trouble-
free system for years to come. Due to the proximity
of the building, including residential buildings, a
significant factor was the provision of an acceptable
level of vibration isolation, a reduction in the dynamic
impact from passing vehicles to nearby buildings.
High, but reasonable requirements of the investor
already at the initial stage excluded most of the
structures and technologies used in Poland.

Actually, then TINES applied to the investor,
offering the use of the integrated railway-road cover
TINES LC-L XL. Itis designed to minimize construction
and installation work when replacing the track
superstructure and provides the highest quality
standard. The technical and operational characteristics
ofthe TINES LC-L XL coating guarantee a long service
life, a minimal maintenance cost, and also an
important condition for the city, such as vibration
isolation, achieved by the solid support of the rail.

Features of the solution used

The integrated railway-road cover TINES LC-L XL
consists of large-sized rebuilt reinforced concrete plates
with fixed rails in the ERS-M protective layer fixed in a
modular system at the factory manufacturing stage. The
rail rests on the under-rail profile and is fixed by means
of rail profiles made of rubber granulate.

The full factory availability of the TINES LC-L XL
covering significantly reduces the time of its
installation, which was the main goal of the investor.
In addition, the proposed design of the track met the
requirements for vibration isolation, as well as the
minimization of work on the current content of the
system during its subsequent operation. The ERS-M
fastening method guarantees a solid, reliable and
resilient rail support, noise reduction, and good
electrical isolation of the rail line.

Pic. 5. Detailed section of the rail fastening system in
the TINES LC—L XL system: 1 — solid under-rail profile;
2 - railside profile; 3 — glue for profiles.

Technology of work execution

The repair of the track was planned for the
weekends, taking into account the decrease in traffic
intensity at this time. Construction work began on
Friday, in the evening hours. After the movement was
closed and the preparatory operations (including the
disconnection and transfer of the contact network)
were completed, the asphalt concrete, the road
concrete and the base plate were disassembled. For
dismantling, excavators with hydraulic hammers,
backhoe loaders and dump trucks with rear unloading
were used.

The resulting trench was profiled and leveled, and
the base was compacted using a 500 kg WACKER plate
compactor. At the next stage, geotechnical surveys
were carried out to assess the condition of the base
characteristics (measurement of the compaction
factor, the deformation modulus of the protective layer
along the branch of its secondary loading, the value of
which should be not less than 120 MPa). When it was
confirmed that the base meets all the requirements,
reinforcement was made in the form of reinforcing steel
grids @8 with dimensions of 5000 x 2150 mm (in two
layers). In the meshes, holes were cut out to
accommodate the assembly concrete blocks, and on
them special pads were put to adjust the position of the
plate in the vertical plane. Laying a cover 17 meters
long became a serious challenge from the point of view
of high-altitude binding to the existing roadbed.

After completing the preparatory work, the
stacking of the prefabricated slabs on the mounting

Pic. 6. Dismantling
the existing roadbed.
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Pic. 7. Laying of the slab
TINES LC-L XL.

Pic. 8. The plates of the
intertrack space of the
factory made coating
TINES LC—-L XL.

Pic. 9. Laying the plate of
the intertrack space in the
sewerage area.

supports was carried out. The transfer of the slabs
was carried out with the help of a five-axle truck crane
with a maximum carrying capacity of 250 tons with a
counterweight of 69 tons and a special telescopic
traverse with a span of 10 meters.

When geodetic control was performed, the plates
were adjusted in the vertical and horizontal planes.
The marks of the rail head were controlled by the
surveyor, the cases of deviations from the design
documentation were corrected by adding /removing
the thin adjusting pads after the plate was pre-raised.
Following the installation of track slabs, similar
technological operations were performed for the
plates between the tracks, which were located on both

sides of the sewer hatch located in the axis of the
blade.

Space in the sewerage area was filled with
concrete atthe next stage ofthe track superstructure
arangement. After laying the plates, termite welding
of rails and grinding of welded joints were carried
out. Then there was gluing of the railside and under-
rail profiles in the places of welded joints in order
to preserve the homogeneity of the structure of the
track superstructureture. After the completion of
the «formwork» made of expanded polystyrene on
the sides of the plates and the protection of
technological seams between the TINES LC—-L XL
plates and the sewerage hatch, the installation of a
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fast-curing concrete mixture C30 /37 began under
the plate.

A space between the existing track superstructure
and factory-made plates TINES LC—-L XL is also filled
with fast-hardening concrete.

The finishing work included the filling with the
elastic casting mass of Edilon Corkelast TO of joints
between the monolithic concrete slab and the TINES
LC-L XL track plate, the installation of drainage
elements in the slab, and the pouring of the concrete
mixture in the sewerage area.

Conclusion.

1. The described technology of track repair works
and the construction of the tram track superstructure took
into account not only the short time of closing the traffic,
butalso the risk of delays in the execution of certain stages
of the program. This allowed satisfying the investor’s
expectations, the main of which was the time to
decommission of the road bed for no more than 60 hours.

2. A 2x17 meter long single-track road with an
intertrack space was dismantled and reinstalled using

Pic. 10. Installation
of polystyrene foam
formwork before
pouring out the
concrete mix.

Pic. 11. Rail coating
after repair with the
system of plates
manufactured by the
manufacturer TINES
LC-L XL.

the integrated TINES LC-L XL railway and road
covering for 59 hours.

3. The high factory readiness of covering of the
tram track allowed to shorten the terms of the project
as much as possible, and with them the deadlines
for closing the street for tram, bus and automobile
traffic.

4. The repair of the track in Krakow on
Grzhezhetskaya Street was the first project in Poland,
where large-sized plates of factory manufacturing
were used. The task was not only to perform
construction and assembly works, but also to
manufacture prefabricates and transport them to the
construction site.

5. The developed system of the track super-
structure will help organizations, which manage the
tram infrastructure, to repair and reconstruct
damaged lines in places where the key goal is to
reduce the time of traffic and ensure high quality of
work with regard to vibration isolation and electrical
insulation parameters. °
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Korna BaroHocTpounTtenbHbiii 3aBoa B Teepun
Hayasn cepuiiHbIi BbIlyCK MacCaXupCcKkux
BaroHoB HOBOroO MOKoOJieHusi, ero
crnieymnanncTam rnpPULLIIOCh CTOJIKHYTbCS

c ¢pakTamu He BCceraa onpasaaHHON
mMoaugukaumn, kasanocs 6bl, yxxke n 6e3
TOro 60os1ee KOM@pOPTHBIX M 6e30MacHbIX
KOHCTPYKUMIA. B 4acTHOCTN, 0GHapyXnUincob
ocnabneHns BUGPaLMOHHbIX MapamMeTpPoB
rpu MNOCTPOJiKe BaroHHbIX CaJIOHOB,

6aposB, nabopatopwii. JaHo 060CHOBaHue
BO3MOXXHOCTU YMEHbLLUeHUs nokasarenen
BUOpauun BaroHa-casloHa 3a CY4ET
yBenin4yeHusi N3rnbHow XXeCTKOCTU Ky30Ba

v nogbopa Hanbosee paunoHasbHOro
BepTuKasibHOro gemrdgepa LeHTpasibHOro
noABeLINBaHNS.

Kntoyesbie c/ioBa: xene3Has 40pora,
BaroHOCTPOEHNe, BaroOH-CasloH,

BUbpaLysi, MIaBHOCTb Xo4a, U3rnbHasi
XXECTKOCTb, MPOEKTUPOBaHNE, UCTbITaHWS,
yrpasJsieHve napameTpamu.
1
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CnocoObl ynpaBneHus
napametpamu Bubpauum
naccaXxupckux BaroHOB

Crauroe Arexcandp Huxo-
aaeeus — KaHouoam mex-
HUMeCKUX HAYK, OUpeKmop
340 Hayunas opeanuzayus
«Tsepckoti uncmumym
sazoHocmpoerus», Taepe,
Poccus.

Camowkun Cepeeii JIveo-

6u1 — 00KMOop mexHu-
uecKuX HAyK, HaYaNbHUK
ynpaenenus Tsepckoeo
UHCMUMYma 8a20HOCmpoe-
Hus, Teeps, Poccus.
3aiiues Andpeii Baaen-
MuHOBUY — 3a6e0yuull
nabopamopueti Tsepckoeo
UHCMUMYMa 8a20HOCMpoe-
Hus, Teeps, Poccus.

Anppeii SAWLLEB
Andrey V. ZAYTSEV

Havasne XXI Beka TBepckoit BaroHo-

CTPOUTENbHBIN 3aBOJ pa3paboTall

KOHCTPYKLIMU U TIPUCTYINJI K CEPUIA-
HOMY BBIITYCKY ITaCCaKMPCKMUX BATOHOB HOBO-
IO MOKOJIEHUS ¢ OOLIMBKOM Ky30Ba U3 HEpKa-
BEIOIIMX CTaJieil 1 CPOKOM CIIykObl 40 et
(cTapble MOIIEIM UMEIOT CPOK CITYXKObI 28 J1eT).
Bce BaroHbsl HOBOTO MOKOJIEHUST TIPeIHAa3HA-
YeHBI IJIs TIEPEBO3KM MAacCcaXKMpoB U 00Cy-
JKMBAIOILIETO MEPCOHasa Ha DJIEKTPUMULIMPO-
BaHHBIX ¥ HERJIEKTPUMULIMPOBAHHBIX yUacCT-
Kax XeJIe3HBIX Jopor Kojen 1520 MM co cKo-
pocTsIMU ABMXKEHUs 10 160 Km/u.

Kymneitnbiit Baron mogenn 61—4440 cun-
TaeTcs 6a30BbIM. OH U3roTaBIUBACTCS B IBYX
BapuaHTax — Ha 36 CITaJIbHBIX MECT B YEThI-
pPeXMeCTHOM MCITOJIHEHUM U Ha 18 crmaybHbIX
MECT B IByXMECTHOM MCITOJJHEHUU KYTIE.

Baron mogenu 61—4445 orHocuTCS K Ky-
MEeWHBIM IITaOHBIM. B HeM nMmeroTcs crieua-
JIN3UPOBAHHOE KyIle W TyaJieT I IMpoe3aa
MHBAJIM/IA C COMPOBOXIAIOLIMM JIMLIOM. Baron
000pyI0BaH MOIBLEMHUKOM /IS MTHBAJIMIHBIX
KOJISICOK, a TAKKE BCEMU YCTPOICTBAMU U CHC-
TeMaM, HEOOXOAMMBIMHU AJIST IITAOHOTO Ba-



roHa. Bcero 3mech 26 craabHBIX MECT TSI
naccaxupos.

Baron moaenu 61—4447 — naccaxkupckui
HeKYIeHbIl (U1alkapTHeiil). B Hem nacca-
XKUPCKOE MOMENIEHUE pa3liesIeHO Tolepey-
HBIMU ITePEropoKaMu Ha 9 11eCTUMECTHBIX -
OTCEKOB, UTO AaeT 54 crajabHbIX MecTa.

Baron mogenu 61—4458 sBrisietcst macca-
SKUPCKUM € MecTaMmu Jutst cuienust. Kommue-
cTBO MecT 60 B BaroHe CO CTaHAApPTHBIM WH-
TepbepoM (2 + 2) u 40 111 BaroHa ¢ yrydIieH-
HBIM UHTepbepoM (2 + 1).

Baron-pecropan monenu 61—4460 nmeer
32 maccaxKMpCKUX MEeCTa B CAJIOHE U YEThIPE —
B Oape.

Ky3oBa Bcex BaroHoB MOJEJIBHOTO psifa
MPEACTABIISIOT COOOM LETbHOMETATTUYECKYIO
HECYIIYI0 KOHCTPYKIIMIO TUTA 3aMKHYTOM
000JIOYKHM C PETYISIPHBIMU BhIpe3aMu B 00KO-
BBIX CT€HAX JJIsSI OKOH W JBepeii, a Takxke
C JTIOKaMU B KPHIIIIe ISl yCTAHOBKY 000pyI0-
BaHUsI (KOHIUIIMOHEpa, 0aKa IS BOIbI U KOT-
Ja).

XpeOToBas 6anka pamMbl Ha KOHCOJSX
¥ B IIKBOPHEBBIX 30HAX BBITIOJTHEHA U3 JIBYX
mBesepos 30B, B cpenHeil yacTu U3 0HOTO
nBytaspa 30b2. bydepHble Opychst U3rOTOB-
Jiensl u3 mBesiepa 30B. [IIkBopHeBbie 0anku
KOpOOUYATOTO CeYeHNSI: BEPTUKATBHBIC JTUCTBI
TOJIIIMHOM 6 MM, BEpXHUI M HUKHUA JTUCThI —
8 MmM. [TomepeuyHbie OanKu B MEPEXOIHBIX
30HaX OT IIBEJIJIEPOB K IBYTaBPY MPEICTaBIIS -
0T cOo00i1 THYTHIE TTPOGUIN TTIEPEMEHHOTO
ceueHusl TOIINUHOM 6 MM. OcTallbHbIE TIoTIe-
peuHbIe 6aIK1 — THYThIe mBesiepsl 100 x 60 x
4 mm 1 100 x 60 x 5 MM. B KOHCTpyKIIUU
MPOIOJIbHBIX OATOK (HVXKHUX OOBSI30K) paMbl
ucmnoJib3oBaH yrojok 100 x 100 x 8 mm. Ma-
Tepual pambl — ctajib 0912C.

HacTun mosna B cpenHeil 4acTU COCTOUT
13 ToGpUPOBAHHBIX JUCTOB TOJIIMHOMN
1,5 MM, Ha KOHCOJISIX — U3 IUIOCKUX JIUCTOB
2,5 MM.

J1st M3roToBJIeHUsI OOKOBBIX CTEH BaroHa
MPUMEHSIETCST HepXKaBerolasi CTaib. B HIK-

HeM IosiCe OMHOCIOHAas 00IIMBKA — TO(pu-
POBaHHBIN MPOMWIH TONIIUHON 2 MM C Ye-
TBHIPbMSI IIMPOKUMU TOoppamMu, UMEIOIINMU
CJIeyIolIe TeOMETPUYECKHEe Pa3Mephl: BbI-
cota— 14 MM, mmprHa y ocHoBaHUS — 120 MM,
IIUMpUHA y BeplIMHbBl — 95 MMm. OOmuBKa
MoAKperieHa HAOOPOM MTPOAOILHBIX U TTOTIEe-
PEUYHBIX 2JIEMEHTOB (Haa- U MOJOKOHHBIE
CTPUHIEpPHI, O0BI3KU, CTONKHU).

Kppiia Kky3oBa BeITIOJIHEHA U3 HEpKaBe-
fotreit ctanm. CpemaHsst 4acTh KPBIIITUA — ITPO-
KaTHbIe TOPUPOBAHHBIE JTUCTHI TOJIIIUHON
1,5 MM, cKaThl KpPBHIIIA — TUIOCKUE JIMCTHI
2 MM.

KoHcTpyKiiny B MOJTHOI Mepe OTBeYaloT
TpeOOBaHUSIM CAHUTAPHBIX HOPM IO OCBE-
IEeHHOCTH, 9PTOHOMUKE, MUKPOKIMMATY,
LIyMy U BUOpauusM, TpeOOBaHUSIM Oe3omac-
HOCTH, a TAKXKe Ha OT/IEJIOYHBIEC U OOTUIIOBOY -
HbIE MaTeprabl.

BaroHs! Bcex Mojesieit 00opyayroTcs 6e3-
JTIOJIEYHBIMU TEJIEKKAMU C TUCKOBBIMU TOP-
Mo3amu Mozesieit 68—4095 1ist HETOPMO3HO-
ro KOH1a BaroHa 1 68—4096 — 11t TopMO3HO-
ro KoHIa. Bc€ BHyTprBaroHHoe v MoJBaroH-
HOe 000pyI0BaHKe TTPAKTUYECKH OTHOTUITHOE
(kpoMe BaroHa-pecTtopaHa). Baronsl Mozesib-
HOTO psiia MPOXOIUJIN TPUEMOYHBIE UCTTBITA-
HUS U HEOJHOKPATHO CepTUMUIIMPOBATUCH
Ha cooTBeTcTBUE TpeboBaHusm TP TC
001/2011 [1] u crannapta [4]. UcnibiTanust
TPOBOJIUJIVCH C UCITOJIb30BAHUEM COBPEMEH-
HBIX METOMIOB, TIPUHSTHIX JIJIST 00s13aTeIbHOMN
ceptudukanuu [2, 3].

B nocnenHee BpeMs Ha 6a3e KymeiHOTo
BaroHa Mozenu 61—4440 psig opraHu3aLui
pa3paboTaiy 1 U3rOTOBWIM BarOHbBI-CAJIOHBI.
OTIMYUTETHHO X 0COOEHHOCTBIO SIBJISIETCS
YMEeHBIIIEHNE KOJIMIEeCTBA MOTIEPEIHBIX 1 TIPO-
MOJBHBIX TIEPETOPONOK, YTO TMPUBOIUT
K YMEHBIIIEHUIO Harpy3K1 Ha TUIaBaIOIIU A TTOJT
1 CHUXKEHUIO KOJIMYECTBA KOHTAKTUPYEMbIX
BHYTPEHHUX TTOBepxHOCTel. Takas nmeperia-
HUPOBKAa CHUXAET pacCeuBaHUE dHEPTUU
KOJIeOaHUI BHYTPU TEXHUYECKOUN CHUCTEMbI

Ta6mamua 1
BapuanTsl MCnIbITAHUMI BATOHA-CAJIOHA HA 0a3e KyneitHoro Barona mojaenu 61-4440
Ne Jlnara3zoH ckopocrteit, | JIusenb-reHeparop | YcuiieHue IMpumeuyanue
BapuaHTa KM/4 paMbl BaroHa
1 40—120 YcraHoBneH Her -
2 40—120 JleMOHTHpOBaH Hert -
3 40—120 YcTaHoBIIEH Ha Pama BaroHa ycuiieHa
IIPOOOJIbHBIMNI GaaKkamMn
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WpoKOE

Puc. 1. MnaumpoBka n cxema paccTaHOBKN aKkCe/IepOMETPOB B NIOMELLYEeHUsSIX BaroHa-caJsloHa Ha 6a3e KyrnenHoro BaroHa mogenvn 61-4440.

1ii Ha 6GOKOBUHE BaroHa; @ — HyMepauusi 30H yCTaHOBKU aKCesIepoOMeTPOB.

M YyCTaHC

o — akcenepometpsi 1-7, pukcupyioume BUGPOYCKOPEHNE B BEPTUKAIbHOM HaNpPaB/eHUN U YyCTaHOBJIEHHbIE Ha Nosly BaroHa; T — akcenepomeTp 9, pukcupyowmii BUGPOycKopeHne
B ornepeyYyHoM Harp

(TmaccaxxnpcKoro BaroHa) U U3rMOHYIO XeCT-
KOCTh Ky3oBa. Kpome Toro, B BaroHax-cajo-
HaxX ycTaHaBJIMBAETCsI, KaK TIPaBUIIO, JOTION -
HUTEJIbHOE METaAII0EMKOE 000pyIOBaHUE
(mu3enb-reHepaTopHble YCTAHOBKU, TOTIIMB-
Hble 0aK1, CUCTEMBbI CITYyTHUKOBOU CBSI3U
M T.J1.), YTO HEOJATONPUSTHO BIIUSET Ha YPO-
BeHb BUOpAIlMM Ky30Ba M CKa3bIBaeTCs Ha
YpoBHe KoMdopTa rmaccaxxupos [5].

B 2014—2016 romax TBepcKOil MHCTUTYT
BaroHOCTPOEHUST TIPOBEN MCCIEeNOBaHMS, Ha-
MpaBJICHHbIE Ha YCTpaHEHUE MOBBIIIEHHOU
BUOpALIMU B ITOMEILIEHUSIX BATOHOB-CAJIOHOB [6].

TTIKTDB o Baronam OAO «P2XK/I» (r. Mo-
cKBa) Ha O6a3e moaenu 61—4440 cripoeKTUpo-
BaJIO BaroH-cajoH, MJaHWPOBKAa KOTOPOTO
npuBeneHa Ha puc. 1. B 9ToM BaroHe 3Ha4u-
TEJIHbHO MU3MEHEHa TIJIaHUPOBKA, yOpaHbI JIBE
MoTIepeYHbIe TIePerOpPoIKM B cajioHe W T10
onHoit B rocteBoM Kyre u VIP-kyme. ITox
BaroHOM B IIEHTPaJbHOUW 30HE MOABEIICH
JU3eb-TeHepaTop Maccoit okoJio 750 Kr u 6ak
TSI TOTUIMBA BMECTUMOCTBIO 250 1.

IIpu mpoBeneHUM UCTIBITAHUN BaroHa-
caJloHa B €T0 OTAEIbHBIX TOMEIIEHUSIX CHOBa
HaOJTI0/1aJICsT TIOBBIIIEHHBIN YPOBEHb BUOpa-
uu. J1ast ee yctpaHeHMs1 ObLIO pazpadoTaHO
1 peajn30BaHO YCUJICHUE IICHTPAIIbHOI 4acTh
paMbl TOTIOJHUTEIbHBIMU MPOAOIbHBIMU
6ankamu. KpomMe Toro, nmpu npoBeaecHUU
MPOOEKHBIX MCITBITAHUI OLIEHUBAJIOCH BIIHSI -
HUE MOJBEIICHHOTO JN3eIb-TeHepaTropa.
B cOBOKYITHOCTM BaroH-CaJlOH UCTIBITBIBAJICS
B TPEX pa3INYHbBIX BApUAHTAX, IPUBEIEHHBIX
B Tabuue 1.

YcuneHve pamMbl BaroHa JeMOHCTPUPYET
puc. 2.

B cooTBeTCTBMM C 11eJIbI0 UCTIBITAHUI TSI
orpee/eHUsT BEIMYMH MaKCUMAJTbHBIX, CPE/T -
HekBaapatnuHbix 3HaueHuit (CK3) Bubpo-
yCKOpeHMI B mrana3oHe 9actot ot 0,5 mo 40 Iix
M ToKa3aresieil TUIaBHOCTH Xoaa ObuT cop-
MMPOBaH OIBITHBIN TT0e31. PaboThI TpoBOIM-
JIUCh Ha y4acTKe MarucTpajbHbIX ImyTeit OK-
TSOPbCKOI XKeJIe3HOI 1oporu ot cT. TBepb 10
cT. Mocksa. MciibiTyeMblii BaroH, yCTaHOB-
JIEHHBII Ha OE3JTI0JIeYHbIE TEIeKKN MOJIeIeit
68—4095 u 68—4096, HaxomUJICS B CEpEAHE
cocTaBa 1 ObUT OT/IEIEH OT IOKOMOTHBA M KOH-
11a COCTaBa BATOHAMU TIPUKPBITHSI.

WcnibITanus Ui ¢ TpUMEHEHUEM IITyMO-
BUOPOMETPUYECKOTO KOMILIeKca «DKOopu3u-
Ka» ¢ akcenepoMeTrpamu tumna AP 2082M
u usMmepurenbHoro ycunureas MGCplus

CkaukoB A. H., CamolukuH C. J1., 3anuee A. B. Cnoco0Obl ynpaeneHns napaMmeTpaMu BMopauum
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Puc. 2. Pama BaroHa, ycuneHHasl npoAosibHbIMU 6asikamu.

Tabsmna 2

CpennekBapaTHYHbIe YPOBHH BEPTHKAIbHBIX BUOPOYCKOPEHHIi B 30HE YCTAHOBKH
akcejepomerpa 4 (cepearHa — 0JI BaroHa)

CKOpoOCTb, YacroTHbIe MOI0CH, | JlomycKaeMmble 3HaYeHMsI, M/C? Ne BapuaHTa
KM/9 It
1 2 3

80 8,0 0,11 0,31 0,22 0,08
100 8,0 0,11 0,26 0,25 0,11

10,0 0,14 0,23 0,22 0,13
120 8,0 0,11 0,14 0,18 0,09

10,0 0,14 0,18 0,19 0,12

Tabmuna 3

IToka3arenu NIABHOCTH X0/1a B BEPTHKAJIbHOM HANIPABJIEHUH NMPU PATUIHBIX
CKOpOCTAX B 30HE YCTAHOBKH aKcejiepomerpa 4

CKOpoCTh, KM/4 Jlonyckaemoe 3HaueHue | Ne BapuaHrta

1 2 3
80 3,25 2,67 2,51 2,49
100 2,69 2,61 2,52
120 2,66 2,59 2,47

¢ akcenepomerpamu turia ARF-10A. O6opy-
JIOBaHNE ITOBEPEHO B YCTAHOBIICHHOM TIOPSIT-
Ke. MeTonmuKa MCITbITAaHUI BEIOpaHa B COOT-
BETCTBUU C [2].

O1eHKa TUHAMUYCCKUX XapaKTePUCTUK
BaroHa MPOBOJMJIACH B AMAIMTAa30HE CKOPOCTEi
nBrkeHnst 40—120 KkM/9 myTeM 3aMepoB BHO-
POYCKOpEHHUIT akcelepoMeTpaMu, YCTaHOB-
JICHHBIMU B CEMM 30HAaX BHYTPHU BaroHa IO
ToJty, Kak Imoka3zaHo Ha puc. 1. Ilpomomku-
TEJIbHOCTh U3MEPEHUM B KaXXIOW 30HE W Ha
Kax10# ckopocTH coctapiisiia He MeHee 200 c.
I1pu HEOOXOAUMOCTU CyMMapHOE BPEMS U3-

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 60—73 (2017)

MEpeHUIA pa30MBaIoCh HA MHTEPBAJIBI MEHb-
LIel JJIUTEIbHOCTU.

B tabnuie 2 mpuBeAeHBI cpeTHEKBaIpa-
TUYHbIE YPOBHU BUOPOYCKOPEHUI B BEPTU-
KaJIbHOM HaIIpaBJICHUM B TIPOOJIEMHOI 30HE —
MecCTe YCTAaHOBKH aKceiaepoMeTpa 4 (cepenu-
Ha — IT0JI BarOHAa) /I TPEThOKTAaBHBIX YaCTOT-
HBIX TOJIOC U CKOPOCTEH, Ha KOTOPHIX
(GUKCUPOBaINUCH TpeBbIIeHUs. B Tadmuie
yYKa3aHbl 1 JIOMyCKaeMble 3HAYEHUsI CpeIHe-
KBaJIpaTUYHBIX YPOBHEU BUOPOYCKOpEHU
B COOTBETCTBMHU c [7]. 3aMeTuM, 4TO IJIs
OCTaJIbHBIX YaCTOTHBIX I10JIOC U CKOPOCTEM

CkaukoB A. H., CamowukuH C. J1., 3anues A. B. Cnoco06bl ynpaBneHns napaMmeTpaMmu BMbpauum
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Ta6mna 4
BapuanTsl ucnibiTaHMii BaroHa-cajiona moaenu 61—4485

No Jlnana3oH ckopo- | Mapuipyr cineno- | YeuieHue [Mpumeyanus
BapuaHTa creit, BaHUsI pambl BaroHa
KM/9
1 50—120 Mocksa—Iletep- | Her —
2 oypr Ja Pama BaroHa ycuieHa MpoIoibHBIMI
OaskaMu
3 Ha Pama BaroHa ycujieHa npo1oJibHbIMU

OanKaMu.

Bruta mpoun3sBeneHa 3aMeHa BEPTUKAITb-
HBIX ¥ TOPU30HTAIbHBIX TU/IPABINYE-
CKHX TacUTeJIe IIEHTPATbHOTO MOBE-
mrBaHus hupMbl Sachs Ha racuTesn
bupmbl 3A0 «BaroHKOMILIEKT»

MPEBBINICHUS TOTyCKAEMbIX 3HAUCHUI HE
3a(pUKCUPOBAHO.

W3 Tabmmupl 2 BUAHO, 9YTO JOpabOTKa Ba-
ToHa 1o 3-My BapHaHTy (pamMa BaroHa yCHJie-
Ha TIPOIOJIBHBIMU OaKamu (puc. 2)) odecrie-
YUBAET CHIXKEHNE HAMOOIBIIINX MAKCUMAITb-
HBIX BEJIMYMH BEPTUKAJBHBIX BUOPOYCKOpE-
HHUU B IpoOJIeMHON IEHTPAJIbHON YacTH
BaroHa (30Ha yCTaHOBKH aKcejepoMeTpa 4) 1o
YPOBHSI HUXE MOMYCKAaeMbIX 3HAUEHU TpU
CKOPOCTSX ABMXKEHMS OMBITHOTO cocTaBa 80,
100 1 120 xm/4.

TakuM oOpa3zom, oJisi BaroHa-cajoHa,
M3TOTOBJIEHHOTO Ha 0a3e MaccaXupcKoro
KyIneiiHoro BaroHa Mmogeniu 61—4440, 3agaua
MO CHUXXEHUIO YPOBHSI BUOPOYCKOPEHUM
ObLIa peleHa myTeM OTCTPONKHY OT pe30HaH-
ca 3a CUeT YBEJIMYEHUST U3TMOHOM XKEeCTKOCTH
Ky30Ba.

JOTIOTHUTENTBHO TIPU MPOBEIECHUH TPO-
OEeXHBIX UCTIBITAHUI BaroHa OTPEHeIsiCs
nokasaTelib IJIaBHOCTU Xona. B tabiauie 3
TIPUBENICHBI ITOJTyYeHHbBIE TTOKA3ATE/IN T1IaBHO-
CTH XOJIa B 30HE YCTAHOBKM aKcenepomeTpa 4.

Ananu3upys Tabauiry 3, MOXHO OTMETUTh
cliefylolue pe3yabTaThl, KOTOPbIe MOXHO
OyIeT MCITOb30BaTh B NAJIbHEUIIINX paboTax
T10 YTIPaBJICHUIO BUOPAIIMOHHBIMU XapaKTepu -
CTUKAaMMU TTACCaXKUPCKUX BATOHOB, 8 UMEHHO:

— YCTaHOBKa JM3eJb-TeHepaTopa Ha He-
YCUJICHHYIO paMy BaroHa yBeJTUIMBaeT (yXy/I -
[IaeT) MoKa3aTeJib IJIaBHOCTU Xo1a 10 7 %
(crmemyet 3 aHayIM3a PE3yIBTATOB 10 BApUaH-
TaM uctbiTanuit No 1 u Ne 2);

— yCUJIEHUE paMbl BaroHa yMEHbIIAeT
(ynmyuiiaert) mokasaTesb IJIaBHOCTU XOJa 110
8 % (cnemyeT U3 aHAJIM3a PE3YJIBTATOB 110 Ba-
puanTtaMm uctbiTaHuii Ne 1 u Ne 3).

Ha 6aze kynmeiiHOro BaroHa Mojeiau
61—4440 6bL1 pa3paboTaH ¥ U3TOTOBJICH Ba-

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 60—73 (2017)

roH-cayioH Mozaenu 61—-4485. Ilpu nposene-
HUU VUCTBITAHUI B HEM OTMEUYEH IMOBBIIIEH -
HBII YPOBEHb BUOPAIINN B OTACIBHBIX TTIOME-
meHnssx. Ha puc. 3 mokasaHa ImiaHMpOBKa
BaroHa-cajioHa. BugHo, 4Tto yopaHbI more-
peUHBIe TIEPETOPOIKHU B caJloHe (2 IIIT.) U Ky-
ne-kabuHeTe (1 mT.). Kpome Toro, «pa3opsa-
Ha» TIPOAOJIbHAS Teperopoika 0OJbIIOTO
kopugopa. OT KOTJIOBOTO KOHIIA BaroHa 10
caJIoHa MPOOJIbHAs IEPErOpoaKa pacroiio-
JKeHa BI0JIb KOTJIOBOI 00KOBUHBI. OT cajloHa
IO HETOPMO3HOT'0 KOHIIA BATOHA ITPOI0JIbHAS
MeperopoaKa pacrojoXxeHa BI0Jb HEKOTIIO-
BOI OOKOBUHEI.

Ha srarre moarotoBky peKoMeHIaui 1mo
YCTPaHEHUIO MOBBILICHHOM BUOpALUM B OT-
JIeJTbHBIX TIOMEIICHMSIX BarOHA-CaJI0Ha MOJIC -
M 61—4485, 060pyIOBAaHHOIO TeJEKKaMU
0e3JIoJieyHoro tumna moxaeyiein 68—4095
u 68—4096 ¢ IMCKOBBIMU TOPMO3aMU, KPYT
HCCIIeIOBaHMI OBLT pacIIMpPeH IO CPABHECHUIO
C BarOHOM-CaJIOHOM, M3TOTOBJICHHBIM Ha
0aze cepMItHOTO KyIeWHOTO BaroHa MOMIEIIN
61—4440.

JI7s1 pereHns OCTaBICHHBIX BOIIPOCOB
OBUI TTPOBEAEH P, XOMOBBIX JTUHAMUYECKUX
WUCITBITAHWI Ha Pa3sIWIHBIX HaIlPaBICHUSIX
¢ TIOCJIeI0BaTeIBPHOM MOPabOTKOM Ky30Ba
¥ TIOmOOPOM HanboJee palloHAIBHOTO Bep-
TUKAJIBHOTO JAeMIT(epa [eHTPATBHOTO MTOIBE-
mrBaHusa. OLeHKa JMHAMUYECKUX XapaKTe-
PUCTHK BaroOHa OCYIIECTBIISIACh B TMaTla30HE
ckopocTeit amxkeHUsT ot 50 mo 120 km/9
c marom 10 km/4. CxeMa yCTaHOBKHM aKceJie-
POMETPOB TTOKa3aHa Ha puc. 3, a B Tabuie 4
MPUBEICHBI MAPIIPYThI CJICAOBAHUS U Bapu-
aHTBI MOACPHU3ALIMY BaroHa-CaJIOHa.

[lonayany ObUIO IIPOU3BEAECHO YCUJIEHUE
paMBbl BarOHa B CpeIHEN YaCTH ITPOIOIBLHBIMUA
anemeHTaMu. [To Mepe TIpoBeneHNsT TOe3I0K

CkaukoB A. H., CamowukuH C. J1., 3anues A. B. Cnoco06bl ynpaBneHns napaMmeTpaMmu BMbpauum
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Ta0amna 5

CpenHeKkBaipaTHYHbIE YPOBHU BEPTHKAJIbHBIX BUOPOYCKOPEHUIA B IPOOIEMHBIX
30HAX BaroHa-cajiona moaenau 61—4485

Cxopoctb, | YacToTHbIe TIOTOCHI, [i1 Jlomnyckaemble 3HaYeHUsT, M/C? No BapuaHTa

KM/‘{ 1 2 3

80 8,0 0,11 0,38 0,11 0,04
10,0 0,14 0,06 0,09 0,03

90 8,0 0,11 0,66 0,16 0,10
10,0 0,14 0,06 0,08 0,04

100 8,0 0,11 0,16 0,07 0,05
10,0 0,14 0,28 0,13 0,09

110 8,0 0,11 0,17 0,10 0,06
10,0 0,14 0,28 0,14 0,08

120 8,0 0,11 0,13 0,05 0,04
10,0 0,14 0,25 0,14 0,09

Puc. 4. Pama BaroHa, ycuneHHas npoaosibHbIMU
6ankamu.

¥ U3MEPEHMS BUOPAIINY YU CIIO YCUITUBAIOTIINX
TMPOJOJBHBIX 3JIEMEHTOB yBEJINUYUBAIOCH
¥ B KOHEYHOM UTOTE 00IIee YCUIeHNE BTN -
JIOCh B YEThIPE COCTABHBIE MTPOIOJIbHBIC OaT-
KW, JIB€ U3 KOTOPBIX PACTIOJIOXEHBI OKOJIO
MPOAOJBHBIX OOBSI30K, a JBE APYyrue OKOJIO
JIByTaBpa CpeHel 4acT COCTaBHOM XpeOTo-
Boii Ganku. Ha puc. 4 neMoHcTpupyercs
3JIEMEHT paMbl BaroHa, yCUJICHHBI TTPOA0IThb-
HbIMU OaJIKaMH.

Pe3ynbraThl MCIIBITAHWI MIPU Pa3TMIHBIX
CKOPOCTSIX TI0 OTIpENeICHUIO CpeTHeKBaIpa-
TUYHBIX YPOBHE! BepTUKATBHBIX BLUOPOYCKO-
peHUi B TIPOOJIEMHBIX 30HaX MPUBEICHEI
B TabJuIIe 5, a TMOKa3aTe/n TJIaBHOCTH XO/1a
B BEPTUKAJILHOM HarpaBJIeHUU B Ta0IHIIE 6.

OrieHnBast pe3yJbTaThl paOOTHI TI0 BATOHY-
cajioHy Momeiau 61—4485, MOXHO OTMETUTD,
YTO 3a/a4a M0 CHUKEHUIO YPOBHEN BUOPO-
YCKOpPEHUI pellieHa IyTeM OTCTPOUKH OT pe-

® MUP TPAHCIOPTA, Tom 15, N2 2, C. 60-73 (2017)

30HAHCa 3a CYET UBMEHEHMUS XapaKTePUCTUK
CUCTEMBI (YBEJIUYEHUS U3TUOHOM KECTKOCTU
Ky30Ba) U ONTUMU3ALUU PECCOPHOTO MOBE-
IIWBaHUS 32 CYET YCTAHOBKU HanboJjiee ONTH -
MaJbHBIX IeMI(EepoB I OT€UYEeCTBEHHBIX
XeJie3HbIX nopor. Ha puc. 5 mpuBeaeHsbl
CpenHue YpOBHU BUOpAIIUU, TOJTYyYeHHBIE IPU
WCMOJIHEHUM BaroHa-cajoHa IO BapUaHTy
No 3 tabnuiist 4.

BbIBO4bl

I1pu M3roToBICHNN BATOHOB APYTUX TUTIOB
(camoHoB, 6apoB, TabopaTopwmii) Ha Oa3e ce-
PUIHBIX KyTIEWHBIX TTaCCaXKMPCKUX BarOHOB
BO3MOXHO yBeJIUYEeHUE BUOPOYCKOPEHU T10
CpaBHEHUIO ¢ TPeOOBAHUSIMU HOPMATUBHBIX
JTOKyMeHTOB. OCHOBHO PUINHOM SIBIISIETCS
KOpeHHas MmepernjaHupPOBKa BHYTPEHHUX
TOMEIICHU BaroHa (CHIKCHUE M3TUOHOM
JKECTKOCTH Ky30Ba) M YCTaHOBKA TOIIOJHU-
TeJIbHOTO MaTepraJTOeMKOTIO BHYTPMBArOHHO-
ro Y MOJABaroHHOro 00OPYI0BaHUSI.

Kaxk mokazanm MCTBITaHUS, yCTpaHCHUE
B TaKMX BaroHax IMOBBIIICHHOI BHOpaLuu
SIBIISICTCST JOPOTOCTOSIIIIAM U JUTUTEJTEHBIM TT0
BPEMEHU MEPOIPUITHEM. B cBSI3M ¢ 3TUM
pa3paboTKa METOIO0B YIIpaBJIeHHs TTapaMeTpa-
MU U3TMOHBIX KOJieOaHU I U BUOpALIMOHHBIMU
napaMeTpaMM Ky30BOB MacCaXXMPCKUX Baro-
HOB CTAaHOBUTCS aKTyaJlbHOU 3amaueit. [1pu-
YeM MCKOMBII METOJI OJKEH OXBAThIBATh BCE
3Tarbl CO3JaHUsl BAarOHOB, BKJIIOYAs MOJTr0-
TOBKY KOHCTPYKTOPCKO# MTOKYMEHTAIIUH,
WM3TOTOBJICHUS U UCTIBITAHMI OITBITHBIX 00pa3-
OB, TIepeIaun UX B IIPOU3BOICTBO.

[nsa moaeneit BaroHoB, MPOU3BOACTBO
KOTOPBIX OCYIIECTBIISIETCSl HA OCHOBE 0a30BOI
mozenu 61—4440, npu BHEAPEHUM METOAOB

CkaukoB A. H., CamolukuH C. J1., 3anuee A. B. Cnoco0Obl ynpaeneHns napaMmeTpaMu BMopauum
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Puc. 5. CpeagHune ypoBHU
BUOGpayumu npu CKOPOCTH

Bubpoyckopenmna, mic™2
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Tab6amma 6

IToka3aTe/u MIABHOCTH X0/1a B BEPTUKAJIbHOM HANPABJIEHUH MPU PA3TUIHBIX CKOPOCTSIX
BaroHa-cajona moaeau 61—4485

CkopocTb, KM/4 | [lonmyckaeMoe 3HaueHue Ne BapuaHTa
1 2 3

50 3,25 2,33 2,23 2,10
60 2,34 2,25 2,11
70 2,49 2,29 2,12
80 2,68 2,34 2,13
90 2,82 2,40 2,19
100 2,63 2,35 2,18
110 2,68 2,41 2,21
120 2,63 2,42 2,23

yIpaBiieHUs] BUOPOYCKOPEHUSIMU B TEPBYIO
ouepeb He0OXOIMMO TIPEAYCMOTPETh METO-
MUKy pacueTa COOCTBEHHBIX YacTOT U (hopm
BePTUKAIBHBIX U3TMOHBIX KOJIEOaHMIA Ky30Ba
¢ y4étoM jeopmalium KOHTypa IornepeyHo-
TO CeYeHUST Ky30Ba U PACITONIOXKEHUS] HAanbo-
Jiee MaTepuagso€MKOTO BHYTPUBATOHHOTO
U TIOIBATOHHOTO 00OPY/IOBaHMSI.
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METHODS FOR CONTROLLING VIBRATION PARAMETERS OF PASSENGER

COACHES

Skachkov, Alexander N., CJSC Scientific Organization Tver Car Building Institute, Tver, Russia.
Samoshkin, Sergey L., CJSC Scientific Organization Tver Car Building Institute, Tver, Russia.
Zaytsev, Andrey V., CJSC Scientific Organization Tver Car Building Institute, Tver, Russia.

ABSTRACT

When the car building plant in Tver began serial
production of new generation passenger cars, its
specialists had to face the facts of not always justified
modification of, it would seem, already comfortable
and safe designs. In particular, weakened vibration

parameters during the construction of lounge cars,
bars, laboratories were found out. The feasibility of
reducing the vibration indicators of the lounge car by
increasing the bending stiffness of the body and
selecting the most rational vertical damper of the
central suspension is given.

Keywords: railway, car building, lounge car, vibration, smooth running, bending stiffness, design, testing,

parameters’ control.

Background. At the beginning of XX century, Tver
Car-Building Plant developed designs and started
serial production of a new generation of passenger
cars with stainless steel body liner a service life of 40
years (old models have a service life of 28 years). All
cars of the new generation are intended for
transportation of passengers and maintenance
personnel on electrified and non-electrified sections
of railways of gauge 1520 mm with speeds of up to
160 km / h.

Objective. The objective of the authors is to
consider methods for controlling vibration parameters
of passenger cars.

Methods. The authors use general scientific and
engineering methods, comparative analysis, graph
construction.

Results. The compartment car model 61-4440
is considered as a base car. It is manufactured in two
versions — for 36 berths in a four-berth version and
for 18 beds in two-berth version of a compartment.

The car model 61-4445 belongs to the
compartment staff car. There is a specialized
compartment and toilet for the disabled person with
an accompanying person. The car is equipped with a
lift for wheelchairs, as well as all the devices and
systems necessary for the staff car. There are 26
berths for passengers here.

The car model 61-4447 is passenger non-
compartment(car with reserved seat). The passenger
section divided by transverse partitions into 9 six-
berths sections, which gives 54 berths.

The car model 61-4458 is a passenger car with
seats. Number of seats in a car with a standard interior
(2 + 2) is 60and for a car with an improved interior
(2+1)itis 40.

The restaurant car of the model 61-4460 has 32
passenger seats in the cabin and four — in the bar.

The bodies of all the cars of the model range are
an all-metal bearing structure of the closed enclosure
type with regular cutouts in the side walls for windows
and doors, as well as with apertures in the roof for
installation of equipment (air conditioning, water tank
and boiler).

The center sill of the frame on the consoles and
in the pivot zones is made of two channels 30V, in the
middle part of one I-beam 30B2. The buffer bars are
made of a channel 30V. Pivotal beams of box section:
vertical sheets with a thickness of 6 mm, upper and
lower sheets — 8 mm. Cross beams in the transition
zones from the channels to the I-beam represent
curved profiles of variable cross-section with a
thickness of 6 mm. The remaining transverse beams
are bent channel bars 100 x 60 x4 mm and 100 x 60 x
5mm. In the design of the longitudinal beams (bottom
rail) of the frame, a 100 x 100 x 8 mm angle section
is used. The frame material is steel 09G2S.

The floor covering in the middle part consists of
corrugated sheets with a thickness of 1,5 mm, on the
consoles — from flat sheets of 2,5 mm.

Stainless steel is used for the side walls of the car.
In the lower belt, a single-layer covering is a 2 mm
thick corrugated profile with four broad corrugations
having the following geometric dimensions: height —
14 mm, width at the base — 120 mm, width at the
vertex — 95 mm. Covering is supported by a set of
longitudinal and transverse elements (over- and
under-wall stringers, binders, racks).

The roof of the body is made of stainless steel.
The middle part of the roofis rolled corrugated sheets
with a thickness of 1,5 mm, the roof slopes are flat
sheets of 2 mm.

The structures fully meet the requirements of
sanitary standards for illumination, ergonomics,
microclimate, noise and vibrations, safety
requirements, as well as for finishing and facing
materials.

Cars of all models are equipped with bolsterless
bogies with disc brakes of models 68-4095 for the
non-brake end of the car and 68-4096 for the brake
end. All intra-car and under-car equipment is almost
ofthe same type (except the restaurant car). The cars
of the model line passed the acceptance tests and
were repeatedly certified for compliance with the
requirements of TR CU001/2011 [1] and standard [4].
Tests were conducted using modern methods
adopted for mandatory certification [2, 3].

Table 1

Variants of tests of a lounge car on the basis of the compartment car model 61—4440

Ne Speed range, km/h | Diesel generator Reinforcement of the | Note

variant car frame

1 40—120 Installed No —

2 40—120 Dismantled No —

3 40—120 Installed Yes The car frame is reinforced
with longitudinal beams
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Recently, on the basis of a compartment car
model 61-4440, a number of organizations have
developed and manufactured lounge cars. Their
distinctive feature is the reduction in the number of
transverse and longitudinal partitions, which leads to
a reduction in the load on the floating floor and a
decrease in the number of internal surfaces to be
contacted. This redesign reduces the dispersion of
vibration energy within the technical system
(passenger car) and bending stiffness of the body. In
addition, in the lounge cars, as a rule, additional
metal-intensive equipment is installed (diesel
generator sets, fuel tanks, satellite communication
systems, etc.), which adversely affects the body
vibration level and affects the comfort level of
passengers [5].

In2014-2016, Tver Car-Building Institute carried
outresearch aimed at eliminating excessive vibration
in the interior of lounge cars [6].

PCTB for cars of JSC Russian Railways (Moscow)
on the basis of model 6 1-4440 designed a lounge car,
the layout of which is shown in Pic. 1. This car has a
significantly changed layout, two transverse partitions
in the cabin and one in the guest compartment and
the VIP-compartment were removed. Under the car
in the central zone, a diesel generator weighing about
750 kg and a fuel tank with a capacity of 250 liters are
suspended.

When testing the lounge car in its separate
sections, an increased level of vibration was again -
observed. To eliminate it, the strengthening of the
central part of the frame with additional longitudinal
beams was developed and implemented. In addition,
during running tests, the influence of a suspended
diesel generator was evaluated. In total, the car was
tested in three different variants, listed in Table 1.

The reinforcement of the car frame is shown in
Pic. 2.

In accordance with the purpose of the tests, an
experimental train was formed to determine the values
of maximum, rms values of vibration acceleration in
the frequency range from 0,5 to 40 Hz and the
indicators of the smooth run. The works were carried
out on the section of the main tracks of the October
Railway from station Tver to the station Moscow. The
test car, mounted on bolsterless bogies of models
68-4095 and 68-4096, was in the middle of the train
and was separated from the locomotive and the end
of the train by the cover cars.

The tests were carried out using the noise-
vibrometric complex «Ecophysics» with accelero-
meters of the AR-2082M type and the measuring
amplifier MGCplus with accelerometers of the
ARF-10A type. The equipment is checked in due
course. The test procedure was chosen in
accordance with [2].

The evaluation of the dynamic characteristics of
the car was carried out in the speed range of 40—
120 km / h by measuring vibration acceleration with
accelerometers installed in seven zones inside the
car along the floor, as shown in Pic. 1. The duration
ofthe measurements in each zone and at each speed
was atleast 200 s. If necessary, the totalmeasurement
time was divided into intervals of shorter duration.

Table 2 shows the root-mean-square levels of
vibration acceleration in the vertical direction in the
problem zone — the location of the accelerometer 4
(middle—-floor of the car) for the one-third octave | |
frequency bands and the speeds at which the
excesses were recorded. The table also indicates the
permissible values of root-mean-square levels of
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Table 2

Root-mean-square levels of vertical vibration acceleration in the accelerometer

installation zone 4 (middle — floor of the car)

Speed, km/h Frequency bands, Hz | Permissible values, m/s> | Ne variant
1 2 3
80 8,0 0,11 0,31 0,22 0,08
100 8,0 0,11 0,26 0,25 0,11
10,0 0,14 0,23 0,22 0,13
120 8,0 0,11 0,14 0,18 0,09
10,0 0,14 0,18 0,19 0,12
Table 3
Indicators of smooth run in the vertical direction at different speeds
in the installation area of the accelerometer 4
Speed, km/h Permissible value No variant
1 2 3
80 3,25 2,67 2,51 2,49
100 2,69 2,61 2,52
120 2,66 2,59 2,47

vibration acceleration in accordance with [7]. Note
that for other frequency bands and the speed the
excess of the allowed values is not fixed.

Table 2 shows that the completion of the car
according to the 3 variant (the frame of the car is
reinforced with longitudinal beams (Pic. 2)) ensures
the reduction of maximum values of vertical vibration
acceleration in the problem central part of the car
(accelerometer installation zone 4) to a level below
the permissible values at speeds of movements of the
test train of 80, 100 and 120 km / h.

Thus, for the lounge car manufactured on the
basis of the passenger compartment car of the model
61-4440, the task to reduce the level of vibration
acceleration was solved by detuning from the
resonance due to the increase in bending stiffnes of
the body.

In addition, during running tests of the car, a
smooth run index was determined. Table 3 shows the
obtained indicators of smooth run in the accelerometer
installation zone 4.

Analyzing Table 3, we can note the following
results, which can be used in further work on the

Pic. 2. Frame of the car, reinforced with longitudinal
beams.
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control of the vibration characteristics of passenger
cars, namely:

— installation of a diesel generator on an non-
reinforced car frame increases (worsens) the smooth
run index to 7 % (it follows from the analysis of the
results of the test variants N° 1 and N2 2);

— reinforcement of the car frame reduces
(improves) the smooth run indicator to 8 % (follows
from the analysis of the results of the test variants N° 1
and Ne 3).

On the basis of the compartment car model
61-4440 lounge car model 61-4485 was developed
and manufactured. During the tests, it shows an
increased level of vibration in individual sections. Pic.
3 shows the layout of the lounge car. It can be seen
that the transverse partitions in the cabin (2 pcs.) and
the compartment-cabinet (1 pc.) were removed. In
addition, the longitudinal partition of the large corridor
was «torn». From the boiler end of the car to the cabin,
the longitudinal partition is located along the boiler
sidewall. From the cabin to the non-brake end of the
car, the longitudinal partition is located along the non-
boiler sidewall.

At the stage of preparation of recommendations
on elimination of excessive vibration in individual
sections of the lounge car of the model 61-4485
equipped with bolsterless bogies models 68-4095
and 68-4096 with disk brakes, the range of studies
was expanded in comparison with the lounge car
manufactured on the basis of serial compartment car
model 61-4440.

To solve the problems, a number of dynamic
running tests were carried out in various directions,
with subsequent refinement of the body and selection
of the most rational vertical damper of the central
suspension. Evaluation of the dynamic characteristics
of the car was carried out in the speed range from 50
to 120 km / h in increments of 10 km / h. The scheme
of installation of accelerometers is shown in Pic. 3,
and Table 4 shows the routes and variants of
modernization of the lounge car.

At first, the frame of the car was reinforced in the
middle part with longitudinal elements. As the trips
and vibration measurements were made, the number
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Test variants of the lounge car model 61-4485

Table 4

Ne Speed range, | Route Reinforcement of | Note
variant km/h the car frame
1 50—120 Moscow—St.Petersburg | No -
2 Yes Car frame is reinforced with
longitudinal beams
3 Yes Car frame was reinforced with
longitudinal beams.
Vertical and horizontal hydraulic
dampers of central suspension of
Sachs company were substituted
with the dampers of CJSC
«Vagonkomplekt»
Table 5
Root-mean square levels of vertical vibration acceleration in the problem zones
of the lounge car model 61-4485
Speed, km/h | Frequency bands, Hz | Permissible values, No variant
m/s’ 1 2 3
80 8,0 0,11 0,38 0,11 0,04
10,0 0,14 0,06 0,09 0,03
90 8,0 0,11 0,66 0,16 0,10
10,0 0,14 0,06 0,08 0,04
100 8,0 0,11 0,16 0,07 0,05
10,0 0,14 0,28 0,13 0,09
110 8,0 0,11 0,17 0,10 0,06
10,0 0,14 0,28 0,14 0,08
120 8,0 0,11 0,13 0,05 0,04
10,0 0,14 0,25 0,14 0,09

of reinforcing longitudinal elements increased and
eventually the overall reinforcement resulted in four
composite longitudinal beams, two of which are
located near the longitudinal binders, and the other
two around the I-beam of the middle part of the
composite center sill. Pic. 4 shows the element of the
car frame, reinforced with longitudinal beams.

The results of tests at different speeds for
determining the root-mean-square levels of vertical
acceleration in problem zones are given in Table 5,
and the indexes of smooth run in the vertical direction
in Table 6.

Estimating the results of work on the lounge car
model 61-4485, it can be noted that the task of
reducing the levels of vibration acceleration is solved
by detuning from resonance by changing the
characteristics of the system (increasing bending
stiffness of the body) and optimizing the spring
suspension by installing the most optimal dampers
for domestic railways. In Pic. 5 shows the average
vibration levels obtained in the performance of a
lounge car in accordance with variant N° 3 of Table 4.

Conclusions. When manufacturing other types
of cars (lounges, bars, laboratories) on the basis of
serial compartment passenger cars, an increase in

Table 6
Indicators of smooth run in the vertical
direction at various speeds
of the lounge car model 61-4485

Speed, Permissible | Ne variant
km/h value
1 2 3

50 3,25 2,33 2,23 2,10

60 2,34 2,25 2,11

70 2,49 2,29 2,12

80 2,68 2,34 2,13

90 2,82 2,40 2,19

100 2,63 2,35 2,18

110 2,68 2,41 2,21
Pic. 4. Car frame reinforced with longitudinal beams. 120 2,63 2,42 2,23
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Pic. 5. Average vibration levels
at the speed of the test car
of 90 km / h (accelerometer

installation zone 9 in Pic. 3).
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vibration acceleration is possible in comparison with
the requirements of normative documents. The main
reason is the radical redevelopment of the interior of
the car (reducing bending stiffness of the body) and
the installation of additional material-intensive intra-
car and intensive intra- and under-car equipment.

As the tests showed, the elimination of high
vibration in such cars is an expensive and time-
consuming measure. In connection with this, the
development of methods for controlling parameters
of bending oscillations and vibration parameters of
passenger car bodies becomes an urgent task.
Moreover, the required method should cover all
stages ofthe creation of cars, including the preparation
of design documentation, the manufacture and
testing of prototypes, their transfer to production.

For models of cars that are manufactured on the
basis of the basic model 61-4440, when introducing
vibration control methods, first of all, it is necessary
to provide a procedure for calculating the natural
frequencies and forms of vertical bending oscillations
of the body, taking into account the deformation of
the cross-sectional contour of the body and the
location of the most material-intensive intra- and
under-car equipment.
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NoaBuXHOU cOCTaB
Ha KOMOMHMPOBAHHOM X0OA4Y

B Poccuun:

AmuTtpuiit TAPACOB

Dmitry E. TARASOV
|

The Developments of Hybrid Road-Rail
Rolling Stock in Russia

(TekcT cTartby Ha aHI1. 3. —

English text of the article — p. 78)

B craTtbe paccmartpuBaioTcs

acnekTbl Pa3BUTUS TEXHUKN

Ha KOMOUHUPOBaAHHOM Xo4Y —
aBTOTPAaKTOPHbIX CPEACTB Pa3sINYHOIO
Ha3Ha4yeHusi, 060py[A0BaHHbIX
yCTpoWrcTBaMu 4151 ABVKEHNS

0 >kes1Ie3HO4OPOXXHOMY MyTH.
MpusoaunTca nHpopmauus

Mo 0cO6eHHOCTSIM KOHCTPYKLNN,
eaVNHUYHBIM U CepUuiHbIM obpa3uam
MalunH, NOCTPOEeHHbIx 3aBogamu CCCP
M COBPEeMEeHHbIMU OTe4eCTBEeHHbIMU
npeanpuaTuamu. B 3aBucumoctu

OT crneungukn N Tunaxxa TexXHuKu,
aBTOPOM 0003Ha4YeHbl aKTyasibHbie
npo6sieMbl u HanpPaeeHUs!

pa3BUTUS TPAHCMIOPTHBIX CPEACTB

Ha KOMOUHUPOBaAHHOM X04Y,
npoeKkTupoBaHue U NPon3BoL4CTBO
KOTOPBbIX NPU3BaHbl CTaTb KaK MUHUMYM
yrnopsifo4eHHbIMU, TEXHOJIOrMYHbIMU
v cTaHAapTU3UPOBaHHbIMU.

Knro4yeBnbie crioBa: TeEXHUKA

Ha KOMOWHNPOBAHHOM X0AY, MOABUXHOM
cocTtaB, aBTOMOOWIIbHbIV TPAHCIMOPT,
XKEes1e3HOAOPOXHbINM TPAHCIMOPT,
MHHOBaLuunun.
|

pa3BuTue

Tapacoe /Imumpuii Doyapdoeun — accucmenm
Kaghedpol «Jlocucmuka u ynpagaenue mpaHcnopmubimu
cucmemamu» Mockoeckoeo eocydapcmeennoeo
yHugepcumema nymeli cooouerusi (MUUT), Mockea,
Poccus.

HHOBAallMOHHOE pa3BUTHUE B cdepe

TpaHCcTopTa 0OecreyrnBaeT OOHOBJIE-

HUE OCHOBHBIX (POHI0B, 3 hEKTUB-
HYIO pabOTy U B3aUMOJEUCTBUE PAZTUUYHBIX
BUJOB TEXHUKU, YJIy4dllIae€T TPAHCTIOPTHYIO
JOCTYITHOCTb HAaCeJeHUsI U WHTerpauuio
C TPAHCIIOPTHBIMU CUCTEMAaMM JIPYTUX TOCY-
napctB. BHeapeHue HOBBIX HAyKOEMKMX TeX-
HOJIOTU O3BOJISIET TOOUTHCS KOMILIEKCHOTO
cOaTaHCUPOBAHHOTO MPOrpecca TPaHCIIOPTa,
TMOBBICUTh YPOBEHbB €r0 0€30MaCHOCTU U MPO-
W3BOJUTEIBHOCTD MTEPEBO3KU TPY30B.

B kauecTBe mpumepa MepcrneKTUBHBIX
TEXHUYECKUX CPENCTB M HOBBIX TEXHOJOTUIA
B 00J1IaCTU TPAHCIIOPTa PACCMOTPUM Pa3BUBa-
rouuiics B Poccun ocoOblil TUI MTOABUXKHOTO
COCTaBa — TEXHUKY Pa3IMYHOIO Ha3HAYECHUS
Ha KOMOMHUPOBAHHOM XOZY.

TexHuka Ha KOMOMHUPOBAHHOM XOAOYy
(TKX) — TpaHCIOpTHBIE CPeNCTBa, CIIOCO0-
HbI€ OCYILECTBJISITh JBUXXEHNE KaK MO aBTO-
MOOUJIBHOI IOpOre, TaK U MO PEIbCOBOMY
MYTH 32 CYET YCTAHOBJIEHHOTO CIEUAIbHOTO
000pYHOBaHUS — HOITOJHUTEIBHBIX KOIEC/
KaTKOB/POJIUKOB.

OcHoBoii ms coznanusg TKX saBstores:
CTaHJApTHbIE aBTOTPAHCIIOPTHHIE CPEACTBA
(oO11iero Ha3HaUYeHMsI, CIIeLIMAIU3UPOBaHHbIE,
crheuUalIbHbIE), TPAKTOPHI, a TAKXKE MO CIle-
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IMaJTbHbIE 1[EJN CIIPOEKTUPOBAHHBIE U TIO-
CTPOEHHBIE TUTTBI U BUIbI MAIIIMH.

YerpoiictBo TKX MOXHO pa3faenvuts Ha
TPU YacTu:

1. BazoBoe 1maccu — JIeTKOBOE,/TPy30BOE
ABTOTPAHCHOPTHOE CPENCTBO WU TPAKTOP,
CMeUAIbHO NOPa0OTaHHBIE I YCTAaHOBKU
JKEJIe3HOJOPOXKHOI0 000PYIOBaHUS U pAaOOTHI
Ha ceTu (OCHAIlEHUE CUCTEMOW CBSI3U, CUT-
HaJIM3alMu, IOE3IHOU TOPMO3HOU CUCTEMOIA,
3BYKOBOW CUTHalMW3alMel, CHEITHBIMU
YCTPOMCTBAMU U JIP.).

2. Ponuku/KaTKu/mOMOJTHUTEIbHBIE Te-
JIEXXKU — peJibCcoBbIe KoJi€ca [3], mpeaHa3Ha-
yeHHble Wi yaepxkaHusg TKX Ha penbcax
U CITy>Kalllve B KaueCTBe HATIPaBJISIIONINX ITPU
JBUXKEHUU Oaroaapst Haimuuio pedopa. Kpe-
MATCST K TOpabOTaHHOM paMe TPaHCITOPTHBIX
CPEeJICTB, CHU3Y, BO3JIE aBTOTPAKTOPHBIX KOJIEC.

3. Hancrpoiika — pa3ninyHbie TUITBI Ky30-
BOB UJIY CIIELIUAJIBHOTO 000PYA0OBaHUS, yCTa-
HaBnuBaeMble Ha 0aze TKX B 3aBucuMOCTH
oT chepbl MPUMEHEHMUS.

B HacTos1111ee BpeMsI CYIIeCTBYeET 1Ba Bapy-
aHTa KOHCTPYKIIMM MeXaHW3Ma KOMOWHUPO-
BaHHOTO XO/1a: HAMpaBJIIOLIWA 1 BeTyILUiA [2]:

* HampaBJISIONINI — 1T oOecredyeHust
YCTOMUYMBOCTU U HAIlpaBJIEHUsI: PEJIbCOBBIC
KoJ€ca He B3aUMOJEHCTBYIOT C aBTOTPAKTOP-
HBIMM (IBMXXUTEJIEM SIBJISIOTCSI OCHOBHBIE
aBTOTPAKTOPHBIE KOJIEcAa, KOHTAKTUPYS
C PEIbCOM);

* BEIYIIMI — JIJIS1 OCYIIECTBIICHUS IBUKE-
HUS: peJbCOBbIE KOJIECAa B3aUMOACHCTBYIOT
C aBTOTPAKTOPHBIMU (aBTOTPAKTOPHBIE KOJIE-
ca, He B3aUMOJIECTBYS C PEJIbCOM, MIEPENAIOT
BpalleHne KaTkaM, TeM caMbIM TipuBost TKX
B IBUDKEHNE).

ITporiecc mocTaHOBKM TEXHUKU HAa KOMOM-
HUPOBAaHHOM XOJIy Ha XeJIe3HOTOPOXHBIN
MyTh PA3INYAIOT IBYX TUIIOB:

1) TpaAMLIMOHHBIN: MMOCTAHOBKA OCY-
IIECTBJISIETCS HEMOCPEACTBEHHBIM 3a€310M
TKX c aBroM0o0OuIbHOI foporu (repee3ia) Ha
KeJIE3HOAOPOXKHOE MOJIOTHO. 1151 3TOrO0 Tpe-
OyeTcs pacCcTOsSTHUE NJIMHOW B CpedHEM
5—10 Mm;

2) ¢ UCIOJIb30BAHUEM THIIPABINYECKON
OIMOPHO-TTIOBOPOTHOM MIOIIANKY — CIIELIUAITb-
HOTO YCTPOICTBA, HAXOASAIIETOCS MO/ THUILIEM
TPAHCTIOPTHOTO cpefcTBa. Toraa mocTaHOBKa
MPOUCXOIUT CAEIYIOIIUM 00pa3oM:

» TKX 3ae3xaeT Ha pesibChl NEPIIEHIUKY-
JISPHO UM (HampuMep, Ha repee3e);
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* TWIPaBINYECKOE MOIBEMHOE YCTPOICT-
Bo nogHumaeT TKX Ha HeOObIIYI0 BHICOTY;

* MOBOPOTHBIM MEXaHW3M TTOBOPAYNBaAET
TpaHCIIOpTHOE cpencTBo Ha 90°, pa3meliiasi ero
TOYHO HaJl XKeJIE3HOIOPOXHOM KOJIeeH;

* OITyCKaHWe, IToKa aBTOTPAKTOPHBIE KO-
JI€ca He BCTaHYT Ha PEJIbCHI.

ITocne mocTaHOBKYU ¢ TIOMOIIBIO TUAPAB-
JIMYECKOTO MPUBO/IA OITYCKAIOTCST PEJIbCOBBIE
KoJi€ca (KaTKu, pojauku, teaexkun) u TKX
TrOTOBO K paboTe.

Co3zaHue oTe4eCTBEHHBIX aBTOMOOUIEH
Ha KOMOMHMPOBAHHOM X0y Ha4aJIOCh B ITep-
Bolf mojjoBuHe XX Beka. 3a OCHOBY ObLIU
B3Thl COBETCKME OPOHEABTOMOOUIN (HATIPU -
Mep, BA-64), mosToMy MepBbIM U €IUHCTBEH-
HBIM Ha TOT MOMEHT 3aKa34MKOM U TTIOTPeOu-
TeJIeM TaKOM TeXHUKU SIBJISLIIACh apMMSL.

ITpakTuka cozganust TKX rpaxmnaHckoro
Ha3zHauyeHust Havanack B 1950 ronbl. [TepBbiMu
MMOAOOHBIMU MaIlTMHAMM CTaJIM aBTOMOOWIIH,
CEpUITHO BBITTYCKABIIIMECs Ha 3aBOaX MUHM-
CTepCTBa aBTOMOOMILHOM ITPOMBITIUIEHHOCTH
CCCP, a nmo3xe u Apyrux BEIOMCTB, YKOMII-
JIEKTOBAaHHBIX COOTBETCTBYIOIIMM 000pPY/I0-
BaHUEM KOMOMHMPOBAHHOTO xo/1a. B 3aBucu-
MOCTH OT BBITIOJTHSIEMBIX 3a/1a4 TaKasi TEXHUKa
paznensiiach Ha TSTh TPYIIIL:

1. JlerkoBble aBTOMOOUJIU U aBTOOYCHI
0c000 MaJIoro KJjlacca B KaUeCTBE aBTOIPE3UH
1 JIETKUX MOTOBO30B JIJIST CITY>K€OHBIX TIEPEeBO-
30K. Hanbonee pacripoctpaHE HHBIM 0a30BbIM
TPAHCIIOPTHBIM CPEJICTBOM CUMTAJIUCH aBTO-
MOOUIU MapKu «YA3» (HampuMep, JIETKOBbIE
YA3-469, YA3-3151 u ap., caHUTapHBI
MHUKpoaBTOOyC YA3-452A).

2. [py3oBbIe aBTOMOOWIM B KaUeCTBE TsI-
TOBOTO arperata (JJOKOMOTHBA) JIJIs MAHEBPO-
BOI U BBIBO3HOI paboThl. MI3BecTeH npumep
ucroJib3oBaHus 6optoBoro KpA3-257, cno-
COOHOTO TSIHYTh Ha 3aJHEeil ClIeNKe COCTaB
Maccoit mo 1000 T [4].

3. MammuHbI JUTs1 BBITTOJTHEHUS TTIOTPY304-
HO-pa3rpy3ouHbix padot: TKX Ha 6a3e aBTo-
MOOWJIBHBIX KPaHOB U MOTPY3unKoB. [Tpu-
MEHSUIUCH TIPU PEMOHTAX Ha KeJe3HOU 0-
pore, a Tak:Xe B ITyHKTaX MOTPY3KH CHITyYUX
U HAaBAJIOYHBIX CTPOUTEIbHBIX MaTepPUaIoB
(6raropapst npuMeHeHUIo rpelicdepa BMECTO
raka).

4. TexHuka JUIsl TIPOBEIEHUSI PEMOHTHO-
IyTEBBIX PabOT: CrielMaIbHbIE MAIIMHBI KaK
IpaXkIaHCKOTO, TaK M apMENCKOT0 MpUMeHe-
HUSI, TIpeTHa3HAYeHHBIE 7151 OCYIIECTBIICHUS
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Puc. 1. Mob6unbHbii
BaroHorosnkaresnbs TMB-2.

CTPOUTEILHO-MOHTAaXHBIX, PEMOHTHO-BOC-
CTAaHOBUTEJIBHBIX U TUarHOCTMYECKUX paboT
Ha XeJie3Hoi1 nopore. [IpuMep Takoit TeXHM-
KU — BBINIPABOYHO-TIOI0MBOYHO-PUXTOBOY -
Hag MamrHa BITP-600, cocTosiuas u3 ryce-
HUYHOTO TpakKTopa-Tsraya ¢ OTBaJbHBIM
TUTYyTOM Y TE€XHOJIOIMYEeCKOTOo Ipulieria Ha
KOMOMHHUPOBAHHOM XO[y JUISI PEMOHTA TyTH;
iaHupoBIIMK 6anitacta [1b-3M, Bkitoyaro-
IKIi B ce0s1 TYCEHUYHBIN TPaKTOP-Tsray
C JIOTIOJTHUTETHHO YCTAHOBJIEHHBIMU PEJIbCO-
BBIMU KOJIECAMU U TIPULICTTHYIO TYCEHUYIHYIO
MaIlWHY 1JTsl pacripeneieHus oaiiacra.

5. TKX 1151 BOeHHBIX 1IeJIeii, a TAKKEe BbI-
TTOJTHEHMSI TIOJKAPHBIX, CIlacaTeJIbHBIX U BOC-
CTAHOBUTEIbHBIX PA0OT B TPYAHOIOCTYITHBIX
MecTax M TSKENBIX yciaoBMsIX. Hampumep,
noxapHas MamnHa [A3-59402 «ITypra», pe-
MOHTHO-cracaTenbHasl MamnHa [TA3-59401,
opoHeTpaHcnioptép BTP-402K]I, ocHaléH-
Hble KOMOMHUPOBAHHBIM XOJOM [5].

B Poccuu ceronnst usrotasnuBatorcss TKX
CJIeIYIOIIETO Ha3HAUYCHMSI:

* MaIlMHBI JUTSI BHITIOJIHEHUSI MaHEBPO-
Boii paboThl. Tak, OO0 «Muacckuii 3aBoj
Crenraau3upoOBaHHBIX aBTOMOOMIEI» BbI-
MycKaeT JIMHeKY aBTOMOOMIet Ha KOMOM-
HUpoBaHHOM xony — «MAPT»: MAPT-2
u MAPT-3, no3uumoHupylomuecs Kak
aJbTepHATHMBAa MaHEBPOBBIM TEILIOBO3aM.
MotoBo3sl MMT-2 u KPT-1 Ha 6a3e Kosiéc-
HBIX TPAKTOPOB NMPOU3BOISAT COOTBET-
ctBeHHO OO0 «Crnenikpan» 1 OO0 «Purenb
AB». HITK «YpanBaroHsaBoa» ClipoeKTUpPO-
BaJl U TOCTPOUJI COBEPIIEHHO HOBBIN, HE
0a3upylolIuiicas Ha KaKOM-JIM0O CepuiiHO
BBIMTYCKAIOIIeMCsI TPAHCTIOPTHOM CPENCTBE,
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Bua TKX — MOOUIbHBIN BarOHOTOJIKATEb
TMB-2 (puc. 1);

* MAaIlIMHBI U COepKaHUs U peMOHTa
nytu. Hanmpumep, MoOuibHast Ae(PEKTOCKOM -
Has aboparopus JIIIM-1 Ha 6aze YA3-3160
«Patriot» (puc. 2) U peabCOCBapOUYHBI KOM-
rieKc Ha 6a3e BaxToBoro aBTooyca BM-3284-
0000010-03 Ha maccu 'A3-3308 «Canko»
npousBoactBa 3A0 «®Pupma Teema». OAO
«ITO EnA3» BhIITycKaeT rpy30HacCcakupCcKyto
mamuHy I'TIM-K Ha maccu KamA3-43118.
00O «Purens AB» npenyiaraet yHuBepcaib-
Hyl0 nyTeByo MalHy YIIM-1 Ha 6a3e Tpak-
Topa XT3-150K, koTopast ocHalaercsl pas-
JIMIHBIM HaBECHBIM 000PYIOBaHHUEM.

TexHuka Ha KOMOMHUPOBAHHOM XOIY
MMeEET psJ MPEeMMYIIECTB MO0 CPaBHEHMIO
C OOBIYHBIM MaHEBPOBBIM JIOKOMOTHUBOM,
a UMEHHO:

1. YHuBepcalbHOCTbD.

2. MaHeBpeHHOCTb.

3. Haubonbiast 3(p(peKTUBHOCTb.

4. Bonbliras 5KoHOMHUYECKas BBITO/IA.

5. bonee mpocThie 00CIyXXHMBaHUE U pe-
MOHT.

Hcronb3oBaHue U gajibHelIIee pa3BUTHe
TKX uenecoodpa3Hbl MpU 3KCILIyaTalluy Ha
KPYITHBIX TTPOMBIIIJIEHHBIX TTPEATIPUSITUSIIX,
B TIOpTax, MyHKTaX peMOHTa IMOJABUKHOTO
COCTaBa, IyTEeBBIX XO3SCTBAX, ClIacaTeIbHBIX
M aBapUIfHO-BOCCTAHOBUTEIBHBIX CITyXk0ax.
DT0 M03BOJISIET O0JIEE OTTEPATUBHO C MEHBIIIM -
MM 3aTpaTaMM CPEICTB U BPEeMEHHU, 10 CpaB-
HEHUIO C TPAIUILIMOHHOM XeJIe3HOT0POKHOM
TeXHUKOI, MPOBOANUTH Pa3JIMIHbIC TPAHC-
TOPTHBIE, TTOIPY30YHO-Pa3rpy30UHbIC U CIIe-
[MajJbHbIEe OIepaluy, YTO C TOUYKU 3PEHMS
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JIOTUCTUKU SIBJISIETCSI BECbMa BBITOJIHBIM pe-
IIEHUEM.

HaxkoHnerr, CTouT OTMETUTb, UTO BHEIPEHE
TEXHUKHM Ha KOMOMHUPOBAHHOM X0y 3aKpe-
MMJIOCH M HAa HOPMATUBHO-TTPAaBOBOM YPOBHE.
Tak, pacriopstxeHueM OAO «P2KJI» ot 6 des-
paist 2014 1. Ne 289p «O6 yTBepKaeHUH 1 BBe-
JIEHUU B JIEHCTBUE BPEeMEHHOW MHCTPYKIIUM
MO0 9KCIUIyaTalluu ChEMHBIX TTOIBUKHBIX
eIMHUII HA KOMOMHUPOBAHHOM XOJy T10 WH-
dpactpykrype OAO «PX]I» co3znaHa uH-
CTPYKIIMSI, YCTAaHABIMBAOIIIAS TTOPSIIOK IKC-
TUTyaTalliy TIOJBMKHOTO COCTaBa Ha KOMOM-
HUPOBAHHOM XOJIy, a TAKXe TTOPSIIOK NENCT-
BUI paOOTHUKOB MpPU UX IKCILTyaTauuu [1].

BbiBO4bl

1. HeobOxonumo najibHeillee rmiaHoMep-
HOE M 5KOHOMWYECKN 0OOCHOBAaHHOE BHEIpe-
HUE TeXHUKW Ha KOMOMHMPOBAHHOM XOIY
PA3JIMYHBIX TUTIOB I BUZIOB C YUETOM 3apyOeK-
HOTO ¥ OTE€YeCTBEHHOTO OIThITA.

2. [IpuopuTeTHBIC HATIPABJICHMS TIPUMEHE-
Huto TKX Ha «tipoctpancTse 1520» Ha Hava b-
HOM 3Tare: MaHeBpOBasi paboTa B KauecTBe
TSITOBOTO MOJLYJIsI Ha KPYITHBIX COPTUPOBOYHBIX
CTAHITUSIX U y3J1aX, TPOMBIIIJICHHBIX 00bEKTaxX
¥ TEPMUHAIBHO-CKIIAJICKUX KOMIUIEKCAXx; Jia-
0OpaTOPHO-TUATHOCTUYECKHE Y U3MEPUTEITh-
HbIE, CTPOUTEIIBHO-MOHTAXXHBIE, PEMOHTHO-
BOCCTaHOBUTEJIbHBIE U TTIOMCKOBO-CTIACATEIb-
HbIe Pa0bOTHI B KaUeCTBE aKTUBHBIX €IUHUIIL
3JIEKTPOMOHTAXKHBIX, BOCCTAHOBUTEIbHBIX,
TOXapHBIX 1 BOMHCKUX TT0E3I0B.

3. Pa3zpaboTtka, IIpoeKTUpOBaHUE U TIPO-
M3BOJICTBO TIOJIBMXKHOTO COCTaBa U 000PYIO-
BaHUSI JIOJDKHBI OCYIIIECTBIISITHCS OTEUECTBEH -
HBIMU TIPEATIPUSITUSIMU,, CO3/IaBast KOHKYPEH -
U0 3apyOesKHBIM aHAJIOTaM.

4. CiemyeT onpeieIUTh YETKYIO KJIacCH -
(brkanuio mMoIBUKHOTO COCTaBa Ha KOMOU -
HUPOBAHHOM XOJAY MO KOHCTPYKTUBHBIM
OCOOEHHOCTSIM UM CTICIIMATN3aIUY C YIETOM
crienuuku chepbl MPUMEHEHUST; BBIpabo-
TaTh U COTJIACOBAThH CUCTEMY 0003HAaUYCHU I
mpu cepTuGUKAIUU U TOJYIYeHUN B CO-
OTBETCTBUM C OTPacjeBOil HOpMaJbIio
OH 025270—66 (wiu IpyruM CTaHIApTOM,
TIPUHSITHIM U3TOTOBUTEIIEM).

5. HyxeH equHbIif TEPMUHOIOTUYECKUAN
arrmapar Jijist TOUHOTO 1 0e3aJIbTePHATUBHOTO

Puc. 2. fle¢pekTockonHas naboparopus JIAM-1.

orpeesieHUsl Ha3BaHU M MOABMUKHOIO COCTa-
Ba HAa KOMOMHUPOBAHHOM XO[y, €T0 y3JI0B,
arperatos 1 o0OpyAOBaHMsl BBUIY pa3HO-
00pa3us MOHSTUNA U TEPMUHOB B CBOMX
HUCTOYHMKAX, YTO HEPEAKO BbI3bIBAET MyTa-
HUIY («JTOKOMOOMIIb», «JIOKOTPAKTOP»,
«KATKW», «POJIMKH», «JOIOJHUTEIbHBIE
peIbCOoBBIE KOJIeca»).
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THE DEVELOPMENTS OF HYBRID ROAD-RAIL ROLLING STOCK IN RUSSIA

Tarasov, Dmitry E., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The article deals with the aspects of the
development of hybrid road-rail rolling stock —
automotive tractors of various purposes equipped
with devices for movement along the railway track.
Information is provided on the design features, single
and serial models of machines built by the plants of

the USSR and modern domestic enterprises.
Depending on the specificity and type of hybrid road-
rail equipment, the author identifies the current
problems and directions of development of hybrid
road-rail vehicles, the design and production of which
are designed to become at least ordered,
technological and standardized.

Keywords: hybrid road-rail transport, rolling stock, road transport, rail transport, innovations.

Background. The innovative development in the
sphere oftransport ensures the renewal of fixed assets,
efficient work and interaction of various types of
equipment, improves the transport accessibility of the
population and integration with transport systems of
other states. The introduction of new science-intensive
technologies makes it possible to achieve an integrated
balanced transport progress, to increase its safety level
and the productivity of cargo transportation.

Let’s consider as an example of advanced
technical means and new technologies in the field of
transport, a special type of rolling stock, developing
in Russia,— hybrid road-rail machinery of various
purposes.

Objective. The objective of the author is to
consider hybrid road-rail vehicles in Russia and, in
particular, its development.

Methods. The author uses general scientific
methods, comparative analysis, evaluation approach,
statistical data.

Results. Hybrid road-rail machinery (HRRM) —
vehicles that can move both on the road and on the
track by means of installed special equipment —
additional wheels / rollers.

The basis for creating HRRM is: standard vehicles
(general purpose, specialized, special), tractors, as
well as types and kinds of machines designed and
constructed for special purposes.

Arrangement of HRRM can be divided into three
parts:

1. Basic chassis — passenger car or truck or
tractor, specially modified for the installation of railway
equipment and work on the network (equipping with
the communication system, alarm system, train
braking system, sound alarm, coupling devices, etc.).

2. Rollers / additional bogies - rail wheels [3],
designed to hold HRRM on rails and serving as guides
for movement due to the presence of flanges. They
are attached to the modified frame of vehicles, from
below, near the tractor wheels.

3. Superstructure - various types of bodies or
special equipment, installed on the basis of HRRM,
depending on the scope of application.

Currently, there are two versions of the hybrid
road-rail mechanism: guiding and driving [2]:

+ guiding — to ensure stability and direction: rail
wheels do not interact with autotractor wheels (the
propulsor is the main autotractor wheels, contacting
the rail);

+ driving — to carry out the movement: the rail
wheels interact with the autotractor wheels (the
autotractor wheels, without interacting with the rail,
transfer the rotation to the rollers, thereby driving the
HRRM).

The process of placing the hybrid road-rail
machinery on a railway track is of two types:
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1) traditional: the placing is carried out by direct
HRRM arrival from the road (crossing) to the railway
track. This requires an average distance of 5-10 m;

2) using a hydraulic bearing-turning platform — a
special device located under the bottom of the
vehicle. Then the placing is as follows:

« HRRM comes to rails perpendicular to them (for
example, at the crossing);

- the hydraulic lifting device raises the HRRM to
a small height;

+ the turning mechanism turns the vehicle by
90°, placing it precisely above the railway track;

- lowering until the autotractor wheels are placed
on the rails.

After placing by means of a hydraulic drive, the
rail wheels (rollers, bogies) are lowered and HRRM is
ready for operation.

The creation of domestic hybrid road-rail cars
began in the first half of XX century. The basis was
Sovietarmored vehicles (for example, BA-64), so the
firstand only at that time, the customer and consumer
of such equipment was the Red Army.

The creation of HRRM of civil purpose began in
the 1950s. The first cars of this kind were cars that
were mass-produced at the plants of the Ministry of
Automotive Industry of the USSR, and later other
departments equipped with the appropriate hybrid
road-rail equipment. Depending on the tasks
performed, this machinery was divided into five
groups:

1. Cars and buses of especially small class as
autotrains and light motorized locomotives for service
transportations. The most widely used basic vehicle
was the UAZ car (for example, passenger cars
UAZ-469, UAZ-3151, etc., sanitary minibus
UAZ-452A).

2. Trucks as a traction unit (locomotive) for
shunting and export work. An example of the use of
an onboard KrAZ-257 is known, capable of pulling on
the rear coupling a composition weighing up to 1000
tons [4].

3. Machines for performing loading and unloading
operations: HRRM based on automobile cranes and
loaders. They were used for repairs on the railway, as
well as at loading points for fine grade and bulk
construction materials (due to the use of the feeding
claw instead of the hook).

4. Machinery for carrying out repair and track
works: special machines for both civil and military use,
designed for construction, installation, repair and
restoration and diagnostic work on the railway. An
example of such a machinery is the VPR-600 flattener
machine, consisting of a crawler hauling tractor with
aturn plow and a hybrid road-rail technological trailer
for repairing the track; the ballast leveling machine
PB-3M, which includes a crawler hauling tractor with
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Pic. 1. Mobile shunter TMV-2.

an additionally installed rail wheels and a trailed track-
type machine for ballast distribution.

5. HRRM for military purposes, as well as
performing fire, rescue and recovery operations in
hard-to-reach places and difficult conditions. For
example, the fire truck GAZ-59402 «Purga», the
rescue vehicle GAZ-59401, the armored personnel
carrier BTR-40ZhZ, equipped with a hybrid road-rail
mechanism [5].

In Russia today HRRM of the following purpose is
made:

« machines for shunting operations. So, LLC Miass
factory of specialized cars produces a line of hybrid
road-rail cars — «MART»: «MART-2» and «MART-3»,
positioned as an alternative to shunting locomotives.
The motor locomotives MMT-2 and KPT- 1 on the basis
of wheeled tractors are manufactured by LLC
Spetskran and LLC Rigel AV, respectively. RPC
Uralvagonzavod designed and built a completely new
type of HRRM — mobile shunter TMV-2, not based on
any commercially available vehicle (Pic. 1);

« machines for track maintenance and repair. For
example, the mobile defectoscope laboratory LDM-1on
the basis of UAZ-3160 «Patriot» (Pic. 2) and the rail-
welding complex based on the shift bus VM-3284-
0000010-03 on the chassis GAZ-3308 «Sadko» produced
by CJSC Firma Tvema. JSC PO EIAZ produces a cargo-
passenger machine GPM-K on the chassis of
KamAZ-43118. LLC Rigel AV offers a universal track
machine UPM-1 on the basis of the tractor HTZ-150K,
which is equipped with various attachments.

Hybrid road-rail machinery has a number of
advantages in comparison with the usual shunting
locomotive, namely:

1. Universality.

2. Maneuverability.

3. The greatest efficiency.

4. Great economic benefit.

5. Easier maintenance and repair.

The use and further development of HRRM are
expedient for operation at large industrial enterprises,
in ports, repair points for rolling stock, track facilities,
rescue and emergency recovery services. This makes
it possible to conduct various transport, handling and
special operations more quickly, with less expenses
and time than traditional railway equipment, which is
a very advantageous solution from the point of view
of logistics.

Finally, itis worth noting that the introduction of
hybrid road-rail machinery was also fixed at the
regulatory and legal level. Thus, by the order of
Russian Railways of February 6, 2014, No. 289r,
«On approval and implementation of the temporary
instruction for the operation of removable mobile
hybrid road-rail units on the infrastructure of JSC
Russian Railways», an instruction has been issued
that establishes the procedure for operating the
hybrid road-rail rolling stock, as well as the
procedure for actions of employees in their
operation [1].

Conclusions.

1. Further systematic and economically justified
introduction of hybrid road-rail machinery of various
types and kinds is necessary, taking into account
foreign and domestic experience.

2. Priority directions of HRRM application in the
«1520 space» at the initial stage: shunting work as a
traction module at large sorting stations and nodes,
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industrial facilities and terminal-warehouse
complexes; laboratory diagnostic and measuring,
construction and assembly, repair and recovery and
search and rescue operations as active units of wiring,
repair, fire and military trains.

3. The development, design and production of
rolling stock and equipment should be carried out by
domestic enterprises, creating competition to foreign
peers.

4. Itis necessary to define a clear classification of
the hybrid road-rail rolling stock in terms of design
features and specialization, taking into account the
specifics of the scope of application; to develop and
agree on a system of designations for certification
and production in accordance with the industry
standard OH 025 270-66 (or other standard adopted
by the manufacturer).

5. A unified terminological apparatus is required
for the precise and non-alternative definition of the
names of the hybrid road-rail rolling stock, its nodes,
units and equipment, in view of the diversity of
concepts and terms in its sources, which often causes
confusion («locomobile», «locotractor», «rollers»,
«additional rail wheels»).
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EXPRESS INFORMATION

NH®OPMALNA

LNDPPOBUIALINA
XEJNESHOOOPOXHbIX MEPEBO30K

15 mapra B OAO «P2K]I» cocTosinoch coBenianme
€ YYACTHUKAMHM PHIHKA IPY30BbIX 2KeJIe3HOIOPOKHBIX
nepeBo30K. B HeM NpUHSIHM yYacTHe TOM-MeHeIKePbl
KOMIIAHWIi-TPy30BJIa/Ie/IbIIeB, ONEPATOPOB JKelle3HO-
JIOPOKHOTO NMOJIBMKHOTO COCTABA, BATOHOPEMOHTHO-
r0 KOMILIEKCA, PYKOBOAMTEN OTPACIIEBBIX 00beIn-
HeHMii, a TakxkKe mpeacTaBuTean MuHUCTEpCTBA
tpancnopra P® u ®PenepaibHoii aHTHMOHONIOILHOM
CJTYZKOBI.

Kax ormetun npesuneHT OAO «P2KJl» Oner
benosépos, B Tpetbem kBaptaie 2017 roga OAO
«P2K]1» mmanupyeT MOTHOCTBIO TIEPENTH K TIpUEMY,
00paboTKe U COTIAaCOBAHUIO 3asiBOK UISI BHYTPU-
POCCHICKMX MEPEBO30K B aBTOMATU3UPOBAHHOM
pexume. Takke Oner beno3épos mponHGOPMUPO-
BaJl YYaCTHMKOB COBEIIaHUsSI O XOJAe padoT mo
BHEJIPEHUIO 3JI€KTPOHHOW TOProBOM TUIOLIAAKK
«Ipy30Bble epeBO3KU».

«OHa Mo3BOJIUT 3aKa3aTh MePEeBO3KY U3 JTI000I
TOYKH, TIIe €CTh OCTYN K UHTEpHETY, M OIIaTUTh
e€. EcTb BOBMOXHOCTD OIUIAThI IEPEBO30K TPETh-
VMU JIMLAMU, YTO BAXKHO JISI KPYTTHBIX XOJITUHTOB.
Bce 310 — 6€3 MTENBHBIX TPOLIENYP COTIacoBa-
HUS ¥ C TIPO3PAvyHBIM IIEHOO0Pa30BaHUEM»,— OT-
METWJI IPE3UICHT KOMITAHUU, TOJYEPKHYB, YTO 3TO
CEepBbE3HBbIN ar K cOaTaHCUPOBAHHOCTH LIEH Ha
JKEJIe3HOOPOKHBIE TTIEPEBO3KH.

13 ampenst B MocKkBe 3aBepIIMINCH ITEPEro-
Bopbl Mexny OAO «Poccuiickue xejie3Hble 10-

poru» u Kopropauueii «Kuraiickue xeie3Hbie
noporu» (KXKJ1). CTopoHbl OTMETUIN BBICOKYIO
MUHAMUKY XeJIe3HOTOPOXHBIX KOHTeHHEPHBIX
nepeBo3ok B coobuieHuu Kuraii—Poccus—EB-
pora 1 JOTOBOPUJIUCH YCWIUTh paboTy MO BHE-
NPEHUIO TEeXHOJIOTUI 2JIEKTPOHHOTO OOMeHa
NaHHBIMU, a TaKXKe COIIMCH B CBOMX OIIEHKAX
MepCIeKTUB KOHTEHEPHBIX MEPEBO30K — MOPSI/I-
Ka | MJTH KOHTEIWHEPOB B TOI.

«CeronHst 0OMeH OyMaxKHbIMU TOKYMEHTaMU
He MpOocTO Hed((PEeKTUBEH, OH HAHOCUT YIIepO
KOHKYPEHTOCTIOCOOHOCTH XKeJIe3HOTOPOKHOTO
TpaHcnopTa. Heo6xoaumo TupaxkupoBaTh Mpak-
TUKY opopmiieHus HakimagHoi [IMM/CMI'C na
pa3HBIX MapuipyTax. B KoHEYHOM HUTOTE MBI
NOJIKHBI MPUUTH K OTIIpaBKe KOHTEUHEPHBIX
MMOE3I0B «II0 PacIUCaHMIO», — cKa3aJl MepBBIit
utie-tipe3uneHT OAO «PXKJl» Anexkcanap Mu-
IIapuH.

«Ipy3oBas 6a3za jJjist TpaH3UTA Y HAC €CTh, HO
TSI TOTO UTOOBI TPUBJIEYb €€ Ha KeJIE3HOTOPOXK-
HBII TPAaHCIIOPT, HEOOXOAUMO OTPETYJIUPOBATh
BOTIPOCHI, CBSI3aHHbIE C TAMOXEHHBIM 0bopMJIe-
HUEM»,— 3asIBWJI 3aMEeCTUTEIb TeHePaIbHOTO
nupekTopa Kopropauuu « Kuraiickue xeje3Hbie
noporu» XyaH MuHb.

ITo maTrepuanam
npecc-cayxos1 OAO «PXKJ/I» @

DIGITALISATION OF RAIL TRANSPORTATION

On 15 March 2017, Russian Railways conducted a
meeting with participants in the freight rail transportation
market attended by top managers from freight owners,
rolling stock operators, the wagon-repair complex and
heads of industry associations, as well as representatives
from Russia’s Ministry of Transport and Federal
Antimonopoly Service.

President of Russian Railways Oleg Belozerov
declared that in the third quarter of 2017, the company
plans to switch completely to accepting, processing and
agreeing to orders for domestic transportation in
automated mode.

Oleg Belozerov also informed the participants of
the meeting about the progress in implementing the
Freight Transport electronic trading platform.

«It will allow clients to order and pay for
transportation from anywhere which has access to the
Internet. It is also possible for third parties to pay for
the transportation, which is important to large holdings.
All these processes can be done without lengthy
approval procedures and with transparent pricing», said
the Company President, who stressed that the Freight
Transport electronic trading platform was a serious step
towards balancing prices for rail transportation.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Lindpoensauus xene3HoA0pPOXKHbIX MEPEBO30K
Digitalisation of rail transportation

On April, 13, 2017 negotiations between JSC
Russian Railways and Chinese Railways have been
concluded in Moscow.

The sides noted the high number of China-Russia-
Europe rail container shipments and agreed to
consolidate their work on introducing electronic data
exchange technologies. They also agreed in their
assessments that the potential for container
transportation is about 1 million containers per annum.

«Today, the exchange of paper documents is not
just inefficient, it also damages the competitiveness of
railway transport. It is necessary to replicate the practice
of issuing the CIM/SMGS consignment note on
different routes. And finally, we must arrive at the point
where we can dispatch container trains ‘by timetable’»,
said Alexander Misharin, First Vice-President of
Russian Railways.

«We have a freight base for transit, but in order to
attract it to rail transport, it is necessary to regulate
issues related to customs clearance», said Huang Ming,
Deputy Managing Director of Chinese Railways.

Based on releases of press service
of JSC Russian Railways @

.15, Iss. 2, p. 81(2017)
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Anexkcanpp UBAHOB
Alexander A. IVANOV

Analysis of Controllability
of a Freight Car Brake System
(TEKCT cTarby Ha aHrJl. 3. —
English text of the article — p. 91)

B craTtbe paccMoOTpeHbI OTKa3bl
TOPMO3HOV CUCTEeMbl BaroHa,
npuBoasLume K 3aaepxxKkam

noes3aos, oripenesieHbl UX MPUYUHbI,
npoBenéEH aHasIn3 KOHTpoJie-

Y PEMOHTONPUroAHOCTU 3JIEMEHTOB,
KOTOpbIe rnoasiexar peryasspHoMy
TEXHUYECKOMY OBCIY)XNBAHMIO.
CéopmynupoBaHbl pekoMeH[auum,
HanpaBJieHHbIe Ha CHWKeHUe 3anepXxek
noe3aoB Ha rapaHTUNHbIX y4acTKax,
BbI3BaHHbIX OTKa3aMu TOPMO3HOM
cucTemMsl rpy30Boro saroHa. llpu atom
akueHT caesiaH Ha KOMIJIeKCHbIN rnoaxon,
noapasymeBaloLmnii LUMPOKNIA CITEKTP
3aaay, BKJIloYasi ctaguv rnpoeKTupoBaHus,
KOHCTPYUpOBaHUsi, 3KCriyaraunu

y PUHaAHCOBO-39KOHOMUYECKOIro
COnpoBOXXAEeHUs rnpoLecca.

KntoyeBble ciosa: xenesHas nopora,
rpy30BO¥i BaroH, TOpMO3Hasi cuctema,
TexHu4eckoe 06CyXnBaHue,

0TKa3, KOHTPOJIENPUIrOAHOCTb,
PEMOHTONPUroAgHOCTb.
|

HAYKA 1 TEXHWKA

AHanus
KOHTPONEeNPUrogHOCTH
TOPMO3HON CUCTEMDI
rpy3oBOro BaroHa

Mapusa KOSAPE30BA
Maria A. KOZAREZOVA

Heanoe Arexcandp Anamoavesun — kanouoam
MexHu4ecKux HayK, 0oueHm Kageopol

«Baeonsl u 6azonHoe xo035icmeo» Mockoeckozo
20cydapcmeeHHo20 yHueepcumema nymeii coooujeHus,
(MHUHT), Mockea, Poccus.

Kosapesoea Mapus Asexcandposena — eedyujuii
MexXHON02 YNpasAeHUs 6420HHO0 X033UCMEa
[enmpanvroti dupekyuu uHGpacmpyKmypsl —
unuana OAO «PXKIl», Mocksa, Poccus.

AXKHOW 3a1a4eid Mpu SKCIUTyaTaluu

TPY30BBIX BATOHOB OCTAeTCs 00ecIIe-

yeHne Oe3aBapUitHOTO MpOoCeaoBa-
HUS TI0€3I0B B ITpeiesiaX TapaHTUITHBIX y9acT-
KOB, IIPU peajm3alluid KOTOPO 3a4acTyio
BO3HHUKAIOT CJICAYIOIINE TTPOOIECMBI:

— OTpaHWYEeHHAas WJIM Aaxe HyJieBas
KOHTPOJIETIPUTOAHOCTh HEKOTOPBIX OTBETCT-
BEHHBIX 3JIEMEHTOB KOHCTPYKIIMM BaroHa
B ITYHKTE TEXHUYECKOTO OOCIYKMBaHUS
(ITTO);

— OCMOTPIIMKHM BarOHOB B CBOEil padboTe
BBIHYXKIICHBI T10JIaraThcsl B OCHOBHOM HE Ha
TeXHUYECKHE CPEJICTBA, a HAa TaK Ha3bIBacMbIe
OPraHOJICIITUIECKIE METOIbI OOHAPYKECHUS
TMOBPEKICHUI 1 0TKA30B KOHCTPYKITUH Baro-
Ha (3peHHe, CIIyX);

— OorpaHMYeHHNe BpeMeHU Ha KOHTPOJb
TEXHUUECKOTO COCTOSHMSI BaroHa, YCTaHOB-
JIeHHOE TpaUKOM JIBVKEHUS TTOE3I0B;

— HeOoOXOIMMOCTD BHIITOJTHEHUS TEXHU-
YeCKOT0 OOCTYXMBaHUS B HOUHOE BpeMs
¥ B CJIOXHBIX ITOTOAHBIX YCIOBUSX (IOXKIb,
CHET U T.II.).

DTUM HEPEeIKO OOBSICHSIOTCS CIyJIan He-
BBISIBJICHUST 1 HEYCTPaHEHMST OCMOTPIITNKAME
BaroHoB Ha [ITO HeucnpaBHOCTEH, Kaxmas
13 KOTOPBIX TIPUBOIUT KAK MUHUMYM K OCTa-

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 82-96 (2017)



HOBKE Ioe3[a Ha neperoHe. Takue ciaydyau
CUMTAIOTCSI OTKa3aMU TEXHUUYECKUX CPEICTB
Ha rapaHTUHHOM y4acTKe COOTBETCTBYIOLIETO
I1TO, u B HacTos1Iee BpEMS X YUET BEAETCS
B KOMILIEKCHOI aBTOMaTU3UPOBAHHOM CUC-
TeMe y4éTa, KOHTPOJISI YCTpaHEHUsI OTKa30B
TeXHUYECKUX CPEJICTB W aHaIu3a UX Haaex-
HOCTHU Ha XEeJIe3HOIOPOXHOM TPaHCIIOPTE
(KAC AHT).

OTKA3bl U UX MPU4YUHDI

B 3aBuCUMOCTH OT MOCIENCTBUI OTKA30B
mast OAO «PX]I» BBemeHa ciemyiomas UX
KJ1acCH(UKAIINS TT0 KATETOPHSIM:

OTKA3bI 1 -1 KATerOpUH — OTKA3bI, TIPUBEI-
1IMe K 3a7iepKKe 1moe3/1a Ha TeperoHe (CTaH-
nuu) Ha | yac u GoJiee, TMOO MpUBEAIINE
K TPAaHCIIOPTHBIM ITPOWCIICCTBUSM WU CO-
OBITHSIM, CBS3aHHBIM C HapyIIEHUEM ITPAaBUIT
0e30ITaCHOCTH IBVKCHUST M AKCIUTyaTallun
JKeJIe3HOI0POKHOTO TPAHCTIOPTA;

OTKAa3bI 2-11 KATETOPUH — OTKA3bI, IIPUBEI-
1IMe K 3a7iepKKe 1moe3/1a Ha TeperoHe (CTaH-
LK) TIPOJOJIKUTEIBHOCTBIO OT 6 MUHYT J0
1 yaca;

OTKAa3bl 3-11 KaTeropuu — OTKa3bl, HE
MMEIOIINE TTOCTICICTBUIA, OTHOCSIIIINXCS K OT-
KazaM -1t u 2-i Kateropuu [1].

Tak, Ha XeJle3HBIX Hoporax Poccuiickoit
®enepanmu B cucteme KAC AHT 3a 2015 ron
3adukcupoBaHo 1766 ciaydyaeB OTKAa30B TeX-
HUYECKUX CPENICTB, HANOOJIbIIIee KOJIMUYECTBO,
ui 61 % KOTOPBIX TOMYIIEHBI IT0 HEUCITPaB-
HOCTU aBTOTOPMO3HOTO O0OPYI0BaHMSI Baro-
HOB [2].

Kak moxa3pIBaeT OMBIT 3KCIIyaTalluu
TPY30BBIX BATOHOB, OCHOBHBIMU IIPUINHAMU
OTKAa30B TOPMO3HOU CUCTEMBI SIBISIOTCS
BO3/IyXOpacTpeeuTe b, TOPMO3HAsT Maru-
CcTpajib, TOPMO3HAas phlUYaXkKHasg Iepenava,
TOpMoO3Has apmarypa. Pexe BcTpedatoTcs
OTKa3hl: aBTOPEKMMa, TOPMO3HOTO IIUTMH/I -
pa, 3alMacHOro pe3epByapa, CTOSHOYHOTO
TOpMO3a.

Taxske UMEIOTCS W clydanl OTKa30B TOP-
MO3HOU CHCTeMBbI BATOHA BCJICICTBHUE HEKade-
CTBEHHOTO HCITOJTHEHUS OCMOTPIINKOM
GyHKOUI MO OOCTYXKMBAHUIO M PEMOHTY
TopMo3HOTo 0o6opynoBanust Ha [1TO. K Hum
OTHOCSTCSI:

— HECOOTBETCTBHE PACCTOSTHUS OT TOpIIa
MY(]THI 3aIIUTHON TPYOBI aBTOPETyJISATOpa
TOPMO3HOM PBIYAXKHOW Mepenayu 10 Havaaa
TIPUCOCIMHNUTEIIBHON pe3b0bl Ha er0 BUHTE;

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 82-96 (2017)

— 3aBaJl BEpTUKAJIbHBIX PbIYaroB TOPMO3-
HOW pbhIYaKHOW Tepeaadyu TeJaekKKU B MEPT-
BOI TOUKE;

— HECOOTBETCTBME PACCTOSIHUSI MEXIY
KOPIYCOM aBTOPETYJISITOpa U YIIOPHBIM Pbl-
yarom (ynopom);

— HEIUIOTHOE TpujeraHue MarucTpaslb-
HOW WJIM TJIAaBHOW YacCTW BO3yXOpacIlipeae-
JIUTeNIs K paboueil KaMmepe;

— HeNnpaBUJIbHOE BKJIOUEHME pexXnuma
TOPMOXKEHUSI/OTITyCKa BO3IyXOpacIIpeaeI-
TeJsl.

Ewé ogHoli mpuyuMHOI, NpuBOAsIIEi
K HECTTOCOOHOCTH TOPMO3HOM cCTeMbI 00ec-
MeYnuTh HEOOXONUMYI0 3(P(PEeKTUBHOCTH
TOPMOXKEHMS IToe3/1a, SIBASETCS BMelaTe/b-
CTBO MOCTOPOHHUX Jull. K HUM OTHOCATCS
pa3beIuHeHUe COeNMHUTEIbHbIX PYKaBOB,
nepekpbiThe KOHILEBbIX KPAaHOB, 3aTsXKKa
CTOSTHOYHOI'O TOPMO3a.

TEXHUYECKUE CPELOCTBA
KOHTPON4A

DKcTutyaTupyeMble HbIHE aBTOMATU3UPO-
BaHHBIE CPEACTBA TUATHOCTUKU TIOJIBUKHOTO
cocTaBa (KOMIUIEKC TEXHUUYECKUX CPEJICTB
MHorodyHkimoHansHbIN (KTCM-02), moct
aKyCTUUECKOTO KOHTPOJISI, KOMILIEKC MAJIsT
U3MEpPEeHUsT TEOMETPUIECKUX TTapaMeTpoB
KOJIECHBIX Map, cucTeMa 00Hapy>KEHUS Baro-
HOB ¢ oTpunaTebHOI auHamukoit (ACOO/),
YCTPOMCTBO KOHTPOJISI CXO/la TIOJABUXKHOTO
cocraBa (YKCIIC), KOTOpEIMU TOBCEMECTHO
OCHAIIIEHBI TTOAXOMbI K COPTUPOBOUYHBIM
CTAHIIMSIM U TIEPETOHBI ), TO3BOJISTIOT KOHTPO-
JINPOBATh TEXHUYECKUE TTapaMETPhl OTAEIb-
HBIX y3JI0B BarOHA, YBEJIMUUBAsI BEPOSITHOCTD
BBISIBJICHUST X HEUCTIPABHOTO COCTOSTHUSI.
OnHako B HACTOSIIIIEE BPEMST OTCYTCTBYIOT
TEeXHUUYECKUE CPENICTBA, OMpenesionmne
MpUOIMKEHUE TOPMO3HOU CUCTEMBI BaroHa
K HepaboTocmocodoHoMy Buny [3]. To ecThb eé
OTKa3bl MOXXHO OTHECTU K BHE3aIHBIM, KO-
TOpble HE KOHTPOJUPYIOTCSI C TTOMOIIBIO
aBTOMAaTU3UPOBAHHBIX JUATHOCTUYECKUX
KOMILJIEKCOB, U TIOTOMY C OY€BUJHOCTHIO
BCTaeT 3a/1a4a, HeTIOCPEACTBEHHO CBSI3aHHAS
C OrpejiesIeHNeM BEJIMYMHBI TAPAHTUHOTO
yyacTKa MyHKTa TEXHUYECKOTO 00CITyKMBa-
HUS U PEMOHTA I'Py30BbIX BaTOHOB, a TaKXKe
MEePUOANYHOCTA KOHTPOJISI UX TOPMO3HOM
CHUCTEMBI.

Jlns pelieHust 3TO 3ajaui HEOOXOAUMO
BBITIOJTHUTh aHAJIN3 YPOBHS KOHTPOJIE- U pe-

MNeaHoe A. A., Ko3ape3oea M. A. AHann3 KOHTPONENPUrOAHOCTN TOPMO3HO CUCTEMbBI FPY30BOro BaroHa




Hmeercst J1n BO3MOKHOCTH

Ha 0OHApY/KeHHsl MOBPekIeHHit Her
pacemat 0 3J1eMenTa
KOHCTPYKIHH B YCIOBHSIX
skemaryarauun (1)
PeraamMenTHPOBaHBI JTH Tla M3BeCcTHBI JIH KOCBEHHbIE
B HT/I kpuTepun oTkasza CHMIITOMBI IIOBPEAKACHHS
P ) < pacemar '0 3JIeMeHTa
PaccMaTPHBAEMOTO YJIeMeNTa koncrpykuun (3)
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Puc. 1. bnok-cxema aHann3a peMOHTONPUIrogHOCTN 3/IeMEHTa KOHCTPYKUNUN MPUMEHUTENIbHO
K TeXHU4eCKomy oﬁcny)KuBaHmo BaroHa.

MOHTOITPUTOJHOCTH 3JIEMEHTOB TOPMO3HOMI
CHCTEMBI B YCIOBUSIX 3KCIUTyaTallMd, OIIC-
HUTb CaMy BO3MOXHOCTb K OOHapyXeHUIO
U YCTPAHEHUIO OTKA30B aBTOTOPMO3HOTO
000pyd0BaHUSI IPU MCIIOJIb30BAaHUU BaroHa
10 Ha3HAYEHUIO.

M3BecTHO, YTO PEMOHTOIPUTOIHOCTD —
9TO CBOWMCTBO M3JEUS, 3aKI0valolieecs
B €T0 IIPUCTIOCOOJIEHHOCTH K MOAAE PXKAHUIO
1 BOCCTAHOBJIEHUIO PAaOOTOCTIOCOOHOTO COC-
TOSTHUS ITyTEM TEXHUIECKOTO 00CTy>KMBaHUS
1 peMOHTa. A KOHTPOJENPUTOTHOCTh —
CBOMCTBO M3IE/UsI, XapaKTepuU3ylolllee ero
MPUCITOCOOJIEHHOCTD K MPOBEASHUIO KOHT-
poJIs 3aJaHHBIMU CPEICTBAMMU.

® MUP TPAHCMOPTA, Tom 1

MeToauka OLIEHKM PeMOHTONPUTOIHO-
CTH B OCHOBHOM 0a3MpyeTcsl Ha UCIIOIb30-
BaHUMU SKCHEPTHOM OLIEHKM M aHaJIMU3e.
B manHOM ciiyyae 3Ta maess MOXET OBITh
peanu3oBaHa C IMMOMOIIbIO OJIOK-CXEMHBI,
peacTaBiIeHHON Ha puc. 1 [4].

Kaxnplii 371eMEHT TOPMO3HOI CUCTEMBI
MOABEPraeTCs aHAIU3Y, B ITpoliecce KOTOPOro
ucclieoBaTe b, MoJarasch He TOJIbKO Ha CBOU
3HAHMS, OTBIT U MUHTYULIMIO, HO M Ha TIOMOIb
9KCIIEPTOB B COOTBETCTBYIOIINX OOJIACTIX
HayKu 1M TE€XHUKHU, a TaKXe Ha MevyaTHbIe
VCTOYHUKU, TOJIKEH OTBETUTH B (hOpMeE «J1a —
HEeT» Ha Psiji pacloJIOXEHHBIX B ONpeaeeH-
HOM T0CJIe10BaTeIbHOCTU BOIIPOCOB.
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Puc. 2. fipeBo co6biTnii OTHOCUTEIbHO NazeHNsl TPUAHresiss Ha NyTb.

IlocnenoBaTeIbHOCTH HOMEPOB OJIOKOB
cocTaBisieT MKUdP, XapaKTepU3YIOIINUI pe-
MOHTOIIPUTOAHOCTh pacCMaTPpUBaeMOTO
3JIeMEHTa TOPMO3HOI ccTeMBbI BaroHa. [1pu
3TOM OTKa3bI IUIST KaXKIOTO 3JIeMeHTa ya00-
HO OyZeT pa30ouTh Ha TPU TPYIIIIHL:

1. UMeromme HyJIeBYIO KOHTPOJCIIPU-
TOTHOCTb M PEMOHTOIIPUTOIHOCTH TP He-
MOCPEACTBEHHOM MCIIOJh30BaHUM BaroHa
no HazHavyeHMIO (B ycimoBusax I1TO cran-
oun).

2. IToMTHOCTHIO KOHTPOJICIIPUTOIHEBIC
W PEMOHTOIIPUTOIHBIC B 3KCITyaTaIlH.

3. UMeromme orpaHNYeHHYIO KOHTPOJIe-
MPUTOTHOCTb U PEMOHTOIIPUTOTHOCTb.

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 82-96 (2017)

LUNDP OCHOBHbIX Y3J10B

Kak mokazaHo B [5], K ¢cxoay BaroHa
C peJIbCOB, KOTOPBIM UpeBaT KPYIICHUSIMU
¥ aBapyusIMU, MOTYT IIPUBECTH CITydau MaeHUST
netajyieil Ha TMyTh, B YaCTHOCTU TPUAHTEJIsI
TOPMOBHOU PBHIYaXKHON TIepenayn TeIeXKH,
OIHOI M3 HanboJjiee YacThIX MMPUYUH YETO
CUMTAETCs BBITIaleHUE BajlnKa TMOIBECKHU
OammMaxa.

CooOnbiTue «ITageHue TpruaHress Ha ITyTh»
MOXHO TIpEJICTaBUTh B BUJIE JIPEBOBUIHOMN
CXeMBbl, MoKa3aHHOU Ha puc. 2. [Ipuuem
BBITIaZIcHUE BaJIMKa IMOJIBECKM OalrmMaka —
9TO 3aBUCUMBII OTKa3, BOBHUKHOBEHME
KOTOPOTO OOYCJOBJIIEHO MOBPEXIACHUSIMU

MNeaHoB A. A., Ko3ape3oea M. A. AHann3 KOHTPONENPUTOAHOCTN TOPMO3HO CUCTEMbBI FPY30BOrO BaroHa
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Puc. 3. AiByxnosocHoe npeAcrasBrieHne gepeBa CoObITUIA.
Tao6imua 1

AHaU3 pPeMOHTONPUTOTHOCTH TOPMO3HON PHIYAKHOI MepeIadn TeIeKKH OTHOCUTEILHO
BbINAJIEHNs] BAJUKA MOABECKH OammMaKa

Wcxonnas | [Tpunsitoe | Mckomast
TIO3ULIMSI | PEUICHWE | TIO3UIIUST

1 Ha 2

OO60CHOBaHME MPUHSTOTO PELICHUS

B pesynbraTe mpoBeIeHHOTO OMPOCca CIEUATUCTOB IO TOPMO3ZHOMY
000pYIOBaHUIO CITyXKO BATOHHOTO XO35ICTBA AUPEKIIMIA MHPPACTPYKTYPbI
BBISICHEHO, UTO TaHHAsI HEUCIIPABHOCTH BBISIBIISIETCSI TP BU3YAIbHOM
ocmotpe Ha [1TO.

CorlacHO TeXHUYECKOM JOKYMCHTalMU HE TOITYCKACTCA OTCYTCTBUEC BaJln-
Ka IMOJABECKN TOPMO3HOIO OarrmMaka.

Ha I1TO umeercs BO3MOXKXHOCTB ITOCTAHOBKH BaJIMKa ITOABECKH OallMaka.

J11s1 OBBILLIEHUSI PEMOHTOIIPUTOIHOCTH 1ieJiecooOpa3Ha pa3paboTka
MEPOTNPUSITUIA TIO pUTMUIHOMY cHaOKeHuIo [1TO 3armacHbIMU YaCTSIMM,

a MIMEHHO BaJIMKaMU ITOABECKHU OallIMaKa, MPeIoXpaHUTeIbHBIMU CKOOAMM
(VTS UCKITIOUEHUST TIOTEPU BAJIMKA), & TAKKe (DUKCUPYIOIIMMHU YCTPOICTBA-
MM — IIIUIMHTAMU U Iai0aMu.

Ha ocHoBaHMM HOPM pacxoia MaTepPHAJIOB U 3aITaCHBIX YacTeil Ha TeXHU-
yeckoe 00CIyKMBaHue IPy30BbIX BaroHOB Ha MmyTsix ctanuuu Ne [IKTh
LHYHP/LIYHP-13.5.0192—15, cocTaBieHHbIM Ha OCHOBAHUY CTATUCTUYE-
CKHUX JaHHBIX U yTBepKAeHHBIX pacnopsikeHueM OAO «PXK/I» ot 3 HOs16pst
2015 roma Ne 2622p, Ha IyHKTaX TEXHUIECKOTO OOCITYKMBAHMS 3aMEHSIETCSI
0,28 BanuKoB noaBecku Oaiimaka, 0,124 mminHros, 30 mpeaoxpaHuTeIb-
HbIX cKOO Ha Kaxbie 1000 BaroHos.

—2—5— | 171 IOBBIIIIEHUST PEMOHTOTIPUTOIHOCTU HEOOXOIMMO pa3paboTaTh MpaBuia
—8—10 TEXHUUYECKOTO 00CTy>KMBaHMSI, 000CHOBATb MEPUOAMYHOCTH €TI0 BBITTOJIHE-

HUs, TEXHOJIOTUIO K OPpraHU3alrIo MPEeayCMOTPEHHDBIX pa60T.

WJIN OTKa3aMU IPYTUX DJIEMEHTOB, aXe He
BXOIAIINX B TOPMO3HYIO CHCTEMy BaroHa.
Hampumep, moBeilieHHOM BubOpamnueii (He-
pasziaraemoe coObITHE XS) KaK CJeNCTBUS
HEUCIIPAaBHOCTHU KOJIECHOH maphl (ITOBpeXK-
JIIeHUs TTOBEPXHOCTH KaTaHUS KoJjieca MIH
MMONIIIUITHUKA).

JIBYXIIOJIIOCHOE IIPEICTaBICHNUE 3TOTO
npeBa (puc. 3) MOKa3bIBaCT IIPUUMHBI COOBI-
THS — BBITIAICHUS BaJIMKa MOIBECKI TOPMO3-
HOTo 6aiMaka (TpuaHres) U ero BIUsSHUE Ha
najaceHue aeTajieli TOPMO3HOU Mepenadyun Te-
JIEXKKHU Ha TTyTh, IIPUBOISIIEE K CXOIy BaroHa
C PEIIbCOB.

g mpuMepa pacCMOTPUM TIPUMEHEHUE
TEXHOJIOTUU aHaJIM3a PEeMOHTOIIPUTOTHOCTH
BBITIAICHUSI BaJIMKa ITOABECKM OaIliMaKka Top-
MO3HOM pbIYaXKHOM Mepenadyu TEJIEKKU, UC-
MOJIBb3YsT TAOTUYHYIO (hOPMY TPEACTABICHUS
pe3yabratoB (cM. Tabmuiy 1).

® MUP TPAHCMOPTA, Tom 1

Emeé omHuM coObITHEM, BIUSIONMIMM Ha
0e30ITaCHOCTD IBYDKCHUST, CUUTACTCST OTCYTCT-
BHE WJIX U3JIOM TOPMO3HOI KOJIOIKH, OIICHKA
PEMOHTOIIPUTOIHOCTH KOTOPOIl TIpUBeAcHA
B TabuIle 2. DTa HEMCIIPaBHOCTH OTIACHA TEM,
YTO MOKET IIPUBECTH K CEPhE3HBIM ITOBPEXKIC-
HUSM KOJIECHOW IMapbl: KOJIbLIEBBIM BbIPAOOT-
KaM, TIOJI3yHaM U HaBapaM Ha ITOBEPXHOCTH
KaTaHUS KoJjieca, a TAKKE «IIpUBapy» TOPMO3-
HOTO OalMaka K KoJjiecy M 3aKJIMHUBaHUIO
KOJIECHOI TTaphbl BO BPeMsI IBIDKCHMS TI0€3/1a.

Kax BumHO 13 TaOIUIIBI, TAKOM OTKA3, KaK
OTCYTCTBUE WJIM WU3JIOM KOJOJAKU, SIBISIETCS
TIOJTHOCTBIO KOHTPOJICTIPUTOAHBIM B 3KCILTya-
Tallii ¥ MOXET MMETh JBa Imdpa peMOHTO-
TPUTOTHOCTHU B 3aBUCUMOCTHU OT CJIOXKHMBIITIX-
cs nocaeacruii: 1—-2—5—9—10 wim 1-2—5—
7—8—10.

Henb3g He yrmoMSHYTb TaKXKe O APYTUX
0TKa3axX TOPMO3HOMU PBIYAXXHOU Ilepenayu

.82-96 (2017)
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Tabumua 2
AHAJIM3 PEMOHTONPUIOAHOCTH TOPMO3HOI PHIYAKHOM NepeaauH TeIeKKH OTHOCUTEILHO
OTCYTCTBHS HJIH M3]I0MA TOPMO3HOI KOJIOIKH

OTCyTCTBI/Ie W N3JIOM TOpMOBHOﬁ KOJIOOKHN

Wcxonnas | [punsitoe | Uckomas | OGOCHOBaHME MPUHSTOTO PEIICHUS

MO3MUMA | pElleHNe | NO3ULMs
1 Ha 2

HewucnpaBHOCTB BBISIBIISIETCS TIPY BU3YaJIbHOM OCMOTPE TOPMO3HO#
nepenauu Tenexkku Ha [1TO ocMOTPILIMKOM BaroHOB, HO MOXKET ObITh
oOHapykeHa 1 IPU OCMOTPE COCTaBa «C XOIy», T.¢. B IPOLIECCE TBUKESHUSI
MPUOBIBAOLIETO HA CTAHIIMIO TTOE3/1a.

1-2 Ha B MHCTPYKILIMKM OCMOTPILKMKY BATOHOB YKa3aHO, YTO OTCYTCTBUE WU U3JIOM

TOPMO3HOM KOJIOJIKU HE JIOIyCKaeTCs.

1-2-5 Ha Ha I1TO umMeeTcst BO3MOXHOCTb YCTAHOBKY WJIM 3aMEHBI TOPMO3HOM
kojoaku. Ho ecnu 3TOT 0TKa3 mpuBe K «IpuBapy» TOPMO3HOTO Oalmaka
K KOJiecy, HUIMYUIO 1e(DEeKTOB Ha MOBEPXHOCTU KaTaHUs Kojleca OpaKoBOY-

HBIX Pa3MepOB, TO MPUIETCSI OTUEIUISITh BATOH B TEKYLIUI PEMOHT.

Her

1-2—-5-7 |Ha J17151 TOBBILIIEHUSI PEMOHTOINPUTOIHOCTH 1ieJiecooOpa3Ha pa3paboTka
MEpPOTIPUATUI TIO pUTMUYHOMY cHaOxeHuto [1TO 3amacHbIMU YacTsIMU,

a MIMEHHO TOPMO3HBIMU KOJIOJIKAMU U YeKaMU TOPMO3HBIX KoogoK. Ha
OCHOBAHUY HOPM pacxojia MaTepUaIoOB U 3aTIaCHBIX YACTeil Ha TEXHU-
yeckoe 00cy>KMBaHKe Tpy30BbIX BaroHoB Ha myTsax ctaHuuu Ne [TKTB
LHYHP/LIYHP-13.5.0192—15, cocraBieHHBIM Ha OCHOBAHWUW CTaTH-
CTMYECKUX JIaHHBIX U yTBePXKAeHHBIX pacriopstkeHueM OAO «PXK/1»

ot 3 HosiOpst 2015 roma Ne 2622p, Ha MyHKTaX TeXHUYECKOTO OOCITyKIBa-
HUs 3aMeHsieTcst 15,2 TOpMO3HBIX KOJIO/IOK, JIBE YeKHU KOJOAKH Ha KaX/Ible
1000 BaroHOB.

1-2-5-9 |Jda 1- J17151 TOBBILLIEHUS] PEMOHTOIPUTOIHOCTU HEOOXOAUMO Pa3paboTaTh TEXHO-
JIOTUIO CMeHBI KoJiecHolt napel B yeaoBusx [1TO 3a orpaHuyeHHOE BpeMst

CTOSIHKHM I10€31a IToAa TEXHUYECCKUM OﬁcHY)KHBaHI/ICM.

L[JIH TIOBBIMIECHUA PEMOHTOIIPUTOOHOCTHU CIIEAYET 000CHOBATH nepuoauny-

25—
—8—1

0 HOCTD BBIITOJTHEHUA TEXHUYCCKOTO 060JIY)KI/IB3HI/IH.

TeJeXXKHU: TaKUX, KaK BbIMaJeHue BaJIMKOB
MIAPHUPHBIX COSAUHEHUN TAT U PhIYAros,
KOTOpbIe BO3HMKAIOT IO MPUYMHE HEUC-
MPaBHOCTU WJIM OTCYTCTBUS IITIMHTOB;
OOpPBIB IMOJIBECKM TOPMO3HOTO OallIMaka, 4to
SIBJISIETCSI CJIEICTBMEM Pa3BUTHS TPEILIMH 10
MPUYUHE YCTAJTOCTH; ONTyCKaHWE CKOOBI TSI
PaBHOMEPHOTO M3HOCAa KOJIOJOK, KOTOPOE
BO BpeMs JABUXXEHUs Moe31a Jallle BCero
BoIsiBiIsieTcst ipubopom YKCIIC, HO MOXeT
ObITh OOHapykeHo u Ha [1TO npu ocMoTpe
BaroHa. UMeoT MecTo 1 u3J10MbI (OOPHIBbI)
MPeI0XPaHUTEIbHBIX YCTPOMCTB, MpeaHa-
3HAYEHHBIX IS TPEAOTBpalleHUs MaJaeHUS
JeTalieil TOPMO3HOro 00OpyIOBaHUS Ha
myTh. Bce OHU MOJHOCTHIO KOHTPOJIEIIPH -
TOJTHBIE.

ITo anpobupoBaHHOM METOIMKE NCKOMbIE
KOJIbI TaHHBIX TTOBPEKICHUIA:

— u310M (0OpbIB) MpenoXpaHUTETbHbBIX
ycTpoiictB — 1—2—5—7—8—10;

— BBIMNAJEHUE BaJUMKOB IIADHUPHBIX CO-
eAVHEHU TAT U pbluaroB — 1—2—5—7—8—10;

— OOpBIB MOABECKU TOPMO3HOTO Oallima-
ka — 1-2—-5-7—10.

Takum 06pazom, MoaydeH UCKOMBbIi Iudp
PEMOHTOIIPUTOIHOCTH OCHOBHBIX Y3JIOB TOP-

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 82-96 (2017)

MO3HOW PBIYAXHON Mepefayu TeJeXKU:
1-2—-5-7-8-10.

OCTAJIbHbIE 3JIEMEHTbI CUCTEMbI

Hcronb3yst IpUBEeIeHHYIO TeXHOJIOTHIO,
MOXHO TIOJIyYUTh TTOKA3aTeJI PEMOHTOIIPH -
TOAHOCTH M OCTAJIbHBIX 3JIEMEHTOB TOPMO3-
HOIi CHCTEMBI BaroHa.

OTaesbHO BBIACIUM ITHEBMATUYECKYIO
YacTh TOPMO3HOM CUCTEMBbI, 0COOEHHOCTHIO
KOTOPOI1 SIBJISIETCSl HAJIMYME TaKUX BechMa
CJIOXXHBIX YCTPOMCTB, KaK BO3IyXopacipe/ie-
JIUTETh U aBTOPEXKUM.

B riepBy1o odepenb pacCMOTPUM OTKA3 U3~
3a HEMCITPAaBHOCTH BO3IyXOPaCIpeIeTUTEIS.
K 3agepskke moesna Ha rapaHTUITHOM y4acTKe
MOTYT IPUBECTU: 3aCOPEHHBIE OTBEPCTUS
TUTYHKepa WM BHYTPEHHEH TTOJIOCTH; YTEUKU
BO3Ayxa B 00JblION Auacdparme; 0OJbIINE
OTBEPCTHUS TUTYHXKepa 1 TOJIKATe sl N3-3a He-
KaueCTBEHHOTO M3TOTOBJIEHMS UJIM PEMOHTA;
3arpsisHeHue (puiibTpa B paboueil kKamepe;
OTBepcTHe fMaMeTpoM 1,3 MM B cefie oopat-
HOTO KJIalTaHa MEHbIIIe HOPMbI UJTU 3aCOPEHO;
OTBepcTHe fMaMeTpoM 1,3 MM B cefie oopat-
HOTo KJjlamaHa 0oJibllle HOPpMbI. BHemmHuMu
MpU3HAKaMU 3THUX HEUCIIPaBHOCTE CTaHO-

MNeaHoB A. A., Ko3ape3oea M. A. AHann3 KOHTPONENPUTOAHOCTN TOPMO3HO CUCTEMbBI FPY30BOrO BaroHa




BITCS HecpabaThIBaHUE HAa TOPMOXKEHUE WU
3aMEIJIEHHBIN OTITYCK.

OTMeTUM, 4TO OAOOHBIE HEUCTTPABHOCTH
Ha [1TO uMeroT orpaHUYEeHHYIO KOHTPOJIETIPH-
TOAHOCTb U BBISIBJISIIOTCS TOJIBKO TP MPOBE-
JIEHUU ONpPOOOBaHUS aBTOTOPMO30B IOE3/1a.
BeposiTHOCTB HaxoXaeHUs Ae(HEKTOB BO3IYXO-
pacnpeaeauTesisi Bo3pacTtaeT Npu onpobdona-
HUU aBTOTOPMO30B OT CTAllMOHAPHBIX YCTAHO-
Bok (Y3O0T, Y30T-PM, ACAT). ITostomy
UCKOMBIX IIUGPOB PEMOHTOMPUTOTHOCTU
BO3IyxopacnpeaeauTens OyaeT aBa:

* MIpU ONMPOOOBAHUU aBTOTOPMO30B OT
JoKoMoTuBa: 1—3—6—12;

* TIpU ONpOOOBAHUU OT CTALMOHAPHOU
ycraHoBku: 1—3—5—7—10.

VYV aBTOpexunMa B 3KCIJyaTallud MOTYT
BO3HUKHYTh HEUCIIPABHOCTU €r0 BHYTPEHHUX
COCTaBHBIX YaCTeH, U37I0M OAJTOUKU aBTOPEKM -
Ma. 3a4acTyl0 OHU CBSI3aHbI C HEMPABWIBHOMI
COOPKOU M MOHTAXKOM IMPY U3TOTOBJICHUY WIX
IJTAHOBOM peMOHTe. BHellIHUMY MpUu3HaKaMu
HEepabOTOCITOCOOHOTO COCTOSIHUSI aBTOPEXKU -
Ma, COTJIaCHO AEWCTBYIOIE HOPMATUBHO-
TEeXHUYECKOW NOKYMEHTAILIMU, SIBISIOTCS:
Yy MOPOXHEro BaroHa — 3a30p 0oJjiblie 3 MM,
KOJIBLIEBOI MMPOTOYKU HE BUIHO; Y TPYXKEHOTO
BaroHa — 3a30p MEXJy YIOPHOW ramkom
U YIIOPHOW TUIMTOM; TOPMO3 Y BATOHA HE OTITYy-
CKAaeT MPpHY OTKPbIBAHUU BBIITYCKHOTO KJIalaHa.

JlaHHBII1 y3eJ1 BArOHA CYUTAETCS KOHTPOJIe-
MPUTOAHBIM B 3KcHayaTanuu. MCKOMBIM
K poM PEMOHTOMPUTOTHOCTH [IJIsI aBTOpe-
xuma oyaer: 1—2—5—-9—11.

ITpryrHaM¥U OTKa30B TOPMO3HBIX LIWIUH/-
POB CJTyaT CJIeAYIOLIE HEUCTTPABHOCTHU:

— pa3pbIB PE3UHOBBIX MAHXET Ha IMOPII-
He — B 3TOM CJly4Jae Ipu cpaboTKe TOPMO3HOTO
LIWJIMHPA Ha TOPMOKEHUE OyIeT HaOII01aTh-
Cs1 «IyThe» BO3/yXa yepe3 aTMocepHOE OKHO;

— W3JIOM BO3BPATHOM MPYKWUHBI MOPIIHS,
KOTOPBI MPUBOJIUT K 3aMEIJIEHHOMY IepeMe-
LIEHUIO TIOPIIIHS CO IITOKOM B UCXOJHOE T0-
JIOXEHUE MPU OTIYCKE TOPMO3a;

— 3acopeHue BOJOCSHOTO (hUIbTPa aTMOC-
(epHOro okHa — Mpu 3TOM paboTa TOPMO3HO-
ro HWINHAPA CTaHEeT Hea((hEKTUBHOM, BO3AYX
HE CMOXET LIUPKYJIUPOBATh yepe3 aTmocdep-
HOE€ OKHO, YTO B CBOIO OY€pellb C CO3AaHUEeM
0OJIBLIOTO NABIEHUS BO3AyXa B IAIUHIPE MPU
MaKCHUMAaJIbHBIX 3arpy3Kax BArOHa MOXKET MPpH-
BECTH K BBIIABJIMBAHUIO HAPYKY CAMOTO DUITb-
Tpa (WU CalbHUKA B TIEPEeIHEN YacTU KPBIILII-
KI), TOMaIaHUIO TPSI3U Ha 3epKajlo HUIMHIpa

® MUP TPAHCIOPTA, Tom 15, N2 2, C. 82-96 (2017)

(nnu TpyOy) U Kak CJIeICTBUE — 3aKJIMHUBAHUIO
MOPIIHSA B KPaWHUX WA IPOMEKYTOTHBIX
TTOJIOXKEHMSIX.

[IIndppomM peMOHTOTTPUTOTHOCTH TSI TOP-
MO3HOTO HuauHapa oyaet: 1—2—5-9—11.

Jajiee pacCMOTPUM PBHIYAXKHYIO TIepeavdy
BaroHa, IMoBPeXIEHUSIMU KOTOPOIA, COTITacCHO
aHaJm3y, SBJISIIOTCS: HEMCIIPABHOCTh aBTOpe-
TyJIITOpa, KOCBEHHBIM TIPU3HAKOM KOTOPOU
CJIY>KUT 3a30p KOJIOJIKAa — KOJIECO BBIIIIE yCTa-
HOBJICHHOI HOPMBI; OOPBIB TOPMO3HOM TSTH.

Topmo3Hast peryaxkHas repenadya MojHO-
CThI0 KOHTPOJIETIPUTOTHA B 9KCITTyaTalu. Bee
OTKa3bl BOBHUKAIOT ITO MPUYMHE HEKAYEeCTBEH -
HOTO U3TOTOBJICHUS UJIW peMOHTa. IcKOMBIM
mr(ppoM peMOHTOITPUTOTHOCTH TSI PhIYaK-
Hoii nepenauu Oynet: 1-2—5—7—10.

CriemyeT OTMETUTh HEMCITPABHOCTH U TAKMX
Y3JIOB, IPUBOJISIIIIMX K OTKA3y TOPMO3HOM CHC-
TEeMbI BaroHa, Kak CTOSTHOUYHBII TOPMO3 U 3a-
TMacHBIN pe3epByap.

CortacHO OITBITY 9KCITTyaTallii BCTpeda-
FOTCSI CTydau MaJeHus JeTajeil CTOSSHOYHOTO
TOPMO3a Ha IyTh. DTO MPOUCXOANT U3-3a U3-
JloMa jJeTajedl KpemexXHOTro MexaHusMma
(WITITMHTOB, TTAJTbIIA Y T.11.) WJIY TTOIEPKUBAIO-
el CKOOBI, UTO SIBJISIETCS CJIEICTBUEM Pa3BU-
THSI TPEITUH VI Ype3MEepHOTo U3HOCA.

Kak n3BecTHO, TpeIIMHBI Yallle BCeTo BO3-
HUKAIOT B HEBUIUMOM ISl ocMoTpa 30He. Ho
MIpU CBOEM pa3BUTUM OHU MOTYT W BBIUTH
B BUAMMYIO 30HY. [ToaTOMY IPUHSITO CUMTATD,
YTO TPEIIMHBI IETAJIC CTOSTHOYHOTO TOPMO3a
He BCerjga MOXHO BBISIBUTH IPU OCMOTpPE Ha
IITO, 1 5TOT U3BAH OTHECEH K YaCTUYHO
KOHTPOJIETTPUTOTHBIM B 9KCILTyaTallNH.

Hckombrit mmudp peMOHTOIIPUTOTHOCTH
CTOSIHOYHOTO TopMmo3a: 1—3—2—5—7—10.

OTKa3 3amacHoOTo pe3epByapa BO3HMKAET
B OCHOBHOM I10 MPUYMHE HEUCIIPABHOCTHU
CITyCKHOTO KJIallaHa M3-3a yTeueK, HEOTKPhI-
THSI, MEXaHUYECKUX TTOBPEXKICHUN, a Takxke
HEIUIOTHOCTH B coennHeHusx. Ero B ompene-
JIEHHOW Mepe MOXHO OTHECTH K TIOJTHOCTHIO
KOHTpoJIenpurogHbiM. Mickomerit mmdp pe-
MOHTOITPUTOTHOCTHU 3aMacHOTO pe3epByapa:
1-2—-5—7-10.

B 3aBepiiieHre pacCMOTPUM BO3IYIITHYIO
¥ CWIOBYIO YaCTH TOPMO3HOM CUCTEMBI BaroHa,
JUTSI KOTOPBIX XapaKTePHBI OCIabjieHNe KpeTT-
JIEHUsI BO3IMYXOITPOBO/IA, TPEIIUHBI, U3JIOMBI,
00pBIB TPYO, HApYIIEeHNE TUIOTHOCTH COSTUHE -
HUI TpyO, 3aMep3aHue BIard B TPyOax U UX
3aCOpeHue, MPOIYCK BO3AyXa B KpaHax.
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BozmyxomnpoBoa 1 TopMoO3Has apMarypa
MOTYT UMETh HEMCTIPABHOCTH, BHI3bIBAIOIINE
YTeUKHU BO3/yXa WIN CO3AI0NINe MPETsITCT-
BHUE €T0 IBIDKEHUI0. B TOpMO3HBIX pyKaBax
TOSIBJISIETCSI PACCIOEHUE PE3UHBI, TIPETISITCT-
BYIOIIlee ITPOXOY BO3MyXxa, HabIogaeTcs
MPOITYCK BO3ayXa B COEAMHEHNY TOJIOBOK ITPH
HEUCIPAaBHOCTU YIJIOTHUTEJIBHOTO KOJIbIIA,
B COEIMHEHUSIX PE3NHOBOU TPYOKH C TOJIOB-
KOI MJIM HAKOHEYHWKOM, a TAKKe 110 TPEIIIH -
HaM, TIPOPBIBAM M MPOTEPTOCTSIM B caMOM
TpyOKe.

TTporyck Bo3myxa nim ocabjeHue Kperuie-
HUST BCTPEYAIOTCs, KpOME TOTO y pabovImX Ka-
Mep, pa300IIUTETbHBIX M KOHIIEBBIX KPAaHOB.

TI1oTHOCTH TOPMO3HOIA CETH ITPOBEPSIETCS
MpUY OPOOOBAHUY TOPMO30B. YTeUKU OOHaApY-
JKMBAIOTCS TIO TIIYMY BO3J/1yXa, BBIXOASIIETO
yepe3 HEeTUIOTHOCTH, TI0 TEMHBIM IISITHAM Ha
Tpy0ax, CKOIIJICHUIO MTBUTH U TPSI3U C XapaKTep-
HOW IIEpOXOBATOI MOBEPXHOCTHIO, B 3MMHUI
Mepuoj B MecTax 00pa30BaHUS yTeueK Habo-
JTAeTCsT BAJIUK B BUZIE WHESI.

ITo oTHOIIEHUIO K pacCMaTPUBAEMBbIM TTO-
BPEXICHUSIM TOPMO3HYIO MarucTpaib U apMa-
TYypy TOPMO3HOT'O O00OpYIOBaHUS BaroHa
MOXHO OTHECTH K YaCTUYHO KOHTPOJIETIPUT O -
HbIM B aKcIuTyaTauuu. CyliecTBYOIIMA ypo-
BEHb ITPUCITIOCOOJIEHHOCTH K TEKYIIIEMY TEXHU -
YECKOMY COJICPXKaHUIO OTIEHUBAETCS II(PpOM:
1-2—4—-5-7-10.

NMPUYNHHO-CNIEACTBEHHDLIE CBA3U

[TpoBeneHHbI aHAIN3 TTOKA3aJl, YTO TIPHU-
YUHBI BOBHUKHOBEHUSI OTKAa30B TOPMO3HOM
CUCTEeMBI BaroHa Ipy CJIeJOBAaHUY TT0e3/1a 110
TapaHTUHHOMY YYacTKy MOXKHO pa3ieuTh Ha
CJIEMIYIOIINE TPYIIIIBL:

1) KOHCTPYKTHBHBIE (CBSI3aHHBIE C HECO-
BEpIIEHCTBOM KOHCTPYKIIMU WM HEKAvecT-
BEHHBIM U3TOTOBJICHUEM);

2) IpPOM3BOICTBEHHBIE (CBSI3aHHBIE C HEKa-
YECTBEHHBIM PEMOHTOM);

3) 9KCIUTyaTallMOHHBIE (CBSI3aHHBIE C HAPY-
IIEHWEM TIPaBUJI SKCILTyaTalluin);

4) nerpagarmoHHbIe (CBSI3aHHBIE C €CTECT-
BEHHBIMU TIPOIIECCAMU pa3pyIleHUsI, CTape-
HUSI, U3HOCA U JIp.).

Heo0xonnmMo oTMeTUTD, YTO OTKA3bI Iep-
BBIX TpPEX TPYNM HE MMEIOT OTHOIICHUS
K HaIEXKHOCTU TOPMO3HOM CUCTEMBI, OTHAKO
BJIMSTIOT Ha 3a/I€P>KKU TIOE37I0B U MOTYT TIPU -
BOJUTDH K HApPYIIEHUSIM O€30TMacHOCTHU JIBU -
KeHus [6].
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B ocHOBHOM He BBISIBJIEHHBIE B ITpoIiecce
TexHu4yeckoro oocayxxkuBaHus Ha [TTO oTkasbl
CBsI3aHbI C YCTAJIOCTBIO MeTaJlIa, a TakXKe 13-
HOCOM Y3J10B TpeHMsl. J1j1s 0D0CHOBaHUSI pery-
JISPHOCTH TIPOBEIEHUSI TEXHUUECKOTO 00CITy-
>KMBaHMSI BATOHOB OCOOBII MHTEPEC MPeCcTaB-
JISIET ITO3TOMY TIEPUOT OT IOSIBJICHMSI OTKAa3a JI0
paspylieHust [eTaau. Takoro poaa COCTOSTHHE
TPUHSITO Ha3bIBAaTh XXUBYUYECTHIO, T.€. CITOCO0-
HOCTBIO BBITIOJTHSTH TpeOyemble (DYHKIINUU,
HaxoJsICh B HEPAOOTOCTIOCOOHOM COCTOSTHUM.
‘YMEHBIIUTH CPOKU ITOTO IePUo/a MPU3BAHBI
TEXHUYECKHUE CPEACTBA TUAarHOCTUPOBAHMS,
KOTOPbIE MOTJIN OBl 3aAMEHUTh YacTb (DYyHKITUI
OCMOTPIIIMKOB BaroHOB MO TEXHUYECKOMY
KOHTPOJIIO TOPMO3HOTO O0OPYIOBaHUS, B UaCT-
HOCTH TIO BBISIBJIEHUIO TpennH. OmHako OHU
elle 1ajaeku oT TpedyemMoro ypoBHsl. HanéXHbIx
METOJIOB BBISIBJICHUS IE(hEKTOB 110 KOCBEHHBIM
U TIPSIMBIM TTPU3HAKaM SIBHO HE XBaTaeT.

CrenyeT oOpaTUTh BHUMaHUE, pa3yMeeTcsl,
Ha OTKa3bl, CBSA3aHHbBIE C HECOBEPIIIEHCTBOM
KOHCTPYKIIMY TOPMO3HOIM CHCTEMBI BaroHa.
Kak m3BecTHO, HanboIee aKTyaJlbHO pelliaTh
9TOT BOTIPOC HA CTAJUU MPOCKTUPOBAHMUSI.
[MoBbllIeHWE KayecTBa MPOEKTOB OIMMPAETCS
Ha METO/Ibl KOMITJIEKCHOTO aHaJIn3a 1 OLIEHKH!
rnokasatesiel KauecTBa (hyHKIIMOHUPOBAHUS
KOHCTPYKIIVY B IIIMPOKOM CIIEKTPE CYIIeCTBYIO-
X ¥ TMEePCIIEKTUBHBIX YCIOBMII SKCILTyaTa-
u. Co3naHre BaroHOB HOBOTO TTOKOJIEHMSI
00ycIaBIMBaeT HEOOXOIUMOCTh pa3pabOTKN
0oJiee BBICOKMX TEXHUYECKUX TpeOOBaHUI Ha
TOPMO3HBIE CUCTEMBI, B TOM YHUCJIE C YIETOM
0COOEHHOCTE 3apyOekHOTO OIbITa U MePeao-
BBIX TEXHOJIOTHI, 0OOCHOBAaHUSI CAMBIX TIPO-
JIIBUHYTBIX BBIXOIHBIX XapaKTEPUCTUK U HOP-
MaTuBOB. [ToKa ke UCTIONb3YIoNIreCs Ha CTa-
JIW TIPOEKTUPOBAHUSI METOJIBI HE TTO3BOJISIIOT,
K TPUMEPY, OLIEHUTh BIVSTHUE KCIUTyaTalli-
OHHBIX YCJIOBUI Ha TOKa3aTeIn KavyecTBa
(GYHKIMOHUPOBAHUSI aBTOTOPMO30B [7] win
MPETYCMOTPETh TapaHTUU 0E30ITaCHOCTHU TeX
WM WHBIX Y3JI0B HA OTHOCUTEJILHO JUTATEITb-
HBII CPOK.

‘YcraHOBIIEHHBIE ITU(DPHI PEMOHTOIIPUTOT -
HOCTU TOPMO3HOW CHUCTeMBbl BaroHa JOJDKHBI
WCIIOJIb30BAThLCS U Ha ATare IPOeKTUPOBAHUS
y3JI0B, 000CHOBAHUSI TTaPaMETPOB CUCTEMBI X
TEXHUIECKOTO 00CTy>KuBaHUsI 1 peMoHTa. Ha
MPaKTHUKE TTOJYyYeHHBIE PE3yJIbTaThl MOXKHO
TIPUMEHSITB JUTS pa3/ieIeHNsI OTBETCTBEHHOCTH
32 0TKa3 TOPMO3HOI CHCTEMBI MEXTY OCMOTP-
IMMKOM BaroHa, KOTOPHI He OOHAPYXUJ
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nmMelonieecs ornacHoe nospexaeHue Ha [1TO,
1 pabOTHMKAMM BarOHOPEMOHTHBIX JETI0,
MPEIITPUSATHI-U3TOTOBUTENE [§].

Eime omHMM HeMaloOBaXKHBIM peIIeHUEM
JIOJDKHA CTaTh M MOJAEPHM3AIMsI TOPMO3HBIX
CHUCTEM yXe 3KCILTyaTUPYEMBIX TPY30BBIX
BaroHOB, MX OCHAIIICHWE CIICIIMaIbHBIMU
METKaM# WIM MHIUKATOPaMU KOHTPOJIS OT-
KJIOHeHU OT HOPMAJIbHOTO COCTOSIHUSI.
BHenpeHne coBpeMEHHBIX CUCTEM BHU3Yallb-
HOTO OCMOTpa AeTajeii U y3JI0B MO METKaM
1 MHIUKATOpaM CYIIECTBEHHO COKPATUT He-
IMPOU3BOIUTEIbHBIC TIOTEPH, BOSHUKAIOIINE
IIPY TEXHUYECKOM OOCITYXKMBaHUU BaroHOB
B cocTaBe moe3zna. g obecreueHUsT STUX
BO3MOXHOCTECH Ha y3JBl U ACTaJIU MPU WX
M3TOTOBJICHUM TOJIKHBI HAHOCUTHCS MHINKA-
TOPBI WUIM PUCKU, TIO3BOJISTIOIINE MUTHUMU3H -
poBaTh 00BEM pabOTHI OCMOTPILIMKA BATOHOB,
HUCKIIIOUNTH TIPUMEHEHNE CIICIIUAIbHBIX II1a-
6;710HOB. B yacTHOCTH:

— MOPMO3HAsl K0A00Ka TOJKHA UMETh MH-
IUKATOP WJIN PUCKY, ITO3BOJISIONIYIO OIIpeIe-
JINTh MUHUMAJIPHO OOITYCTUMYIO TOJIIIMHY,
TP KOTOPOI KOJIOAKA TTOUICKUT 3aMEHE;

— MOPMO3HOI YuUAUHJP, HA €TO IIITOKE IO~
JKEH OBITh MHAMKATOP WJIM PUCKA, YKa3bIBal0-
ast Ha TIpeIeIbHO AOITYCTUMBIC pa3Mephl
BBIXOJA INITOKA M3 IIWINHIPA;

— pezyAsimop MmopMO3HOU Pbl4aAdICHOL nepe-
da4uy NOKEH UMETD:

a) B 3aBHCHMMOCTH OT THUIIA PEryasaTopa
WHINKATOP WJIU PUCKY, OIIPEACIISIIONIYIO pa3-
Mep «a» — PACCTOSTHUE OT TOplia My(THI 3a-
IIATHOM TPYOBI PEryIsiTOpa 10 IPUCOCTNHM -
TEJIbHOM pe3b0bl Ha €rO BUHTE;

0) B 3aBUCMMOCTH OT THUIIa BaroHa, TOP-
MO3HBIX KOJIOJOK M MPUBOJA pEryasaTopa
WHINKATOP WJIU PUCKY, OIIPEACIISIIONIYIO pa3-
Mep «A» — YCTAaHOBOYHBIN pa3Mep MpuBoAa
perysitopa (3a30p MEXXIy KOPITYyCOM PeTyJIsi-
TOpa 1 YIOPHBIM PhIYaroM (yrmopoM peryisi-
TOpa)).

SAKJIOMEHUE

AHali3 TOPMO3HOI CHUCTEMbI I'PY30BOTO
BaroHa Kak 00beKTa peMOHTA U TEXHUYECKOIro
00CTy>KMBaHYsI [T0KA3aJ1, YTO UMEIOLIIE MECTO
OTKa3bl U HEUCIIPABHOCTU O0YC/IaBIMBAIOT
aKTYyaJlbHOCTb KOMIUIEKCHOI'O IOAX0Aa Ipu

pelIeHnN 3a/1a4, OXBaThIBAIOIINX cepy Tpo-
eKTUPOBaHUSI, KOHCTPYUPOBAHUS, PEMOHTA
M 9KCITyaTauuu. Peanuszaiius noaxoaa Tpedy-
€T OMpeNeeHHbIX UCCIEAOBAHUI U aHaIu3a
TPUIUHHO-CJIEJICTBEHHBIX CBSI3€ii, TOMOTAI0-
IIUX BBISBUTH HEOJIATONIPUSTHBIE (DAKTOPHI,
YXYILIAIOIINE TEXHUYECKOE COCTOSIHUE KOH-
cTpykuuu. ITpu 3TOM CBOIO pOJIb BBITIOJNHSIET
P peMOHTONIPUTOAHOCTU JeTAJIEH U Y3108
TOPMO3HOTO O0OPYIOBaAHUS.

B nepcrniekTrBe HEOOXOIMMO TTOBBIIIIEHNE
HaJEXXHOCTH 3JIEMEHTOB TOPMO3HOM CUCTEMBI
BaroHOB, B TOM YHCJIEe YIy4dIlIeHUE KOHTPOJIe-
W PEMOHTOTIPUTOAHOCTH. JlOTIOTHUTEIbHBIE
3aTpaThl HA U3BMEHEHNE KOHCTPYKIIMK aBTOTOP-
MO3HOT0 00OpYyIOBaHUS U COBEPLIEHCTBOBA-
HUME CUCTEMBI €T0 PEMOHTA JIOJKHBI KOMIIEH -
CHUPOBATLCSI YMEHbBIIIEHUEM 3aTpaT Ha TEXHU-
yeckoe 00CTyKMBaHKE 1 OIUIaThl IITpadoB 3a
3aIepXKKy MOE310B Ha meperoHax. [1pu atom
WHBECTULIVH, BJIOKEHHBIE BO BHEJIPEHUE COB-
PEMEHHBIX CPEICTB TEXHUUYECKOW TMarHOCTUKA
BaroHoB B ycioBusx [1TO, okynsT nocyieact-
BUSI TaXKe OJTHOTO KPYIIEHUSI I aBapUM T10-
e3[1a CpeIHUX Pa3MEPOB.
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ANALYSIS OF CONTROLLABILITY OF A FREIGHT CAR BRAKE SYSTEM

Ivanov, Alexander A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Kozarezova, Maria A., Central Infrastructure Directorate, a branch of JSC Russian Railways, Moscow,

Russia.

ABSTRACT

The article considers failures of a brake system of
a car, leading to train delays, their causes are
determined, and an analysis is made of the control- and
maintainability of the elements that are subject to
regular maintenance. Recommendations are

formulated aimed at reducing train delays on guarantee
sections caused by a failure of a freight car brake
system. At the same time, the emphasis is on an
integrated approach thatimplies awide range of tasks,
including the stages of design, construction, operation
and financial and economic support of the process.

Keywords: railway, freight car, brake system, maintenance, failure, controllability, maintainability.

Background. An important task in operation of
freight cars remains provision of accident-free
movement of trains on guarantee sections,
implementation of which often causes the following
problems:

— limited or even zero controllability of some
responsible elements of the car’s construction at the
service station (SS);

— car inspectors are forced to rely in their work
mainly not on technical means, but on so-called
organoleptic methods of detecting damages and
failures of car construction (vision, hearing);

— restriction of time for monitoring the technical
condition of the car, set by the train traffic schedule;

— need to perform maintenance at night and in
difficult weather conditions (rain, snow, etc.).

This often explains the cases of non-detection
and non-elimination of faults by car inspectors at SS,
each of which leads at least to train’s stop on a haul.
Such cases are considered to be technical equipment
failures on the guarantee section of the relevant SS,
and now they are registered in the integrated
automated accounting system, control of elimination
of equipment failures and analysis of their reliability
in railway transport (CAS ANT).

Objective. The objective of the authors is to
analyze controllability of a freight car brake system.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
experiments, scientific description.

Results.

Failures and their causes

Depending on the consequences of failures, JSC
Russian Railways introduced the following
classification of them according to the categories:

failures of the 1% category — failures resulting in
a train delay on a haul (station) for 1 hour or more,
or leading to transport accidents or events related
to violation of safety rules for movement and
operation of the railway transport;

failures of the 274 category — failures that led to
atrain delay on a haul(station) lasting from 6 minutes
to 1 hour;

failures of the 3 category - failures that do not
have consequences related to the failures of the 1%
and 2" categories [1].

So, on the railways of the Russian Federation in
the CAS ANT system, in 2015, 1766 cases of
technical equipment failures were recorded, the
largest number, or 61 % of which were committed
due to a malfunction of the car’s auto-braking
equipment [2].

As experience in operation of freight cars shows,
the main causes of brake system failures are air
distributor, brake line, brake rigging, brake fittings.

Failures of auto mode, brake cylinder, spare tank,
parking brake are less common.

There are also cases of failures of the car brake
system due to poor performance of the functions of
servicing and repairing brake equipment by the
inspector at SS. These include:

—discrepancy between the distance from the end
of the clutch of the protective tube of brake rigging
auto regulator before the beginning of the connecting
thread on its screw;

— reverse camber of vertical levers of brake
rigging of a bogie at a dead center;

—discrepancy between the distance between the
body of the autoregulator and the thrust lever (stop);

— gapping of the main or principal part of the air
distributor to the working chamber;

— incorrect activation of the braking / tempering
mode of the air distributor.

Another reason that leads to inability of the brake
system to provide necessary efficiency of train braking
is interference by unauthorized persons. These
include disconnection of connecting hoses, closing
of end valves, tightening of a parking brake.

Technical means of control

Operated now automated means of diagnostics of
rolling stock (complex of technical means multifunctional
(KTSM-02), post of acoustic control, complex for
measuring geometrical parameters of wheel sets,
system for detecting cars with negative dynamics
(ASOOD), rolling stock derailment control device
(UKSPS) with which approaches to sorting stations and
hauls are equipped everywhere), allow to monitor the
technical parameters of individual nodes of the car,
increasing the probability of identifying their fault
condition. However, at the present time there are no
technical means determining the approach of the brake
system of the car to an inoperable type [3]. That is, the
failures can be attributed to sudden failures, which are
not controlled by automated diagnostic complexes, and
therefore the task directly connected with determining
the size of the guarantee section for maintenance and
repair of freight cars, as well as frequency of control of
their brake system, clearly arises.

To solve this problem, it is necessary to perform
an analysis of the level of control- and maintainability
of the elements of the brake system under operating
conditions, to assess the very possibility of detecting
and eliminating failures of auto-braking equipment
when the car is used for the intended purpose.

Itis known that maintainability is a property of the
product, consisting in its fitness to maintain and
restore the operable condition through maintenance
and repair. A controllability is a property of the
product, which characterizes its fitness to conduct
control by specified means.
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Are the criteria for failure
(damage) of the structural

element in question under
operating conditions (1)

Yes Is it possible to detect No
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A

element in question
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The technique for assessing maintainability is
mainly based on the use of expert judgment and
analysis. In this case, this idea can be implemented
using the block diagram shown in Pic. 1 [4].

Each element of the brake system is analyzed,
in the process of which the researcher, relying not
only on his knowledge, experience and intuition, but
also on the help of experts in the relevant fields of
science and technology, as well as on printed
sources, should answer in the form of «yes — no» on
a series of questions located in a certain sequence.

The sequence of block numbers is a code
characterizing the maintainability of the considered
element of the brake system of the car. In this case,
failures for each element will be conveniently divided
into three groups:

1. Having zero controllability and maintainability
with the direct use of the car for the intended purpose
(in the conditions of SS station).

2. Fully controllable and maintainable in operation.

3. Having limited controllability and maintainability.

Code of main nodes

As shown in [5], derailment of the car, which is
fraught with crashes and accidents, can be caused by
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Pic. 1. Block diagram of analysis of the structural element maintainability in relation to maintenance of the car.

cases of falling parts on a track, in particular, a brake
beam of bogie’s brake rigging, one of the most common
causes of which is fall of a bolster of the shoe suspension.

The event «Fall of a brake beam on a track» can
be represented in the form of a tree-like diagram,
shown in Pic. 2. Moreover, fall of the shoe suspension
is a dependent failure, the occurrence of which is
caused by damages or failures of other elements that
are not even parts of the brake system of the car. For
example, increased vibration (indivisible event X,) as
aconsequence of a faulty wheel set(damage to tread
surface of a wheel or a bearing).

The bipolar representation of this tree (Pic. 3)
shows the causes of the event — fall of the bolster of
the brake shoe suspension (brake beam) and its
influence on fall of the parts of the bogie’s brake gear
on the track leading to car derailment.

For example, we consider the application of the
technology of maintainability analysis of fall of the
bolster of the shoe suspension of bogie’s brake
rigging using a tabular form of the results presentation
(see Table 1).

Another event affecting traffic safety is considered
to be absence or fracture of a brake pad, maintainability
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Pic. 2. Tree of events regarding the fall of the brake beam on the track.
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Pic. 3. The bipolar representation of the event tree.

rating of which is shown in Table 2. This fault is
dangerous in that it can lead to serious damage to a
wheel set: cyclic running time, slid flat and weld-on
deposit on the tread surface of a wheel, and also to
«weld» of a brake shoe to a wheel and blocking of a
wheel set while a train is moving.

As can be seen from the table, such a failure, as
absence or fracture of a brake pad, is completely
controllable in operation and can have two codes of
maintainability, depending on the prevailing
consequences: 1-2-5-9-10 or 1-2-5-7-8-10.

We cannot ignore other failures of bogie’s brake
rigging: such as fall of bolsters of connecting links of
rods and levers that arise due to malfunction or absence
ofkeeper pins; breakage of the suspension of the brake
shoe, which is a consequence of development of cracks
due to fatigue; lowering of a clamp for uniform wear of

pads, which is most often detected during movement
of the train by the UKSPS device, but can also be found
at SS when inspecting the car. There are also fractures
(breaks) of safety devices designed to prevent the falling
of brake equipment parts on a track. All of them are
completely controllable.

According to the proven methodology, the
required damage data codes:

— fracture(breakage) of safety devices — 1-2-5-
7-8-10;

— fall of bolsters of connecting links of rods and
levers — 1-2-5-7-8-10;

— breakage of the suspension of the brake shoe —
1-2-5-7-10.

Thus, the required code of maintainability of the
main components of bogies’ brake rigging is obtained:
1-2-5-7-8-10.
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Table 1
Analysis of maintainability of bogie’s brake rigging relative to fall
of the bolster of the shoe suspension

Initial Decision | Desired
position made position

Rationale for the decision made

1 Yes 2

As a result of a survey of specialists in brake equipment of the car economy
services of infrastructure directorates, it was clarified that this malfunction is
revealed by visual inspection at SS.

Yes

According to the technical documentation, the absence of the bolster of the
brake shoe suspension is not allowed.

1-2-5 Yes

At SS it is possible to install a bolster of the shoe suspension.

1-2-5-7 Yes

In order to improve maintainability, it is advisable to develop measures

for rhythmic supply of SS with spare parts, namely bolsters of the shoe
suspension, safety clamps (to exclude loss of a bolster), and fixing devices —
keeper pins and washer plates.

Based on the norms for the use of materials and spare parts for

maintenance of freight cars on the tracks of the station No PKTB TsUNR/
TsUNR-13.5.0192—15, compiled on the basis of statistical data and approved
by the order of Russian Railways of November 3, 2015 No. 2622r, at service
stations 0,28 bolsters of the shoe suspension, 0,124 keeper pins, 30 safety
clamps are replaced per each 1000 cars.

1-2-5-7-8

To increase maintainability, it is necessary to develop maintenance rules,
justify the frequency of its implementation, technology and organization of
the works envisaged.

Other elements of the system

Using the above technology, itis possible to obtain
indicators of maintainability and other elements of the
brake system of the car.

Let’s highlight separately a pneumatic part of a
brake system, the feature of which is presence of such
highly complex devices as an air distributor and auto
mode.

First of all, we consider the failure due to a
malfunction of an air distributor. Train delay on the
guarantee section can be caused by: clogged holes
ofaplunger or an internal cavity; air leakage in a large
diaphragm; large holes of a plunger and a pusher,
which is due to poor-quality manufacturing or repair;
contamination of a filter in the working chamber; a
1,3 mm diameter hole in the seat of the check valve
is less than normal or clogged; a 1,3 mm diameter
hole in the seat of the check valve is more than normal.
External signs of these faults are failure to brake or
delayed tempering.

Note that such malfunctions at SS have limited
controllability and are detected only when testing the
train auto-brakes. The probability of finding the
defects of the air distributor increases when testing
auto-brakes from stationary installations (UZOT,
UZOT-RM, ASDT). Therefore there will be two required
codes of maintainability of the air distributor:

+ when testing autobrakes from the locomotive:
1-3-6-12;

+ when testing from the stationary installation:
1-3-5-7-10.

In the auto mode in operation, there may be a
malfunction of its internal components, a break of the
bar of the automatic mode. Often, they are associated
with improper assembly and installation during
manufacturing or routine maintenance. External signs
ofan inoperative state of auto mode, according to the
current regulatory and technical documentation, are:
for an empty car — a gap of more than 3 mm, a ring
groove is not visible; for a laden car — a gap between
a stop nut and a pressure plate; the car’s brake is not
released at the opening of an exhaust valve.
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This node of the car is considered to be controllable
in operation. The desired code of maintainability for
auto mode will be: 1-2-5-9-11.

The following faults are the causes of the failure
of brake cylinders:

— rupture of rubber cuffs on the piston — in this
case, when the brake cylinder is activated for braking,
there will be an «air blast» through an atmospheric
window;

— breakage of a return spring of a piston, which
leads to a slow movement of a piston with a rod to the
initial position when the brake is released;

- clogging of an air filter of an atmospheric
window — operation of a brake cylinder becomes
ineffective, air cannot circulate through the
atmospheric window, which in turn, with creation of a
large air pressure in the cylinder at maximum loads
of the car, can lead to extrusion of the filter itself (or a
gland in the front parts of a cover), dirt on a cylinder
mirror (or a pipe) and, as a consequence, jamming
the piston in extreme or intermediate positions.

The code of maintainability for the brake cylinder
will be: 1-2-5-9-11.

Next, consider the lever transmission of the car,
the damages of which, according to the analysis, are:
a malfunction of the auto regulator, the indirect feature
of which is the clearance of the shoe-wheel above the
established rate; break of the brake rod.

The brake rigging is completely controllable in
operation. All failures arise because of poor-quality
manufacturing or repair. The desired code of
maintainability for the lever transmission will be:
1-2-5-7-10.

It should be noted faults of such nodes, leading
to the failure of the brake system of the car, as a
parking brake and a spare tank.

According to the operating experience, there are
cases of falling parts of the parking brake on a track.
This is due to a fracture of details of the fastening
mechanism (keeper pin, finger, etc.) or support
clamp, which is a consequence of development of
cracks or excessive wear.
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Table 2

Analysis of maintainability of bogie’s brake rigging with respect
to absence or facture of a brake pad

Absence or fracture of a brake pad
Initial position | Decision | Desired Rationale for the decision made
made position
1 Yes 2 The fault is detected when visual inspection of the brake linkage of the
bogie by the car inspector at SS, but it can be detected when inspecting
the train «on the move», i.e. during movement of the train arriving at the
station.
1-2 Yes 1-2-5 In the instruction to the car inspector it is specified, that absence or
fracture of a brake pad is not allowed.
1-2-5 Yes 1-2—-5—7 | At SS it is possible to install or replace a brake pad. But if this failure
led to a «weld» of a brake shoe to a wheel, presence of defects on tread
No 1-2—-5-9 surface of a wheel of faulty dimensions, then it is necessary to uncouple a
car for routine repairs.
1-2—-5-7 Yes 1-2—-5— To improve maintainability, it is advisable to develop measures for
7-8 rhythmic supply of SS with spare parts, namely brake pads and coupler
keys of brake pads. Based on the norms for the use of materials and
spare parts for maintenance of freight cars on the tracks of the station
Ne PKTB TsUNR/TsUNR-13.5.0192—15, compiled on the basis
of statistical data and approved by the order of Russian Railways of
November 3, 2015 No. 2622r, 15,2 brake pads, two coupler keys of brake
pads are replaced per each 1000 cars.
1-2—-5-9 Yes 1-2-5— To increase maintainability, it is necessary to develop a technology for
9—-10 changing a wheel set at a SS for a limited time of stay of the train under
maintenance.
1-2—-5-7-8 1-2—5-7— | To increase maintainability, the periodicity of maintenance operations
8§—10 should be justified.

As it is known, cracks often occur in a zone
invisible for inspection. But with their development
they can and go into the visible zone. Therefore, it is
customary to assume that the cracks in the parking
brake parts cannot always be detected during
inspection at SS and this defect is attributed to
partially controllable in operation.

The desired code of maintainability of the parking
brake: 1-3-2-5-7-10.

The failure of the reserve tank is mainly due to
failure of the drain valve due to leaks, non-opening,
mechanical damage, and leakage in the connections.
To a certain extent, it can be attributed to fully
controllable. Desired code of maintainability for the
reserve tank: 1-2-5-7-10.

In conclusion, consider air and power parts of the
brake system of the car, which are characterized by
weakening of an air pipe, cracks, breaks, broken
pipes, broken pipe connections, freezing of moisture
inthe pipes and their clogging, and blow in the cranes.

The air line and brake fittings have malfunctions
that cause air leakage or obstruct its movement. In
the brake hoses, a stratification of the rubber occurs,
which prevents passage of air, there is a flow of air in
the connection of the heads in the event of a failure
ofthe sealing ring, in the joints of the rubber tube with
the head or the tip, as well as through cracks, breaks
and fraying in the tube itself.

Air leakage or weakening of the fastening occur
also in the working chambers, disconnection and end
cranes.

The density of the brake network is checked when
testing the brakes. Leaks are detected by the noise
of air that emerges through leaks, through dark spots
on pipes, accumulation of dust and dirt with a
characteristic rough surface, during winter, a bolster
in the form of frost is observed in the places of
leakage.

In relation to the damages considered, the brake
line and the fittings of the brake equipment of the car
can be attributed to partially controllable in operation.
The existing level of fitness for the current technical
content is estimated by the code: 1-2-4-5-7-10.

Causal relationships

The analysis showed that the reasons for the
failure of the brake system of the car when the train
moves on the guarantee section can be divided into
the following groups:

1) constructive (associated with imperfect design
or poor-quality manufacturing);

2) production (associated with poor-quality
repairs);

3) operational (associated with violation of the
rules of operation);

4) degradation (associated with natural processes
of destruction, aging, deterioration, etc.).

It should be noted that the failures of the first three
groups are not relevant to reliability of the brake
system, but they affect train delays and can lead to
traffic safety violations [6].

In general, failures, not detected in the process
of technical maintenance at SS, are related to metal
fatigue, as well as wear of friction units. To justify
regularity of maintenance of cars, the period from
failure to destruction of the part is of particular
interest. This kind of condition is called survivability,
i.e. ability to perform the required functions, being in
an inoperative state. To reduce the terms of this
period, technical diagnostic tools are used, which
could replace some of the functions of car inspectors
for technical control of brake equipment, in particular
to identify cracks. However, they are still far from the
required level. Reliable methods of detecting defects
by indirect and direct signs are clearly not enough.

It is necessary to pay attention, of course, to the
failures associated with imperfection of the design
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ofthe brake system of the car. As itis known, itis the
most relevant to solve this issue at the design stage.
Improving the quality of projects relies on methods
of complex analysis and evaluation of performance
indicators of the design in a wide range of existing
and future operating conditions. The creation of new
generation cars necessitates development of higher
technical requirements for brake systems, including
taking into account the peculiarities of foreign
experience and advanced technologies, justifying
the most advanced output characteristics and
standards. For the time being, the methods used at
the design stage do not allow, for example, to assess
the effect of operating conditions on the performance
indicators of autobrakes [7] or to provide safety
guarantees for certain nodes for a relatively long
period.

The established codes of maintainability of the
brake system of the car should be used both at the
stage of designing the nodes, justifying the
parameters of their maintenance and repair system.
In practice, the results obtained can be used to split
the responsibility for the failure of the brake system
between the car inspector who did not detect the
existing dangerous damage at SS, and the employees
of car repair depots, manufacturers [8].

Another important solution should be
modernization of the brake systems of the already
operated freight cars, their equipping with special
marks or indicators of control of deviations from the
normal state. The introduction of modern systems
ofvisual inspection of parts and components by tags
and indicators will significantly reduce the
unproductive losses that arise during maintenance
of cars in the train. To ensure these capabilities,
nodes and parts in their manufacture should be
marked with indicators or matchmarks that allow
minimizing the scope of work of the car inspector,
eliminating the use of special templates. In particular:

— the brake shoe must have an indicator or a
matchmark to determine the minimum permissible
thickness at which the shoe is to be replaced;

— the brake cylinder on its rod should be an
indicator or a matchmark indicating the maximum
allowable size of the rod exit from the cylinder;

— the regulator of brake rigging must have:

a) depending on the type of the regulator, an
indicator or a matchmark determining the size of
«a» — the distance from the end of the clutch of the
protective tube of the regulator to the connecting
thread on its screw;

b) depending on the type of the car, brake pads
and drive ofthe regulator, an indicator ora matchmark
that determines the size of «A» is the adjusting size
of the regulator drive (clearance between the
regulator body and the thrust lever (the regulator’s
lever)).

Conclusion. Analysis of the brake system of the
freight car as a repair and maintenance object has
shown that failures and faults that occur are
responsible for relevance of the integrated approach
in solving problems covering design, construction,
repair and operation. The implementation of the

approach requires certain studies and analysis of
cause-effect relationships that help to identify the
unfavorable factors that worsen the technical
condition of the structure. At the same time, the code
of maintainability of parts and components of the
brake equipment plays its role.

In the future, it is necessary to increase reliability
ofthe elements of the brake system of cars, including
improvement of control- and maintainability.
Additional costs for changing the design of auto-
brake equipment and improving its repair system
should be compensated for by reducing maintenance
costs and paying fines for delaying trains on the
hauls. At the same time, investments in the
introduction of modern means of technical
diagnostics of cars in the context of SS, will pay for
the consequences of even one crash or accident of
a medium-sized train.
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B crarbe, ny6nukyemori B AByX HOMepax XypHana,
paccMoTpeHbl NPob6ieMbl pa3BUTUSI TPAHCOPTHOM
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CTPATEIrung gnsa
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UHOPACTPYKTYPbI

Poccusd pacnionaraert, moxanyit, HaMOOJIb-
UM B MUPE OIMBITOM MO CTPOUTEIBCTBY
U 9KCIUTyaTalllU XKeJIE3HBIX TOPOT B YCIOBUSIX
Kpattnero Cesepa. JlocTaTouHO cKa3aTh, YTO
cyMMapHasi KCIUTyaTallMOHHAs JUTMHA XeJle3-
HBIX JOPOT O0IIIETO MOJIb30BAHUS B ABEHA/1IA-
TU TIOIBEPTHYTHIX aHAJIU3Y CEBEPHBIX PETUO-
HaxX CTpaHbI OKOJIO 9,5 ThIC. KM, ¥ 3TO TIpU-
MEPHO BIBOE ITPEBBIIIAET KEJIE3HOAOPOXKHBIE
CeTU TaKUX CEBEPHBIX CTpaH, Kak Hopserus
v OuHITHIUS (BITPOYeM, 3HAYNTETbHAs YacTh
nx Tepputopuii K paitonam Kpaitnero Cesepa
He OTHOCUTCSI), U COCTaBJIsieT cBhitie 11 % ot
0011Ie# TTPOTSIKEHHOCTU POCCUNCKUX Kee3-
HBIX JOPOT.

ITpu atom Poccusti — onHa u3 Tpex cTpaH
mupa, Hapsay ¢ Hopserueit u LlBeuuei,
PpacItoJIaraiolmx XeJIe3HbIMU JOpOTaMu B 3a-
nossipbe. (XKemesuwsie moporn OUHITHINN
u Kanasapl, a Takke AJNSICKUHCKasl XKejae3Hast
nopora B CIIIA Haxozscs oxxHee CeBepHOTO
nojsgpHoro kpyra). [IpuMedarenbHo, 4TO
CTPOUTEBCTBO TTEPBON OTEYECTBEHHOM Xe-
JIE3HOW I0POTH, YXOISIEN 3a ITOJISIPHBIA KPYT,
Mypwmanck—IleTpo3aBonck ObLTO 3aBEPIIEHO




CTOJIeTHe Ha3aj, B Hosiope 1916 roga. Maru-
CTpaJIb MPOTSKEHHOCTHIO 1045,5 KM TTOCTpO-
WIH B YCJIOBUSIX BOEHHOTO BPEMEHMU, B TSKe-
JIEUIIUX TPUPOAHBIX YCIOBUSX B PEKOPAHO
KOpOTKMI cpok — 3a | rom u 8§ mecsues [13,
c. 548].

WM3HauanpHO MypMmaHcKas xkeyne3Hast 10-
pora cTpouiach UCXO/IS U3 BOEHHO-CTpaTeru-
YeCKHUX cooOpaxeHUit — 4ToObl 00eCcneYnTh
TPAHCTIOPTHYIO CBSA3b Poccuu ¢ COIO3HUKAMU
yepe3 HezaMep3awiuii Koabckuil 3anuB.
B 1923 roay, B mepuroJ BOCCTAHOBJEHUS XO-
31CTBa HALLIEH CTPaHbI OT pa3pyxu, BbI3BaH-
HOM MUPOBOI BOMHOM, PEBOJIIOLIMEN U TTOCIIE-
JIOBaBIIIEI 32 HEW TpaXkIaHCKOUW BOWHOM, ce-
BepHas XeJie3Hasl mopora crajia OCHOBOU
«TpaHCOPTHO-MTPOMBIIIIEHHO-KOJIOHU3ALIU -
OHHOro KoMOMHaTa», B 3aJlayy KOTOPOTO
Bxoauia «kojioHusauusi Kapeno-MypmaH-
CKOTO0 Kpasi», TO €CTb €r0 3aCeJIeHUE U aKTUB-
Hoe X03s1iicTBeHHOE pa3BuTure. Toraa, B mepu-
on HOBIa, ucroyib30Bainch UMEHHO 9KOHO-
MUWYECKHUE, PIHOYHBIE 10 CYTU, UHCTPYMEHTHI
CTUMYJIUPOBAHUSI UHTEpPEca K MPOU3BOICTBY
u Toprosiu. Tak, «YnpasineHrne MypMaHCKOA
JKEJIE3HOI JOPOTU MOJIYYUJIO B CBOE pacropsi-
KeHue cpokoM Ha 10 1eT 3 MuIIMoHa 1eCSITUH
JIECHOI TEPPUTOPUU CO BCEMU €€ OorarcTBamu
B npenenax Kapenuu u MypMaHCKOTO OKpy-
ra...», a TaKKe «IIpaBo BJIOKEHUS B CIIELUAITb-
HBII KOJJOHU3ALMOHHBIN (DOHIT TOPOTU BCEX
TUTaTeXe 3a MPOMBILIUIEHHYIO 9KCILTyaTalllio
TpeaocTaBlIieHHOM 3eMiam» [13, c. 549]. usg
11eJIOTO Psila UMIIOPTHBIX TOBAPOB, BBOZUMBIX
yepe3 MypMaHCKUI TOPrOBBIA MTOPT TSI HYXKIT
KOJIOHU3ALIMOHHOTO KOMOWHATa, ObUIN yCcTa-
HOBJICHBI TTOHUXXEHHBIE MOUITUHBI. DTO —
BecbMa MpUMedaTeSIbHbIA TPUMEDP CTUMYJIU-
POBaHUS SKOHOMUYECKOTO POCTa CEBEPHBIX
PErMOHOB, J1a U HE TOJBKO UX.

KomOuHat 3aHrMascs pa3BUTUEM TOPHO-
JIOOBIBAIOILIEH U APYTUX OTpaceii SKOHOMU-
KU, IOCTPOUJI MECTHBII TOPrOBBIM ITOPT, BEAAI
€ro paboToil U AeITeIbHOCThIO MPOYUX OTU3-
JiexXallux mNOpTOB, CTPOUJ XKUJble AoMa
U MpPUBJEKaAJI MepecesieHIIeB U3 COCeAHUX
PErMOHOB, MPENOCTABIISAS UM MaTePUATbHYIO
MOMOIIIb W JIbFOThl. TakuM obpaszom, «Myp-
MaHCKas XXeJle3Hasl 1opora BbI3Bajia K KU3HU
5KOHOMMKY TMIaHTCKOro Kpas» [13, c. 550].
IIpu sTOM CpeacTBa, Beipyyaembie «TpaHc-
MOPTHO-TTPOMBIIIJIEHHO-KOJIOHU3AIIUOHHBIM
KOMOMHATOM» OT XO3SMCTBEHHOU HesITeIb-
HOCTHU Ha OTBEJEHHOW eMy TEeppUTOPUHU,
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BKJIQJbIBATTUCH B PA3BUTHE XKEJIE3HOU 10pOTU
[13, c. 549]. Hanmuiio — cmHeprust TpaHCIIOPT-
HOTO ¥ COLUAJIbBHO-9KOHOMUYECKOTO Pa3Bu-
THS OJHOTO U3 BaKHe X peruoHoB Cesepa,
JIOCTUTHYTasl He 3a CYET (PUHAHCUPYEMBIX U3
Olo/IKeTa «<MerarpoeKToOB», a 6yarogapst CTU-
MYJUpPYEMO B paMKax rocynapCTBEHHOM
TTOJTUTUKY XO35IMCTBEHHON MHUITMATUBE.

KononuzaunoHnHsiit koMOrHAT MypmaH-
CKOW XeJIe3HO! MTOPOru MpOCyIlecTBOBA
LIEeCTh JieT. 3aTeM Hayvajlach HOBas 3Ioxa
(hOopCUPOBAHHOTO PA3BUTHS HA OCHOBE LICHT-
PaTM30BaHHOTIO IJIAHUPOBAHUS U MMPEUMYILIe-
CTBEHHO aJIMUHUCTPATUBHBIX METO/IOB yIIpaB-
JIEHUS, KOTOpasi CBOE00pa3HO OTpa3uiach
B JIESATEIbHOCTH OTEYECTBEHHBIX XKEJIEe3HBIX
JIOPOT, TTOKa3aB KpalHIO 3aTpaTHOCTb, He-
3¢ deKTUBHOCTh TaKMX MeTOnOB [14]. OmbiT
2 (HEeKTUBHON «KoJIoHU3aUMW» B 1920-e roabl
Kapeno-MypmaHcKOro kpast Ha OCHOBE KO-
HOMUWYECKUX CTUMYJIOB U TIPUOPUTETHOCTHU
TpPaHCTIOPTa, TPUUYEM OXBATHIBABIIIETO B KOMII-
JIEKCE pa3Hble €ro BUbI, BECbMa LIEHEH IS
(opMupoBaHUS TOJUTUKHU, HATIPABIEHHON
Ha MEePCIeKTUBHOE Pa3BUTHE IKOHOMUKU
U TPAaHCOPTa CEBEPHBIX PETHOHOB.

To ecTb B Aesie 1OATOCPOYHOTO PA3BUTUS
JKEJIe3HOMOPOKHOU MH(PPACTPYKTYPHI, CTH-
MyJaupytolei ocBoeHre Cesepa, Hallla cTpa-
Ha MOXET OIMEPEThCS HE TOJIbKO Ha O0OraThlil
TEXHUYECKUIA M TEXHOJIOTUIECKUIA, HO U KO-
HOMMYECKHWIA OTIBIT PELIEHMST ITOU 3aa9M.

Crtparerueii pa3BUTUS KeJIE3HOTOPOKHO-
ro TpaHcriopta B Poccuiickoit @enepaimu 10
2030 roga (Crpaterusi-2030) ObLI MpeaycMOT-
PEH LBl psii 3HAYMMBIX TTPOEKTOB CTPOU-
TEJTbCTBA HOBBIX JKEJIE3HOJOPOXKHBIX JIMHUN
B CeBepHBbIX pernoHax. Cpenu HUX JUHUU
B OCHOBHOM TpeX KaTeTOpHii.

Bo-mepBhIx, «cTpaTeruyeckue JUHUMU,
MpeaHa3HaYeHHbIE T YKPETJIEHUST TPaHC-
MOpTHOI entocTHocTH Poccuiickoit Menepa-
muu» [15, c. 15], npexnae Bcero takue, Kak
Tommor—Kepaem—Axyrck (Huxnuit bec-
TSIX), LEJIbIO CTPOUTENHCTBA KOTOPOIA OIpe/ie-
JIEHO o0ecIieuyeHue CTaOUIbHOIO 3aB03a rpy-
30B B Pecrntybuky Caxa (SIkyTus) u coznaHue
TaM OIMOPHOW TPAHCIIOPTHOWM CETH, a TaKXKe,
M0 MaKCUMaJIbHOMY BapUaHTy CTPaTeruw,
aunusg Huwxuuit bectax—Moma—MaranaH.
Llenu nocieqHe — XeJIe3HOAOPOXKHOE CO00-
IIEHWE C TAJIBHUMU pernoHaMu cTpaHbl — Ce-
Bepo-BocTtokoM Axkytuu u MaragaHckoii
00J1aCThI0, OCBOCHUE MUHEPAIBHBIX U SHEP-
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TeTUYECKUX pecypcoB 3Tux mect. CremyeT
3aMeTUTb, 4TO TIpu (popmupoBanum Crpare-
rumn-2030 6b1a 000CHOBaHA 1eJiecoobpa3s-
HocTb (3a mpenenamu 2030 roma) CoopyKeHUs
CTpPaTeTMUECKMX KEJIe3HOIOPOKHBIX JIMHUIA,
MMPOAOJIKAIOIINX 3Ty MarucTpaib B Hampas-
nenun Kamyatku m YyKOTKM C BBIXOIOM
Kk bepunrosy nmponuBy (Moma—/lauyHbIii—Y3-
neH, Jaunsiii—IleTpomaBnoBck-Kamuar-
CKUI1) ¥ CO3MaHNEM MEePCTICKTUBI TSI 3KeJIe3-
HOIOPOXHOTO coobmeHus ¢ CeBepHO
Amepukoii [16].

Bropast kateropus — <«TeXHOJOTMYECKUE
JIMHUM, TIpeTHAa3HAYCHHBIC /1T ONITUMU3AIINT
JKEJIE3HOMOPOXKHOM CETU B HENSAX Pa3BUTHUS
XO3SICTBEHHBIX I MEXKPETMOHAIBHBIX CBSI3CH»
[15, c. 15]. K HUM OTHOCATCS, HAIpUMED,
IMpaBas Jlena—AkyTck, HaleneHHas Ha obec-
IeYeHNe YCTOMYMBOTO CEBEpHOTO 3aBO3a,
CBI3M C SIKYTCKOM M CO3IaHHE OIOPHOM
TPaHCIIOPTHOM ceTu; TMHUM Kaproropsi—
Bennunara u CeikteiBkap—Ilepms (Conu-
KaMCK), TIpeATIoaralonieil aJJsTepHaTUBHBIN
TPaHCHIOPTHBIN BHIXOM ¢ Ypajia B TopThl be-
Joro u bapeHiieBa Mopeii, a TaKxke TTOMOIIb
B OCBOCHUH JICCHBIX PECYpPCOB CeBepa e€BpO-
neiickoit yactu Poccum.

B-Tpetbux, 3T0 «Irpy3000pasyoonine am-
HUU, TIpeaHa3HAYeHHBIC 71T TPAHCIIOPTHOTO
obecrieyeHNs pa3BUTHSI HOBBIX MECTOPOXKIE -
HUI TTOJIE3HBIX NCKOTIAEMBIX M TIPOMBIIILICH -
HBIX 30H» [15, c. 15]. Cpeau HUX MOKHO
BBIAEIUTH AuHUIO [TonyHouHoe—O06cKas—
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Canexap/, IMEIOIIYIO LIeJIbI0 CO3MaHUE TIPS -
MOTO K€JIC3HOTOPOXKXHOTO BBIXOAA C ITPO-
MBIIIUICHHO Pa3BUTOrO Ypajia Ha MECTOpO-
KICHUS TTOJIyoCTpoBa SIMan u ocBOeHME
TOJIE3HBIX MCKOITAeMBIX BOCTOYHOTO CKJIOHA
Ypana (B pamKax ImpoeKTa «Ypaja MpOMBIIII-
JICHHBIN — YpaJ MOJSIpHBIN»), a TaKXKe M-
Huto Ke3pui—Kyparuno B Peciyonuke ToiBa,
TUTAHUPYEMYIO IS OCBOCHMST DJIETECTCKOTO
MECTOPOXIEeHUS KOKCytoterocs yrist. Ctpa-
Terneii-2030 ObLT MpenyCMOTPEeH M LENbIi
psII IPYTUX TPY3000pa3yommnX JUHUHI B ce-
BEPHBIX PETMOHAX.

Kak BumHoO maxe 13 mpuBeACHHBIX IIPUME-
OB, Kaxkiasi TUHUS pelllaeT pa3InyHbIe 3a/1a-
Y1, B TOM YHCJIE — U COLIMAIbHBIE, I OTHECe-
HHUE €€ K TOW WU UMHOU KAaTeTOPUMU HOCHUT
HECKOJIbKO YCJIOBHBIHM XapakTep. Tem He MeHee
HEITOCPEACTBEHHO K YMCITy COLIMAIbHO 3Ha-
YUMBIX JUHUI, HAllEJICHHBIX B IIEPBYIO OUe-
penb Ha YIydilleHWe TPaHCIIOPTHOTO O0CITy-
JKMBaHUSI HACEJICHUSI CEBEPHBIX PETMOHOB,
B CTpaTeTMy OTHECEHBI TPU JIMHUU:

» XaHTbel-MaHcuiick—CabIM, TIpeTHa3-
HauyeHHas IS BBIXOJA Ha CETh KEJIe3HBIX
JIOPOT, YTOOBI 00ECTIEYNTH ITEPEBO3KM IPY30B
M TTacCaXkupoB B I. XaHThI-MaHcuiick — aj-
MHWHUCTPATUBHBINA IIEHTP aBTOHOMHOTO
OKpyTa;

* Teirma—3es, nmpeaHa3HayeHHAasT JJIs
00eCcrneYeHnsT YCTOMYMBOTO TPAHCIIOPTHOTO
COOOIIIEeHUST ¢ TopoaoM 3es U CO3TaHUs UH-
GbpacTpyKTYpHBIX YCIOBHUIA B MHTEpECaX COII -
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TbHO-2KOHOMMWYECKOTO PA3BUTHUS MMPUJIETaI0-
IIMX paliOHOB;

* CenuxuH—HplI, ¢ cOOpyKeHUEM MO-
CTOBOTO UJIM TOHHEJBHOTO Mepexona MeXIy
MaTepuKoM U ocTpoBoM CaxaiuH — [Jis Ha-
JIaXXVBaHUS 31eCh becriepeOoHOTO Xeae3Ho-
JIOPOXKHOTO COOOIIEHMS.

Bce Tpu couumanbHO 3HaYMMBbIE JTUHUU
PACITOJIOKEHBI B I0KHBIX YaCTSIX CEBEPHBIX
PETUOHOB, Te MPUPOAHO-KINMATUYECKUE
YCJIOBUS HE SIBJISIIOTCS KpaiiHe HeOiaronpu-
SITHBIMM [IJI51 XKU3HU JIIOJIEU U YK€ CYIIIECTBYET
OTHOCHUTEJIBHO (110 CEBEPHBIM MEPKaM) IIOT-
Hoe HacesneHue. [1peacTasisieTcs, 4To TaKOU
MOJXOM HYXJAeTcs B ellle 00jiee CUCTEMHOM
DPa3BUTHM.

MEPCNEKTUBHDbIE NOAX04bl
K PASBUTUIO TPAHCIMOPTA

CrietyeT 0TKa3aThCsl OT B3MJIsIIa HAa CEBEP-
HbIE PETUOHBI KaK NCKITIOYUTETHHO UICTOUHUK
TIPUPOTHBIX PECYPCOB, KOTOPBIT TOMUHUPOBAIT
B T€UEHUE MHOTUX IECATUIICTUI 1 TIPOSIBIISIET-
Cs1 10 CUX TIOp, KOT/Ia, HallpuMep, YCKOpeHre
peaM3aiu MpoeKTOB 10 Pa3BUTHIO APKTH-
YECKOI 30HbI 0OOCHOBBIBAETCSI DOSI3HBIO HE
YCIIeTh «K pasleily MUpora» B BUIE 3aracoB
HedTu urasza[1]. besycioBHO, 10ObIYY MOJE3-
HBIX UCKOTIAeMbIX B CEBEPHBIX paifoHax ¢op-
CUpPOBAaTh HAJ0, HO B paMKax peaqn3aluu
TPUHIINTIA YCTOMYUBOTO PA3BUTHSI, IPUHSTOTO
TenepanbHoit accambiieeit OOH, cormacHo
KOTOPOMY «yCTOMIMBOE Pa3BUTHE MOIpa3yMe-
BaeT yIOBJIETBOPEHUE MOTPEOHOCTEN COBpe-
MEHHOTO MTOKOJIEHUSI, HE YTPoKast BO3MOXKXHO-
CTU OyIyNIMX MOKOJIEHUU yIOBIETBOPSATH
coOCTBeHHBIC TTOTpeOHOCTH» [17, . 15]. D10,
BYACTHOCTU, O3HAYAET, UTO JOOBIYA ITOJIE3HBIX
MCKOTTaeMBbIX JIOJIKHA BECTUCH 0€3 HEraTUBHBIX
TMOCJIEICTBUN /IS 9KOCUCTEMBbI, 0COOEHHO
«XPYTIKOI» B APKTHKE, a CEBEepHbIE TEPPUTO-
pUU HE TOJIKHBI PACCMaTPUBATHCS UCKITIOUM -
TEJIbHO KaK 30HbI IOOBIYU PECYPCOB, a TApMO-
HUYHO Pa3BUBATKLCS (B TOM UMCJIE U B TPAHC-
TIOPTHOM OTHOIIIEHWHU).

Ha CeBepe HeobOxoqumo ¢hopMupoBaTh
YCJIOBUSI, MAaKCUMaJIbHO KOM(OPTHbBIE IS
SKU3HU JIIONIEN 1 pa3HOOOPA3HBIX BUIOB YEJIO-
BEUECKOU JeATeTbHOCTU, YCIOBUS HE IS
BPEMEHHOTO TIPEObIBAHUST PECYPCONOOBITUN -
KOB, a IA101II1ie BO3MOXXHOCTh HOBBIM TTOKOJIE-
HUSIM TIOJIHOLIEHHO XWUTh U Pa3BUBAThCS, HE
paspyl1iasi IpUPOIHYIO CPeay U TApMOHUIHO
npeoOpa3sys ee B 00Jiee MPUTOIHYIO IS JTIOACHA.
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YTo 3TO 03HAYAeT AJ1I TPAHCITIOPTHOM cuc-
Tembl CeBepa?

Bo-1iepBbIX, MOBBIIIEHHBIE TPEOOBAHUS
K 9KOJIOTUYHOCTU TpaHcIopTa. B aToM rtaHe
HECOMHEHHBIE ITPEUMYIIIECTBA UMEIOT XKeJIe3-
HbIE€ JOPOTU, OCOOEHHO B CPABHEHUM C aBTO-
MOOUJIBHBIM TpaHcnopToM. Hemapom B 3a-
nagHoil EBporne peanusyeTcss 1OJArocpovyHas
MnporpaMMa CTUMYJIMPOBAHUS IEPEKITIOUeHUS
MEepeBO30K C aBTOMOOUJIbHBIX Ha KeJIe3HbIe
moporu («Shift2Rail») [18]. A B permoHax
CeBepa, rie CTPOUTEIbCTBO U COIAEPKaHUE
aBTOMOOWJIBHBIX JOPOT 3aTPYAHEHO PSIIOM
cnenuduyeckux dpaktopon [19], TeM Oosiee
JIOTUIHBIM BEHITJISIIAT IPUOPUTET CTPOUTEITh-
CTBa XeJIe3HbIX JOPOL.

Bo-Bropsix, CeBep MOXET CTaTh MOJIUTO-
HOM JUTSI BHEAPEHNSI MTHHOBAIIMOHHBIX BUIOB
TPaHCIIOPTa, KOTOPhIE ceiiuac aKTUBHO pa3-
pabaThIBaIOTCS B MUPE U 3a4acTyl0 UMEIOT
TePCIIEKTUBbI Pa3BUTHSI BO B3aMOJICICTBUN
ckenie3HbIMu foporamu [20, 21]. He BnaBasich
B MX OMMMCaHWe U TEXHUYECKNE aCIIeKThI, CJie-
JyeT chopMyIUpPOBaTh COLIMATIBHO-3KOHOMM -
yeckue TpeOoBaHUS K MHHOBAIIMOHHBIM
TPAHCTIOPTHBIM CHUCTEMaM, YUYMTHIBAIOIINE
crnenubUKy ceBepHbBIX PETUOHOB:

— BBICOKAS 9KOJIOTUYHOCTH;

— BBICOKAsI CKOPOCTb, YUTO OCOOEHHO BaX-
HO JIJT MPEOA0JEHUS OTPOMHBIX «CEBEPHBIX»
pPacCTOSTHUI B PUEMJIEMOE BpEMS;

— PEryJIpHOCTb U HAIEKHOCTh COO0OIIIe-
HUS, YTO MO3BOJUT U30eXaTb CUHIpPOMA
OTOPBAHHOCTHU OT «BObIION 3eMJTN»;

— OTHOCHUTEJIbHAS JEIIeBU3HA COOPYXe-
HUST Y 9KCTUTyaTalliu.

B-TpeTbux, mpeacraBiasieTcs lieJieco-
00pa3HbIM BbIIeIUTh Ha CeBepe 30HbI C pa3-
JIMYHOU CTENMEeHbIO OJaronpUSITHOCTU IS
SKU3HU JIIOJIEH ¥ B TIEPBYIO O4Yepeb C TOUKU
3peHUST IPUPOTHO-KITMMATUIECKUX YCTIOBUI
(HampuMep, ¢ OTHOCUTETHHO OJIarOTIPUSTHBI-
MM, HEOJIarONPUSATHBIMM U KpaiitHe HebJ1aro-
MIPUSATHBIMY YCJIOBUSIMHK ) ¥ CITPOTHO3UPOBATh
U3MEHEHUsI UX TPaHUIL C y4eTOM HabJroaae-
MBIX YYEHBIMU TEHIEHIMU — IO KpalHeun
mepe, 10 2050 roga ¥ KOHIIA HbIHEIIHETO
crosnetusi. Benb ocBoOeHWE TEPPUTOPUNA U CO-
OpYyXeHHEe B MAJIOOCBOEHHBIX PallOHAaX HOBBIX
TPAHCIIOPTHBIX (MMOHEPHBIX) MarucTpaiei
U TEPMUHAJIOB JOJIKHO OCYILECTBIISTHCS UC-
XOHST U3 TePCIIEKTUBEI KaK MUHUMYM He-
CKOJIbKUX IECSATUJIETUIA, a TO U BEKOBOTO TIe-
puoja. [Tpy TakoM 30HUPOBAHUU 00S13aTENb-
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HO HYXXHO YYMUTBHIBATh U TaKMe MECTHBIE
(hakTopsl, KaK HAIMYWE, HATIPUMED, TOPSTINX
UCcTOYHMKOB Ha Kamyarke.

B paitoHax, oTHOCSIIIIMXCS K 30HE C OTHO-
CUTEJIbHO OJIATOTIPUSITHBIMM TTPUPOTHO-KITU-
MaTUYECKUMU YCIIOBUSMHU (C YYETOM IMPOTHO-
3UPYeMbIX U3BMEHEHMI 9THX YCJIOBMIA ) 11€1eCO-
00pa3HO KOMIUIEKCHOE COLUATbHO OPUEHTH -
pOBaHHOE pa3BUTHE BCEX BUJIOB TPAaHCIIOPTA
TpU 00ECTIeYeHUN OTIOPHOM POJTU KEJIE3HBIX
nopor. KaxbIit TpaHCIIOPTHBII IPOEKT, ecTe-
CTBEHHO, JOJKEH OBITh YBSI3aH C 3KOHOMMYE-
CKMMM TIePCIIEKTUBAMU TTPUJIETAIONINX paii-
OHOB W TOATBEPXKICH OLIEHKON 3KOHOMUYE-
CKOI OKyraemMocTu uHBecTulnil. [Tpn aTOM
KeJaTeJIbHO MaKCUMAaJTbHO BO3MOXHOE yJac-
THE€ YaCTHBIX MHBECTOPOB, KOTOPHIX CJIEITYET
3aMHTEpecoBaTh 0oJjiee MOJTHON CBOOOAON
(orpaHMYEHHOI BOCHOBHOM 3KOJIOTMYECKUMU
rapaMeTpamMu ) SKOHOMUUECKOM NeITeIbHOCTH
Ha MPUWJIeraloInX K TPAaHCTIOPTHOM MarucTpa-
JIV TEPPUTOPUSIX TTO AHAJIOTUH C TIPUMEPOM TIO
MypmaHckoit xene3Hoil gopore. [TonoGHbII
TTOJIXOJT UCTIOB30BAJICS M JIJIST CTUMYJIMPOBA-
HMSI CTPOMTENIBCTBA XKese3HbIx gopor B CIIA
B XIX Beke. A NepcrneKTUBHOCTb €ro mpuMe-
HEHMS B COBPEMEHHBIX POCCUMCKUX YCIIOBUSIX
000CHOBaHa B cTaThe [22].

Yto KacaeTcs ToCyIapcTBEHHBIX MHBECTH -
LW JUTSI CTPOUTEILCTBA TTMOHEPHBIX TPAHC-
TTOPTHBIX MarkcTpaieil, OHM BEChMa YMECTHBI,
HO JIOJKHBI OCYILIECTBIISITHCS C y4€TOM YIYILEH-
HbIX 2()(HEKTOB OT BOZMOXKHbIX aJTETEpHATUBHbBIX
BJIOXKEHUI 3TUX cpeacTs [23].

B 30Hax ¢ HeOMaronpusITHBIMU U KpaitHe
HeOJIaroNpUSTHBIMUA TTPUPOTHO-KIMMATHYe-
CKUMU YCJIOBUSIMU KEJIE3HBIE JIOPOTHU 1IEJIECO-
00pa3HO COOPYXATh IMOJ, MEPCIIEKTUBHBIE TPY-
30IT0TOKH, CBSI3aHHBIE C TTPOMBIIIIEHHBIM OC-
BOEHMEM TEPPUTOPHIA MM TPAH3UTHBIMMU TTEpe-
BO3KaMU. 3M1ECh TOIKEH OBbITh XOPOIIIO Pa3BUT
BO3YLIHBIN, & I11€ MOXXHO — MOPCKOW M PEYHOM
TpaHcropt. Ho 1 paitoHbI, OTHOCSIIIMECS K 3TUM
30HaM, He CJIeyeT OCBauBaTh MO MPUHITUITY
«BbIKQUMBAHUsT» MPUPOJHBIX pecypcoB. B Tou-
Kax IMepCIeKTUBHOTO AKOHOMUUYECKOTO POCTA,
IyCTh 1 HEMHOTOYMCIIEHHBIX, HEOOXOIMMO
HaJIe>KHOE PETYJISIPHOE TPAHCIIOPTHOE COOOIIIe-
HHE, a OCBOEHUE TEPPUTOPUIA, B TOM YHCIIE
U TPAHCIIOPTHAs AESATeIbHOCTh, TOJDKHBI BEC-
THUCBH C 00513aTENILHBIM COOTIOICHNEM SKOJIOT Y -
YECKMX CTAaHIApTOB.

B 11060M cityyae TpaHCOPTHOE OCBOEHUE
CEBEPHBIX PETMOHOB JIOJDKHO MOJYYUTh CO-
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IIMATBHBIN BEKTOP, TO €CTh OBITh HATIPABJIEHO
Ha co3jaHue OJaroNpUATHOU CPenbl IS
SKU3HU U AeSITETbHOCTH JIIOJIE, CTUMYJIUPO-
BaHME POCTa IJIOTHOCTU HacejeHust. M aTo
HUYYTh HE TTPOTUBOPEUUT SKOHOMUIECKUM
KpUTEPUSIM, Bellb «0e3 el He OyneT 3Ko-
HOMUYECKOM XXUu3Hu» [19].

NMPUPOOHO-KJIMMATUYECKUE
TEHOEHUUN

Peuiag 3agauy coznanust 6osee Giaronpu-
SITHOM CPeIbI JTST SKM3HU U AESITETbHOCTH JIIONE i
B CEBEPHBIX pErMOHaX, 0e3yCJI0BHO, HEJb3sI
abCTparupoBaThCsl OT MPUPOIHO-KIMMATHYIE-
CKUX YCJIOBUY M WX U3MeHeHui. bosee Toro,
JIOJITOCPOYHOE TVIAHMPOBAHWE OCBOEHUSI CEBEP-
HBIX 30H CJIEAYET OCYIIECTBIISITh C yIETOM He
TOJIBKO CYIIECTBYIOIINX TTPUPOTHO-KITUMATH -
YECKUX YCJIOBUM, HO U TeHJEHIINIA, KOTOPbIE
(uKCHUpYeT U O KOTOPBIX C OECITOKONCTBOM
HarlOMMHAeT HayKa!

W3BecTHO, YTO yKe JIOJITOe BpeMsl B MUpe
CYIIECTBYET TEHIEHIIUS TJI00ATBHOTO TIOTETI-
nenust. Kak cBUaeTensCTBYIOT Matepraibl Me-
SKIYHAPOIHONW TIPOrPaMMBbI UCCIIEIOBAHUIA 13-
MEHEeHUI Kimmara [24], moBbIllIeHre CpeaHei
JI00aJIbHOM TeMIepaTyphbl Ha TTOBEPXHOCTH
3eMiIM TI0 JaHHBIM HAOJIOIEHU 3a TIEPUOT
1880—2012 romos cocraBuio 0,65—1,06°C, npu
3toM B 2003—2013 romer — 0,78—0,85°C. Ipyru-
MU CJIOBaMU, TEH/ICHIIVST TIOTETUICHUST YCUITU -
JIaCh, ¥ 9TO OTPAXKAETCs B TPOTHO3aX Ha IePCTIeK-
TuBy. [To TaHHBIM MOJIETMPOBAHWS TSI PA3JTNY-
HBIX CIIEHApUEB U3MEHEHUST KJIMMaTa pocT
TemmepaTypbl B 2046—2065 romax MOXeT COCTa-
Buth 1,4—1,8°C, aB 2081-2100-x — 1,0—3,7°C.

MupoBoe coo011ecTBO NpeaAnpruHUMAaET
aKTUBHBIE MEPHI TI0 MUHUMU3ALINN TAJTbHEN -
IIETO TIOTETIEHUS, KOTOPOE MOXET MPUBECTU
K CYIIIECTBEHHOMY YYaIllEHUIO TAKNX aHOMAaJTb-
HBIX IPUPOTHBIX SIBJIEHUI, KaK yparaHbl 1 Ha-
BOITHEHUSI, Y IPYTVIM HETATUBHBIM TTOC/IE/ICTBU -
saM. Ha mexmyHaponHoii KoHbepeHIInn 10
KJmMary, cocrosiBiieiics B [lapuxe B nekadpe
2015 rona, ObLTM Ha3BaHBI OTIPEIEIEHHBIE MEPHI
B 9TOM OTHOILIEHUU, SITPOM KOTOPBIX SIBJISIETCST
JieKapOOHM3a1Msl MUPOBOIl 9KOHOMUKH [25].
Pe3ynsraTroM KOJUIEKTUBHBIX YCUIIUI TOJDKHO
CTaTh YMEHbIIIEHWE MacIlITabOB MOTETICHUSI,
OJTHAKO JTaXKe TPU OTHOCUTEJIbHOM UX yCTIexe
cama TeHJIEHIIMSI HEKOTOPOTO pocTa TeMIiepa-
TYpBbI, TTO-BUIUMOMY, OYJIET COXPAHSIThCSI.

CremyeT OTMETUTD, UTO HAMOOJIEe CUIIb-
HOE TMOTETIEHUE TPOUCXOANIO U OKUIAETCS
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B CEBEpHEIX palioHax EBpasum, K KOTOPBIM
otHOocuTcs n CeBep Hateit crpadbl. OCHOB-
HOM IIPUYUHOM 3TOTO CYNTACTCS TTOBBIIIICHIE
coleprKaHUs TTapHUKOBEIX Ta30B (YIJICKUC-
JIoro, MeTaHa M a’po3oJieil) B aTMocdepe,
a CJIeJICTBUEM — COKpallleHWe TIOoIIanun
MOPCKOTO JIbJa B APKTHKE, YCUJICHUE TasTHUAS
JICTHUKOB U TTOBBIIIICHUE YPOBHS MOPSI, CKO-
POCTH KOTOPOTO yBeIMUYMUBaeTCs. B pe3yib-
TaTe MOTEIUICHUS YMEHBIIAeTCs IUIONIAahb
pacIpocTpaHEeHHUSI CHEXHOTO IMOKpOBa
W MEP3JOTHl, MOTYT YIYYIIUTHCS YCIOBUSI
CYIOXOACTBAa B APKTHKE, B TOM YHCJIE — II0
CeBepHOMY MOPCKOMY MYTH.

MOoKHO cKa3aTh, YTO IO BIMSHUEM Terlia
CEBEPHBIC PETMOHBI C TOYKM 3PESHMS KIIMMaTa
Kak OBI TTlepeMeniatoTcs K 1ory. Ha ato eme
B 1930-x rogax oOpaTwi BHUMaHUE OAVH U3
KpYNHEHINUX HccieaoBaTeneii ApKTH-
ku B. 1O. Busze [5, c. 30]. ITo ero HabmoaeHUSIM,
B niepuon 20—30-x romoB XX BeKa CpeaHsist
Temmepatypa Ha LLImidepreHe ToBbICHIIACH HA
2°C, a Ha 3emue ®panma-Mocuda — Ha 3,5°C,
KaK eCJI OBl 3TH TEPPUTOPUHN TIEPEMECTAIICH
Ha 300 kM K 1ory [26]. B ycioBusix HapacTaHusI
MOTEIUICHUS B JAJIbHEUIIIEM 3Ta TCHIACHITUS
MPOTPECCUPOBAJIa, YTO HECKOJIBKO YITYUIINIIO
YCJIOBUSI KM3HM JIIOIE BO MHOTMX CEBEpPHBIX
peruoHax.

TTonmygaeTcs, 9To III00ATBHOE TTOTEIICHNE,
cOo3/1aBast Cephbe3HbIE TTPOOJIEMBI JIJIST MUPa B 11e-
JIOM, OTKPBIJIO I HEKOTOPBIEC HOBBIE BO3MOXKHO-
CTH JIJISI OCBOGHHS CEBEPHBIX PETHIOHOB, M 3TH
BO3MOXKHOCTH JOJDKHBI OBITh MCITOJTb30BaHEI.

TeHneHIMM U3MEHEHUS KJIMMaTa HEO0XO0-
JIMO YYUTBIBATH IIPH IIAHUPOBAHUY XO3SIHACT-
BEHHOI 1 BOOOIIIE YeJIOBEYECKOM IeATeThHOCTH
B CEBEpHBIX perMOHaX, Pa3BUTUU TaM TpaHC-
TIOPTHBIX ITyTEU I CTPOUTEIBCTBE MH(PPACTPYK-
Typhbl. be3ycoBHO, 04eHb HyKHO YIITyOJIeHHOE
W3yJ9eHNe 3TUX TEHACHIIWIA 1 YTOYHEHUE JTOJ-
TOCPOYHBIX ITPOTHO30B.

BbIBObl

YauTsiBasi TeppuTOpUATBHOE TIpeobIana-
HUe CeBePHBIX pernoHOB Poccum, nx Hen30ex-
HO€ U YCTOWYMBOE Pa3BUTHE, CO3MAHME TaM
KOMGOPTHOM CPeITbI TSI XKU3HU U IESITeTThHOC-
TU JTIOJIEH UIMEET CTPaTeTMUeCKOe 3HAUCHNE TSI
ctpanbl. KiroueByio poiib B (hOpMUpPOBaHUYT

TaKOU Cpe/ibl UTPAET TPAHCIIOPTHOE odecreye-
Hue. Ocob0 3HAUNMO KeJIE3HOIOPOXKHOE CO-
00llleHUEe — KPYIJIOrOJIUYHOE, PETryIspHOE,
HaJleXkHOE, 9KOJOTUYHOE U 00ecTIeunBaroIee
OTHOCHUTEJIbHO HU3KYIO C€0eCTOMMOCTh Mepe-
BO30K. Heobxoaumo cTpaternyeckoe TiaHu-
poOBaHUE PA3ZBUTUS XKEJE3HOILOPOXKHOTO
W VIHBIX BUJOB TPAHCTIOPTA B CEBEPHBIX PETU-
OHAaX UCXOJS MPEXKIIE BCEro U3 H0JTOCPOYHBIX
MOTpeOHOCTEM JIIoIei B cO3MaHuM O1aronpu-
SITHBIX YCJIOBUI JUISI CBOEM >KU3HENEITENbHO-
ctu. W menath 9T0 HAlO € Y4ETOM MPUPOTHO-
KJIMMAaTUYECKUX TEHICHLIUIA U TPOrHO3UpYe-
MBbIX U3MEHEHUI B OKPYXAIOLLEW Cpene.
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PROBLEMS OF TRANSPORT ACCESSIBILITY AND CONNECTIVITY
IN THE NORTHERN REGIONS
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Part Il. How to Avoid the Syndrome of Isolation from «Big Land»

Macheret, Dmitry A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Macheret, Yuri Ya., Institute of Geography of Russian Academy of Sciences, Moscow, Russia.

ABSTRACT

The article, published in two issues of the journal,
addresses the problems of development of transport
infrastructure in the northern regions of Russia (Part I:
Priority of roads, land communications, Part Il: How
to avoid the syndrome of isolation from «metropolis»).
The conclusion is substantiated that in order to ensure
their attractiveness, comfort of living, increasing the
population density, creating conditions for long-term
sustainable social and economic development of the
territories, it is necessary to deal more with the

infrastructure of land transport and, above all, the
railway, which would be of a supporting nature and
would strengthen the position of the transport complex
in the north. It requires strategic planning for
development of each type of transport, taking into
account the prospects for industrial development of
low-income arctic regions and long-term needs of
people in creating a comfortable environment and
favorable conditions for active and full-fledged life, in
conjunction with the natural and climatic features of
the region and their projected changes.

Keywords: transport, northern regions, social and economic development, land transport infrastructure,

natural and climatic conditions.

Objective. The objective of the authors is to
consider transport problems, which arise in the
northern regions of Russia.

Methods. The authors use general scientific
methods, statistical method, retrospective method,
scientific analysis.

Strategy for railway infrastructure

Russia has, perhaps, the world’s largest
experience in construction and operation of railways
in the Far North. Suffice it to say that the total
operating length of public railways in twelve analyzed
northern regions of the country is about 9,5 thousand
km, and this is approximately twice the size of the
railway networks of such northern countries as
Norway and Finland (however, a considerable part
of their territories does not belong to the regions of
the Far North), and is more than 11 % of the total
length of Russian railways.

Atthe same time, Russia is one of three countries
in the world, along with Norway and Sweden, which
have railways in the Arctic. ( The railways of Finland
and Canada, as well as the Alaska railway in the USA,
lie to the south of the Arctic Circle). It is noteworthy
that the construction of the first domestic railway that
goes beyond the Arctic Circle, Murmansk -
Petrozavodsk, was completed a century ago, in
November 1916. The mainline with a length of
1045,5 km was built in the conditions of wartime, in
harsh natural conditions in a record short time —
during 1 year and 8 months [13, p. 548].

Initially, Murmansk railway was built on the basis of
military and strategic considerations — to ensure
Russia’s transport links with its allies through the ice-
free Kola Bay. In 1923, during the restoration of our
country’s economy from the devastation caused by the
world war, the revolution and the civil war that followed,
the northern railway became the basis of the «Transport-
Industrial-Colonization Combine», which task was to
«colonize the Karelian-Murmansk Territory», i.e. its
settlement and active economic development. At that
time, during the NEP period, it was economic, market-
based instruments that stimulated interestin production
and trade. Thus, «<Administration of Murmansk Railway
received at its disposal for a period of 10 years 3 million
«dessiatines» (measure of land = 2.7 acres. Editorial
note) of forest territory with all its wealth within Karelia
and Murmansk District ...», and «the right to invest in

the special colonization fund of the road all payments
for the industrial exploitation of the given land» [13,
p. 549]. For a number of imported goods imported
through the Murmansk commercial port for the needs
of the colonization combine, lower duties were
imposed. This is a very remarkable example of
stimulating the economic growth of the northern
regions, and not only them.

The combine was engaged in the development
of mining and other industries, completed the local
commercial port, was in charge of its work and
activities of other nearby ports, built residential
houses and attracted migrants from neighboring
regions, providing them with material assistance and
benefits. Thus, «Murmansk Railway has brought to
life the economy of the giant land» [13, p. 550]. At
the same time, the funds raised by «Transport-
Industrial-Colonization Combine» from economic
activities in the allotted territory were invested in the
development of the railway [13, p. 549]. There is a
synergy of transport and socio-economic
development of one of the most important regions
of the North, achieved not at the expense of
«megaprojects» financed from the budget, but due
to the economic initiative stimulated within the
framework of the state policy.

The colonization combine of Murmansk railway
operated during six years. Then a new era of
accelerated development began on the basis of
centralized planning and mainly administrative
methods of management, which had a peculiar effect
on the activities of domestic railways, showing the
extreme cost and ineffectiveness of such methods
[14]. The experience of effective «colonization» in
the 1920s of Karelian-Murmansk region on the basis
of economic incentives and the priority of transport,
encompassing its various types in the complex, is
very valuable for formation of policies aimed at the
promising development of the economy and
transport of the northern regions.

That is, in the long-term development of the
railway infrastructure, which stimulates the
development of the North, our country can rely not
only on the rich technical and technological, but also
the economic experience of solving this task.

The strategy for development of railway transport
in the Russian Federation until 2030 ( Strategy-2030)
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provided for a number of significant projects for
construction of new railway lines in the northern
regions. Among them, lines are mainly of three
categories.

Firstly, «strategic lines designed to strengthen
the transport integrity of the Russian Federation»
[15, p.15], primarily such as Tommot-Kerdem-
Yakutsk (Nizhny Bestyakh), which goal is to ensure
the stable supply of goods to the Republic of Sakha
(Yakutia) and establishment there of a supporting
transport network, and, according to the maximum
strategy variant, the line Nizhny Bestyakh—Moma-
Magadan. The goals of the latter are railway
communication with distant regions of the country —
the North-East of Yakutia and Magadan region,
development of mineral and energy resources of
these places. It should be noted that during the
formation of the Strategy-2030, the expediency
(beyond the year 2030) of construction of strategic
railway lines extending this line in the direction of
Kamchatka and Chukotka with access to the Bering
Strait (Moma-Dachny—-Uelen, Dachny—Petropav-
lovsk-Kamchatsky) was justified also by creating a
perspective for railway communication with North
America [16].

The second category is «technological lines
designed to optimize the railway network for
development of economic and interregional relations»
[15, p. 15]. They include, for example, Right Lena—
Yakutsk, aimed at ensuring a sustainable northern
importation, communication with Yakutsk and creation
of a supporting transport network; line Karpogory—
Vendinga and Syktyvkar—Perm (Solikamsk), which
assumes an alternative transport route from the Urals
to the ports of the White and Barents seas, as well as
assistance in developing forest resources in the north
of the European part of Russia.

Thirdly, the «cargo-generating lines intended
for transport support for development of new

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

deposits of minerals and industrial zones» [15,
p. 15]. Among them is the line Polunochnoe-
Obskaya—Salekhard, which aims to create a direct
railway exit from the industrialized Urals to the Yamal
Peninsula fields and the development of minerals
from the eastern slope of the Urals (within the
framework of the project «Urals Industrial — Ural
Polar»), as well as the line Kyzyl-Kuragino in the
Republic of Tyva, planned for development of the
Elegest coking coal deposit. Strategy-2030 also
provided for a number of other cargo-forming lines
in the northern regions.

As can be seen even from the examples given,
each line solves various problems, including social,
and referring it to one or another category is
somewhat arbitrary. Nevertheless, in the strategy
directly related to the number of socially significant
lines aimed primarily at improving transport services
for the population of the northern regions, three lines
are assigned:

+ Khanty-Mansiysk—-Salym, designed to enter
the railway network to ensure transportation of goods
and passengers to the city of Khanty-Mansiysk — the
administrative center of the autonomous district;

« Tygda—Zeya, designed to ensure a sustainable
transport connection with the city of Zeya and the
creation of infrastructure conditions for socio-
economic development of the surrounding areas;

« Selikhin—Nysh, with construction of a bridge or
tunnel passage between the mainland and the island
of Sakhalin — to establish an uninterrupted rail
communication here.

All three socially important lines are located in
the southern parts of the northern regions, where
the natural and climatic conditions are not extremely
unfavorable for people’s lives and already relatively
(by northern standards) dense population exists. It
seems that this approach requires even more
systematic development.
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Perspective approaches to transport
development

It is necessary to abandon the view of the
northern regions as a sole source of natural
resources, which has dominated for many decades
and is still manifested when, for example, the
acceleration of implementation of projects for the
development of the Arctic zone is justified by the
fear of not having time to «divide the cake» in the
form of oil reserves and gas [1]. Of course, it is
necessary to force the extraction of minerals in the
northern regions, but within the framework of the
sustainable development principle adopted by the
UN General Assembly, according to which
«sustainable development means meeting the
needs of the modern generation without threatening
the ability of future generations to meet their own
needs» [17, p. 15]. This, in particular, means that
mining operations should be conducted without
negative consequences for the ecosystem,
especially «fragile» in the Arctic, and the northern
territories should not be considered solely as a
resource extraction zone, but harmoniously
developed (including transport).

In the North, it is necessary to create conditions
that are as comfortable as possible for people’s lives
and various types of human activity, conditions not
for the temporary stay of resource producers, but
enabling new generations to fully live and develop
without destroying the natural environment and
harmoniously transforming it into more suitable for
people.

What does this mean for the transport system of
the North?

Firstly, increased requirements for the
environmental friendliness of transport. In this
respect, railways have undoubted advantages,
especially in comparison with road transport. Itis not
without reason that a long-term program is being
implemented in Western Europe to encourage the
shift of transportation from road to rail (Shift2Rail)
[18]. And in the regions of the North, where
construction and maintenance of roads is hampered
by a number of specific factors [19], the more logical
is the priority of the construction of railways.

Secondly, the North can become a testing ground
for introduction of innovative modes of transport,
which are being actively developed in the world and
often have development prospects in cooperation
with railways [20, 21]. Without going into their
description and technical aspects, it is necessary to
formulate socio-economic requirements for innovative
transport systems that take into account the specifics
of the northern regions:

— high environmental friendliness;

— high speed, which is especially important for
overcoming huge «northern» distances at an
acceptable time;

— regularity and reliability of communication,
which will avoid the syndrome of isolation from the
«Big Land», e.g. «metropolis» or a sort of mainland,
of geographical «loneliness»;

— relative cheapness of construction and
operation.

Thirdly, it seems expedient to single out zones
with different degrees of favorableness for people’s
lives in the North, and primarily from the point of view
of natural and climatic conditions (for example, with
relatively favorable, unfavorable and extremely
unfavorable conditions) and to predict changes in
their boundaries, taking into account the trends

observed by the scientists — at least until 2050 and
the end of this century. After all, development of the
territory and construction of new transport (pioneer)
mainlines and terminals in poorly developed areas
should be carried out proceeding from the
perspective of at least several decades, and even a
century-long period. With such zoning, local factors,
such as the presence of hot springs in Kamchatka,
must also be taken into account.

In areas belonging to a zone with relatively
favorable climatic conditions (taking into account the
predicted changes in these conditions), itis advisable
to provide comprehensive socio-oriented
development of all modes of transport, while ensuring
the supporting role of railways. Each transport project,
of course, should be linked to the economic prospects
of the surrounding areas and is confirmed by an
assessment of the economic return on investment. At
the same time it is desirable to maximize the
participation of private investors, who should be
interested in possible freedom (limited only by
environmental parameters) of economic activity on
the territories adjacent to the transport mainline, by
analogy with the example of Murmansk Railway. This
approach was also used to stimulate the construction
of railways in the United States in the 19" century, and
the prospects for its use in modern Russian conditions
are substantiated in the article [22].

As for state investments for construction of
pioneer transport mainlines, they are very
appropriate, but should be implemented taking into
account the missed effects from possible alternative
investments of these funds [23].

In areas with unfavorable and extremely
unfavorable climatic conditions, it is advisable to
build railways for perspective cargo flows related to
industrial development of territories or transit traffic.
There must be a well developed air, and where
possible — sea and river transport. But the areas
related to these zones should not be developed on
the principle of «pumping out» natural resources. In
points of perspective economic growth, albeit not
numerous, reliable regular transport communication
is necessary, and development of territories,
including transport activity, should be conducted with
obligatory observance of ecological standards.

In any case, the transport development of the
northern regions should receive a social vector, that
is, be aimed at creating an enabling environment for
live and activity of people, stimulating the growth of
population density. And this does not contradict
economic criteria, because «without people there
will be no economic life» [19].

Natural and climatic trends

Solving the problem of creating a more favorable
environment for the lives and activities of people in
the northern regions, of course, it is impossible to
abstract from the natural and climatic conditions and
their changes. Moreover, long-term planning of
development of the northern zones should be carried
out taking into account not only the existing natural
and climatic conditions, but also trends that are fixed
and recalled with concern by science!

It is known that for a long time in the world there
is a trend of global warming. According to the
International Climate Change Research Program [24],
an increase in the average global temperature at the
surface of the Earth according to observations for the
period 1880-2012 was 0,65-1,06°C, while in 2003—
2013 itwas 0,78-0,85°C. In other words, the trend of
warming has intensified, and this is reflected in the

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 2, pp. 98-107 (2017)

Macheret, Dmitry A.;, Macheret, Yuri Ya. Problems of Transport Accessibility and Connectivity

in the Northern Regions




outlook for the future. According to modeling data for
various scenarios of climate change, the temperature
increase in 2046-2065 can be 1,4-1,8°C, and in
2081-2100 1,0-3,7°C.

The world community is taking active measures
to minimize further warming, which can lead to a
significant increase in such abnormal natural
phenomena as hurricanes and floods, and other
negative consequences. At an international
conference on climate held in Paris in December
2015, certain measures were identified in this regard,
the core of which is decarbonization of the world
economy [25]. The result of collective efforts should
be the reduction of the scale of warming, but even
with their relative success, the very tendency of a
certain temperature increase is likely to persist.

It should be noted that the most severe warming
occurred and is expected in the northern regions of
Eurasia, to which the North of our country belongs.
The main reason for this is an increase in the content
of greenhouse gases (carbon dioxide, methane and
aerosols) in the atmosphere, and the consequence
is a reduction in the area of sea ice in the Arctic,
increasing melting of glaciers and rising sea levels,
the speed of which increases. As a result of warming,
the area of snow cover and permafrost decreases,
and conditions for navigation in the Arctic, including
along the Northern Sea Route, can improve.

We can say that under the influence of heat, the
northern regions from a climate point of view are
moving to the south. One of the largest researchers
of the Arctic V. Yu.Vize drew attention to it already in
1930s [5, p.30]. According to his observations, during
the 20-30s of the 20" century, the average
temperature on Spitsbergen increased by 2°C, and
on Franz Josef Land — by 3,5°C, as if these territories
moved 300 km to the south [26]. In conditions of
increasing warming in the future this trend has
progressed, which has somewhat improved the living
conditions of people in many northern regions.

It turns out that global warming, creating serious
problems for the world as a whole, has opened up some
new opportunities for development of the northern
regions, and these opportunities should be used.

Tendencies of climate change should be taken
into account when planning economic and general
human activities in the northern regions, the
development of transport routes and the construction
of infrastructure there. Undoubtedly, there is a need
for an in-depth study of these trends and clarification
of long-term forecasts.

Conclusions. Taking into account the territorial
predominance of the northern regions of Russia, their
inevitable and sustainable development, the creation
there of a comfortable environment for life and work of
people is of strategic importance for the country. A key
role in formation of such an environment is played by
transport support. Of particular importance is the
railway communication — all-the-year-round, regular,
reliable, environmentally friendly and providing a
relatively low cost of transportation. It is necessary to
strategically plan the development of rail and other

modes of transport in the northern regions, primarily
based on the long-term needs of people in creating
favorable conditions for their livelihoods. And it should
be done taking into account natural and climatic trends
and predictable changes in the environment.
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borareiiuvne npupogHbie 3anachsl,
KOTOpbIMU pacrnonaraioT cubupckue
v [asibHEBOCTOYHbIEe pariOHbl BAOJIb
Barvikano-Amypckoii marucTpasnu,
AenaloT 3Ty 30Hy BCE b6onee
npuvBsneKkaTesibHOM AJis TYPUCTOB

v loaen, rotoBbix exaTb cloga

Ha 6asibHeoJsIoru4eckue KypopTsl,
MUHepasibHble BOAbI, a TakKe

BUAbI FOPHBIX, BOAHBIX U JIIOObIX
ApYrux nyreLwecTBnNn u 3KCKYPCUIi.
BO3MOXHOCTU peruoHa oL, eHUBaloTCs
B cTaTbe, UCXoAs U3 peasibHo
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pa3BUTUS U HAMEeYaeMbIX MepPCcrieKTUuB
AJ1s1 OTAEJIbHbIX TEePPUTOPUIA, MPOEKTOB
v cep gesTesbHOCTH.
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BbAM n pasButue Typusma
B BocTtouyHo Cnbupwm

Pannonopm Andpeii Baaepveeuu — xandudam
ucmopu1eckux Hayk, doyenm kagedput «Cepauc

u mypusm» Mockoéckoeo eocydapcmeenno2o
yHugepcumema nymeli cooouerusi (MUUT), Mockea,
Poccus.

€JIe3HbIe JOPOTH IS TUTAHTCKUX

CYXOTyTHBIX MPOCTOPOB Hallei

PonuHbl, ¢ pa3HBIMU KJIMMaTHYeE-
CKUMU U TIPUPOTHBIMU YCTIOBUSIMU, HEPABHO-
MEpHBIM pa3MeIlleHUeM PECYPCOB U Hacelle-
HUST — MaCCOBBII, YHUBEPCAIbHBII BUJI TPAHC-
nopra, obJafgarolunil 00AbIIUMU MTPEUMYILIE-
cTBamu. BcemoromHoe v KpyrioroguvaHoe
(YHKIIMOHVMPOBaHUE B COETMHEHUM C BBICO-
KVUMU CKOPOCTSIMU IBUKEHUST CO3/IA€T OTPOM -
HYIO CYTOYHYIO ¥ TOJIOBYIO TIPOBO3HYIO CITOCO0-
HOCTb, YTO B COUYETAaHWU C TIOYTH HEOTPaHU-
YEHHBIMU Pe3epBaMU OBICTPOTO Y CPABHUTEITb-
HO HECJIOXKHOTO €€ TI03TAaITHOTO HapalllMBaHUsT
Mpu HeOOJBIIUX 3aTpaTax CPeacTB, Tpyla
U BpeMeHU CylUT 3((PEKTUBHOCTh U B OyIy-
mem. ITpu HU3KOM ceOecTOMMOCTH KeIe3HO-
JIOPOKHBIX TEPEBO30K Y HAUMEHBIINX YICITb-
HBIX 3aTpaTax dHEPropecypcoB 3TO CaMbIid
0e30IMacHbBI U 3KOJIOTUYECKU YUCTHIN BUJT
TpaHcropTta. Bce 310 mpepornpenenuio mpu-
OPUTET XKeJIE3HOI TOPOTH ISl TPAHCTIOPTHBIX
koMmMyHuKarmii Cudvpu u JlansHaero Boctoka.
OHa craJyia KpaTyaiimm mytem yepe3 Cuoupb
Kk Txomy okeaHy: B Hauajie TpOIILJIOTO CTOJIe-
U 3T0 ObLT TpaHccuO, a B OC/IeAHEH YeTBep-
TU Beka — 1umoc U baiikaio-Amypckas maru-
cTpasb, elle 6oJjiee cokpallamias myTh
Kk Okeany (B cpenHeM Ha 500 km).



1.

B TeyeHue Beka MEHSUIMChH aKILIEHThI, HO
JIOMUHAHTBI OCTaBAJIMCh HEU3MEHHBIMU: BaXk-
HOCTb coopyxkeHus1 baiikano-AMypcKor xeses-
HOIOPOXKHOM MaruCTpaIu AJIs1 XO3SIHCTBEHHOTO
pasButusa Cubupu u JlaasHero Boctoka He
OTpUlIaJach, SKOHOMMUYECKas 1ieJecoodpas-
HOCTb €€ Ioipa3yMeBaiach, a BOGHHO-CTpaTe-
ruyeckas He0OXOAUMOCTh MOIYEPKUBAIACh.
W3MeHeHre TeonoJUuTUYEeCKON CUTyalluu
B Poccun, Bo3pactaHue 3HAYMMOCTH BOCTOUHBIX
paifOHOB KaK MCTOYHMKOB OOraTeHInX Mpu-
POIHBIX PECYPCOB U UX Teorpaduyeckasi 6Jiv-
30CThb K TMHAMUYHOMY PBIHKY A3uaTcko-Tuxo-
OKEaHCKOI0 peruoHa OIpeae/Iuin HeoOX0au-
MOCTb aKTUBHOTO XO3SMCTBEHHOI'O OCBOCHUS
HOBBIX TEPPUTOPUIA U B MIEPBYIO OUEPEab UME-
IOILMX XKeJIe3HOTOPOXKHYIO MHGMPACTPYKTYDY.

DTO MPUOPHUTET, KOTOPBIN TUKTYETCS Teo-
MOJUTUYECKMMU U S KOHOMUYIECKUMU MHTEPe-
caMH cTpaHbl. JlanbHeieMy 93 KOHOMUYECKO-
My IpOABMKEHUIO Ha BOCcToK Tpu3BaHa cro-
co0CTBOBaTh MOAepHU3aLUs TpaHCCUOUPCKOit
u baiikano-Amypckoii Maructpaneii. Moaep-
Hu3alus TpedyeT U pa3BUTUS DUPMEHHOTO
00CIy>KMBaHUS B TToe31ax, UAyIInX Ha Jlanb-
Huit BocTok. ®UpMeHHBII 110€3 — 3TO COB-
PEMEHHOE OCHAIlIEHMEe BAarOHOB U OPUTHHAJIb-
HBIIA [u3aiiH, BHICOKOKJACCHBIN CEpBUC
W LIIMPOKUI IiepedeHb YCIyT.

1 urons 2009 roaa mecTb (pUPMEHHBIX I10-
e3n0B OAO «P2K/I» 6bu11 iepeBeieHbI B KJ1acc
«[Ipemuym». X oTiiMuaeT MakKCUMaJlbHbIA
ypoBeHb KoMbopTa 1 HaaexxkHocTu. Bee Tpe-
ooBaHus K ¢pupMeHHbIM ntoe3gam CHI u ctpan
bantuu nznoxeHsl B mojoxeHuu «O pupmeH-
HOM ITacCaXXMPCKOM Ioe3ie». Bce oHM mepu-
OIMYECKU IIPOXOIAT nepearrecraiuio B I/,
Oco0eHHO 3TO KacaeTcs Moe310B, UAYIINX Ha
HanbHuii Boctok. Kaxknplii 3 HUX ohopMiieH
B 0COOOM CTUJIe, KOTOPBIN OTpaKeH Kak BO
BHEIITHEM, TaK U BHYTPEHHEM Iu3aiiHe, 1 uMe-
€T MHAMBUAYyaJIbHOE Ha3BaHUE (KaK MpaBUIIo,
CBSI3aHHOE C PETUOHOM, KOTOPBI 00CTyK1Ba-
€T Iopora, ero UCTOpUEH U TpaTULIUSIMU).

®dupMeHHbIe oe3na hbOopMUPYIOTCS U3
MaCCaXXUPCKUX BATOHOB, HAXOSIIIUXCS B DKC-
TUIyaTalyu He 6oJiee 12 JieT nocie mocTpoiku
WIM KamnuTaJlbHO-BOCCTAHOBUTEIBLHOTO pe-
MOHTa. B cocTaBe 00s13aTeIbHO €CTh BarOHbI
MOBBIIIEHHON KOM(OPTHOCTU CO Crielualb-
HBIM CEPBUCHBIM O0CTYy>KUBaHUEM,, CTOUMOCTh
KOTOPOTO BKJIIOUEHA B CTOMMOCTD Ipoe3a.
B 3aBrcHMOCTH OT KOMILIEKCA IPeIoCTaBIIsie-

MBIX YCJTYT BAarOHBI TIOBBITIIEHHOW KOM(OPTHO-
CTU TIOIPA3IEISIOTCS Ha 9KOHOMUYECKUIA,
Ou3Hec-KJIacc U JIoKC. B HecKonbkux hrupMeH-
HBIX COCTaBaX KypCUPYIOT BarOHbBI TIOBBIIIICH-
HOI KOM(OPTHOCTH KJ1acca JIIOKC (B BAaroHe —
YeThIpe KyTie, TTOJIbI C TTOJIOTPEBOM, OTIEIbHbIC
JIyIIeBble W TyaJleTHbIe KOMHaThI). On1HAaKO
YCTaHOBJICHHBIE CTAHIAPTHI TIJIOXO COOJTIONA-
JOTCST BO BHYTPUCUOMPCKUX TI0€31aX TaTbHETo
cieoBaHus, a TakkKe MaAyIux Ha JlambHuit
Bocrok u3 roponos Cubupu.

TToka ocHOBHas Macca moe3noB B 30He BAM
OTCTaeT He TOJIbKO OT MUPOBBIX CTAHIAPTOB, HO
U OT O0LIEepOCCUCKUX. TaKUM OPUEHTUPOM
MOXeT ciry>kuTh noe3n MockBa—IlexuH. Kax-
JTBIiA, KTO XOTh pa3 MyTeIIeCTBOBA Ha TaJIbHUE
PacCTOSTHUST TIO XKeJIe3HOW opore, 3HaeT, 4To
nopoii npuobpectu ometsl Ha JanbHuii Boc-
TOK He Tak-To Jierko. MMeHHO 1o3ToMy ObLI
BBEJIeH B 9KCIUTyaTaluio noess «Boctok». OH
COOTBETCTBYET BCEM OOILIETIPUHSTHIM TpeOoBa-
HUSM MEXIyHApPOIHBIX KeIe3HOTOPOKHBIX
nepeBo3ok. IlepBoe, uTo oOpailaeT Ha cebs
BHUMaHME,— 3TO BEJIMKOJICTTHBII BHEIITHUIA BUJT
TT0e3/1a: COCTaBbI UMEIOT SIPKYI0 OOPIOBO-0eTyI0
packpacky. Ha kaxkioM BaroHe HaJimvcy Ha IByX
s3bIKax (PYCCKOM M KHUTaliCKOM) O MapllpyTe.
[TpoBoIHWKM CIIEmAT 3a MOMIEPKaHUEM HIe-
JIBHOTO TIOpsiKa B BaroHax. K mosoxurenb-
HBIM MOMEHTaM CTOUT OTHECTH TaKXKe HaJTIne
TEJIEBU30POB B KyIle, MHAMKATOPA 3aHSITOCTU
TyaJieta, 9JIEKTPOHHOT'O Ta0J10, ITOKa3bIBaOIIIe-
TO BpeMsi, M1 UHAMKATopa TeMIlepatypbl. Bor
TaKWe CTaHAapThl HEOOXOIUMO BHEIPSTH
B YCKOPEHHOM TIOPSIZIKE BO BCEX TTOe31ax, Kyp-
cupytonumx yepe3 Cruoupsb Ha lanbHuil BocTok.

.

OmHUM U3 HaIlpaBJICHU ITOTbEMA 3KOHO-
MuKH 30HBI BAM moxer ctath Typusm. Or-
POMHBII MHTEpEC I MEXIYHapOIHOTO
M POCCUICKOTro Typusma npeactapistoT baii-
KaJIbCKOE KOJIBLIO, BKJIIOYAIOIIEe aHTapCKUe
I'BC, Bepxuss Jlena, Lapckas KotioBuHa,
CuxoTa-AJIMHb U JIPyTHe MecTa, 00JIaiaolye
3aMeyvaTeIbHbIMU PeKPEalliOHHBIMU YCJIOBU -
SIMU. YK€ HECKOJIBKO JIET TYPUCTCKUE (hUPMBI
MpemiaraloT 3KCKYPCUOHHbBIE MapIIPYTHI
B opT BaHWHO, MO CTAJIMHCKUM JIarepsim,
9K30TUYECKUE TYPHI O peKaM U o3epam [1pu-
aMypbs, padTrHr. OHOM U3 CaMBIX TIPUBJIE-
KaTeJIbHBIX obJacTeil siByisieTcsl 3abaiikaib-
CKUit Kpait. 371ech OTPOMHBIN TIOTEHIIUAT TI0
Pa3BUTHUIO BHYTPEHHETO TypuU3Ma, Mpuyem
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OykBaibHO Bcex BUIOB. Ho erie oueHb citadba
UHOPACTPYKTypa: BCe MEPXKUTCS Oyiarogapst
3aracy MpOYHOCTH €Ille COBETCKOTO TEPHOJIa.
To, 4TO OBLIO MTOCTPOEHO TOTIA, K COXAJIEHUIO,
yKe M3HOCWIOCH KaK (DU3NIEeCKU, TaK U MO-
paJIbHO, W JIaBHO HE OTBEYaeT COBPEMEHHBIM
MeXIyHapOIHBIM cTaHaapTam. Kpome toro,
B 3abalikaibe Moka ele Majaio TOCTUHUIIL, B Iep-
BYIO OUepe/ib, TYPUCTUIECKOTO Kiacca. OmHoi
U3 TIpo0JIeM SIBJISIETCS LieHa Ha OWJIeT, HaTrlpy-
Mep, OT MockBbl 10 YKThI, KOTOpast OoTOMBaeT
y JIIoJIell BCSKOE XeJlaHWe MpuexaTh clona
1 YBUJIETh CBOMMH IJTa3aMU MECTHBIE KPACOTBI.
[lepcrieKTMBEH 2KCTpeMaIbHBIN TYpU3M,
MOCKOJIbKY B BocTounoit Cubupu ectb u 0yp-
HbIE PEKU, U 03epa MHTEPECHBbIE — 3TO JUIS
BOAHUKOB. MeKKa anbnuHucToB — Kanapckuii
paiioH, Topbl, XpeOThl. C HUMU B CBSI3KE MIYT
CIIOPTUBHBIN TYpU3M, a Takke pblbaska —
OYeHb MHOTOOOEIIAIONINE HapaBIeHMS.
BaxxHo o0paTtuTh BHUMaHUE U Ha 9KOJIOTHYe-
CKUIi TypM3M, a BMECTe C HUM Ha CeJTbCKUI
Y 9THUYECKUI, ITOCKOJIbKY TYT €CTh 9BEHKMI-
cKkue, OypsATCKUE U CTapoOoOpsIIIecKue moce-
JIEHUsI, COXpPAaHUBIIIVE CBOW TPAJUIINU, KYJIb-
Typa ceMeicKux. MoxKHO pa3BUBaTh HAYIHBIN
Typu3M, B 3abaiikajbe HaXOASIT OCTaAaHKU
JIPEBHENTIINX XXKUBOTHBIX, (prtopbl. CyIiecTByIOT
YHUKAJIbHbIE MECTa, IJIe OOMTAET BIIEYATIISIIO-
1ee BUJ0BOE pa3HOOOpasue MTHUll, TpuiemM
MHOTHE U3 HUX 3aHeceHbl B KpacHyro KHUTY —
3TO yXe cepa MHTePECOB OPHUTOJIOTOB.
Tepputopusi, MO KOTOPO¥ ITPOXOAMT 3ariaji-
HbIl yuactok BAM, Bxomut B coctaB CTaHOBO-
IO Harophbs, SIBJISIIONIETOCST I0KHOW 4acThIO
Baiikano-CraHoBoii (pr3UKo-TeorpadmuecKoi
obsactu. Haropbe COCTOUT 13 CHUCTEMBI TOPHBIX
1IeTIeld, BBITSIHYTBIX C 3allaja-loro-3amnaaa Ha
BOCTOK-CEBEPO-BOCTOK 1 pa3NeJICHHBIX Y3KUMU
MEXTOPHBIMU TTOHVDKeHUSIMU. B 3amaiHoii ero
TTOJIOBUHE TIOJIHMMatoTCsl BepxHe-AHrapckuit,
Hemon-Ypanckuii, Cesepo- u KOxHo-Myii-
CKME XpeOThbl, BEPIIMHBI KOTOPHIX JOCTUTAIOT
2700 meTpoB. 31ech peodaagaloT UK XKU-
BOITMCHBIE O€3JIECHbIE BEePUINHBI — TOJIBIIBI,
YBEHUMBAIOIINE KPYThIe CKAJIMCTHIE XPEOTHI.
YV MHOrux XpedToB — MIJIO00pa3HbIE KPYThIe
IpeOHU C OCTPOKOHEUHBIMM TIMKAMU 1 3y0ua-
TBIMU BEPIIMHAMM, CKIIOHBI KOTOPBIX N3bEIEHBI
JIy0OOKMMU Kapamu. BcTpedaloTcst Kapsl 10
2—3 KM B TIOTIEpeYHMKE, BbICOTA MX 3aJHEH
CTEHKMU, yacTo oTBecHoM, nocturaer 500 m. Ha
JIHE JiexkaT o3epa auameTpom 1o 1 kM. [peGHu
1 BEPIIVHBI TOMHUMAIOTCST HaJI IHUILEM KapoB
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u nojuH Ha 500—1000 m 1 6onee. Hepenko oHu
YBEHYaHBl MHOTOYMCJIIEHHBIMU OCTaHIIAMU
BBIBETPUBAHUSI, IPUHUMAIOIIUMU (DOPMY TIPH -
YYIJTUBBIX CTOI00B U (puryp. XpeOThl U3pe3aHbI
TJIYOOKUMHU TPYITHOTIPOXOAUMBIMU YIIEbSIMU
W JIETHUKOBBIMU TPOTOBBIMU NOTMHAMU. CKJI10-
HBI XpeOTOB MPEACTABISIOT COOOI KPyThie
(MecTtamu cBbiie 60°) cKaThl, CMEHSIIOLIUECS
MHOTOCOTMETPOBBIMU CKaJTbHBIMU CTEHKAMM.
CKaTbl paccedeHbl MPSIMOTMHETHBIMM Xet00a-
MM, OTCTOSIIIUMMU JPYT OT Apyra Ha JECATKU
W COTHU MeTpOB. [10 HUM CXOHISIT CHEXHbBIE
JIaBUHBI, KAMHETIA/IbI, BOAHBIE TTOTOKMU.

B 1iensix coxpaHeHMs1 yHUKATbHOM TTPUPO-
16l CeBepHoro [Tpubaiikanbs coznanbl bapry-
3MHCKUMI TOCyJIapCTBEHHBIN 3aITOBEIHUK
1 OpoNMMXUHCKUI TOCYTapCTBEHHBIN 3aKa3-
HUK. TypucTOB 1aBHO TIpuBIIeKan bapry3uH-
CKUi1 xpebeT. DToMy CITOcOOCTBOBAIU JOCTa-
TOYHO YIOOHBIE TIOABE3IBI C TPEX CTOPOH:
bapry3uHckuii TpakT, o3epo baiikan u noanHa
BepxHeit AHrapsbl, 1o KOTOpO# MposioXeHa
Tpacca bAM.

OcBoeHUe palioHa HayalxoCh B KOHIIE
1950-x ronoB, HO MapUIPYTHI BOCHOBHOM MPO-
XOIWJIA TIO JOJTMHAM KPYITHBIX PeK — AJLIBI,
Tomrryner, Yimrona, @ponuxu, HamaMel ¢ ipe-
OJIOJIEHUEM HeCJIOKHBIX epeBaioB. Harbomnee
WHTEepecHas! IIeHTpaIbHasl 4acTh XpeOTa 10JIroe
BpeMsI OocTaBajach MaJOOCBOCHHON. JIuib
¢ 70-X ro10B MPUCTYITUIIU K OoJiee AeTaIbHOMY
ee uzyuyeHuio. [1pu aToM ObLI MpOoNiaeH LebIi
psii TIepeBajioB B BepXOBbsiX peK KabaHbs,
Anna, Tanunra, Jonacel, bonbiiue Kaprychs,
a TaKXKe COBEPIIIEHO BOCXOX/IEHUE HA HEKOTO-
pble TOCTIOJCTBYIOIIINE BepIIMHbBI. [Tpumeya-
TEJIbHO BOCXOXIEeHUE Ha ropy 2714 M ¢ miepe-
Bajla U3 BEPXOBbeB peku TammHra Ha JloJchl,
PacIoyIOKEHHOTO CEBEPO-3araHee BEPIIIMHbBI
(Ha Heil CTOUT TPUAHTYJISIIIMOHHBINA 3HAK
U CJIOXKEH TYD).

Bot nnpumep JIbKHOTO MapiipyTa, KOTOPbIi
MOXET OBITh CIIPOEKTUPOBAH U JIETOM KakK
MeIexXoaHbIi 10 o3epa baiikanx u mocenka
HwxHeanrapck. [Toxon HaunHaeTcd U3 cena
YeHua, LIEHTpaJIbHOM ycaabObl KOJIX03a «AH-
rapckuii» Hefganeko ot Tpaccbl BAM. Mapuipyt
3HAKOMUT C CEBEPHOIT YacThio bapry3suHckoro
xpebTa u o3epom baiikan. ITyTh jexur yepes
cesio Kymopa Ha o3epo MpkaHa, rjae HaxoauT-
csl OTHOMMEHHBIN KypopT. O3epo OKpYKEeHO
TTOPOCIIMMU TYCTHIM XBOMHBIM JIECOM TOPAMM:
¢ 1oro-Bocroka — CeBepo-Myiickoro xpeoTa,
C 3amaja U loro-3zamnajga — bapry3uHckoro.
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OTcrona BO3MOXEH TPEXITHEBHbBIN pauaIbHbIA
BBIXO/I IO peKaM YKYOJIKUT U HsTHIOHM K BBIC-
11eit Touke 3anagaHoi yactu CeBepo-Myiicko-
ro xpebTa — muKy 2561 M B BEPXOBBSIX PEKU
Kymopa. Ipyroii myTb 3HaKOMUT C TOJIBLIOBOM
30HOI ceBepHOro baprysuHa. OT ycTbsl pyubst
Vimor crryckatotces 2,5 kM 1o peke CBeTioit 10
BIaJICHYsI B HEe JIEBOTO IPUTOKA — BOrOMKTHI.
KpyTbie 3aneceHHble, MECTaMU CKaJlbHbIE
CKJIOHBI BILJIOTHYIO MOJCTYMNAIOT K peKe. DTO
YHUKaJIbHBIE TI0 CBOE KpacoTe MecTa, KOTO-
pbie TIPUBJIEKAIOT THICSIYU TYPUCTOB CO BCE
CTpaHbl.

1.

Koneuno, BAM 3anymanu, pasBegaiu,
CITPOEKTUPOBAJIN U, HAKOHEIT, TTOUTH TTOCTPO-
WJIW HE JUTST YIOBOJILCTBUSI TYPUCTOB U PeKpe-
aHTOB. Ho ang manbHei1ero pa3BUTHUs
Bocrounoit Cubupu u HanpHero Boctoka
OTPOMHOE 3HAYEHNE UMEET peKpeallnoHHast
3HAYMMOCTb PETUOHOB, PACTIOJIOKEHHBIX B HE-
TOCPEICTBEHHON OJIM30CTU OT MarucTpasiu.
WuTepecHoit 1t pPOCCUTCKMX 1 MTHOCTPAHHBIX
TYPUCTOB SIBJIIETCSI HETTOBTOPUMAsT KpacoTa
nipupoasl Cubupu, a Takke TepMabHbIC Jie-
YeOHbIE ICTOYHUKH,, KOTOPBIE OYeHB ITOJTIe3HbI
IJIs1 3M0poBbs. PekpeauimoHHbie 30HbI BAM
HaJI0 pacCMaTPUBATh KaK PeaIbHbIN MyTh pa3-
BUTHSI 5KOHOMUKM OJIaroiapst CO3MaHUI0 MaJTbIX
peKpearmoHHBIX penrpusaTuii. [Tpudem 3nech
BO3MOKHA KaK CTallMOHApHast peKpeariys (0m3
TEPMaJIbHBIX UCTOYHUKOB M OOTAThIX PHIOOIA
peK), TaK ¥ TPaH3UTHAs B HECKOJIbKUX ITyHKTaX,
1 MOOWJTbHAS.

Ve k 1977 romy B 30He 3aITafHOTO y9acTKa
BAM MuHepalibHble UICTOYHUKHU U JIEYEOHBIE
TPSI3U UCTIONIB30BAJTUCH KaK IUKUE KYPOPTHBIE,
Hekoropsie — ¢ XVII Beka. Tonpko B CeBepHOM
3abaiikanbe u [Tpubaiikaibe yctaHoBIEHO 17
TUTIOB MUHEPATBHBIX BOJ TISITH KyPOPTHO-pe-
KpealMoHHBIX paiioHOB. Ha 3amane kK ceBepy
oT Bogocbopa o03. baiikan Haxogutcs JleHo-
Kupenrckuit paitoH ¢ MpeKpacHBIMU TOPHO-
TaexXHbIMU nelizaxkamu MpkyTckoii obnactu
U TI0 KpaliHel Mepe IIeCThI0 TUTIaMU MUHE-
paJIbHBIX BOM. [IpUMEHSTIOTCST TOJIBKO pajiio-
aKTUBHBIC XJIOPUIIHbIE HATPUEBBIE PACCOJIBI
VYerb-Kyra, Ha Kotopbix eie B 1639 roay
Epodeem XabapoBbIM ObLT ITOCTPOEH COJIEBA-
PEHHBI 3aBoJ. baTbHEeoIOrMuecKuii 1 rpsize-
BOI KypOPT B 3TOM MECTe U3JIeUMBACT apTPUTHI,
0oJ1e3HU NeprdepruIecKoii HEpBHOM CUCTEMBI,
TUHEKOJIOTYECKUE.
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Typuctckue 6a3bl B YcTh-KyTe MoryT uc-
MOJIb30BATHCS JJIST TIEIIEXOMHBIX, BOTHBIX,
KOHHBIX MapIIPyTOB, JILDKHBIX, aBTO-, BEJIO-,
MOTOTPAHCITIOPTHBIX. MOXHO «3KCTUTyaTUpPO-
Batb» p. JIeny u ee nputoku. B nonune p. Ku-
peHra ecTh TOYHO TaKHe e BOJIbI, KaK B YCOJTbe
CubupckoM, Hampumep, Ha MpaBoM Oepery,
HarnpotuB c¢. Kimoun. XimopuaHsie cojieHble
BOJIbI BBIXOSIT IO MpaBOMy Oepery p. YibKaH
B 12 kM oT ycTbs. Bonbl Kimtoueit u Yibkana
PEKOMEHIYIOTCS U JTsI JIEYSHUST OTIOPHO-IBU -
raTeJIbHOM CUCTEMBI, U JIJIsl OPTAaHOB TTHIIIEBa-
peHus. B Oacceiine p. KupeHra HailieHbI
cyb(aTHBIE COJIOHOBAThIE BOIBI KPAMHCKOTO
U YIYMCKOTO THUIIOB U TIpeCcHbIE JiedueOHbIe
BOJIbI, HATIPUMEP, XJIOPUJIHBIE PaTIOHOBHIE
JIUTIOBCKOTO THTIA, OKA3bIBAIOIIIE PaccachiBa-
folllee JeiicTBHE, TTOBBIIIAIONINE UMMYHUTET,
Jievare 00JIe3HU OPTraHOB IBVIKEHUS, TTUIIIE-
BapeHus, cepate. Briiie moc. TapacoBo 1 He-
JTAJIEKO OT CT. YJIbKaH ecTb MyHOKCKUI UCTOY-
HUK MUHEPAJTLHOU BOMBI PEAKOTO B OBIBILIEM
CCCP TpycKaBelKOro TUra.

CeBepo-baiikanbckuit KypopTHO-peKpea-
LIMOHHBIN paiiOH PacIlOJIOKEH HA CEBEPHOM
nobepexbe baitkaia u B novHe p. BepxHsisg
AHrapa 1o ceBepHbIil CKJIOH bapry3uHckoro
xpe0Ta. TaeXHBIi ITOsIC C KeMPOBBIMU U KEPO-
BO-ITMXTOBBIMU JIECAMM ITEPEXOIUT B COCHOBO-
JIMCTBEHHUYHYIO TIPUOPEXHYIO MOJIOCY
C OCTEITHEeHHBIMHU JiecaMu. ONTUMaTbHBIX
U YIOBJIETBOPUTEIHHBIX TIOTO/I B TETLJIOE Bpe-
Mms — 130, B xomomgHoe — 140 mHeit. Boma B mio-
JIe—aBTyCTe Ha MEJTKOBOJIBSIX IIPOTPEBAETCS 10
18—23°C. TypucToB 31eCh XIyT pbIOHAS JIOBJIS,
($oTOOXO0TA Ha ITHLI, MEIUit, KOHHbIN, BOAHbIA
Typu3M — 10 nobepexbio baiikana, xpedtam
C BBIXOZIOM B ITOC. bapry3nH, a Takke B TTpOTH -
BOITOJIOXKHOM HarpaBJieHUH, B TOIUHY p. Ku-
peHra.

Wrak, 3amagHblii yyactok 30H6I BAM —
B TIEpCIIEKTUBE OoraTeifinas 6aTbHeoIornye-
cKasl IPOBUHIINSI, TOTHAsSI YXKe ceiiuac Kak JiIst
CITOPTUBHO-03I0POBUTENILHOIM PeKpearinu, Tak
M OTIbIXa Ha peKax, MaJIbIX U CPETHUX 03epax.
Pazymeercst, orpoMHOe 3HaUEHUE UMEET U Ca-
MO rpaHaro3Hoe 03epo baiikan. Tam pa3BuBa-
[0TCS CIIOPTUBHAS pbIbaika, 0XoTa, POTOOXO0-
Ta, COOMPATETLCTBO, TOPHBII TYPU3M.

A BeIb 9TO 1ake He TIOJIOBUHA YETHIPEXThI-
cauekunomerpoBoii BAM. Typusm MoxeT enie
ObICTpee pa3BUBAThCS Ha OCHOBE JIOTOBOPOB
C 3aMHTEPECOBAaHHBIMU TPENITPUSTUSIMU, OP-
raHW3alnusIMU, THOCTPAaHHBIMU (DUpMaMu
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U YaCTHBIMU JIMLIAMU. DTO JACT BOZMOXKHOCTh
MPUBJICYb TOTIOTHUTEIbHBIE CPEACTBA HA pea-
JIM3ALIMIO TIPOTPaMMBbI JaJIbHEMIIIETO XO3SIUCT-
BEHHOT'0 OCBOEHMSI 30HbI baiikano-Amypckoii
MarucTpasiu.

B koHI11e Bcell Tpacchl TYPUCTOB XIET BaX-
HEeWIIMii TaTbHEeBOCTOUHBIN TTOpT CoBeTcKas
TaBanb. XOT4 paiioH Moka elie ryboKo noTa-
LIMOHHBIN, OH 3aKJIaIbIBAET COOCTBEHHBIE
CpeICTBa Ha pa3BUTUE TYPUCTCKOU MHDpa-
CTPYKTYpBI. Y cocelieli Moab3yeTcsl UHTEPECOM
yXe TaBHO, O HEM €CTb MHMOpMaLUs Jaxe
B Karajiorax SImoHuu Uit ppl0akoB, OXOTHU-
KOB, JIIOOUTENIE SKCTpeMaIbHOTO OTAbIXA,
B TOM yucJe o 6a3ax Ha peke Kommu, a Takxke
0 JTIOJISIX, KOTOPBIE MOTYT OBITh MPOBOTHUKAMU
1 TI0OKa3aTh YHUKAJIbHbBIE YTOJIKU Kpasl.

V paiioHa ecTb 00JIbIION OaTbHEOI0THYE-
CKHWI1 MOTEHIIMAJ, Ha €ro TePPUTOPUUN HAXO-
JIATCST YHUKAJTbHbBIE TepMaJlbHbIE UCTOUHUKH
B BEPXOBBSIX peKU TYTTO, KOTOPHIE MO CBOEMY
COCTaBy TPUPABHUBAIOTCS K KABKA3CKUM MU-
HepaJTbHBIM BogaM. B cocenHeM BaHuHCKOM
paiioHe Ha 6a3e MOXOXUX TePMaTbHbIX UCTOY-
HUKOB JCHCTBYET CAHATOPUIA «]OpSTIMil KITIOU»
B noceJyike TyYMHUH, 10OpaThcs TyAa MOXHO
TOJIBKO Toe3a0M. LleHTpoM GabHeosornye-
CKOTO OTIbIXa IIaHupyetcs caenatbh CoBeT-
ckyto [aBaHb. [T03TOMY MEepCIIEKTUBbI PAa3BUTHS
peruoHa He MOTyT He BIievaT/isiTh. [IporpamMmmoit
pa3BUTUS TypU3Ma MpeaycMaTpUBaeTCs co3aa-
HUeE LIEHTPpa PeKPealliOHHO-03I0POBUTEIEHOTO
Typr3Ma Ha 6a3e Jie4eOHbIX UICTOUHUKOB. Msir-
KU KJTMMAaT, JOCTATOYHO YCTOWYMBasA MsTKast
31Ma 1 OOJIILIOE KOJTMYECTBO CHETa — OTJIMYHbIE
MPUPOIHbIE YCIOBYS IS PAa3BUTHS TOPHOJTBLK-
HOTO HampaBJIeHUsI, 3MMHUX BUIOB CITOPTA.
M ectb koMnaHus1, KOTOpask 3aHUMAETCs MPo-
JIBUKEHVIEM 2TOTO BUAA TYpU3Ma U UMEET OTBIT
TIOJTYYEHUST KPaeBbIX TPAHTOB.

E1ie ogHo HampaBieHue, KOTOPOe aKTUB-
HO TIpopabaThIBaeTCs — 3TO 3aX0/ B MOPCKOM
TTOPT OOJIBIITMX KPYU3HBIX CYJIOB, B TOM YKCJIE
MexayHapoaHbix. B KopcakoBo, HampuMmep,
Ooutee 20 TakuX 3aX0J0B 3aIJIAHUPOBAHO YXe
B 2017 ropy. YToOBI pa3BUBaTh 3TO HaIIpaBJie-
HUE, HEOOXOMUMO CO3[aTh TYPUCTUYECKYIO
CXeMy MapuipyTa Mo TeppUTOPUU pailoHa,
KOM@OPTHBIE YCIOBUS I TYPUCTOB, YI00-
HYI0 UH(PACTPYKTYPY, OTKPHITh HOBbIE Mara-

3UHBI, pa3paboTaTh CBOIO CYBEHUPHYIO MPO-
OyKIuo. MecTHasi afMUHUCTpaLUs ceityac
Haj 3TUM pabotaeT. MaciurabHoe pa3BUTHE
Typusma B Boctounoit Cubupu u Ha JlaibHem
BocToke BO3MOXKXHO TOJIBKO MPU HENPEPhIB-
HOM COBEPILIEHCTBOBAaHMH BCell MH(PPACTPyK-
Typbl baiikaio-AMypcKoil MarucTpaiu B CO-
YyeTaHUU C Pa3BUTUEM OCTaJbHBIX BUIOB
TpaHCIIOpTAa.

JBaroma Ha3am uctroHmIoCch 110 et Kpy-
robaiikaibCcKoii xene3Hoii nopore. JloctosiHue
oTpaciu, peruoHa 1 Beeli Poccun — «3o50tast
npsixkka Tpanccuba». Ha KB2XKJ[ Haxonutcs
oosiee 800 0OBEKTOB KYJBLTYPHOIO HAC/IEAMSI.
besycinoBHO, 3Ta JOopora nMeeT OOJIBIIIIE TIeP-
CMEeKTUBBI U1 pa3Butus Typusma. P2K]/] pery-
JISPHO MOCTYIAIOT MPEAI0XEHUS OT KOJIJIET U3
Kwurast 1 MoHronmu o6 opraHu3alym TYpUCTA-
YecKMX MapuipyToB B UpKyTck ¢ mocenienrnemM
KB2X]JI. MHTepec K ToMy YHUKAIbHOMY MECTY
BbICOK U BHYTpU Poccum. Tonbko B 2015 rooy
KB2X]JI mocetmmm 6osee 10 ThICIY YeIOBEK.
Jns mocTaBKM MHOCTPAHHBIX TYPUCTOB U3
Mounronuu u Kuras P2/ mnanupyeT opranu-
30BaTh CJICIOBAHNE TOTTOJIHUTEILHBIX BATOHOB
no Mpkyrcka B cocTaBax MeXIYHapOIHBIX
naccaxxupckux noesznoB «MockBa—IleknH»
u «MocksBa—Ynan-barop».

TMonynsipuzariust Xeae3HOI0POKHOTO Ty-
pusma, B yactHoct 1o KB2XKJI, mpunecer He
TOJIBKO HOBBIN UMITYIIbC B pa3Butuu BCXKII,
HO M CO31aCT OJIarONpUSITHBIE YCJIOBUS JUTS
SKOHOMUKHU PETMOHA U YKPEIJICHUS KYJBTyp-
HBIX CBsI3eii Mexkny Poccueii 1 mHoCTpaHHBIMU
TOCY/IapCTBaMU.
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BAIKAL-AMUR MAINLINE AND DEVELOPMENT OF TOURISM

IN EASTERN SIBERIA

Rappoport, Andrey V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The richest natural reserves that the Siberian and
Far Eastern regions have along the Baikal-Amur
Mainline (called in short in conformity with Russian
practices as BAM) make this zone more attractive for
tourists and people ready to go here for balneological

resorts, mineral waters, all kinds of mountain, water
and any other trips and excursions. Opportunities of
the region are assessed in the article, proceeding
from the really existing prerequisites for development
and outlined prospects for individual territories,
projects and spheres of activity.

Keywords: Baikal-Amur Mainline, Eastern Siberia, Far East, tourism, economy, development of new

territories, transport complex, development potential.

Background. Railways for the giant land areas
of our country, with different climatic and natural
conditions, uneven distribution of resources and
population are a mass, universal mode of transport,
which has great advantages. All-weather and year-
round operation in conjunction with high speeds
creates a huge daily and annual carrying capacity,
which, in combination with the almost unlimited
reserves of a fast and relatively simple step-by-step
increase at a small expense of assets, labor and time
promises efficiency in the future. With a low cost of
rail transportation and the lowest unit cost of energy,
this is the safest and most environmentally friendly
mode of transport. All this predetermined the priority
ofthe railway for transport communications in Siberia
and the Far East. It became the shortest route
through Siberia to the Pacific Ocean: at the beginning
of the last century it was the Trans-Siberian Railway,
and in the last quarter of the century —the Baikal-
Amur Mainline, which further reduces the way to the
Ocean (500 km on average).

Objective. The objective of the author is to
consider ways for development of tourism in Eastern
Siberia with the help of the Baikal-Amur Mainline.

Methods. The author uses general scientific
methods, comparative analysis, scientific
description.

Results.

I

The accents changed over the course of the
century, but the dominants remained unchanged:
the importance of building the Baikal-Amur railway
for the economic development of Siberia and the Far
East was not denied, its economic feasibility was
implied, and military-strategic necessity was
emphasized. The change in the geopolitical situation
in Russia, the growing importance of the eastern
regions as sources of the richest natural resources
and their geographical proximity to the dynamic
market of the Asia-Pacific region have determined
the need for active economic development of new
territories and, first of all, having a railway
infrastructure.

This is a priority that is dictated by the geopolitical
and economic interests of the country. The
modernization of the Trans-Siberian and Baikal-Amur
Mainlines is called upon to contribute to the further
economic progress to the East. Modernization also
requires the development of firm service in trains
going to the Far East. The named train is a modern
equipment of cars and original design, high-quality
service and a wide range of services.

OnJune 1, 2009, six named trains of JSC Russian
Railways were transferred to the «Premium» class.
They are distinguished by the maximum level of
comfort and reliability. All the requirements for

named trains of the CIS and the Baltic States are set
out in the Regulation «On the Named Passenger
Train». All of them periodically pass the re-attestation
in the FPD. Especially it concerns the trains going to
the Far East. Each of them is decorated in a special
style, which is reflected in both external and internal
design, and has an individual name (usually
associated with the region that the railway serves,
its history and traditions).

Named trains are formed from passenger cars
that are in operation no more than 12 years after the
construction or major repair. The train has necessarily
luxury cars with special service, the cost of which is
included in the fare. Depending on the range of
services provided, luxury cars are divided into
economic, business class and luxury. In several
named trains luxury cars of increased comfort (in the
car — four compartments, heated floors, separate
showers and toilet rooms) operate. However, the
established standards are poorly observed in long
distance trains in Siberia, as well as going to the Far
East from the cities of Siberia.

Currently the bulk of trains in the BAM zone lag
behind not only from world standards, but also from
all-Russian ones. As such a guide a train Moscow-
Beijing can serve. Everyone who has ever traveled
long distances by rail knows that sometimes it is not
S0 easy to buy tickets to the Far East. That is why the
«Vostok» train was commissioned. It complies with
all generally accepted requirements of international
rail transportation. The first thing that attracts
attention is the magnificent exterior of the train: the
trains have a bright burgundy-white coloring. On
each car there are inscriptions in two languages
(Russian and Chinese) about the route. Conductors
monitor the maintenance of the ideal order in the
cars. To the positive moments is also attributed the
presence of TV in the compartment, a toilet busy
indicator, an electronic display showing time, and a
temperature indicator. Such standards are to be met
in an accelerated order in all trains that run through
Siberia to the Far East.

1.

Tourism can become one of the directions of the
economic growth of the BAM zone. The Baikal ring,
which includes the Angara hydropower stations, the
upper Lena, Tsarskaya Kotlovina, Sikhote-Alin and
other places that have remarkable recreational
conditions, is of great interest to international and
Russian tourism. For several years, tourist companies
offer sightseeing routes to the port of Vanino, in the
Stalin camps, exotic tours along the rivers and lakes
of the Amur River, rafting. One of the most attractive
areas is the Trans-Baikal Territory. There is a huge
potential for the development of domestic tourism,
and literally of all kinds. But the infrastructure is still
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very weak: everything is held up by the margin of
strength of the Soviet period. What was built then,
unfortunately, already worn out both physically and
morally, and for a long time does not meet modern
international standards. In addition, in Transbaikalia
there are still few hotels, first of all, of tourist class.
One of the problems is the ticket price, for example,
from Moscow to Chita, which discourages people
from any desire to come here and see the local
beauties with their own eyes.

Extreme tourism is promising, because there are
stormy rivers in Eastern Siberia, and interesting lakes
are for watermen. Mecca of mountaineers is Kalarsky
region, mountains, ridges. Sport tourism, as well as
fishing — very promising directions, go with them in
a team. It is important to pay attention to ecological
tourism, and with it to rural and ethnic, because here
there are Evenki settlements, Old Believers, and
culture of descendants of Old Believers, Buryats who
have preserved their traditions. It is possible to
develop scientific tourism, in Transbaikal area the
remains of ancient animals, flora are found. There
are unique places where an impressive species
diversity of birds lives, and many of them are listed
in the Red Book — this is already the sphere of interest
of ornithologists.

The territory along which the western part of the
BAM passes belongs to the Stanovoe Plateau, which
is the southern part of the Baikal-Stanovoy physico-
geographical region. Highlands consist of a system
of mountain chains stretched from the west-
southwest to the east-north-east and separated by
narrow intermountain depressions. In the western
part of it, the Upper Angara, Delun-Uranian, the
North and South Muya Ranges rise, the peaks of
which reach 2700 meters. Here, wild, picturesque
treeless peaks dominate — loaches, crowning steep
rocky ridges. Many ridges have sawtooth steep
ridges with peaked vertices and crenellated peaks,
the slopes of which are corroded by deep crusts.
There are carats up to 2-3 km in diameter, the height
of their back wall, often steep, reaches 500 m. At the
bottom lakes with a diameter of up to 1 km are
located. The crests and peaks rise above the bottom
of the car and the valleys by 500-1000 m and more.
Often they are crowned with numerous weathering
remains, taking the form of quaint pillars and figures.
Ridges are cut by deep hard-to-pass gorges and
glacial trough valleys. The slopes of the ridges are
steep (in some places over 60°) slopes, which are
replaced by many hundred-meter rock walls. The
hillsides are dissected by rectilinear trenches,
spaced from each other by tens and hundreds of
meters. Snow avalanches, rockfalls, water streams
descend on them.

In order to preserve the unique nature of the
Northern Baikal region, the Barguzinsky state
reserve and the Frolikhinsky state reserve have been
established. Tourists have long been attracted to the
Barguzinsky Range. This was facilitated by quite
convenient entrances from three sides: Barguzinsky
tract, Lake Baikal and the valley of the Upper Angara,
along which the BAM route was laid.

The development of the area began in the late
1950s, but the routes mostly passed along the valleys
of the major rivers — Alla, Tompuda, Ulyun, Frolikha,
Namama with the passage of uncomplicated passes.
The most interesting central part of the ridge
remained for a long time underdeveloped. Only from
the 70’s more detailed study of it started. At the same
time, a number of passes were passed in the upper
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reaches of the Kabanya, Alla, Talinga, Dolsa,
Bolshaya Karpus rivers, as well as hill climbing to
some dominant peaks was performed. Itis interesting
to climb the mountain 2714 m from the pass from
the headwaters of the Talinga River to Dolsa, located
northwest of the summit (there is a triangulation sign
and a complex tour).

Here is an example of a ski route that can be
designed in summer as a pedestrian route to Lake
Baikal and the village of Nizhneangarsk. The trek
begins from the village of Chencha, the central
farmstead of the Angarsk collective farm near the
BAM. The route introduces the northern part of the
Barguzin Range and Lake Baikal. The path lies through
the village of Kumora to Lake Irkan, where the
eponymous resort is located. The lake is surrounded
by mountains overgrown with dense coniferous forest:
from the south-east — the North-Muysky ridge, from
the west and south-west — Barguzinsky. From here,
a three-day radial exit along the rivers Ukuolkit and
Nyandoni to the highest point of the western part of
the North Muisky ridge is possible — a peak of 2561 m
in the upper reaches of the Kumor River. Another route
introduces the bald mountains zone of northern
Barguzin. From the mouth of the creek Ulyug descend
2,5 km along the Svetly River to the confluence of the
left tributary — Bogodokta. Steep forested, sometimes
rocky slopes are close to the river. This is a unique in
its beauty places that attract thousands of tourists
from all over the country.

.

Of course, BAM was conceived, explored,
designed and, at last, almost built, not for the pleasure
of tourists and recreators. But for the further
development of Eastern Siberia and the Far East, the
recreational significance of the regions located in the
immediate vicinity of the mainline is of great
importance. The unique beauty of the nature of
Siberia, as well as thermal medicinal springs, which
are very useful for health, are interesting for Russian
and foreign tourists. Recreational zones of BAM
should be considered as a real way of economic
developmentthrough the creation of smallrecreational
enterprises. And here it is possible to create as a
stationary recreation (near thermal springs and fish-
rich rivers), transit at several points, and mobile.

Already by 1977, in the zone of the western section
of the BAM, mineral springs and therapeutic muds
were used as wild resorts, some from the 17 century.
Only in the Northern Transbaikal and the Baikal region
17 types of mineral waters of five resort and
recreational areas have been established. In the west
to the north of the catchment of Lake Baikal Leno-
Kirengsky area is located with beautiful mountain-
taiga landscapes of the Irkutsk region and at least six
types of mineral waters. Only radioactive sodium
chloride brines of Ust-Kut are used, on which, in 1639,
Yerofei Khabarov built a salt plant. The balneological
and mud resort at this place cures arthritis, diseases
of the peripheral nervous system, gynecological
diseases.

Tourist camps in Ust-Kut can be used for
pedestrian, water, horse routes, skiing, auto-bicycles
and motorcycles. It is possible to «exploit» river Lena
and its tributaries. In the valley of the river Kirenga
there is exactly the same water as in Usolye Sibirskoye,
for example, on the right bank, opposite to the village
Klyuchi. Chloride salty waters overlook the right bank
of the river Ulkan 12 km from the mouth. The waters
of Klyuchi and Ulkan are recommended both for the
treatment of the musculoskeletal system, and for the
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digestive organs. In the basin of the river Kirenga there
are sulfate brackish waters of the Krainian and Uchum
types and fresh medicinal waters, for example,
chloride radon-type Lipov type, which have a resolving
effect, increase immunity, treat diseases ofthe organs
of motion, digestion, and heart. Above the village
Tarasovo and not far from the station Ulkan there is
the Munok spring of mineral water of Truskavets type,
rare in the former USSR.

The North Baikal resort and recreational area is
located on the northern coast of Lake Baikal and in
the valley of the river Upper Angara along the northern
slope of the Barguzinsky Range. The taiga belt with
cedar and cedar-fir forests turns into a pine-larch
coastal strip with steppe forests. Optimum and
satisfactory weather in warm weather is 130, in cold
weather — 140 days. Water in July—August in shallow
waters warms up to 18-23°C. Fishing, photo hunting
for birds, foot, horse, water tourism — along the coast
of Lake Baikal, ridges with access to the village
Barguzin, as well as in the opposite direction, to the
valley of the river Kirenga are for tourists here.

So, the western part of the BAM zone is in the
future, the richest balneological province, which is
now suitable both for sports and recreational activity,
and recreation on rivers, small and medium lakes. Of
course, the great Lake Baikal itself is of great
importance. There, sport fishing, hunting, photo
hunting, gathering, mountaineering are developing.

But this is not even half a four-thousand-kilometer
BAM. Tourism can develop even faster on the basis
of contracts with interested enterprises, organizations,
foreign firms and individuals. This will provide an
opportunity to raise additional funds for the
implementation of the program for further economic
development of the Baikal-Amur Mainline.

At the end of the entire route the most important
Far Eastern port of Sovetskaya Gavan awaits tourists.
Although the district is still deeply subsidized, it lays
its own funds for the development of tourist
infrastructure. The neighbors have been interested in
this area for a long time already, there is information
about it even in the catalogs of Japan for fishermen,
hunters, extreme rest lovers, including the camps on
the Koppi River, as well as about people who can guide
and show the unique places of the region.

The region has a great balneological potential,
on its territory there are unique thermal springs in
the headwaters of the Tutto River, which in their
composition are equated with the Caucasian mineral
waters. In the neighboring area of Vanino, based on
similar thermal springs, the «Hot Spring» sanatorium
operates in the village of Tumnin, you can get there
only by train. Itis planned to make Sovetskaya Gavan
the center of balneological rest. Therefore, the
prospects for the development of the region are
impressive. The tourism development program
provides for the creation of a center for recreational
and health tourism on the basis of medical sources.
A mild climate, a fairly stable mild winter and a large
amount of snow are excellent natural conditions for
the development of the skiing area, winter sports.
And there is a company that promotes this type of
tourism and has an experience in obtaining regional
grants.

Another area that is being actively developed is
the call to the seaport of large cruise ships, including
international ones. In Korsakovo, for example, more
than 20 such calls are planned as early as 2017. To
develop this direction, it is necessary to create a
tourist scheme of the route through the territory of
the district, comfortable conditions for tourists,
convenientinfrastructure, open new shops, develop
own souvenir products. The local administration is
now working on this. The large-scale development
of tourism in Eastern Siberia and the Far East is
possible only with the continuous improvement of
the entire infrastructure of the Baikal-Amur Mainline
combined with the development of other modes of
transport.

Two years ago, the Circum-Baikal Railway (CBR)
was 110 years old. The achievement of the industry,
the region and the whole of Russia is the «Golden
Buckle of Transsib». There are more than 800 cultural
heritage sites on CBR. Of course, this railway has
great prospects for the development of tourism.
Russian Railways regularly receive proposals from
colleagues from China and Mongolia on the
organization of tourist routes to Irkutsk with a visit to
the CBR. Interest in this unique place is also high in
Russia. Only in 2015 the CBR was visited by more
than 10 thousand people. To transport foreign
tourists from Mongolia and China, Russian Railways
plan to organize the movement of additional cars to
Irkutsk in the international passenger trains Moscow—
Beijing and Moscow-Ulan Bator.

Conclusion. The popularization of railway
tourism, in particular on the CBR, will not only bring
a new impetus to the development of the East-
Siberian Railway, but also create favorable conditions
for the regional economy and strengthen cultural ties
between Russia and foreign countries.
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Mpo6nema TPyAoBO U coLunanbHOM
MOOGUIBHOCTY JIIoAEli B YCIIOBUSIX
9KOHOMUNYECKOV HeonpeaenEéHHOCTN

¥ noucka cTpatervii 3KkOHOMUYeCKOro pocta
npuobpeTtaet Bce 606/bLUYIO aKTYaslbHOCTb.
Mpu4yém Ha s3bike TPaHCNOPTHUKA peYb

B AaHHOM cJjly4ae AOJDKHa UATU O TOYKax
«MPUTSDKEHUSI NaccaXxupornoToka». B cratbe
PaccMoTpeHbl BOMPOChHI PaCLUNPEHNS

U yKpernieHUsi KOMMYHUKaLUOHHBIX

cBsi3eii moaen 3a CYET yyylieHus

cepBuCa v NPe[oCTaB/IEHNS] KITUEHTaM
KOMOWUHUPOBaHHbIX TPAHCMOPTHO-
norucTuyeckux ycayr. UHctpymeHTom
peLueHns1 CTOJIb KOMITJIEKCHOM 3aAa4v
npeanaraeTcs opraHnu3aumns PernoHaabHoOn
TPaHCJ/IOrMCTUYECKOM NaaTgdopmbi —
ceTeBoro 3KOHOMU4€CKOro NnpPocTpaHCcTBa
B3anmMonericTBUS U Koornepaunn TPaHCMOPTHbIX
KOMIMaHWii Ha OCHOBE NHTErPUPOBaHHOIO
noaxona K o6¢nyxuBaHUIO HaceneHus

v coBpeMeHHbIX UHPOPMaLIMOHHbIX
TeXHOJIOrnii.

Knroyesbie cnosa: MOGUIIbHOCTb, TPAHCMIOPTHO-
JIOrUCTUYECKIME YCIYru, Liern co3aaHus
CTOMMOCTY, TEXHOJIOrMYecKkasi UHTerpaLms, Moaesib
WHTEerpupoBaHHOro rnoAxoza, cetesas koonepawums,
TpaHcaorMcTuYeckas naaropma.
|
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CuOupckasa TpaHcnorucTuyeckas
nnatdopma:
MHBECTULMOHHOW NPUBJIeKaTEeNIbHOCTHU

WHCTPYMEHT

Iyu Arexceii Bacuavesuu — 3amecmument Ha4aAbHUKA
no aKoHomuKe u gunancam 3anaono-Cubupckoeo
Gunuana AO «Dedepanvhas naccaxrxcupckas
Komnanus», Hosocubupck, Poccus.

ajiaya TpaHchopMaIii MOOMJIBHOCTH

JIIOIEN B YCTOMYMBBINA SKOHOMUYECKUIA

POCT POCCUMCKUX PETUOHOB YITUPAET-
CsI B HETPUBUATBHBIN IIpo1iecc (OpMUPOBAHIST
OECILIOBHOTO CETEBOIO MPOCTPAHCTBA MEXIY
pPa3IUYHBIMU PETYJISIPHBIMU BUIAMM TPaHC-
noprta ¥ odecrnevyeHns KOMMYHUKALUK LeHT-
POB MacCOBOTO MTPOXKUBAHMS JIIOJIEH C LIEHTpa-
MU TIPOM3BOICTBA 0310POBUTETbHO-TYPUCTU-
YECKUX, HAyYHbIX, KYJBTYPHO-I0CYTOBBIX YCIIYT
(TouKaMu TIPUTSIKEHUS MACCAKUPOIIOTOKA).
IIpencrasieHre naccakUpCKOW TPAHCITOPTHOMU
YCJIYTU B KOMIUIEKCHBIX TPAHCIOPTHBIX CXEMax
peruoHoB Poccuiickoit Denepaiyu Kak coc-
TaBIIIONICH B IeTIouKax (hOPMUPOBAHUS T0-
0aBJIEHHOU CTOMMOCTH U €€ ONTUMM3AIINN 3a
CUET mepepacnpeaesieH1s YaCTU CTOMMOCTH Ha
COMYTCTBYIOIIIME, KOMILIEMEHTAPHbIE CEPBUC-
HbIE YCIYTU, a TAaKXKe YCIYTH, KOTOPbIe UMEIOT
0oJiee BBICOKYIO 100aBAEHHYIO LIEHHOCTD LIS
TOTPEeOUTEIS B LISTTH €IMHOTO (0OIIEro) Ipe-
JIOKEHMUSI.

B aToM npoliecce BaXKHYIO pOJib BBITTOJIHS -
€T JIOTUCTUKA — B COBPEMEHHBIX YCIOBUSIX HE
MPOCTO MHCTPYMEHT MOKMCKa ONMTUMAJbHOIO
pelIeHMs TPAHCIIOPTHOM 33J1a41, 2 TEXHOJIOTUST
yIpaBIeHMS LIeMSIMU CO3AaHUS CTOUMMOCTH. To
€CTb BBITIOJTHIEMYIO €10 3a1a4y MOXKHO Tpe-



CTaBUTb KaK KJTI0YeBYI0. JIorucTrkKa, yrpansist
CETEeBBIM B3aMOJICHICTBUEM YUACTHUKOB B 11e-
1 HGOpMUPOBAHUS TOTPEOUTETHCKOM LIEHHO-
CTU, BOBJIEKasi HOBBIE PECYPCHI, Mpejiaras
HOBBIE TIPOIYKTHI, OXBaThIBasi HOBbIE PHIHKU,
caMa ctaHOBUTCS 3 GHEKTUBHBIM UHCTPYMEH -
TOM JUUISI CTUMYJIMPOBAHUST TIPOU3BOJICTBA
U notpedneHus [1, c. 5].

B pamxkax mpenmnosiaraeMoii KOMILIEKCHOMN
3a/1a4d HEOOXOIMMO BBIIEIUTH CIEAYIONINe
HarpaBJICHUS:

1. ®opMupoBaHUE €IMHOTO WJIA OOIIETO
CTaHAapTa KayecTBa 00CTYKMBAHUS ITaCCaXKU-
pOB.

2. TeXHOJIOTMYECKYI0 MHTETrpaluio yyacT-
HUKOB TPAHCITOPTHOTO OM3Heca M yYaCTHUKOB
Henu (popMUpoBaHus 100aBIEHHONH CTOUMO-
CTH.

3. ®opMUpOBaHUE ONTUMAIBLHON Mapiil-
PYTHOIi CETH Ha OCHOBE PETMOHAIBHON U Me-
SKIyHApOIHOW KooTlepaluy OM3Heca U KOM-
TJIEMEHTapHOCTH YCIIYT,

Ilepsoe nanpasaenue: popmuposarnue eouHo-
20 Uunu 00ueeo cmandapma Kavecmea 00CAyHcu-
8AHUS NACCAICUPOB.

B cooTBeTcTBUU CO CTPYKTYpHOI pedop-
MO# (enepalbHOTO XEJIE3HOAOPOKHOTO
TpaHCIIOpTa, YTBEPKIEHHOM MOCTAHOBIEHUEM
npaBuTenabcTBa OoT 15 Mas 1998 rona, nenesast
(byHKIIMST peopraHU3alMyU MMacCaXXMPCKOTO
X034iicTBa OblIa OMNpeeieHa KaK CO3qaHue
YCJIOBUI TSI IEMOHOTIONM3AIMY OTAEIbHBIX
chep AesATEIbHOCTU XKEJE3HOIOPOXKHOTO
TPAHCTIOPTA, Pa3BUTHSI PHIHOYHOI KOHKYPEH -
MU ¥ COKpallleHue 3aTpaT, (GMHAHCUPYEMBIX
3a cY€T Tapuda Ha MepeBO3KU, IyTEM yCTpaHe-
HUSI TIEPEKPECTHOTO CYOCHIMPOBAHMS Pa3TIY-
HBIX BUJIOB TIEPEBO30K, a TaKXe BBEICHMUS
O10KeTHOTO (hpMHAHCMPOBAHUS 3aTpar Ha
YIOBJIETBOPEHHUE OOIIECTBEHHBIX ITOTPEOHO-
creit [2]. TIpeobpazoBaHUsI KOCHYJIUCH BCEX
noapazaeneHuii OAO «PXKJI», cBI3aHHBIX
C OpraHu3alueil npolecca oKazaHUsl TpaHC-
TOPTHBIX TTACCAXKUPCKUX YCIYT HACEICHUIO:
00pa3oBaHbl MPUTOPOAHBIE MACCAKUPCKUE
JKeJIE3HOIOPOXKHbBIE KOMIIAHUM, TUPEKIINN
JKEJIE3HOJOPOKHBIX BOK3AJIOB U MACCAKUPCKUX
00yCTpOICTB U T.1. B pamkax TpeTbero aramna
pedopMHUpoBaHUs TTacCcakUPCKOTO OU3Heca
OAO «PX]I» B 2010 romy 66u10 06pa3oBaHO
OAO «®ITK».

HecmoTtpst Ha To, 4TO B paMKax XOJIMHTA
«PXK]I» maccaxxupaM OKa3bIBAIOT YCJIYTU 0-
YepHUE W 3aBUCUMBbIE KOMIIAHWM, KIMEHTHI
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3a4acTylo CTaJIKMBAIOTCSI C TIPOTUBOPEUMSIMU
1 HECOOTBETCTBUEM CTAHIAPTOB Pa3HBIX CTPYK-
TYPHBIX ITOIpa3/IeJICHUH, YTO MEIIIaeT 11eJI0CT-
HOMY BOCIIPUSITUIO KOPTIOPATUBHBIX HOPM
U moJjioXeHuil. B KauecTBe mpuMepa Takux
MPOTUBOPEYMIT U HECTHIKOBOK MOXKHO TTPUBE-
CTH CJIEAyIOIIIee:

1. OtcyrcTBUE enuHON TIaTGOPMBI MO
Tpoaaxe MPOe3AHBIX JOKyMeHTOB. [Tponaxa
OMJIETOB Ha TI0€3/1a NaJIbHETO CJeA0BaHUS
OCYIIIECTBIISIETCST Yepe3 COOCTBEHHOE MOOWITb-
HOe mpwioxeHue U ouranbHbiii cait OAO
«P2K]1», mpuropogHble KOMITaHUM, KaK Tpa-
BWJIO, TIPOJIAIOT MPOE3IHbIE JOKYMEHTHI 4epe3
KaccoBbIE OKHA.

2. PacnpenenenHass uHdpacTpyKTypa 1ist
TPUTOPOIHOTO 1 IaTbHETO maccaxupa. JJormy-
ctuM, B HoBoKy3HellKe, 4TOOBI Maccaxxupy
TPUTOPOIHOTO TT0e3/1a TIEPEUTH Ha COCETHUN
ITyTh 1 TIPOIOJIKUTH TTOE3/IKY Ha TToe3/1e Talb-
HETO CJIeIOBaHMsI, Hy>KHO TIPEOI0JIETh PACCTO-
sHue 6osiee 500 MeTpoB, MPONTU Yepe3 ABa
BOK3aJIa ¥ HECKOJIKO Pa3 MOMHITHCS U CITy-
CTUTBCSI TI0 JIECTHULIAM.

3. OTCyTCTBUE €IUHOMI TPOTPAMMBI JTIOSUTb-
Hoctu. [laccaxkupsl noe3noB PenepanbHOR
MacCakKMPCKO KOMITAaHUH, @ TAKKE HEKOTOPBIX
COCTaBOB, TIPUHAUIEKAIIUX TUPEKIIUA CKO-
POCTHBIX COOOIICHUI, UMEIOT BO3MOXHOCTh
HaKarIMBaTh Oajuibl 32 MPUOOPETEHHbBIE OuIe-
ThI. [Tpr 3TOM TaKo#1 BO3MOXXHOCTH HET Y T1ac-
CaXXMpPOB MPUTOPOIHBIX MOE3T0B, a TakKxkKe
COCTaBOB TACCAKMPCKOI KOMITAHUY Ha OCTPO-
Be CaxasiiH.

4. OTcyTcTBUE AMHBIX MH(MOPMAIIMOHHBIX
cepBUcoB. Tak, cepBUC MO OPOHUPOBAHUIO
TOCTUHUIL 1 OTejelt, paboTaloluil Ha caiiTe
OAO «PXK]I», He MO3BOJISIET 3a0POHUPOBATh
HOMEpP B KOMHATaX OT/bIXa, PACITOJIOXKEHHBIX
Ha BoK3aJiax.

5. OTCcyTCTBHE €MUHBIX CTAHAAPTOB JIEKT-
POHHBIX JOKYMEHTOB JIJIsl TIPOE3IHBIX M MHBIX
YCIIYT, OKa3bIBAEMbIX KOMITAHUSIMU XOJIIUHTA
«P2K».

Kax ciencrBue, Mexmy maccaxkxupckoi
WHOPACTPYKTYPOU XOJAUHTA U TIPOYUMU
YYaCTHMKAaMU PhIHKA HEJOCTAaTOYHO Pa3BUTHI
CEPBUCHO-JIOTUCTUYECKHE YCITyTH, OTCYTCTBYET
9KOHOMMYECKas MOTUBAIMS K MHTETpallun
MACCAXUPCKON TPAHCITOPTHOU MHGPACTPYyK-
Typbl. [loTpedureb He UMeeT BO3MOKHOCTU
TTOJTyYUTh CKBO3HOI CEPBUC IIPU OpraHU3alun
COOCTBEHHOTO TYTEHIECTBUSI, KOTOPOE TIpe-
roJjlaraeT MCIoJjb30BaHUE BCEX BO3MOXKHBIX

lN'yu A. B. Cubupckas TpaHcnormcTuyeckasa nnarhpopma: MIHCTPYMEHT UHBECTULIMOHHOW
npuUBNeKaTesnbHOCTU
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PEryJIsSIpHBIX BUIOB TPAHCIOPTA, IPEEMCTBEH-
Hy10 (T10 JIOTMKE, IPUPOJIE CBOEH!) Tiepecamoy-
HYIO ¥ CIIpaBOYHO-MHMOOPMAIIMOHHYIO MH(ppa-
CTPYKTYpY.

J71s1 BBIpaOOTKM €IMHBIX CTAHZAPTOB 00-
CITy>KMBaHUS TACCAXKUPOB U OMPENEICHUS UX
00513aTeNbHBIX U O0S3bIBAIOIINX COCTABJISIO-
IIUX CJIeAYeT MEePEUTU OT MPENCTABICHUS
TPAHCIIOPTHOW YCJIYIW KaK MEePEeBO3KU
K ycJIyre, KOTOpasi BKJIOYAeT BCe NEVCTBUS,
KOTOPBbIE HOJXKEH COBEPIIUTH YETOBEK OT
3Tana OCO3HAaHUS HEOOXOAMMOCTHU MOE3IKU
U BbIOOpA BUA TPAHCIIOPTA 10 IPUOBITUS HE
TOJIBKO Ha CTAHLIMIO PEIBbCOBOTO MapIIPyTa,
HO U 10 MeCTa Ha3HAYEHUS.

ITogo6Has cxema TPaHCIIOPTHOTO OU3-
HeC-TPOoLecca MPENCTaBIsIeTC KaK IKOHO-
MUYECKOE MTPOCTPAHCTBO CETEBOTO B3aUMO-
NEMCTBUA KOMMAHUU U TIPEaONpeneasieT
BKJIIOYEHUE B UHTETPUPOBAHHYIO MOZEIb
NAacCaXUpPCKOM TPAHCIIOPTHOM YCIYIM pas-
JIMYHbIE OPTaHU3alUU: IEPEBO3YUKOB, HE-
MOCPEICTBEHHO OCYILIECTBIISIIOIUX TPAHC-
MOPTHOE 00CIYXMBaHUE, TPEANIPUSITUAS UH-
(bpacTpyKTyphl 1 CEPBUCHOTO COTIPOBOXKIE-
HUS MOTpeOuTeNss — UHTEPHET-CANTHI,
NOUCKOBBIE CUCTEMBI, TYPUCTUUYECKUE
areHTCTBa, areHTCTBA IO MPOJAXe MPOe3I-
HBIX JTOKYMEHTOB, JOCTaBKE MaccaxupoB
K MECTy OTIIpaBJICHUS, yIIaKOBKE U TpaH-
CHOPTUPOBKE Oaraxa u T.1.

OnuH U3 Croco00B CTAaHAAPTUZALINY 11e-
MOYKU TPAHCIIOPTHOM YCJIYTHY U €€ YCIIOBHOM
LIEHHOCTHU 3aKJII0YAETCS B COCTaBJIEHUHU T10-
CJIeIOBATEJIbHOTO OMUCAHUSI BCEX ITAMOB,
KOTOpbIE TOTPEOUTETN TIPOXOAST MIPU TTOTY-
YEHWU TOW WJIN UHOM 3aIaHHOM yCIIyTu. OTn
5Tanbl BU3YaJIbHO OTOOpaxaloTcs B BUIE
omox-cxemsl (puc. 1). Takoit moaxom u3sec-
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Puc. 1. Mogenb MHTErpPUPOBaHHOIO NOAXoAa K MEHEDKMEHTY yCJIyr.

TEH KaK MOJIeJIb UHTETPUPOBAHHOIO MOIX0Aa
K MeHemkmeHTy yeryr — 8Ps [3, ¢. 34].

Kaxnplii aTan ueny co3gaHus MoTpedu-
TEJIbCKO IIEHHOCTH HEOOXOIUMO OTIPEESIUTh
KaK CTaHJapT, KOTOPBIA JOJDKEH CTaTh LieJie-
BbIM OPUEHTUPOM JJIs1 XKEJTE3HOLOPOXKHBIX
NaccaXUpCKUX MEepeBO3YMKOB U BKIIIOYATH
TEXHOJIOTUYECKNE W HOPMAaTHUBHbBIE TPEOOBa-
HUS K UHTETPUPOBAHHOU CHUCTEME MOUCKA,
cOopa TUIaThl 3a MPOE3[I, TPAHCIIOPTHO-MEepe-
CalloYHOM, CIIPaBOYHO-UH(OPMAIITMOHHOM,
MPETEeH3NOHHON MH(MPACTPYKType U BCEM CO-
MYTCTBYIOIIUM ITPOLIECCaM, a TAKXKE BKJIIOYATh
OLIEHKY YIOBJIETBOPEHHOCTH MaCCAXKUPOB.

CereBas Koorepalnyst KOMITAaHWI — y4acT-
HUKOB LIETIU CO3JaHUS] CTOUMOCTU TPAHCIIOPT-
HOW YCTYyTU aKTyaJu3upyeT MOTPeOHOCTU
B YHUBEPCATU3AIUY JIMYHBIX OM3HEC-TIPOLIEC-
COB 1 (DOPMUPOBAHUY HOBBIX OTKPBITHIX CETE-
BbIX npaBwi. Kak MUHUMYM, UHTETPUPOBAH-
Hasl cucTeMa AUCTPUOYLIMU J0JKHA 001a1aTh
Ha0OpOM CJIEAYIONINX XapaKTePUCTUK: TIPE-
JlaraTb JaHHbIE O HAJIMYUU MECT BCEM 3aUHTE-
PECOBAaHHBIM CTOPOHAM MO YKA3aHUIO Iepe-
BO34YMKa (HACeJIEHUIO, areHTaM, UHBIM Tiepe-
BO3YMKAaM); BCE OTIepaIiy TPOBOIUTH B KU -
M€ PEaJIbHOTO BPEMEHU; OPOHUPOBAHUE MECT
OCYLIECTBJISIETCS] HA OCHOBE YCJIOBUIA, BBICTAB-
JISIEMBIX IEPEBO3YMKOM; TOCTOSIHHO IEACTBYET
cepBep NepcoHUGUIIMPOBAHHOTO yUYeTa Tac-
CaXUPOB U IOPUINYECKU 3HAYUMBI 37IEKTPOH-
HBII TOKYMEHTOOOOPOT C yYaCTHUKAMU Mepe-
BO30YHOTO MTPOIIECCA; CUCcTeMa 00sI3aHa UMETh
MeXTUTaT(OPMEHHBII, OTKPBITHII 1 paCIIIAPSI-
€MBI1 TPOTOKOJT 0OMeHa nH(hOpPMAIIeit MeX-
Jly BCEMU YYaCTHUKAMU PbIHKA TPAHCTIOPTHBIX
M MHBIX ycayr [4, c. 79].

B Takoii cereBoil Koorepaluu caMoCTOsI -
TeJIbHOE 3HAUYEHUE TIPUOOPETAET UCTTONIb30Ba-
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HUE OOIINX TeXHOJIOTMYECKUX CTaHIApTOB
U PETJIAMEHTOB, U CJIeIOBaTeTbHO, HEU30EXKHO
(bopmupoBaHue 0011Ieli OTIepaIIMOHHOM TUIaT-
(bop™mpbI, KOTOpast TO3BOJISIET KOHCOJIMIMPOBATh
aKTUBBI, NoJTy4aTh 3(pdekT macuirada, odec-
TIeYBaTh KAYECTBO CEPBUCOB P KOHKYPEHT-
HBIX U3IEPXKKaX.

Bmopoe nanpaéaenue: onepayuoHHas
naamgopma y4acmHuKko8 mpaHcnopmuo2o
busHeca yenu gopmuposanus 0006aaeHHOU
cmoumocmu.

Ha coBpeMeHHOM 3Tarie pa3BUTHsI OOIIIE-
CTBa ITOIOOHBIE MHTETPAIIMOHHBIC BOBMOXKHO-
CTU OTKPBIBAIOTCSI IIPU MCIIOJIB30BAHUN CETe-
BbIX UH(OPMAIIMOHHBIX TEXHOJIOTUM, a TAKXKe
TakuX (haKTOPOB, KaK BCeOOI1[asi MOOMIU3ALIUS
HaceJeHus U uHTepHeT. Jltoau Bce Oosiblie
XOTAT UMETh BO3MOKHOCTb OOJIETYUTH CBOIO
JKM3Hb C TTOMOIIBI0 MOOMTBHBIX TTPUIOKCHII
U 3JIEKTPOHHBIX TexHOI0THi1. OHU obecreun-
BalOT YIIPOIIICHNEe KOMMYHMKATUBHBIX CBSI3ei
¥ TOUCK HYXXHBIX pelieHuii. MoOuIbpHbIe
CEPBUCHI, 00JIeryarolre nporecchl OpOHUPO-
BaHUS ¥ IPUOOPETEHNUS IIPOES3THBIX TOKYMEH-
TOB, SIBIITIOTCSI B 9TOM CJIydae MUHUMAJIbHBIM
TpeOOBaHMEM IIJIST COXpaHEHMST KOHKYPEHTO-
CcrocoOHOCTU nepeBo3unKoB B XXI Beke.

Wcnonb3oBaHre 00IIMX TEXHOJIOTMYECKUX
CTaHIAPTOB U PETJIAaMEHTOB, OTKPbHIBAsI TOTION -
HUTEJIBHBIE BO3MOXHOCTH B IIOCTPOSHUH HO-
BBIX KOMOMHALIMIA YCIIYT, B TO K€ BpeMsI HaKJ1a-
IBIBACT I CBOM TPEOOBAHMS Y OTPAHIYCHMST —
MpearojaraeT Ha KaxJaoM 3Tare CO3JIaHus
J100aBJI€HHON CTOMMOCTH HEOOXOIAUMOCTh
COTJIACOBAHMSI MHTEPECOB MEKITY y9aCTHUKAMU
ceTeBoii koornepauuu. Poib mogo6Horo cora-
COBaHMSI 00ECIICUNBAIOT KOMITAHNM-MHTETPa-
TOPBI, TIPEACTABIISTIONINE MHTEPHET-TTOPTAJIBI,
CHCTEMEI TTOMCKA MH(pOpMAaIH, TI00ATbHBIC
cucteMbl guctpudbyimu (GDS u EDS), unrer-
paTOPHI TAKCH M T.1I.

C TOYKM 3peHUST YeJIOBEKa, KOTOPHBIi CTa-
HOBUTCS TI0JIb30BaTeIeM MHTETPUPOBAHHOMN
CHCTEMBI, TIOMUMO YITPOIIECHUS OIepaloH-
HBIX U3IepXKEK MOSBISICTCS BO3MOXHOCTD
WHANBUIYATLHOTO TPAHCIIOPTHOTO PEIICHUS
¥ BEIOOpA CEPBUCHBIX YCITYT.

B ocHoBe paboTHI XeJIe3HOJOPOKHOTO
TPaHCITOPTa, KaK M3BECTHO, JIEXAT TEXHOJIOTUHN
OpraHu3aly MaCcCOBBIX ITEPEBO30K, B HAYIHOM
TeOprH O0BETMHEHHBIC IIOHSATHUEM «CTaHAap-
TU3ALIMU TIPU OO0JIBIINX 00beMaX MPOU3BOICT-
Bar. [ToTpeduTeto mpeasaraeTcsi orpaHUYeH-
HBII HA00P 6a30BbIX pEIICHUI, OHY OIMPAOT-
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Cs Ha CUCTEMY B3aMOJOTIOTHSIEMOCTH CEPBU -
COB: T10 TUIIaM KCMOJIb3YeMOTO MOJBUXXHOTO
COCTaBa, BKJIIOYEHUIO WA OTCYTCTBUIO MUTA-
HUS, MOCTEJbHBIX MPUHAIEXKHOCTENH U T.1.
CTaHIapT COBPEMEHHBIX TEXHOJOTUUYECKUX
U CEPBUCHBIX PEIIEHM, UCTIOIb3yeMBbIX TTPU
OpraHu3alyy MepeBO30YHOTO Mpolecca (Tumna
‘Wi-Fi, cucteM KOHAUILIMOHUPOBAHMS BO3yXa,
9KOJIOTMYECKU YUCTBIX TyaJIETHBIX KOMILUIEK-
COB), B JaHHOM BapuaHTe MPUCYTCTBYIOT
B hopMe OrpaHMUYEHHOTO MakKeTa TUIMOBBIX
MPOIYKTOB, KOTOPbIE TN BBLIEISIOTCS B CTOU -
MOCTHU JIS TOTPEOUTEIS, WU «PACTBOPSIIOTCS»
B O0ILLIEM TTPEIJIOKEHUH.

MupoBasi TeHIEHIIMs1, KOTOPYIO MOPOIUIN
Io0aibHAsi OpraHU3alvsl CUCTEM Tepeaadyn
uHdopMmanuu (MHTEpHET) U MOBCceMeCTHOE
HUCMOJb30BaHUE MOOUIBHBIX TEXHOJIOTUMH,
(opMUpPYIOT HOBBII TIOAXOJ K OpraHU3aIun
MPOU3BOMICTBA — MaccoBasl MepCcoHaTU3AIUS
YCJIYT TIpU OOJIBIIIOM 00bEME MPOU3BOACTBA.
Kak npeackassiBan ITutep Jdpykep: «bpems
MHOT000pa3us yiaisieTcs U3 Ipoliiecca Mpou3-
BOJCTBA U MEPEHOCUTCS Ha MPOLECC COOPKU»
[5, c. 92]. Ilpu Takom moaxoJe MOTPeOUTeb
MOJIy4YaeT MUPOKHE BOZMOKHOCTU CaMOCTOSI-
TeJbHO (POPMUPOBATH COOCTBEHHOE YHUKAIb-
HO€ CEPBUCHO-JIOTUCTUYECKOE PEILIEHUE Tpe-
OyeMoro KauecTBa.

Tpemve nanpasnenue: hopmuposarue onmu-
MAAbHOU MAPUWIPYMHOLU cemu Ha OCHO8e pecuo-
HAAbHOU U MeCOYHAPOOHOU Koonepauuu ousHeca
U KOMRAEMEHMAPHOCIU YCaye.

Tlepen maccaxxupcKuM Xene3HOJOPOKHBIM
TPAHCIIOPTOM JATbHETO CJIeIOBAHUS B yCIOBU-
SIX CHUKEHUS TOCYIapCTBEHHON MOIIEPXKKH,
HEBOCITOJIHSIEMOTO BbIOBITHS MTapKa MacCaXup-
CKUX BaroHoB [6, ¢. 52] cTrouT 3agaya 1ocTpoe-
HUS ONITUMATIbHOM MapILIPyTHOM CETU, KOTOPast
JTOJIKHA 00eCcTrieunBaTh TPAHCITIOPTHOE €IUHCT-
Bo Tepputopuun Poccuiickoit @enepanuu
U OOHOBPEMEHHO MOTPEOHOCTU PETMOHOB
B YCKOPEHHOM pOCTE MOOMJIBHOCTU KaK (hak-
TOpPE MOBBILIECHUS KAYeCTBA XKU3HU HACEJICHUS
Y UHBECTULIMOHHOW MPUBJIEKATEIbHOCTU 30H
CTaOWJIBHOM TPAHCIIOPTHOM AOCTYITHOCTH.

MHcTpyMeHTOM, KOTOPBIA MOXET CIIOC00-
CTBOBATh OMpEIeICHUI0 Haubosiee coalaHCu-
POBAaHHOU MOJEIN TPAHCTIOPTHOTO OOCITYXKU-
BaHUA perruoHa, GUHAHCOBO YCTOMYMBOW 1T
MACCaXXUPCKOTO KOMIUIEKCA B TIOJITOCPOYHOM
nepuoe, sBisieTcs GOpPMUPOBAHKE TPAHCIIO-
TUCTUYECKON MacCaXupcKoii miatdhopMbl Ha
Tepputopuu Cubupckoro denepajibHOToO

lN'yu A. B. Cubupckas TpaHcnormcTuyeckasa nnarhpopma: MIHCTPYMEHT UHBECTULIMOHHOW
npuUBNeKaTesnbHOCTU




okpyra. Cubupckast maccakupckast TpaHCIIO-
rUCTUYecKas IaTdhopMa — 3TO 9KOHOMUYE-
CKOE ITPOCTPAHCTBO CETEBOTO B3aUMOICHCTBUS
KOMITaHMI, HaIlpaBJiecHHOE Ha OOeCIieueHe
MOOWJILHOCTH JIIOJIei, mpoxkuBaoiux B Ho-
BOCUOUPCKO arjoMepalivii U COTPSKEHHBIX
pernoHax Poccum.

B mporecce dhopmupoBaHMs MapiIpyTa
TMOTPEOUTENST TPAHCIIOPT OOBIYHO BBICTYIIAET
KaK CpeCTBO JOCTUKEHUS LIEJIU: MECTO OT/bI-
Xa, KOMaHIUPOBKa, 0310pOBJIeHue 1 T.4. Uc-
TMOJIb3YSl TaHHYIO CMBICJIOBYIO ITapaaurmy,
MOXKHO CO3/1aTh YCJIOBUSI, TIPU KOTOPBIX BaTOH-
Hasl COCTaBJISTIONIAsT OYIET TOCTEIIEHHO MUHU -
MM3UPOBAThCS 3a CUET (DMHAHCUPOBAHMSI CO-
MMYTCTBYIOIIMMU YCIyTaMM, PeKJIaMHBIMHU,
O3I0POBUTEILHBIMU U T.J. KaK B TCUCHUE ITy-
TEIIECTBUSI, TaK ¥ TOCTUHUIIAMU U APYTUMU
CpencTBaMM pa3MeILeHUSI.

B coBpemeHHOII IeiiCTBUTETLHOCTH TI0-
MOOHBIC MIOEU MCIIOJB3YIOTCS BEIYIIUMU
TPAaHCIIOPTHBIMU KOMITAHUSIMH JISI TTOBBITIIC-
HUSl coOCTBeHHON a(pdekTuBHOCTU. KpyTi-
HEUIIMUIA HEMELIKUIA XKEJIE€3HOIOPOKHbBIN e~
peBo3unK — komnaHuss AG DB B kauecTBe
THapTHEPOB aKTUBHO ITPUBJICKACT TOCTHHHUIIHI,
0a3bl OTAbIXA, MY3€H, TeaTPhI U T.[., KOTOPbIE
Ha OCHOBE KOMILJIEMEHTapHOCTU YCIYT 0bec-
TICYMBAOT TOBHIIIIEHNE KOHKYPEHTOCTIOCO0-
HOCTH 1 3(D(HEKTUBHOCTH X OOIIIETO B3aUMO-
JIEUCTBUS.

Cubupckasi TpaHCJIOTUCTUYECKas TLIaT-
¢dopMa MO3BOJIUT TMIEPEBO3YMKAM B OOJIBIIIEH
Mepe ClieoBaTh MOTPEOHOCTSIM JIIOACH TIpu
OpraHM3aluy TPAHCTIOPTHOTO OOCITY>KMBAHUSI.
Ha ocHoBe 001111X cTaHaapTOB ¥ MH(MOpMAaII-
OHHBIX TEXHOJIOTMII pacIIUPSTh S3KOHOMUYE-
CKOE ITPOCTPAHCTBO U CETEBOE B3aUMOJICHCTBIE
cyOBeKTOB OM3HEca, MpeajiaraTb HOBbIE MPO-
TYKThI U BO3MOXKHOCTU. OT IMOSIBICHUS TL1aT-
(opMBI BBIUTPAIOT BCE: HACEICHUE TTOTYIUT
pPOCT KavyecTBa XU3HU B ycioBusix Cubupu,
YYaCTHUKHU CETEBOTO B3aNMOIEHCTBUSI JIOTTOJT -
HUTEJbHbIN TOXOJ, a TAKXKE CHUXKEHUE COBO-
KYITHBIX U3AEePKEK U MOBBIIICHUE KOHKYPEH-
TOCIIOCOOHOCTH, CUOUPCKHE PETUOHBI — POCT
BHYTPEHHETO PETMOHATLHOTO TIPOIYKTA, HaJIO-
TOBBIX MTOCTYTUIEHUI U MOBBILLIEHUE UHBECTH -
LIMOHHOU MpuBJIeKaTeJbHOCTU. B maHHOM
CMBICJIC MMACCaXUPCKas TPAHCIOTMCTIYECKasT

miatdopMa BBICTYMAET U KaK MHCTPYMEHT
KOHCOJIMIALIMKA UHTEPECOB PETMOHATIbHBIX
9KOHOMMUK, MX Yy4aCTUs B HallMOHAJIbLHOM
U MEKIYHAPOIHOM pas/ie/IeHUU TPy/a.

NPEAJIOXXEHUA

1. Coznarb CHOMPCKYIO TTaCCAXKUPCKYIO
TPAHCJIOTUCTUIECKYIO TUTAT(HOPMY KaK MHCTPY-
MEHT CEeTeBOI KOOTepalluy CyObeKTOB TPaHC-
MMOPTHOTO OM3HEecA C LIETbIO TTOBBIIICHUS MO-
OWJIBHOCTU HACEJIEHUSI U WHBECTUIIMOHHOMN
npuBieKateTbHOCTH CHOUPU.

2. Pacemortpets 3amannyio Cubupb Kak
TMTOJIUTOH OTPabOTKN MEXaHU3MOB 10 YCTOMIM -
BOMY Pa3BUTHUIO TMACCAKMPCKOTO KOMILIEKCa
Ha OCHOBE KOMOMHUPOBAHHBIX MEPEBO30K,
MPEIOCTABICHUS MTACCAXKUPY Pa3HOOOPA3HbIX,
HO KOMIUIEKCHBIX, TIPEEMCTBEHHBIX TPaHC-
MTOPTHO-JIOTUCTUIECKUX YCITYT.

3. ChopMupoBaTh ¢AUHBIC CTAHIAPTHI
(IIETTOYKM CO3TaHUsI CTOMMOCTH) KadyecTBa
00CITy>KMBaHHSI TTACCAXKUPOB.

4. MMonaepkarh pa3BUTHE MHMOPMALIMOH-
HBIX TEXHOJIOTU ITO 00ECTIeYEHUIO MOOWIBHO-
ctu HaceneHust 3amaaHoil 1 Boctounoit Cu-
oupu.

5. OpraHu30BaTh PEMHXUHUPUHT OM3HEC-
MPOILIECCOB Ha eMHOM JIOTUCTUIECKOM TTTaT-
(opme 1151 TOBBITIIEHNST MOOMTBHOCTH Hace-
nerunst CubMpu Ha OCHOBE KOOTIEpaIMK Pery-
JIIPHBIX BUIOB TPAHCTIOPTA.
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SIBERIAN TRANSPORT & LOGISTIC PLATFORM: A TOOL TO ATTRACT

INVESTMENT

Guts, Aleksey V., West Siberian Branch of JSC Federal Passenger Company, Novosibirsk, Russia.

ABSTRACT

The problem of labor and social mobility of people
in conditions of economic uncertainty and search for
strategies for economic growth is becoming
increasingly important. And in the language of the
transport worker, in this case, we should talk about the
points of «attraction of passenger flow». The article
deals with the issues of expanding and strengthening
communication links between people by improving

the service and providing customers with combined
transport and logistics services. The organization of a
regional trans-logistic (further on understood by the
authors as integration of transportation and logistics)
platform — the network economic space of interaction
and cooperation of transport companies on the basis
of an integrated approach to servicing the population
and modern information technologies — is proposed
as a tool for solving such a complex task.

Keywords: mobility, transport and logistics services, value chains, technological integration, integrated
approach model, network cooperation, trans-logistic platform.

Background. The task of transforming the mobility
of people into sustainable economic growth in the
Russian regions rests on a non-trivial process of
formation of a seamless network space between
different regular modes of transport and providing
communications of people’s centers ofaccommodation
with recreational, tourist, scientific, cultural and leisure
services (points of passenger flow attraction).
Representation of passenger transport services in
integrated transport schemes of the regions of the
Russian Federation as a component in chains of
formation of added value and its optimization through
the redistribution of part of the cost for related,
complementary services, as well as services that have
a higher value added for the consumer in the chain of
general (single) offer.

In this process, an important role is played by
logistics — in modern conditions, not just a tool for
finding the optimal solution to a transport problem, but
technology for managing value chains. Thatis, the task
that it performs can be presented as a key one.
Logistics, managing the network interaction of
participants in the chain of formation of consumer
value, involving new resources, offering new products,
covering new markets, itself becomes an effective tool
for stimulating production and consumption [1, p. 5].

Within the framework of the proposed complex
task, it is necessary to identify the following areas:

1. Formation of a single or general standard of
passenger service quality.

2. Technological integration of transport business
participants and participants of the value added chain.

3. Formation of an optimal route network on the
basis of regional and international business cooperation
and complementarity of services.

Objective. The objective of the authors is to
consider Siberian trans-logistic platform as an
investment appeal tool.

Methods. The authors use general scientific
methods, comparative analysis, economic assessment.

Results.

The first direction: formation of a unified or general
standard of quality of passenger service.

In accordance with the structural reform of the
federal railway transport approved by the government
decree of May 15, 1998, the target function of
reorganization of the passenger economy was defined
as creation of conditions for demonopolization of
certain areas of railway transport activity, development
of market competition and reduction of costs financed
from the tariff for transportation, by eliminating cross-

subsidization of various types of transportation, as well
as introducing budgetary financing of costs for
satisfaction of social needs [2]. Transformation has
affected all the divisions of JSC Russian Railways,
connected with the organization of the process of
rendering passenger transportation services to the
population: suburban passenger railway companies,
railway station and passenger facilities directorates,
etc. have been formed. In the third stage of reforming
the passenger business of JSC Russian Railways in
2010, JSC Federal Passenger Company was
established.

Despite the fact that within the framework of the
Russian Railways holding affiliated and dependent
companies render services for passengers, clients
often face contradictions and inconsistencies among
the standards of various structural divisions, which
impedes the overall perception of corporate norms and
regulations. As an example of such contradictions and
inconsistencies, the following can be cited.

1. The lack of a single platform for the sale of travel
documents. Tickets for long-distance trains are sold
through its own mobile application and the official
website of JSC Russian Railways, suburban companies,
asarule, sell travel documents through cash windows.

2. Distributed infrastructure for suburban and long-
distance passengers. Let’s say that in Novokuznetsk,
in order for the suburban train’s passenger to come to
the next track and continue the journey by long-
distance train, he needs to cover a distance of more
than 500 meters, go through two train stations and go
up and down the stairs several times.

3. Lack of a unified loyalty program. Passengers of
trains of Federal Passenger Company, as well as some
trains belonging to Directorate of High-Speed Traffic,
have the opportunity to accumulate points for
purchased tickets. At the same time, there is no such
possibility for the passengers of suburban trains, as
well as for the passenger of the passenger company
on the island of Sakhalin.

4. Lack of unified information services. So, the
service for booking hotels, working on the website of
JSC Russian Railways, does not allow to book a room
in recreation rooms located at railway stations.

5. Lack of unified standards for electronic
documents for travel and other services provided by
the companies of Russian Railways holding company.

As a consequence, between the passenger
infrastructure of the holding company and other market
participants, service-logistic services are insufficiently
developed, and there is no economic motivation to
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Pic. 1. Model of an integrated approach to service management.

integrate the passenger transport infrastructure. The
consumer does not have an opportunity to receive
end-to-end service in organizing his own trip, which
involves the use of all possible regular modes of
transport, a successive (logically, natural!) interchange
and reference information infrastructure.

In order to develop unified standards for servicing
passengers and determining their mandatory and
obligatory components, it is necessary to move from
the presentation of the transport service as
transportation to a service that includes all the actions
a person must take from the stage of comprehending
the need for a trip and choosing a mode of transport
before arriving not only at the railway track station, but
also at the destination place.

Such a scheme of the transport business process
is represented as an economic space of network
interaction between companies and predetermines the
inclusion of various organizations in the integrated
model of passenger transport services: carriers directly
carrying out transport services, enterprises of
infrastructure and customer service support — Internet
sites, search systems, travel agencies, agencies on
the sale of travel documents, delivery of passengers
to the place of departure, packaging and transportation
of luggage, etc.

One way to standardize the chain of transport
services and its conditional value is to compile a
consistent description of all the stages that consumers
go through when they receive a given service. These
stages are visually displayed in the form of a block
diagram (Pic. 1). This approach is known as a model
of an integrated approach to service management —
8Ps [3, p. 34].

Each stage of the chain of consumer value creation
should be defined as a standard that should become
a target for railway passenger carriers and include
technological and regulatory requirements for an
integrated search system, collection of fare, transport
and transfer, reference and information infrastructure,
claim infrastructure and all related processes, and also
include an assessment of passenger satisfaction.

The network cooperation of the companies
participating in the chain of cost creation of the
transport service actualizes the requirements for
universalization of personal business processes and
formation of new open network rules. At a minimum,
an integrated distribution system should have a set of
the following characteristics: to offer data on the
availability of seats to all interested parties at the
direction of the carrier (population, agents, other
carriers); all operations are carried out in real time;
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reservation of seats is carried out on the basis of
conditions set by the carrier; the server of the
personified account of passengers and legally
significant electronic document circulation with
participants of the transportation process is constantly
operating; the system must have a cross-platform,
open and extensible protocol of information exchange
between all participants of the transport and other
services market [4, p. 79].

In such network cooperation, the use of common
technological standards and regulations acquires an
independent value, and consequently, the formation
of a common operating platform is inevitable, which
allows to consolidate assets, gain economies of scale,
and ensure the quality of services at competitive costs.

The second direction: operating platform of
participantsin the transport business of the value-
added chain.

At the present stage of development of society,
such integration opportunities open up with the use
of network information technologies, as well as such
factors as general mobilization of the population and
the Internet. People increasingly want to be able to
make their lives easier with mobile applications and
electronic technologies. They ensure the
simplification of communication links and the search
for necessary solutions. Mobile services that
facilitate the process of booking and the purchase
of travel documents are, in this case, the minimum
requirement for maintaining the competitiveness of
carriers in the 215 century.

The use of common technological standards and
regulations, opening up additional opportunities in
building new combinations of services, at the same
time imposes its own requirements and constraints —
requires at each stage of creating added value the need
for harmonization of interests among the participants
in network cooperation. The role of such an agreement
is provided by integrating companies that represent
Internet portals, information retrieval systems, global
distribution systems (GDS and EDS), taxi integrators,
etc.

From the point of view of a person who becomes a
user of the integrated system, in addition to simplifying
the operating costs, the possibility of an individual
transport solution and the choice of service services
appears.

The work of railway transport, as is known, is based
on the technologies of organization of mass
transportation, in scientific theory united by the notion
of «standardization with large volumes of production».
The consumer is offered a limited set of basic solutions,
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they rely on the system of complementarities of
services: by types of rolling stock used, inclusion or
lack of food, bedding, etc. The standard of modern
technological and service solutions used in the
organization of the transportation process (such as
Wi-Fi, air conditioning systems, environmentally
friendly toilet complexes), in this version is present in
the form of a limited package of typical products that
either stand out in value for the consumer, or «dissolve»
in General proposal.

The world trend created by the global organization
of information transmission systems (the Internet)
and the widespread use of mobile technologies, form
a new approach to the organization of production —
mass personalization of services with a large volume
of production. As Peter Drucker predicted: «The
burden of diversity is removed from the production
process and transferred to the assembly process»
[5, p. 92]. With this approach, the consumer has
ample opportunities to independently create his own
unique service-logistic solution of the required
quality.

The third direction: formation of an optimal
route network based onregional and international
business cooperation and complementarity of
services.

Passenger long distance railway transport, in the
context of a decline in state support, the non-renewal
of the fleet of passenger cars [6, p. 52], has a task to
build an optimal route network that must ensure the
transport unity of the territory of the Russian Federation
and, at the same time, the regions’ needs for an
accelerated growth in mobility as a factor of increase
quality of life of the population and investment
attractiveness of zones of stable transport accessibility.

A tool that can help determine the most balanced
model of transport services in the region, financially
sustainable for the passenger complexin the long term,
is formation of a trans-logical passenger platform on
the territory of the Siberian Federal District. Siberian
passenger trans-logistic platform is an economic space
of network interaction of companies, aimed at providing
mobility of people living in the Novosibirsk agglomeration
and associated regions of Russia.

In the process of forming the consumer’s route,
transport usually acts as a means of achieving the goal:
aplace of rest, business trip, health improvement, etc.
Using this conceptual paradigm, itis possible to create
conditions under which the car component will be
gradually minimized by financing related services,
advertising, recreational, etc., both during the trip, and
by hotels and other accommodation facilities.

In modern reality, such ideas are used by leading
transport companies to increase their own efficiency.
The largest German rail carrier, AG DB, actively attracts
hotels, recreation centers, museums, theaters, etc.,
which, on the basis of complementary services,
increase the competitiveness and effectiveness of their
overall interaction.

The Siberian trans-logistic platform will allow carriers
to more closely follow the needs of people in the
organization of transport services. Based on common
standards and information technologies, expand
economic space and network interaction between
business entities, offer new products and opportunities.

Everyone will benefit from the emergence of the platform:
the population will receive the growth of the quality of life
in Siberia, the participants in the network interaction
additional income, as well as the reduction of aggregate
costs and increase of competitiveness, the Siberian
regions — the growth of the domestic regional product,
taxrevenues andinvestment attractiveness. In this sense,
the passenger trans-logistical platform also acts as an
instrument for consolidating the interests of regional
economies, their participation in the national and
international division of labor.

Suggestions:

1. To create the Siberian passenger trans-logistic
platform as an instrument of network cooperation of
transport business entities with the aim of increasing
the population’s mobility and the investment
attractiveness of Siberia.

2. To consider Western Siberia as a testing ground
for developing mechanisms for the sustainable
development of the passenger complex on the basis
of combined transport, providing the passenger with
various, but complex, successive transport and
logistics services.

3. To create unified standards (value chains) for
the quality of passenger service.

4. To support the development of information
technology to ensure the mobility of the population of
Western and Eastern Siberia.

5. Toorganize reengineering of business processes
on a single logistics platform to increase the mobility
of the population of Siberia based on cooperation of
regular modes of transport.
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Ccpepbl npuMeHeHns rocyaapCcTBEHHO-
4YacTHOro NapTHepCcTBa NMPoAOJDKaloT
pacwuparbcs. KoHLeccnoHHble gorosopa
PeryssipHO UCIMOJIb3YIOTCS U Ha TPaHCIIopTe,
0COOGEHHO B CTPOUTEJIbCTBE [OPOr.

OpgHako 6o Takol BapuaHT Tpebyer
BCECTOPOHHUX Pac4YETOB, KOMIJI€KCHOIo
noaxona, CBeAeHUs PUCKa AJ1sl NapTHEPOB
A0 MUHUMYMa, NOO TOJIbKO 3 PEKTUBHBbIN
MPOEKT MOXET ObITb MPUBJIEKATESIbHbIM

¥ BbIrO4HBIM, KOr4a pe4b UAET O A0JITOCPOYHbIX
VHBECTULIMOHHBIX BJIOXEHUSIX. ABTOPbI
CTaTby MO3TarNHO PacKpbIBalOT MEXaHU3MbI
B3auMoAelicTBUSI CTOPOH B peanusauuu
NHPaCTPYKTYPHbIX MPOEKTOB, NOAPO6GHO
nokasbiBaloT MaTeMaTuyeCcKuii annapar,

C NMOMOLLbIO KOTOPOro AaéTcs oyeHKa
O6r04)XXETHOW 3P (peKTUBHOCTUN MHBECTULMOHHBIX
nporpamMm, pacrpegesieHus Harpy3ku Mexay
rocynapcTBOM M YaCTHbIMU NapTHepamMun Ha
NPOTSHKEeHNN BCEX 3TalOB XU3HEHHOI 0 LUK/1a
npoekrToB B pamkax 4r1.

Knrouesbie cioBa: rocyaapcTBeHHO-4acTHOEe
napTHepPCTBO, KOHLLeCCUsl, SKOHOMUKA, TPaHCIopT,
UHPPaCTPYKTypa, XU3HEHHbIV LMK [POoeKTa,
9¢PEKTUBHOCTb, MHBECTULIMOHHAS Harpy3ka,
TPaHCIOPTHOE CTPOUTEILCTBO.
|
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b DEeKTUBHOCTb MEXAaHN3MOB
90 anga TpaHcnopTHOMU

MHODPaACTPYKTYpPLbI

Boakoe Bopuc Andpeesun — dokmop s3KkoHOMUHYECKUX
Hayk, npogheccop Mockosckoeo eocydapcmeennozo
yHugepcumema nymet cooouenuss (MUHUT), Mockea,
Poccus.

Jlo6pun Aaexceii IOpveeuu — kanoudam
IKOHOMUHECKUX HAYK, 00UeHm Kagedpsl

«IKoHOMUKAG cmpoumenvHo2o Ousreca u ynpagienue
cobcmeennocmoro» (MUHUT), Mockea, Poccus.

oryacHo 3akoHa, Y11 — ropuanuecku
odopMIeHHOE Ha OMpeneEéHHBIN
CPOK 1 OCHOBAaHHOE Ha 00 beTMHEHUN
PECypCOB, pacIipeieIeH PUCKOB COTPYIHU -
YECTBO MyOJIMYHOTO MapTHEPA, C OAHOU CTO-
POHBI, ¥ YaCTHOTO MapTHEpa — C APYrou
CTOPOHBI, KOTOPOE OCYIIECTBIISIETCSI HA OCHO-
BaHuM cornameHus o YT, 3aka0ueHHOTO
B COOTBETCTBUMU C (pefepasbHBIM 3aKOHOM
B IIEJISIX TIPUBJICYEHUST B 9KOHOMUKY YACTHBIX
WHBECTULINI, O0eCTIeYeHsI OpraHaMU TOCY-
JAPCTBEHHON BJIACTU W OpraHaMu MECTHOTO
CaMOYTIpaBJIeHUS JOCTYITHOCTH TOBapOB, pa-
00T, yCJIyT ¥ MOBBILLIEHUS UX KayecTsa [1].
MexaHU3MBI TOCYAapCTBEHHO-YaCTHOTO
MmapTHEPCTBA 3a PyOeXOM MPUMEHSIOTCS
O4YeHb IMUPOKO [2]. OHM HATILTH CBOE OTpake-
HUE BO MHOTUX cepax AesITeIbHOCTH YeJio-
BeKa: COUMAIbHON (ETCKUE Cabl, IIKOJBI,
MEIUIIMHCKWE yYPEeXIeHUs U T.1.), TPAHC-
TMOPTHOU (aBTOMOOWJIbHBIE M XKEJIE3HBIE J10-
pOTH, BOTHBII 1 aBUATPAHCTIOPT, TPYOOTpaHC-
TOPT), KUJTUIITHO-KOMMYHaJIbHOIA [3], aHep-
TETUYECKOM, arpapHoOi, Jaxe CTPOUTEIIbCTBE
U DKCITTyaTaluu TiopeM [4].
Cdepsl TpUMEHEHMS TOCYIapCTBEHHO-
YACTHOTO MapTHEPCTBA MPOIOJKAIOT PACIIH -
patbest. Monenu Y11 npuMeHsI0TCS B BOSH-
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HO-TIPOMBIIIIJICHHOM KOMILIEKCE, OCBOCHUU
KocmMoca. /o HegaBHEro BpeMeH! 3TU chepbl
CUMTAJIMCh UCKIIIOUUTEIHHOM MpeporaTuBoi
rocynapctBa. Hanmpumep, B CIIA, [epmanuu
1 Benukobpuranuu BHeApsitoTest cxembl YT,
MO3BOJISIONINE COBMECTUTh IPEUMYIIECTBA
roCyIapCTBEHHOI'O IUIAHMPOBAHMS U YaCTHOM
3aMHTEPECOBAHHOCTH B BHIITIOJTHEHUU HALIMO-
HaJIbHBIX ITIPOEKTOB B 00JIaCTU KOCMUYECKOM
pa3Beaku. HalmoHajabHOE areHTCTBO I'€0-
npoctpaHcTBeHHOM pa3Beaku CIIA (NGA)
3aKJIIOYMIIO 1Ba KOHTpakTa NextView ¢ KoM-
naHusimu DigitalGlobe (cenTts16pp 2003 1)
n GeoEye (ceHtsi6pp 2004 1.) cooTBeT-
ctBeHHO Ha 530 u 500 MJIH TOJLI. AJISI TTOBBI-
IIEeHMST Ka4eCcTBa pa3pelleHUs] MOCTyIar-
LIKUX U3 KOcMoca CHUMKOB. B 2006—2007 rr.
3TU KOMIIAHUM pa3padoTaiu U 3alyCTUIN
CIYTHUKM ABOIHOTO HazHaueHus WorldView
n OrbView-5 ¢ annapatypoii 11 ChbEMKU
3eMJIM ¢ IPOCTPAHCTBEHHBIM pa3pellieHueM
0,45 m [5].

B cdepe kene3HbIX 1opor MeXaHU3M TOCy-
JIapCTBEHHO-YaCTHOTO IMapTHEPCTBA TaKXe
HallleJl CBOe IIPMMEHEeHUe. DTO IOATBEePXK/Ia-
€TCSl HE TOJIbKO POCCUMCKMM UCTOPUIECKUM
OIIBITOM, HO ¥ COBPEMEHHBIM MUPOBBIM. Tak,
KOMITaHMSI Siemens Ha YCIOBMSIX KOHIIECCUU
peanu3oBaa IMPOEKT XKeJIe3HOU J0pOru
B Mekcuke npoTsizkeHHOCThIo 150 KM, coenn-
HSIOIIEH BoceMb ropo1oB. CpoK coriaiieHust
cocraBui 30 JeT, a 001Ut 00bEM MHBECTH-
it — $1,1 mupa.

ITpumep MOIOOHOrO MPOEKTa — BBICOKO-
ckopocTtHas Maructpanb HSL Zuid B Hunep-
naHgax. O0bEM MHBECTULIMI COCTaBUJI
1,2 Mapa eBpo 1 ObLT BHECEH YaCTHBIMU MH-
BecTopaMu (M3 HUX 90 % yacTHBIMU OaHKaMU,
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10 % npOMBIIIUIEHHBIMU KOMIIAHUSIMU, B TOM
yucie Siemens) [6].

Ha puc. 1 npuBeneHbl 00beMbI peann3o-
BaHHBIX B EC I'YI1-nipoekToB 3a 2005—2014 rT.
O0BeMBbI TpeCTaBAeHBI B ACHEXKHOM (3a Tiep-
BOE 1 BTOPOE IOJIyTOue) U KOJNISCTBEHHOM
BeIpaxkeHuu [7].

st Poccum I'YIT Toxxe He sIBASIETCS YeM-
TO HOBBIM. KpaTkoe omucaHue 3TanoB pas-
Butus 'YI1 B Poccum npencrasieHo B Ta0-
nure 1.

MHBEeCTULIMOHHBIC ITPOCKTHI Pa3BUTUS
TPaHCIIOPTHOU MHGPACTPYKTYPhI Ha YCIOBH-
SIX TOCYapCTBEHHO-YaCTHOTO IapTHEPCTBa
JTOJIKHBI OLIEHMBAThCSI HA OCHOBE KOMILIEKC-
HOT'O aHAJIN3a SKOHOMMYECKUX, COLIMAIbHBIX,
9KOJIOTMYECKUX [MOKa3aTesieli, 0XBaThIBalo-
LIMX BECh XKM3HEHHBII IIUKJI TIPOEKTa, HaYK-
Hasl ¢ IPEAIIPOSKTHOIO 3Tala v 3aKaHuMuBast
CPOKOM CITy>k0bI 00beKTa. Kpurepuu onieHK1
y4acTusI MapTHEPOB NOJKHBI YYUTHIBATH MH-
TepeChl KaK TOCy1apCTBEHHOI'O, TAK Y YaCTHO-
IO YPOBHSI.

[locnenoBaTeIbHOCTh OLICHKU 9KOHOMM-
YeCKOIi BBITOAbI YYAaCTHUKOB peaau3aliuu
MHBECTULIMOHHBIX IIPOSKTOB Ha OCHOBE I'OCY-
JIapCTBEHHO-YaCTHOT'O ITaPTHEPCTBA CIICAYIO-
ast:

1) OueHuBaeTcs obIIecTBeHHas 3hdeK-
TUBHOCTh MHBECTULIMOHHOTIO IPOEKTa B 1Ie-
soM. Eciu o mokasarteisiM 00LIeCTBEHHOM
3¢ dOEKTUBHOCTU OH YIOBJIETBOPSIET HAPOIHO-
XO3SIMCTBEHHbBIC TPeOOBAHUS, TO IIEPEXOMISIT
KIIL. 2. B IpoTUBHOM cilydae aHaIu3upyeMblid
IPOEKT JINOO OTKJIOHSIETCS, JIMOO PEKOMEHTY-
€TCsI Ha I0paboTKY.

2) OnpenensiioTcsl MoKa3aTeIu OI0mKeT-
HOM 3 HEKTUBHOCTU MHBECTULIMOHHOTO
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iﬁ. Taommua 1
fi1es Dransi passurusg [YII B Poccun

\ Neni/m | [Mepuon

1 1717—1836 .

KpaTKOC OIIMCAaHME IEpUoIa

3apoxaeHure MapTHEPCTBA FOCYAapcTBa M YacTHOTro OusHeca B Poccun. CTpouTeIbCTBO
MeJIbHMIL Ha 6eperax peK YHbl 1 LIIIMHbI HA KOHIECCUMOHHOI OCHOBE.

2 1836—1917 rr. | [TosiBieHME U pa3BUTHE CETH XKeJIe3HbIX 10por. CTpOUTEIbCTBO 3aBOIOB. [TosiBleHE

TeneoHHBIX ceTeil. PazpaboTka 1 pa3BUTHE 3aKOHOAATEIbHOM Oa3bl.

3 1917—1937 rr. | PeBomouusi. B 1920 rogy CoBetom Hapontbix KoMuccapoB NprHST A€KPET O KOHIIEC-
cusix PCOCP. 21 aBrycra 1923 roga nocranosieHueM Coseta HaponHeix KoMuccapos
CCCP o6pazoBan [naBHbiit Konueccuonnbiit Komuret (IlaBkoHuecckom). CoznaHo

6o:ee 2000 KoHIIECCHIA.

4 1938—1991 rr. | JIukBunmauus ImaBkoHuecckoma u uactutyra ['YT1. CCCP BbIcTyIal B Ka4yeCTBE KOH-

11ecCMOHepa B 3apyOeXXHbIX MPOEKTaX Pa3BUTUsI TPAHCTIOPTHON UHQPPACTPYKTYPHI.

5 1992—-2005 rr. | [Tocne pacnana CCCP HaunHaeTcst morck popM B3auMOIECTBUS TocyiapcTBa
C YaCTHBIM OUM3HECOM B YCIIOBUSIX PHIHOUHBIX OTHOIIeHUH. HaunmHaeTcst mpopaboTka
3akoHOB U MexaHu3MoB ['YT1. [puBatuzanus. [Mpunsatue 3 Ne 225 «O cornanieHUsIX

O pasaesie NpoayKuum»

6 2005—2012rr. | [Mpunsarue 21 utons 2005 rona @3 Ne 115 «O KOHIIECCMOHHBIX COTIAIEHUsIX>. [Tomy-
YUJIM Pa3BUTHE TAKUE MEXaHU3Mbl, KaK IHBECTUIIMOHHBIN (DOHIT, TUTTOBbIE KOHIIECCH-
OHHBIE COTJIAIIIEHMS], TEHIIEPHI TI0 KPYITHBIM TPAHCIIOPTHBIM TIPOEKTaM.

3a 3ToT 3Tan 6bUI0 peain3oBaHo 23 mpoekTa Ha ocHoBe ['UT1, U3 HUX ABa KPYITHbBIX
TPAHCIIOPTHBIX:

— CTPOMTEJIBCTBO U 3KCILTyaTalMsi MHOTOMPOMUIBHOTO Meperpy304HOro KOMInieKca
«kOr-2»;

— CTPOMTEJILCTBO MOCTa uepe3 noiimy peku KOpubeii (tpacca O6ckasi—boBaHEHKOBO).
K xoniy 2012 roga B Poccuu B cragnu peajiv3aluy HaX0IuIoCh 83 MpoeKTa.

7 2012—2015rr. | [Ipunsaro 6omee 9 TOKYMEHTOB (henepaTbHOTO YPOBHS, PETYIUPYIONINX TOCYIapCTBEH-
Ho-4acTHoe rnapTHepcTBo. Poct konnuectBa [YTT-nipoekroB. K cepeaune 2015 rona

B CTaINM pean3aluy HaXOAUIOCh 595 MpoeKToB, ob1eit cymmoii 871 Mupa pyoeii.

8 2015-2016 rr. | B Hauane utonsa 2015 roga TocynapcrBennoi aymoit u Coetom Denepariny puHAIT
¢ BeTyruieHueM B feiictBue ¢ 1 stnBapsi 2016 rona @enepanbHblil 3akoH «O6 OCHOBaX
rOCy/IapCTBEHHO-YAaCTHOTO MaPTHEPCTBA, MyHUIIMIAIbBHO-YACTHOTO MAapTHEPCTBA

B Poccuiickoit Penepaliny 1 BHECEHUU U3MEHEHUI B OT/IEIbHbIC 3aKOHOAATEIbHbIE
akThl Poccuiickoit Menepaiinm».

Ha navasio 2016 r. B Poccuu HacuutbiBaioch 1285 I'YT1-npoekToB (001eit cymmoii
cBbiie | TpaH pyo6ieit), 95 B TpaHCTIOPTHOI cdepe.

npoekTa. Eciiv OHM YIOBICTBOPSIOT KOHIIE-
JIeHTa, TO MepexoasaT K 1. 3. B nmpoTuBHOM
cjlydae yCTaHaBJIMBAeTCs TUMUT MUHBECTULIM -
OHHBIX BJIOXKEHU I KOHLIEIEHTA, IIPYU KOTOPOM
oromkeTHast 3¢ (GEeKTUBHOCTH OYIET eT0 yI0B-
JIETBOPSITh.

3) PaccuuThiBaroTcs moxkasaTesii KOMMep-
yecKoi 9(PHEeKTUBHOCTH 1JIsT KOHIIECCUOHE -
poB. Eciii oHM UX yIOBJICTBOPSIOT, TO HPU-
CTYNAalT K 3aK/JIIOUYEHUI0 KOHTPAaKTOB Ha

peanuzanuio poekrta. B mpoTuBHOM ciydae
MOBBIIIAETCS 3HAYEHUE STOU KOMMEPUYECKOM
3(PPEeKTUBHOCTU ITyTEM YMEHbIIEHUS YacT-
HBIX MHBECTULIMI, WM YBEJIUYECHHUS CpoKa
KOHIIECCHM, WJIM TO U APYToe M0 MOJydeHUs
pUeMJIeMON 1151 KOHIIECCUOHEepa KOMMep-
yeckoit apdexkTuBHocTH. [Tocne aToro nepe-
XOmsT K I1. 2. B ciydae, Korja KOHIIECCUOHE -
Py 3KOHOMUYECKHU HE BBITOJHO BKJIaIbIBaTh
CBOM MHBECTHUIIMM B IIPOEKT, paccMaTpHBa-

Ta0smna 2

DTanbl KU3HEHHOTO MUKJIA MPOEKTa

Ne i/ | XapakTepucTuka 3TarnoB

YcnoBHbIe 0003Ha- | OCHOBHBIE YYaCTHUKU
YEHMSI ITATIOB

1 IIpeanpoexTHbIii FTan T

WHBecTOpbI, 3aKa3uMKHU, TPOESKTHBIE
opraHu3aluu

2 DTarn npoeKTUPOBaHUS T

3aKa3uMKH, MPOEKTHbIE OpraHu3a-
1

3 CTpouTeTbHO-MOHTaKHBIE PA0OTHI T

3aKa3uuKy, MOAPSITHBIE OPTAHM-
3aLMM, TPOEKTHbIE OPraHU3aLuu,
TIPEINPUATUS CTPOUUHIYCTPUT

J1aye ero B COOCTBEHHOCTh rocynapCTBy

4 OKcrutyaTtanus 00bekTa Mo KoHieccno- | T KoHueccronep, comyTcTByoIne
HOMY JIOTOBOPY TIPEATIPUSTHS
5 Tlepuon skcrutyataumu oobekTa rpu nepe- | T KoHLIeAeHT, COnyTCTBYOLLIME TIPE-

IpUATHUSA

® MUP TPAHCMOPTA, Tom 1
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€TCS 11eJ1eCO00Pa3HOCTh peaTnu3aliiy MPoeK-
Ta MPU MOJHOCTHIO TOCYAAPCTBEHHBIX CPe/I-
CTBax.

ITpu KoHIIeCCHSIX CIIEMYET BBIIETSATD MSITh
3TaroB XU3HEHHOIo LIMKJA MpoekTa. B Tabd-
Ji1e 2 MpUBeIeHBl OCHOBHBIE YYaCTHUKM
peanu3aly MHBECTUIIMOHHBIX TIPOEKTOB TI0
aTaraM XU3HeHHOTO ITUKJIA.

OueHka 0101XeTHOU 3G dOEKTUBHOCTHU
MHBECTULMOHHBIX IpoekToB rpu T > T, mMo-
JKET OCYIIECTBIIATHCS T10 CJIEAYIOIINM ITOKa-

3aTCJIAM.
TL‘

T,
qﬂﬂg =—ZK,5‘77t+ZBt"7:+
=1 =1
Tp 1
+39; 1, =——, 1
Zrlﬂ , (1 E) )

Ztl ! n’+Zt T\9 77’
Zt 1K6 m

BHyTpeHHSI9 HOpMa TOXOIHOCTU (Ep)
OTIpeIeIsIeTCS] M3 paBeHCTBA:
T,
b, 9
+

T(1+E,)

ni = 2

3

Cpox okynaemocty (T ) HHBECTULIMOHHBIX
BJIOXKEHMI KOHIIEICHTOM HaXOAUTCS U3 ypaB-
HEeHUS:

7, 1, r,
DB, +> 9, =Y K/ n,,
t=1 t=T, t=1

rae ‘-I):[Z[6 — OIOIKETHBIN YMCTHIN TUCKOHTHU-
POBaHHBIN 1OXO/;

Nl — nHaexc 10XOTHOCTH;

E — BHYTPEHHSSI HOpMa JTOXOAHOCTU
(BHI);

T, — CgOK OKYIMa€MOCTU MHBECTULIMOHHBIX
BJIOXKEHMUIA;

K f — UHBECTULIMOHHBIE 3aTpaThl KOHILIE-

“

JIeHTa B t-i1 TO1;

b, —nipupocT B G10KeT B t-1i roj1, 00yCI0B-
JICHHBII peanu3anueil UHBECTULIMOHHOTO
MPOEKTa;

B, — 9KOHOMHMYECKUIT D(DHEKT KOHIIENEH-
Ta B t-1i rof;

n,— KO3(pPUIIMEHT NpUBEACHUS TeHEX-
HBIX TOTOKOB OyAylIMX MepuoaoB (koaddu-
LIUEHT TUCKOHTUPOBAHUS);

E — HOopMa IMCKOHTUPOBAHUS;

® MWP TPAHCIOPTA, Tom 15, N2 2, C. 124-139 (2017)

T_— rox Hayaja SKCIUTyaTalun 00bEKTa;

T, — rox OKOHYaHUA KOHIIECCHOHHOIO
JIOrOBOPA;

T, — ropusoHT pacyéra;

t — nepuon (3Tan pacuéra).

Ilpu ompeneneHUun KOMMepUYECKOM -
(heKTUBHOCTU KOHIIECCUOHEPA:

T, Kxou
Y1, = Z
()
T, axon 3 (5)
+ S ot
t:T 1 + E (1 +F ) ¢
T KOH
P S Y M (6)
ZTC Ktmm.nt +LT
(1+E)"

BHyTpeHHSsI1 HOpMa TOXOAHOCTU (Ep)
KOHIIECCHOHEpa HaXOIMTCS U3 PaBEHCTBA:
T, T,
e 9x0~ e Kxon 3
(7)

Z(1+E ) _Z(1+E ) (1+E,)"

t=T,
Cpok okynaemoctu (T ) KoHLECCHOHEPa
OIIPENEIISICTCS U3 YPABHEHUIA:

npn T<T,
T, 9[KOH T. Ktlam
= , (®)
S(1+E,) ; (1+E,)
npu T =T_
i KOH i Kon
Z ‘9t — K t 3x (9)

rae YT, — KoMMepueCKUi YMCThIN TUCKOH-
TUPOBAHHBIN TOXOI;
K" — uHBeCTULIOHHBIE BIOXEHUS KOHLIEC-

CUOHepa B t-1i rox;
" — sKoHOMUUYECKUIT (D PEKT KOHLIECCH -

OHepa B t-1 roxm;

3K — 3aTpaThl IPU c1adye 00beKTa KOHIIEC-
CUOHEPOM TOCYIapCTBY B TK TOJI.

OT60p MHBECTUIIMOHHBIX ITIPOCKTOB, pea-
nu3yeMblx Ha ipuHiunax Y11, pekomeHay-
€TCsI OCYIIECTBIISITH B COOTBETCTBUU CO CJie-
NYIOLIEH TTOCIEA0BATENbHOCTBIO:

1. Ha mepBoM 3Tame oTOpachIBalOTCS
MMPOCKTHI, He 00JamaroInne TpeOyeMbpIMU
3HAYEHUAMHU ITOKa3areyieil 0OIeCTBEHHON
sadexrusroctn YA <0, BHA <E , T;>
TZOPM,

2. AHaIM3UPYIOTCS TIPOEKTHI 10 TToKa3a-
remmo YA, oropackiBatoTcs mpoekThl, YA
KOTOpBIX < 0.
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OueHKa 3KOHOMMUYECKOI 3D PeKTUBHOCTU
WHBECTULUOHHbIX NPOEKTOB

Ecnu nokasatenu GlogerHoit

l

dpexmanocT
YA0BNETEOPAIOT KOHUEAEHTA

PacugT nokasateneli o6uiecTBeHHOM
abdexmHOCTH

Puc. 2. Anroputm
or6opa npoeKkToB
pas3BUTUSI TPAHCIOPTHOW
WHPPacTPyKTypbl,

peannsyemMbix Her
Ha ocHoBax I4Il.

Hopabotka

abdexmHoCTA

Tpe6oBanwAM

CooTaercrane npoexra no
noKasaTenM OBUECTBEHHOM

HapOAHOXO3AMCTBEHHBIM

Pacuer nokasateneli KoMmepHeckoii
abdexmeHOCTH

extogedoft

Ecam nokasatenn
KOMMEPHECKO SheKTUBHOCTH
YAoBAETBOpAIOT TPEBOBaHMA

KoHueccHoHepos

Pacuér

3aknioueHme KOHTpaKTOB
Ha peanusaupio npoekTa

06wt 06bem MHBECTULMI NpoeKTa (K)

A

Puc. 3. CooTHoweHne
Aonevi rocygapcrea
¥ YacTHOro napTHepa
B rpoeKTax
TPaHCMOPTHOro
cTpouTesibCTBa.

TpaHuLpbl (KOPUAOP) KOPPEKTUPOBKM
COOTHOLLEHMA MHBECTULMIA (AN)

Y

[ons rocypapctsa (Nroc)

3. AHaIU3UPYIOTCS TIPOEKTHI TT0 TTOKa3a-
temo BH/L, or6pacbiBatorcs npoektsbl, BH/
KOTOpBIX < E .

4. AHaMM3UPYIOTCS TIPOEKTHI O MoKa3a-
TEJIIo Ti , OTOPACKIBAIOTCS ITPOEKTHI C TAHHBIM

IoKa3aTesieM, TIPEBBIIIAOIIMM YCTAHOBICH-
HBIII HOpMAaTUB.
5. OcTtaBHIecs MPOEKThl PaHXUPYIOTCS

6
B IopsiiKe Bo3pactaHust T, .

6. ITpu paBHBIX 3HAYEHMSIX CPOKA OKYIIa-
€MOCTH BBEIOMPAIOTCS TTPOEKTHI, 00J1aaloIme
MakCHMalbHbIM 3HaueHueM Y., MuHM-
MaJIbHBIMU MHBECTULIMOHHBIMM 3aTpaTaMu
U IPYTMMU JIYYIIMMU COLIMATIBHBIMU U 3KO-
JIOTMYECKUMU TTOKa3aTeJISIMMU.

7. K peanuzauyu MpUHUMAIOTCS IIPOEKTHI,
BIMCBIBAIOIINECS B IMMUT TOCYIaPCTBEHHBIX
pecypcoB.

Bce oToOpaHHBIE TTPOEKTHI JOKHBI 00eC-
MeYnBaTh pealibHyI0 KOMMepUuecKylo 3 heK-
TMBHOCTb 4aCTHOIo IaptHepa. st 3Toro
HYKeH TakxKe aHaiau3 pacuéra apOeKTUBHO-
CTHU YaCTHBIX MHBECTULIMIA.

CxeMaTUYHO aJTOPUTM OTOOpA IMPOEKTOB
pa3BUTHUSI TPAHCIIOPTHOI MHGPACTPYKTYPhI,
peanusyembix Ha ocHoBax [ YT, nmpencraBineH
Ha puc. 2.

JlopaboTKa IpoeKTOB, yKa3aHHas Ha OJIOK-
CXeMe, OCYIICCTBIISIETCS MyTeM YJIy4IllIeHUs

® MUP TPAHCMOPTA, Tom 1

Y

[ons yactHoro naptHepa (Nyac)

rokKazaTeseil 5KOHOMUYeCKOoM 3(p(PeKTUBHO-
CTU MHBECTUIIMIA: B IIEPBYIO OYepeIb 3a CUET
W3MEHECHMS pacTipefeIeHUsT MHBECTUIIMOH-
HOI Harpy3Ky U U3MEHEHUs CpoKa KOHIIeC-
CHMU.

PacnipeneneHre ”HBECTULINI MEKITY TOCY-
JIapCTBOM 1 YaCTHBIM ITAPTHEPOM CXeMaThde-
CKM TIpEJCTaBIEHO Ha puc. 3.

[TpuBnexkaTeIbHBIMM JUISI YaCTHOTO TMapT-
Hepa CTaHOBSITCSI ITPOCKTHI CO CPOKAMU OKY-
MaeMOCTH J10 5—7 JIeT, B OTIEbHBIX CIyJasx —
10 neT. B TO ke BpeMsI 1J1s rocyaapcTBa CPOKHU
OKYITAaeMOCTH T10 TIPOEKTaM, UMCIOIIUM BbI-
COKYIO COLIMAJIbHYIO 3HAYNMOCTh, MOTYT CO-
cTaBisITh 1 6osee 30 JieT.

7151 onipenieieHus ONTUMAaTbHOTO COOTHO-
meHust maBectuumit B Y11 Obuta Mcmons3o-
BaHa BEIOOPKA IMMPOEKTOB, MPEACTABICHHBIX HA
rnopraje LIeHTpa Pa3BUTHS TOCYIapCTBEHHO-
YacTHOTO MmapTHepcTBa [8].

Hanee mpoBeneH KOPpeasIIMOHHO-perpec-
CHOHHBIN aHaIN3 IJIsI BHISIBICHUS 3aBUCUMO-
CTH, B KOTOPOI (DyHKIIHEH SIBIISIETCS COOTHO-
IIEeHUE O0JIEM MHBECTULIMI rocyaapcTBa
¥ 4acTHOTO OM3Heca, a apryMeHTaMu — I1jia-
HUPYEMBIi CPOK peaTn3a 1 00bEM MHBE-
crunuii [9, 10].

CooTHOIIIeHHE 10JIe#1 TOCy1apcTBa U 4acT-
Horo 6usHeca B ['HII-nmpoekTax pa3BuTus
TPAHCIIOPTHOM MHMPACTPYKTYPHI TPUMET BUL;

. 124-139 (2017)
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flona yacTHoro

Pacnpepenexue goneii
IS
o
x®

©
~
)

06bem MHBECTULMIA, MAPA. PY6.

=60 %-80 %

= 40%-60% Puc. 4. Pacnpenenexune
MHBECTULMOHHOW Harpy3ku

MeXxay rocynapcTBOM U HaCTHbIM

napTHepoM B NPoeKTax pa3BuTuns

910 TPaHCMOPTHON MHPPACTPYKTYPbI.

20 %-40 %
m0%-20%

ner

Ta6amma 3

Pacnipenesienre HHBeCTHIMOHHOU HATPY3KH MEXKIY TOCYIAPCTBOM U YACTHBIM NAPTHEPOM
B MPOEKTAX PA3BUTHS TPAHCIIOPTHOH MH(PPACTPYKTYPHI (YKa3aHA 10l TOCYIApPCTBA)

WuBectu- CpoK CTPOUTENIbCTBA, JIET
1MW, MJIPIT
pyo.

1 2 3 4 5 6 7 8 9 10
1 355% [345% |33,4% [324% |31,4% [304% |293% [283% |27,3% [262%
76 389% [37.8% |368% [358% |34,7% [33,7% |32,7% |31,6% |30,6% [29,6%
151 422% |41,2% |40,1% |(39,1% [38,1% |37,1% [36,0% |350% [340% |32,9%
226 455% |445% |43,5% |42,5% |41,4% |40,4% [394% |383% [37.3% |36,3%
301 489% |479% |46,8% |458% |448% |43,7% |42,7% |41,7% [40,7% |39,6%
376 522% [51,2% |50,2% |492% |48,1% |47,1% |46,1% |450% |44,0% |43,0%
451 556 % [54,6% |53,5% |52,5% |51,5% |50,4% |49,4% |48,4% |47,3% |46,3%
526 589% [579% |569% |558% |548% |53,8% |[52,8% |51,7% |50,7% |49,7%
601 623% |61,3% [60,2% |592% |582% |57,1% |56,1% |55,1% |54,0% |53,0%
676 656% |64,6% [63,6% |62,5% |61,5% |60,5% [59,4% |58,4% |57,4% |56,4%
751 69,0% |67.9% [669% |659% |649% |63.8% [62,8% |61.8% |60,7% |59,7%
826 723% |71,3% [70,3% |692% |682% |672% [66,1% |651% |64,1% |63,1%

Nioe _ 0.3649+0,4462:10 K ~0.0103Tey, (1)
Nore  0,6351-0,4462:10 2K +0,0103-T.,

rae N, . — 00JI MHBECTULIMIA TOCYIapCTBa;

N, — 0/l MFHBECTULIMI YaCTHOTO MapT-
Hepa;

K — 00béM nnBecTULINIA, pYyO.;

T 1p — CPOK CTPOUTENBCTBA OOBEKTA, JIET.

Kaxk BugHO 13 3aBucumMoctu 10, MHBECTH-
LIMOHHAas Harpys3ka Ha rocyaapctso (N ,.)
pacTeT ¢ yBeInmueHreM CTouMocTH rpoekTa (K)
Y YMEHbILAETCS C POCTOM ITPOIOJ/LKUTEIbHOCTH
coopyxenust oobekTa (T,). B T0 xe Bpems
MHBECTULIMOHHAsSI HATPy3Ka HA YaCTHBIM O13HeC
(Ny,) PaCTET C yBEIMYEHUEM NPOIOIIKUTE b~
HOCTH coopyxeHus 00bekTa (T .;,) M yMeHblIla-
eTcsI ¢ pocToM cTomMocTH TipoekTa (K).

B aTOM €ecTh JIorMKa: 4eM BhbIlIe CTOMMOCTD
IIpoeKTa, TeM OOJIbIIYIO HATPY3KY IOJKHO
B3STh Ha ce0sl TocynapcTBO; 4eM ObIcTpee
OyIeT MPOEKT pealn30BaH, TeM MEHBIIYIO
MHBECTULIMOHHYIO HArpy3Ky HeceT YaCTHbIA
naptHep. HarnsgaHo pacnpeneieHue nojei
TpencTaBiieHo Ha puc. 4. B¢é, uTo Hike mioc-

® MWP TPAHCIOPTA, Tom 15, N2 2, C. 124-139 (2017)

KOCTHU — J0JIsI FOCYAapCTBa, YTO BbIIIE — YacT-
HOTO IapTHepa.

B tabiuie 3 naHHBIE TIpeACTaBISHBI B Ta0-
JINYHOM BUIIE.

Pucku nHBeCTULIMIA HA TPAHCIIOPTE MOT'YT
OBITh KJIacCU(PUIIMPOBAHBI COTIACHO TaOJIN-
16l 4. Matpuiia OLIeHKM pPUCKOB MOXET OBITh
IIOCTPOEHA [IJIs1 UHBECTULIMOHHBIX IIPOEKTOB
B COOTBETCTBUU U C BbIIEJICHUEM KPUTUYE-
CKUX, KPYITHBIX, CPEIHUX, MAJIbIX M HE3HAYM -
TEJIbHBIX PUCKOB (TabyuIa 5).

Pucku, Bo3HMKaIOLIME Ha Pa3JM4YHBIX
aTamnax XMU3HeHHOIo LIMKJIa IPOEKTOB, pea-
JIN3YyeMbIX Ha OCHOBE TOCYydapCTBEHHO-
YaCTHOTO IapTHEPCTBA, MOTYT OBITh KakK
y TOCYIapCTBa, TAK U Y YACTHBIX UHBECTOPOB.
B TaGnuie 6 oxapakrepu3oBaHbI T€ PUCKH,
IOSIBJIEHUE KOTOPBIX BOBMOXKHO Ha IIPEIIIPO-
€KTHOM 3Tarle, 3Tare pa3padoTKU IPOEKTHOM
MOKYMEHTALUMU, IIPU BBIIIOJHEHUU CTPOU-
TEJIbHO-MOHTaXHBIX paboT, 3KCIUIyaTalluu
BBEIEHHBIX 00bEKTOB B ICHCTBUE.

[IposiBiieHre PUCKOB U HEONPEAEeIEHHO-
cTi MHGOpMaLKUU 00yCIaBIMBaeT TOT WU

BonkoB b. A., lo6puH A. 0. 3ddekTMBHOCTbL MexaHn3moB MY ana TpaHCNoOpTHOW MHGPACTPYKTYpPbI




17 Tao0smua 4
! BI/I)J])I PMCKOB HHBECTUIIMOHHBIX NMPOrpaMM M MPOEKTOB HA TPAHCIIOPTE

ITpusnax Bun

1. Mecro niposiBIeHUsI pUcKa 1.1. BHemHue
1.2. BHyTpeHHUe

2. Cepa niposiBiieHUST 2.1. TexHosornyeckune
2.2. DKOHOMUYECKUe
2.3. Dxosornyeckue
2.4. CounaabHble

3. [pupoaa npoucxoxaeHus 3.1. [pupoaHbie

3.2. Pucku, CBSI3aHHbIE C YeJIOBEUYECKUM (HhaKTOPOM
3.3. [MoauTuueckue

3.4. 3akOHOaTeIbHO-TIPABOBbBIE

3.5. TexHuyeckue

4. XapakTep pacrnpeaesieHusi OpeMeHU pucka 4.1. OgHOCTOPOHHME
4.2. IBycTpOHOHHUE
4.3. MHOrOCTOpOHHME

5. YpoBeHb NpOosIBICHUS 5.1. OTpacneBoii puck
5.2. Puck nipenmnpusiTusi (OpraHu3aIum)
6. CrereHb pacrpoCTPAaHEHHOCTH 6.1. MaccoBbie
6.2. YHUKaJIbHbIC
7. Yacrora y1iepba 7.1. Yacrbie
7.2. Pucku cpeaHeit 4acTOThI
7.3. Penkue
8. Xapakrep BO3MOXHBIX (DMHAHCOBBIX MOCJIE/1- 8.1. Pucku, obycnasiuBaolime npsiMon yuepo
CTBUIA 8.2. PUCKM ¢ KOCBEHHBIM yIlIepOOM
Tab6uuna 5
Mannua OIICHKHM PUCKOB HHBECTUIIMOHHBIX MPOECKTOB
CrerneHb BO3IEHCTBUSI prcKa | BeposiTHOCTB peanuzauu pucka (p)
Ha IpoeKT Boicokast, p=1,0—0,7 | Cpennsist, p = 0,6—0,4 Huskas, p < 0,4
CunbHoe Kputnueckuii puck KpynHblit puck CpenHuii puck
CpenHee KpyrmHblit puck CpeaHuii puck Mautblii puck
Crna6oe CpenHuii puck Mauterii puck HesnauuTenbHBIN pUCK
Tabmmna 6
OcHOBHbIE PHUCKHM HA 3TANAaX KU3HEHHOTI0 IIUKJIAa MHBECTUIIMOHHBIX NPOEKTOB
Oranbl XXU3HEH- | XapaKTepucTUKa PUCKOB CropoHa, Hecy1as OLeHKa pUCKOB
HOTO LIMKJIa pUCK
IMpennpoexTtHsbiii | 1. Pucku, 00ycioBIeHHbIE KAUECTBOM IPEATPO- Tocynapctso KpymnHblit puck
3TaI 1 3Tarn €KTHOW TOKyMEHTALIMK
MPOCKTUPOBAHUA | 5 Pycky paspaGOTKU MPOEKTHOIM JoKyMeHTauuu | focyaapcTso Kpurnueckuit
pUCK
3. Pucku BBIKyTIa 3eMeJb U TIOATOTOBKY Tepputo- | [ocymapcTtBo Kpurtnueckuii
PUY CTPOUTENILCTBA puck
4. Pucku, Bo3HuUKarouue rnpu opopmiaeHun Heod- | [ocynapcTBo CpenHuii puck
XOIMMBIX COTJIACOBAHMIA
CTpouTesibHO- 1. Puck yBenMueHus LIeHbl CTPOUTEIbCTBA TocynapctBo u yact- | Kputnueckuii
MOHTaXXHbIE HBIIl UHBECTOD pucK
paboTLl 2. Pucku hMHAHCOBBIX BO3MOXKHOCTEI TocymapctBo v yacT- | KpymHbrii prck
HBI UHBECTOP
3. Pucku nocraBky 000pya0BaHUs Tocynapctso Maublii puck
4. Pucku, BbI3BaHHbIE Ype3BbIYalHBIMU OOCTOSI- TocynapctBo u yact- | CpenHuit puck
TEJIbCTBAMU HBIIl UHBECTOD
DKCryaTanus 1. Puck cHIXeHUS JOXOI0B Tocynapctso Mautblii puck
o0beKTa 2. Puck pocTa SKCIUTyaTalMOHHBIX PACXOIOB YactHslit uHBecTop | KpymHblii puck

3. Puck oGHapyxeHMs CKPBITBIX AedekToB rnocie | YacTHeiii nHBecTop | CpenHuit puck
BBOJIa 00BEKTA B ICHCTBUE

4. Upe3BbIlUaiiHbIe 00CTOSITETHCTBA TocymapctBo v yacT- | CpeHUil prcK
HBI UHBECTOP

® MWP TPAHCIOPTA, Tom 1 . 124-139 (2017)
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WHOM XapakTep CTOXaCTUUYHOCTU OLIEHKHU
3(HEKTUBHOCTU UHBECTULIMIA.

J11s1 TOBBIIIEHUST KaYecTBA MPUHUMAaeMO-
ro pelleHus 1ejiecooOpa3Ho MPOBEPUTH
YCTOMYMBOCTD €10 3h(PEKTUBHOCTH TTPU Pa3-
JIMYHBIX 3HAYEHUSIX UCXOTHOU MH(MOpMALUN
B rpaHUIIaX BO3MOXHOTO IMalia30Ha ee KoJjie-
OaHuil 1 HanboJsiee BEPOSITHBIX HeOIaronpu-
SITHBIX CUTYaIIUSIX pean3aiiuy IpoeKTa.

Ecnu petiieHne yCTOWYMBO SBIISIETCS] HAM-
0oJiee 9KOHOMUYHBIM B TUAITa30HE BOZMOX-
HBIX 3HAUEHM I MCXOTHBIX TaHHBIX U HeOJIaro-
MPUSITHBIX CUTYAIMA €T0 peanu3aliuin, TO ero
MOXHO PEKOMEHI0OBATB JIJIs1 TPUHATHSI. Takoe
CJIeMyeT OXKUIATh JINIIb TPU HEOOJIBIITNX T1a-
MMa30Hax U3MEHEHUST UCXOIHBIX 3HaueHuit. Ho
YyeM MEHbIIIe IMarna3oH JaHHBIX, TeM OOJIbIIe
BEPOSITHOCTb TOTO, YTO B HETO HE BOWIYT
(bakTMueckue 3HAYEHUST ITUX JTaHHBIX, a 9TO
MOXET IMPUBECTU K 3HAYUTEIIbHOMY OTKJIOHE-
HUIO IPUHUMAEMOTO PEIIEHHS OT ONITUMAJTb-
HOTO.

HesnauurenbHbIe qUaia30HbI KOJIeOaHUS
HMCXOIHOI MH(MOPMALIMK MOTYT OBITH IIPUHSI -
ThI JINIIIb B TOABI, OJIM3KKME K OTYCTHOMY Tie-
puony. Ha Gosee oTnaseHHYI0 NepCHEKTUBY
IMaTa3oH cieyeT yBeJIWYuBaTh, HO 3TO
MPUBOJIUT K CHWXKEHUIO YCTOMYMBOCTU d(]-
(beKTUBHOCTH MPUHSITOTO PEIICHUSI.

ITpu 3a1aHUM UCXOAHBIX JAaHHBIX B BEPO-
SITHOCTHO-OTIpeNleJIECHHO (hopMe OlleHKa
AKOHOMUYECKOU 3((HEKTUBHOCTU MOXKET
OCYIIECTBIISIThCSI C TIOMOIIBIO MaTeMaThie-
CKOTO OXMIaHus nmoka3zatesst 3¢ (GEeKTUBHO-
CTH.

Eciu MOXHO yKa3aTh YMC/IEHHbIE 3HAYE-
HUS BEPOSITHOCTEH BO3MOXHBIX 3HAUCHU I
WCXOMIHBIX TAHHBIX, TO JUISI OLIEHKU 3pdeK-
TUBHOCTH TOAMTCS, HAI[pUMep, MaTeMaTuye-
CKO€ OXMIaHNE YMCTOTO JUCKOHTUPOBAHHO-
ro A0xoja:

np
Yan,, =y p-4i,, (11)
i=1
rae ‘{,Z[ILO)K — MaTeMaTU4YeCKOe OXUIaHUE
YHCTOrO TMCKOHTUPOBAHHOTO JOXO/a;

Y1, — yuCThIA IMCKOHTUPOBAHHBIH T0XO/T
TIPY i-M YCJIOBUY peali3alliu POEKTa;

P, — BepOSTHOCTb BOBHUKHOBEHHM i-TO yC-

”P
nosust | Y P=11;
i=1

1, — KOIMYECTBO BAPUAHTOB BO3MOXHBIX
3HAYEHUI UCXOMHOM UH(OpMaLUU.
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B aTOM ciydae ciemnyer cuutatb SKOHOMM-
yecku Haubosee 2(HEKTUBHBIM BapUaHT,
UMEIOIINIA MakcUMabHoe 3HaveHne YT .

B yciioBusix HeorpeneIeHHOCTH UCXOTHBIE
JIaHHbIE XapaKTepU3YIOTCs JIMOO OTPE3KOM (ISt
OTIIEJILHOTO MoKa3ates), 1100 001acThio (17151
COBOKYITHOCTM MHOXEeCTBA ITOKa3aTesieil) Bo3-
MOXXHBIX 3HaUeHMi. Torma pasjiumyaioT Tpu
cIyJast:

1) uncieHHBIC 3HAYCHUST BEPOSITHOCTEH
Pa3IMYHBIX TTOKa3aTesIeil He MOTYT OBbITh yCTa-
HOBJIEHBI, HO BEPOSITHOCTh COBITA/IEHUST (DaKTH -
YECKMX UCXOTHBIX JAHHBIX C OTHOM M3 TPaHMI]
MPOTHO3a 3HAYNTEITHHA;

2) MOXHO yKa3aTb CTEeTeHb MPEANOYTEHUS
M3MEHEHUI NCXOMHOM MHMOPMALIVH ITO TPaHU-
116 MAKCUMAJTBHBIX (MIHUMATBHBIX) BO3MOXK-
HBIX 3HAYCHUIA;

3) oLleHKa 95KOHOMUYECKOH (P (HEeKTUBHOCTU
WHBECTULIMI OCYILIECTBIISIETCS TIPY MaKCUMAaJTb-
HOI1 HeomnpeaeIeHHOCTU UCXOIHOM nH(popMa-
111U, KOTJIa HeJIb3$T OTIATh HA OTHOMY 3HAYEHUTO
MPeNoYTeHUE TIepe] IPYTMMHU BO BCEM JIMaria-
30HE BO3MOXHBIX KOJIEOAHUI MCXOMHBIX TaH-
HBIX.

B nepBoM ciyuae, Korjia BepOSTHOCTb COB-
MaJeHUsI UCXOMHBIX JTAHHBIX ¢ TPAHUIHBIMH
3HAYCHUSIMU 3HAYMTENIbHA, OlIEHKA SKOHOMU-
4yecKoi 2(hPEKTUBHOCTU PELLIEHUSI MOXKET OBITh
Tpou3BeieHa, HalpuMep, 1o opmyie:
maxmin 4L, (i LN = 1,N3), (12)
rae ‘IILZ[,./, — i-e 3HaYeHUe YNCTOro TUCKOHTH-
POBaHHOTO JOXO/A JIS j-T'O BAapUaHTa UHBECTHU-
LIMOHHOTO MPOEKTa;

N ff ) — 4pcs10 BO3MOXKHBIX 3HaueHuMit Y11

JIJI51 j-TO BapyaHTa;

N, —4ucIo CpaBHUBAEMbIX BADMAHTOB ITPO-
eKTa.

Ecim MoXHO yKaszaThb CTeTieHb MPEArovTe-
HUST UIBMEHEHMI MCXOTHON MHMOPMALIMK 110
TPaHM1IE MAKCUMAJTbHBIX BO3MOXKHBIX 3HAYCHU
WCXOIHBIX TAHHBIX IT0 CPABHEHWIO C MUHUMAJTb-
HO BO3MOXKHBIMU (BTOPOI C/Ty4aii), ToO HanboJee
3((GEeKTUBHBIN BapuaHT HAaXOAUTCS MO 0000-
IEHHOMY MaKCHMMYyMY YMCTOTO TUCKOHTUPO-
BaHHOTO JIOXO/IA:

max[ao max 411, +(1—a0)mjn‘-II[):[,],J,(13)
J I i

rjie o, — MoKasare/ib ONTUMHU3Ma, OTpaxaro-
LI BEPOSITHOCTb TAKOTO U3MEHEHUST UCXOI-
HOI MH(bOpPMALIUU j-TO BaphaHTa, KOTOPOE
COOTBETCTBYET MAKCUMAJIbHOMY 3HAYEHUIO
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YJ. IToxka3zaTeab HaXOAUTCS B IIpeaeiax
(0; 1).

B cnywae, xorma TpymHO YCTaHOBUTH
CTeTIeHb NPeANOYTEeHUSI COBNaAeHUS (haK-
TUYECKUX 3HAUSHUI MMoKa3aTejaeil ¢ OJHOM
W3 IpaHUIl JUalla30Ha UX BO3MOXHOIO KO-
JebaHus, nokasare/b o MPUOIMXKEHHO
MoOXeT ObITh paBeH 0,3—0,4.

[Tpu MmakcManbHOI HEOIIPEIEeICHHOCTH
MCXOMHOM MH(MOPMAIINHM, KOTHAa HU OTHOMY
3HAYCHMIO TTOKA3aTeJIs HeJIb3sI OTIATh ITpeI-
MOYTeHUE Mepea IPYTUMU BO BCEM IHarna-
30HE BO3MOXKHBIX KOJICOAHMM MCXOTHBIX
TaHHBIX (TpeTUii ciydait), BBIOOP MOXKHO
BECTH B COOTBETCTBUM C MaKCUMaJIbHBIM
npesblieHrneM Y/, u TeM caMbIM, 100U~
Basich MUHUMU3allMM CTEIICHU pHUcKa, I0-
JIYYUTH OOJIBLION MPOUTPHIII. MUHUMAITL-
HOE IIPEBBIIICHUE IS j-T'0 BapraHTa WHBE-
CTUIIMOHHOI'O TIPOEKTa BHIPAXACTCS 3aBU-

CHMOCTBIO:
min Y, —maxmin Y1/,
i J i

7, = min] max WU, —maxmax UL, (14)
(i=LND5 =L N, ).

Tot BapuaHT, KOTOPBINT UMEET MAKCH-
MaJIbHOE 3HAYCHUE T,, M IPUHIMACTCS Kak
9KOHOMMWYECKHU Hanbosiee 3(pHeKTUBHBIN.

BblBOAbI

B 1ie1om mpuMeHeHUe MeXaHU3MOB TO-
CylapCTBEHHO-YaCTHOTO MapTHEPCTBA I0-
3BOJIUT MPUBJIEYb TOTOJHUTEbHbIE MHBEC-
TUIUW B TPAHCTIOPTHOE CTPOUTEIBLCTBO,
MOMOXET PEeIUTh NpoOIeMy pa3BUTUS
TPAHCIOPTHOU UH(pPACTPYKTYphl. Bens, He
“Mesl TOCTATOYHBIX TPAHCTIOPTHBIX CBSI3EH
MEXJYy peruMoHaMM, HEBO3MOXHO OCY-
EeCTBIATh 2(pheKTUBHOE yHpaBlIeHUE,
MMPOBOAUTH MOJUTUKY, CTUMYJIHUPYIOUTYIO
9KOHOMUYECKOE pa3BuTue. B ycroBusx
KpU31ca, CAHKIIMOHHOW BOWHBI TPaHC-
MOPTHOE CTPOUTEIBCTBO CITOCOOHO CTaTh
JipaiiBepoM dKOHOMHUYECKOTO pOCTa CTpa-
Hbl. [To olleHKaM 3KCTEpPTOB, pa3BUTHUE
TPAHCIOPTHOU MH(MPACTPYKTYpHI, Oaroaa-
psl MYJBTUTIIUKATUBHOMY 3G dEeKTy, naeT
BO3MOXHOCTh CTUMYJMPOBATh U JIpYyTUeE,
CMEXHBIE OTPACIV HAPOJHOTO XO3SI1ICTBA.
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EFFICIENCY OF PPP MECHANISMS FOR DEVELOPMENT OF TRANSPORT

INFRASTRUCTURE

Volkov, Boris A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Dobrin, Aleksey Yu., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The spheres of application of public-private
partnership continue to expand. Concession
agreements are regularly used in transport,
especially in road construction. However, any such
option requires comprehensive calculations, an
integrated approach, reducing the risk to partners
to a minimum, because only a spectacular project
can be attractive and profitable when it comes to

long-term investment. The authors of the article
reveal step by step the mechanisms of interaction
between the parties in implementation of
infrastructure projects, consider in detail the
mathematical apparatus that assesses the
budgetary effectiveness of investment programs,
distribution of burden between the state and private
partners throughout all stages of the life cycle of
projects within the framework of PPP.

Keywords: public-private partnership, concession, economy, transport, infrastructure, life cycle of the

project, efficiency, investment load.

Background. According to the law, PPPis a legal
cooperation between a public partner, on the one
hand, and a private partner, on the other hand, legally
based on a combination of resources, risk sharing,
which is carried out on the basis of a PPP agreement
concluded in accordance with federal law for the
purposes of attracting private investments into the
economy, providing state authorities and local
governments with access to goods, works, services
and improving their quality [1].

Mechanisms of public-private partnerships are
used very widely abroad [2]. They are reflected in
many spheres of human activity: social (kinder-

gartens, schools, medical institutions, etc.),
transport (roads and railways, water and air
transport, pipeline transport), housing and communal
[3], energy, agrarian, even construction and
operation of prisons [4].

The spheres of application of public-private
partnership continue to expand. PPP models are used
in the military-industrial complex, space exploration.
Until recently, these spheres have been considered
as an exclusive prerogative of the state. For example,
in the US, Germany and the UK, PPP schemes are
being implemented that combine the benefits of
public planning and private interest in implementation

Table 1

Stages of development of PPP in Russia

Ne | Period Brief description of the period

1 1717-1836

The emergence of a partnership between the state and private business in Russia. The
construction of mills on the banks of the rivers Una and Shlyna on a concession basis.

2 |1836—-1917

The emergence and development of a network of railways. Construction of plants. The
emergence of telephone networks. Elaboration and development of the legislative framework.

3 | 1917-1937

have been created.

Revolution. In 1920, the Council of People’s Commissars adopted a decree on concessions
of the RSFSR. On August 21, 1923 by decision of the Council of People’s Commissars of the
USSR the Main Concession Committee (Glavkonses) was established. Over 2000 concessions

4 |1938—1991

Liquidation of Glavkonses and the PPP institute. The USSR acted as a concessionaire in foreign
projects for development of transport infrastructure.

5 |1992-2005

Agreements»

After the breakup of the USSR, the search for forms of interaction between the state and
private business begins in the conditions of market relations. The development of PPP laws and
mechanisms begins. Privatization. Adoption of Federal Law No. 225 «On Production Sharing

6 |2005-2012

route).

The adoption on July 21, 2005 of the Federal Law No. 115 «On concession agreements».
Mechanisms such as the Investment Fund, model concession agreements, tenders for major
transport projects have been developed.

For this stage, 23 projects were implemented based on PPP, of which two major transport:

— construction and operation of a multi-profile transshipment complex «Yug-2»;

— construction of a bridge across the floodplain of the Yuribey River (Obskaya—Bovanenkovo

By the end of 2012, there were 83 projects in Russia under implementation.

7 12012-2015

total of 871 billion rubles.

More than 9 federal documents regulating state-private partnership have been adopted. Growth
in the number of PPP projects. By mid-2015, 595 projects were under implementation, with a

8 [2015-2016

entry into force on January 1, 2016

95 in the transport sector.

In early July 2015, the State Duma and the Federation Council adopted the Federal Law
«On the Basics of Public-Private Partnership, Municipal-Private Partnership in the Russian
Federation and Amendments to Certain Legislative Acts of the Russian Federation» with the

At the beginning of 2016 in Russia there were 1285 PPP projects (a total of over 1 trillion rubles),
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Pic. 1 shows the volume of PPP projects implemented in the EU in 2005-2014. Volumes are presented
in monetary (for the first and second half-year) and quantitative expression [7].

of national projects in the field of space exploration.
The National Geospatial Intelligence Agency of the
United States (NGA) has signed two NextView
contracts with DigitalGlobe (September 2003) and
GeoEye (September 2004), respectively, for $530
and $500 million to improve the resolution ofincoming
images from space. In 2006-2007 years these
companies developed and launched dual-purpose
satellites WorldView and OrbView-5 with equipment
for surveying the Earth with a spatial resolution of
0,45m [5].

Objective. The objective of the authors is to
consider efficiency of PPP mechanisms for transport
infrastructure.

Methods. The authors use general scientific
methods, economic evaluation, comparative analysis,
scientific description, mathematical apparatus, graph
construction.

Results. In the field of railways, the mechanism
of public-private partnership has also found its
application. This is confirmed not only by Russian
historical experience, but also by the modern world.
So, on concession terms, Siemens implemented a
150 km railway project in Mexico, which connects
eight cities. The term of the agreement was 30 years,
and the total amount of investments — $1, 1 billion.

An example of such a project is the high-speed
HSL Zuid line in the Netherlands. The volume of
investments amounted to 1,2 billion euros and was

contributed by private investors (of which 90 % by
private banks, 10 % by industrial companies, including
Siemens) [6].

For Russia, PPP is also not something new. A brief
description of the stages of PPP development in
Russia is presented in Table 1.

Investment projects for development of
transport infrastructure on the basis of public-
private partnership should be evaluated on the basis
of a comprehensive analysis of economic, social,
environmental indicators covering the entire life
cycle of the project, from the pre-project stage to
the service life of the facility. Criteria for assessing
the participation of partners should take into
account the interests of both public and private
levels.

The sequence of assessing the economic benefits
of participants in implementation of investment
projects based on public-private partnerships is as
follows:

1) The social efficiency of the investment project
as a whole is assessed. If it satisfies the national
economic requirements by the indicators of social
efficiency, then proceed to point 2. Otherwise, the
analyzed project is either rejected or recommended
for revision.

2) The indicators of the budget efficiency of the
investment project are determined. If they satisfy the
concessor, then go to step 3. Otherwise, the limit of

Table 2
Stages of the project’s life cycle
Ne Characteristics of stages Description | Main participants
of stages
1 Pre-project stage » Investors, customers, design organizations
2 Design stage T, Customers, design organizations
3 Construction-installation works T, Customers, contractors, design organizations,
enterprises of construction industry

4 Operation of the facility under the T, Concessionaire, accompanying enterprises

concession agreement
5 Period of operation of the facility when it | T, Concessor, accompanying enterprises

is transferred to the state
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Assessment of economic efficiency
of investment projects

l No

Calculation of indicators of social efficiency

ul
c =]
S <8
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N 8
‘© o
e S
[ Correspondence of the project
according to the indicators
of social efficiency with
N requirement of national economy
o}

Calculation of indicators of budget efficiency

If the indicators of budget
efficiency satisfy the concedent

Calculation of indicators of commercial efficiency

uonezijeury

If the indicators of commercial
efficiency satisfy the requirement
of the concessionaire

Conclusion of contracts for
project implementation

Pic. 2. Algorithm for selection of projects for development of transport infrastructure,
implemented on the basis of PPP.

Total volume of proiect’s investments (K)

A

Borders (corridor)of adjustment of

ratio of investments (AN)

Y
Share of the state (Nsr)

/

Share of the private partner (Npg)

Pic. 3. Ratio of shares of the state and the private partner in transport construction projects.

investments of the concessor is set, at which
budgetary efficiency will satisfy him.

3) The indicators of commercial efficiency for
concessionaires are calculated. If they satisfy them,
they proceedto conclude contracts forimplementation
of the project. Otherwise, the importance of this
commercial efficiency is increased by reducing
private investment, or extending the duration of the
concession, or both until an acceptable commercial
efficiency is obtained for the concessionaire. After
this, proceedto step 2. In case when the concessionaire
does not economically benefit from investing in the
project, it is considered expedient to implement the
project with fully public funds.

With concessions, five stages of the life cycle of
the project should be identified. Table 2 lists the main
participants in implementation of investment projects
for the life cycle stages.

Estimation of budgetary efficiency of investment
projectsat T >T_can be carried out according to the
following mcf ica tors

NPV = ZC -77’+ZB ’ﬂr+zE N, =

=1 t=1

Z,l,ﬂﬁZ,T 7,
Ztl’ T

(1 E)r’( )

(2)

The internal rate of return (E. ) is determined from
the equation:
T, B 7 E,

- t+ e [
S(1+E,) =(1+E,) “T(1+E,)

The payback period (T ) of investments by the
concedent is found from the equation:

T, T, T,
D Ben+ Y Een, =Y Clo,
=1 t=T, t=1

where NPV, — budgetary net present value;
— profitability index;
E - internal rate of return (IRR);
, — bayback period of investments;

C,b —investment costs of the concessor in the t-th

(3)

(4)

year;

B, - increase in the budget in the t-th year, due to
the implementation of investment project;

E,— econvomic effect of the concessor in the t-th
year;

n,— reduction coefficient of cash flows of future
periods (discount coefficient);

E - rate of discount;

T, - year of starting operation of the facility;

T, - year of the end of the concession contract;

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 2, pp. 124-139 (2017)

Volkov, Boris A., Dobrin, Aleksey Yu. Efficiency of PPP Mechanisms for Development of Transport

Infrastructure




Distribution of shares
B
o
x

©o
~
™

301

Volume of investments, bin rub.

226

60 %-80 %
" 40 %-60 %
u 20 %-40 %
m0%-20%

Period
of construction, years

)
N

Pic. 4. Distribution of investment burden between the state and the private partner in projects for
development of transport infrastructure.

T, — calculation horizon.
t — period (calculation stage).
In determining the commercial effectiveness of

the concessionaire:

‘A Ccon s Etcan C
= St 5
T(1+E) _ZT,(1+E)’ (1+E)" (%
T,
e Emm.
PI=— 25E "’C ) (6)
Z;lctmn.n’ + (1+E)T,

Theinternalrate ofreturn(E p) ofthe concessionaire
is found from the equality:

7, E 7, o . C

— 7
‘(1+E,) ,=1(1+Ep)’ (1+E,)* @

The payback period (T ) of the concessionaire is
determined from the equations:

whenT <T,
T, Econ TJ Ccon
(8)
—T(1+E =1 (1+E
whenT =T,
T, e T, - C.
2 > o+ (9)

t —
F(1+E) F(+E) (1+EP)T" '
where NPV, - commercial net present value;
C’L‘Oﬂ
year;
E™ — economic effect of the concessionaire in the

— investments of the concessionaire in the t-th

t-th year;

C, - expenses at delivery of object by the
concessionaire to the state in Te-th year.

Selection of investment projects implemented on
the principles of PPP, is recommended to be carried
out in accordance with the following sequence:

1. At the first stage, projects that do not have the
required values of public performance indicators are

discarded: NPVs <0, IRRs < En, T, >T;"™.

2. Projects for indicator NPVb are analyzed,
projects in which NPVb < 0 are discarded.

3. Projects for indicator IRRb are analyzed,
projects in which IRRb < En are discarded.
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4. The projects for T‘; are analyzed, projects with

indicators excessing the established norm, are
discarded.
5. The remaining projects are ranked in ascending

order T..

6. With equal payback period, projects that have
the maximum value of NPVb, minimum investment
costs and other best social and environmental
indicators are selected.

7. Projects that fit within the limit of state
resources are accepted for implementation.

All selected projects should ensure the real
commercial effectiveness of the private partner. This
requires an analysis of the calculation of the
effectiveness of private investment.

Schematically, the algorithm for selecting projects
for development of transport infrastructure
implemented on the basis of PPPs is shown in Pic. 2.

The completion of the projects indicated in the
block diagram is carried out by improving the
indicators of the economic efficiency of investments:
first of all, by changing the distribution of the
investment load and changing the concession term.

Distribution ofinvestments between the state and the
private partner is presented in a schematic formin Pic. 3.

Projects with payback periods of up to 5-7 years,
in some cases — 10 years are attractive for a private
partner. At the same time, for the state the payback
period for projects of high social significance can be
more than 30 years.

To determine the optimal ratio of investments in
PPPs, a sample of the projects presented on the portal
of the public-private partnership development center
was used [8].

Further, a correlation-regression analysis was
performed to reveal the dependence, in which the
function is the ratio of the investment shares of the
state and private business, and the arguments — the
planned implementation period and the volume of
investments [9, 10].

The ratio of the shares of the state and private
business in PPP projects for the development of
transport infrastructure will look like:

Ny _0,3649+0,446210""%< K —0,0103-T;. (10)
Npg  0,6351-0,4462:1072+K +0,0103:T
where N, — share of investments of the state;
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Table 3

Distribution of investment burden between the state and the private partner in transport
infrastructure development projects (state share is indicated)

N, — share of investments of the private partner;
K — volume of investments, rub.;
T.on — Period of construction of the object, years.

As it follows from the dependence 10, the
investment load on the state (Ng,) increases with the
cost ofthe project(K) and decreases with the increase
in duration of the facility construction (T, ). At the
same time, the investment burden on private business
(N,;) is growing with the increase in the duration of
the facility construction(T_,, ) and decreases with the
increase in cost of the project (K).

In this there is logic: the higher is he cost of the
project, the greater is the burden the state must take
on; the sooner the project is implemented, the less
investment burden is borne by the private partner.
The distribution of shares is clearly shown in Pic. 4.
Everything below the plane is the share of the state,
everything, which is above the plane than the share
of the private partner.

In Table 3 data are presented in a tabular form.

The risks of investments on transport can be
classified according to Table 4. The risk assessment
matrix can be constructed for investment projects in
accordance with and with allocation of critical, large,
medium, small and minor risks ( Table 5).

Risks that arise at different stages of the life cycle
of projects implemented on the basis of public-private
partnership can be either for the state or for private
investors. Table 6 describes those risks, the
emergence of which is possible at the pre-project
stage, the stage of development of project
documentation, in the performance of construction
and installation works, and the operation of the
facilities commissioned.

The manifestation of risks and uncertainties in
information causes a certain character of stochastic
evaluation of the effectiveness of investments.

To improve the quality of the decision, it is
expedient to check stability of its effectiveness with
different values of initial information within the
borders of its possible range of fluctuations and the
most likely unfavorable situations of project
implementation.

Ifthe solution is the most economical in the range
of possible values of the initial data and unfavorable

Investments, | Construction period, years

bin rub. 1 2 3 4 5 6 7 8 9 10

1 355% [345% |33,4% [324% |31,4% [304% |293% [283% |27,3% [262%
76 389% [37.8% |368% [358% |34,7% [33,7% |32,7% [31,6% |30,6% [29,6%
151 422% |41,2% |40,1% (39,1% [38,1% |37,1% [36,0% |350% [340% |32,9%
226 455% |44,5% |43,5% |42,5% |41,4% |404% |39,4% |(383% [373% |36,3%
301 489% |479% |46,8% |458% |448% |43,7% |42,7% |41,7% [40,7% |39,6%
376 522% [51,2% |50,2% |492% |48,1% |47,1% |46,1% |450% |44,0% |43,0%
451 556 % [54,6% |53,5% |52,5% |51,5% |50,4% |49,4% |48,4% |47,3% |46,3%
526 589% [579% |569% |558% |548% |53,8% |[52,8% |51,7% |50,7% |49,7%
601 62,3% |61,3% [60,2% |592% |582% |57,1% [56,1% |55,1% |54,0% |53,0%
676 656% |64,6% [636% |62,5% |61,5% |60,5% [59,4% |58,4% |57,4% |56,4%
751 69,0% |67.9% [669% |659% |649% |63.8% [628% |61.8% |60,7% |59,7%
826 723% |71,3% [70,3% 69,2% |68,2% |672% [66,1% |651% |64,1% |63,1%

Table 4

Types of risks of investment projects
and projects on transport

Feature Type

1. Place of occurrence 1.1. External

of risk 1.2. Internal

2. The sphere of 2.1. Technological

manifestation 2.2. Economic
2.3. Ecological
2.4. Social

3. Nature of origin 3.1. Natural
3.2. Risks related to human
factor
3.3. Political
3.4. Legal

3.5. Technical

4.1. Unilateral
4.2. Bilateral
4.3. Multileteral

4. Nature of distribution
of the risk burden

5. Level of manifestation | 5.1. Industry risk
5.2. Risk of the enterprise

(organization)

6.1. Mass
6.2. Unique

6. Extent of prevalence

7. Frequency of damage | 7.1. Frequent
7.2. Risks of medium
frequency

7.3. Rare

8.1. Risks that cause direct
damage
8.2. Risks with indirect

8. Nature of possible
financial implications

damage

situations of its implementation, then it can be
recommended for adoption. This should be expected
only for small ranges of changes in initial values. But
the smaller is the range of data, the more likely that it
will not include the actual values of this data, and this
can lead to a significant deviation of the decision from
the optimal one.

Insignificant ranges of fluctuations in the initial
information can be taken only in the years close to the
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‘ Z{ Table 5
{5’ i Risk assessment matrix of investment projects
\ Degree of risk exposure to the | Probability of risk realization (p)

project High, p =1,0-0,7 Medium, p = 0,6—0,4 Low,p<0.4

Strong Critical risk Major risk Average risk

Medium Major risk Average risk Small risk

Weak Average risk Small risk Minor risk

Table 6

Main risks at the stages of the life cycle of investment projects

Stages of the life
cycle

Characteristics of risks

Party, bearing
risk

Risk assessment

Pre-project stage
and design stage

1. Risks due to the quality of pre-project State Major risk
documentation

2. Risks of development of project documentation | State Critical risk
3. Risks of land purchase and preparation of the State Critical risk
territory of construction

4. Risks that arise when the necessary approvals are | State Average risk

issued

Construction and

1. Risk of increase in construction price

State and private

Critical risk

installation works investor
2. Risks of financial opportunities State and private | Major risk
investor
3. Risks of equipment supply State Small risk
4. Risks caused by extreme circumstances State and private | Average risk
investor
Operation of the 1. Risk of decrease in revenues State Small risk
object 2. Risk of increase in operating costs Private investor | Major risk

commissioning of the project

3. Risk of detection of hidden defects after

Private investor | Average risk

4. Emergency circumstances

State and private
investor

Average risk

reporting period. In the longer term, the range should
be increased, but this leads to a decrease in the
stability of the effectiveness of the decision.

When assigning input data in a probabilistically
determined form, the evaluation of economic
efficiency can be carried out using the mathematical
expectation of the efficiency index.

If it is possible to specify the numerical values of
the probabilities of possible values of the initial data,
then for evaluation of effectiveness, for example, the
mathematical expectation of the net discounted
income is suitable:
NPV, =3 P-NPV, (11)

i=1
where NPVEXP — mathematical expectation of net
present value;

NPV, - net present value at i-th condition of
realization of the project;

P, — probability of occurrence of i-th condition

£)

n,- number of options of possible values of initial
information.

In this case, the most economically effective
option is the one that has the maximum value of
NPV_ .

in conditions of uncertainty, the initial data are
characterized either by a segment (for a single
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indicator) or by a region (for a set of indicators) of
possible values. Then there are three cases:

1) numerical values of probabilities of various
indicators cannot be established, but the probability
of coincidence of actual initial data with one of the
forecast boundaries is significant;

2)itis possible to indicate the degree of preference
for changes in initial information on the boundary of
the maximum (minimum) possible values;

3) evaluation of the economic efficiency of
investments is carried out with the maximum
uncertainty of the initial information, when one cannot
give preference to a single value over the others in
the entire range of possible fluctuations in the initial
data.

In the first case, when the probability of
coincidence of the initial data with the boundary values
is significant, evaluation of economic efficiency of the
solution can be made, for example, using the formula:

maxmin NPV, (i:l,N;“;j:LNv), (12)

where NPVI.!, — I-th value of net present value for j-th
option of investment project;

N — number of possible values of NDI for j-th

option;
N, — number of project variants being compared.
Ifitis possible to indicate the degree of preference
for changes in the initial information along the
boundary of the maximum possible values of the initial
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data in comparison with the minimum possible (the
second case), then the most efficient option is based
on the generalized maximum of the net discounted
income:

mjax[ao maxNPV, +(1—a0)m‘_inNPV,.j}, (13)
where o, - indicator of optimism reflecting the
probability of such a change in the initial information
ofthe j-th variant, which corresponds to the maximum
value of NPV. The indicator is in the range (0; 1).

In the case where it is difficult to establish the
degree of preference for coincidence of actual values
of the indicators with one of the limits of the range of
their possible fluctuation, the coefficient o, can
approximately be equal to 0,3-0,4.

With the maximum uncertainty of the initial
information, when no value of the indicator can be
given preference over the others in the entire range
of possible fluctuations in the initial data (the third
case), the choice can be made in accordance with
the maximum excess of NPV, and thereby, minimizing
therisk, to get a big loss. The minimum excess for j-th
version of the investment project is expressed by the
dependence:

min NPV, -maxmin NPV,
i i
7, =min max NPV, - max max NPV,

(i=LN7: /=T, (14)

That option, which has the maximum value of T,
is accepted as economically most effective.

Conclusions. In general, the use of public-private
partnership mechanisms will attract additional
investments in transport construction, help solve the
problem of transport infrastructure development.
After all, without sufficient transport links between
regions, it is impossible to implement effective
management, pursue a policy that stimulates
economic development. In times of crisis, in the
sanctions war, transport construction can become a
driver of the country’s economic growth. According
to experts, the developmentoftransportinfrastructure,
thanks to the multiplicative effect, makes it possible
to stimulate other related sectors of the national
economy.
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9KCMPECC-WH®OPMALINS
EXPRESS INFORMATION

CEBEPHbIV LUMPOTHbIN XOA,

30 mapra 2017 roga 8 Mockse OAO «P2K/I» u ITAO
«[a3mpom» 3aKJTI0YNIN COIAIIEHHE O COBMECTHOI peaim-
3aIMH WHBECTHIMOHHOTO MPOEKTA MO CTPOUTEIbCTBY Ce-
BepHoro mmpotHoro xoaa (CIIIX) Oockas—Canexapa—
Hanapiv—ITanronsi—Hosblii Ypenroii—KopoTyaeBo u xe-
JIE3HOI0POKHBIX MOXO0/I0B K HEMY.

Llenbio mpoeKTa sIBsIeTCs] 0OecTeueHre BbIBO3a
TPY30B C MECTOPOXKIEHUI CEBEPHBIX PailOHOB 3araaHoit
Cubupy 1 COKpaIeHNE MTPOTSKEHHOCTH TPAHCTIOPTHBIX
MapupyToB 1o nopro CeBepo-3anaja.

Peanu3zatiuist mpoekTa GyIeT OCYIIECTBISAThCS C MPU-
BJICYEHUEM CPEJICTB YACTHBIX MHBECTOPOB 110 KOHLIECCH -
oHHoi1 cxeme. OcHoBHbIe yuacTHUKK (OAO «P2XK]1», [TAO
«Taznmpom», Amano-HeHeukuit aBTOHOMHBII OKpPYT)
MpOohUHAHCUPYIOT OOBEKTHI COOCTBEHHON CYIIIECTBYIO-
1Iei KeTIe3HOTOPOKHOIM MH(PPACTPYKTYPBI, 2 CTPOUTEIb-
CTBO HOBBIX OOBEKTOB BBITIOIHUT KOHIIECCUOHEP.

B cootBetrctBuM ¢ cornameHuem, [TAO «[aznpom»
CO3/IaCT CMelnanbHOe JoYepHee OOIIEeCTBO, KOTOPOE
00€eCTIeUnT 3aBepILICHNE CTPOUTENILCTBA M BBOJI B 9KCILTYa-
TalMI0 COOCTBEHHOM XeIe3HOI0POXKHOM TMHUK HagbiM—
TManroast (112 km).

Ipenmonaraercs, uto Poccuiickas ®emeparmst BbI-
CTYITUT KOHLIEICHTOM, @ KOHLIECCHOHEPOM — CITeIMalb-
Has ipoekTHas komnanust (CITK-KoHieccnonep) — no-
yepHee obuiectBo OAO «PXK/I», akliIMoHepaMu KOTOPO-
O TAKKE MOTYT ObITh 3aMHTEPECOBAHHbBIE MHBECTOPBI.

CITK-KoHLeccnoHep 1Mo KOHUECCMOHHOMY corJla-
LIEHUIO 00ecreynT HUHAHCUPOBAHUE, CTPOUTETHCTBO
M 3Kcrutyatanuio JuHuu Oockas—Canexapn—Hanbim.

BuyactHoCTH, OyIeT MOCTpOeHa XKeJIe3HOMOPOXKHAS YaCTh
Mocta yepe3 peKy OOb 1 MOIXO/IbI K Heil, HOBBIN XKese3-
HOIOpOXHBI yyacTok Canexapa—Haasim (353 km),
a TaKXe XeJIe3HOJOPOXKHasl 4acTh MOCTa 4epe3 peKy
HanpIM 1 moaxonsl K HE.

OAO «PXK/I» B pamKax cBO€ii MHBECTULIMOHHOM
MPOrpaMMbl BBITTOJHUT PEKOHCTPYKIIMIO MPUMbBIKAIO-
mux yyactkoB KoHoma—Kotmiac—Hym—JlabbITHAaHT U
CeBepHOIi XeJIe3HOW Toporu, BKiIovas ctaHuuio O6-
CKasl, a TaKXe JKeJIe3HOIOPOXKHOI TmHUM [TaHToIBI—
Hossiit Ypenroii—KopotyaeBo CBepaioBCKOM Xene3-
HOW AOpOTH.

B cBo10 ouepenn, anmuHucTpanus SImano- Heneliko-
TO aBTOHOMHOTO OKpYTa BBICTYITUT MHBECTOPOM CTPOU-
TeJIbCTBA aBTOMOOMIIbHOM YacTu MocTa uyepe3 O0b
¥ TIPEJIOCTaBUT HEOOXOAMMYIO MTPOCKTHYIO JTOKYMEHTa-
uuio. Takxke pernoH MpeaocTaBUT B (peaepaabHyo co0-
CTBEHHOCTb 3eMEJIbHBIC YYaCTKU, HEOOXOIUMBIE IS
CTPOUTENILCTBA MATUCTPAIIH, U OOECTIEUUT TOCTYIT CTPOU-
TeJieii K BOIHBIM 00BEKTaM M JIECHBIM yJacTKaM, peo-
CTaBUT JILTOTHI 110 HAJOTY Ha UMyliecTBO. HamomHuMm,
COOTBETCTBYIOLIEE CoralleHre noanucato mexiay OAO
«PXK» u THAO 19 okrsi6pst 2016 rona.

CrpourenbcTBo CeBepHOTO MIMPOTHOTO XOJA ITIa-
HupyeTcs ocyiecTBUTh ¢ 2018 mo 2022 roxbl. O61as
TPOTSKEHHOCTD JIMHUM cocTaBisieT 707 kM. [TporHosu-
pyeMbIil 00BEM MepeBO30K cOCTaBUT 23,9 MIH TOHH
(IpenMyIIeCTBEHHO Ta30BbIil KOHACHCAT U He(pTeHaINB-
HbIE TPY3bI).

ITo MaTepuanam npecc-ciyxos OAO «PXK]I» @

NORTHERN LATITUDINAL RAILWAY

Russian Railways and Pubic Joint Stock Company
Gazprom have signed on 30 March 2017 an agreement on the
joint implementation of an investment project to construct the
Northern Latitudinal Railway (NLR) Obskaya—Salekhard—
Nadym—Pangody—Novy Urengoy—Korotchaevo and its
railway approaches.

The aim of the project is to provide for the transportation
of freight from the mineral fields and deposits of the northern
regions of Western Siberia and reduce the length of transport
routes to Russia’s ports in the country’s northwest region.

The project will be implemented by attracting private
investors under a concession scheme.

The main participants are Russian Railways, PJISC
Gazprom and the Yamalo-Nenets Autonomous District,
which will finance the facilities of their existing railway
infrastructure, while the concessionaire will construct the
new facilities.

Inaccordance with the agreement, PJSC Gazprom will
establish a special subsidiary which will ensure the
completion of the construction and the commissioning of
its own 112-km railway line between Nadym—Pangody.

It is assumed that the Russian Federation will act as a
concession provider, while the concessionaire will be a
special project company (SPC Concessionaire) and
subsidiary of Russian Railways. The SPC’s shareholders may
also be interested investors.

Under the concession agreement, the SPC Conces-
sionaire will provide financing and construction and
operate the Obskaya—Salekhard—Nadym line. In
particular, the railway section of the bridge across the river
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Northern latitudinal railway

Ob and its approaches and the new 353-km railway section
Salekhard-Nadym will be built, as well as the railway
section of the bridge over the Nadym river and its
approaches.

Within the framework of its investment programme,
Russian Railways will carry out the reconstruction of the
adjacent sections of Konosh—Kotlas—Chum—Labytnangi
at Northern Railways, including Ob station, and the railway
line between Pangody—Novy Urengoy—Korotchaevo at
Sverdlovsk Railways.

In turn, the administration of the Yamalo-Nenets
Autonomous District will act as an investor in the
construction of the automobile section of the bridge across
the river Ob and provide the necessary project documentation.

Yamalo-Nenets will also transfer the plots of land
needed for the construction of the line to federal property,
ensure access for construction workers to water bodies and
forest areas and provide deductions and benefits on property
tax.

A corresponding agreement covering these issues was
signed between Russian Railways and the Yamalo-Nenets
Autonomous District on 19 October 2016.

Construction work on the Northern Latitudinal Railway
is planned to be carried out from 2018 to 2022.

The total length of the line is 707 km. The projected
traffic volume will amount to 23.9 million tons, consisting
mainly of gas condensate and bulk oil cargoes.

Based on releases of press service
of JSC Russian Railways ®
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B craTtbe npuBeneHs! nogxonbl

K MOCTPOEHUIO HOBOW Mogesn
B3anMoOA4elicTBUSI U CUCTEMHON
onTumMu3saynn 6u3Hec-rnpoLeccoB

Ha OCHOBE UCIO0JIb30BaHUs
LUnpPoBbIX TEXHOJIOrNIN Ha BCEexX
aTanax ¢popmMupoBaHUs Lernovyku
A006aBJIeHHOV LLeHHOCTU NPOAJYKTOB

un ycnyr, obecrne4ynBaroLmnx cosgaHme
nHdopmMaLNOHHON NnaTdopmbl

Ans ungppoBoi 3KOHOMUKU.
PaccmoTpeHbl meToan4Yeckne OCHOBBbI
¢dopmMmupoBaHns OKa3aTesIbHON

06a3bl pa3BUTUSI LUEPPOBOI JIOrUCTUKN
v BHegpeHus iopuanyeckv 3Ha4YuMMoro
3JIEKTPOHHOIro O6MeHa AaHHbIMU

B OPraHn3aLnm Xese3Ho4O0POXHbIX
nepeBO30K.

KnioyeBbie crioBa: Liyi¢ppoBbIe TEXHOI0rNu,
PbIHOK rPy30BbIX [1€PEBO30K, 3JIEKTPOHHbIN
LOKYMEHTO060POT, MHOPMALMOHHasI
cucTeMa opraHu3aumy B3auMOOTHOLLEHW
C KnmeHTamu xonamHra «PXK/]»

B cpepe rpy30BbiX NepeBo30K, NoTepu

B TPAHCINOPTHOM CEKTope.
|
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LindpoBaga normcrtuka
U 3J1IEKTPOHHbIN OOMEH
OaHHbIMU B rpy30BbIX
nepeBo3Kax

JlIésun bopuc Anexceeeust — 0oKkmop mexHu4ecKux
Hayk, npogheccop, pekmop Mockoseckoeo
20cy0apcmeenHo20 yHueepcumema nymeii coooujeHus
(MHUHT), Mockea, Poccus.

Egumosa Oavea Baadumupoena — doxmop
IKOHOMUHecKUX Hayk, npogheccop MUUT, Mocksa,
Poccus.

ncpoBble TEXHOJOTUU CTa HEO0-

XOJIUMBIM YCIOBUEM YCIEIIHOTO

Pa3BUTHS TOOON KOMITAHUU, UCTOY -
HUKOM JOTOJHUTEIbHON MapXXKUHAJIbHOCTU
B TPAHCITIOPTHOM CEKTOpE MPY OPraHn3alnu
BHYTPUTOCYIAPCTBEHHBIX U MEXIYHAPOJ -
HBIX TIepeBO30K. BbIicOKUi1 ypoBeHb TpebO-
BaHU K 9¢h(HEeKTUBHOCTH YIIpaBICHUS TTepe-
BO3KaMU Ha XeJIe3HOAOPOKHOM TPAaHCTIOPTE
OTIpEeneJIsieT U MOTPEOHOCTh B BBICOKOM
ypoBHEe MH(OpPMATU3ALNU OMEePATMOHHOMN
JEeSITeTbHOCTU YYaCTHUKOB TPAHCTIOPTHOTO
pbIHKA, UX B3AUMOAEUCTBUS MEXIY COOOM.
udpoBbie TEXHOTOTUYN YBEPEHHO TIepeMe-
ATCS U3 pa3psga BCIIOMOTAaTEIbHBIX
CPEICTB B KJIACC OCHOBHBIX, OHU MO3BOJISIIOT
CYIIECTBEHHO CHU3WUTH 3aTPaThl HA YIpPaB-
JIeHWE M CBSI3b MPU OPTaHU3ALUU U OCY-
LIECTBJIEHUU MEPEBO30K, MOBBICUTH KAYECT-
BO TPAHCTOPTHBIX U JIOTUCTUYECKUX YCIIYT,
NPOU3BOAUTEIBHOCTb Tpyla paOOTHUKOB
KEJIE3HBIX JOPOT, CIeJIaTh CBOI0 KOMIAHUIO
6ojiee KOHKYPEHTOCIMOCOOHOW B rjia3ax
KJIMEHTA.

B cBs3u ¢ atum paszButue uudpoBoit
JIOTUCTUKY ¥ BHEJPEHUE I0PUINUECKU 3HA-
YUMOTO 3JIEKTPOHHOTO OOMEHa TaHHBIMU
B OpPTaHU3aLIMU XKEJIE3HOAOPOXHBIX ITEPEBO-



Tao6uual

CpaBHUTEIbHDII AHAIU3 TEXHOIOTHII 0OpPMIIeHHS TIEPEBO30YHBIX JIOKYMEHTOB

ITpusHak cpaBHEeHUsI EBpora

[cia

®opma TOKyMEHTOB

Enunast anekrpoHHas hopMa TpaHCIIOPTHBIX TOKYMEHTOB

Wcnonb3yeMble KaHaIbI
CBSI3U

Tlepenaua naHHbIX 1o KaHanam EDI, obecnieunBarommnx naeHTUGUKALNIO Y4aCTHU-
KOB 1 06€301acHOCTh MH(popMaun

Haynnuue BO3MOXHOCTH
UCIIOb30BaHUs OyMax-
HBIX IOKYMEHTOB

JlomyckaeTcst UCTIOJIb30BaHKE KaK OyMaXKHbIX,
TaK U JIeKTPOHHBIX TOKYMEHTOB

DieKTpoHHas (popMma sBiIsieTcst
€IMHCTBEHHBIM U 00s13aTEIbHBIM
CpEeJICTBOM OpTraHU3aluu JTOKYMEH-
TOoOOOpOTA

Yyactue rocygapcTBeH-
HBIX OPTaHOB

TocynapcTBeHHBIE CTPYKTYPbI IPUHUMAIOT
AKTUBHOE yJacTHe B TIPOLiecce BHEAPEHMS

U Pa3BUTHSI 3IEKTPOHHOTO JOKYMEHTOO00PO-
Ta JUIs KeJIe3HOIOPOXKHBIX ITEPEBO30K

DenepaibHbIe OPraHbl OCYIIECTBIsI-
10T (GYHKIIMIO Haa30pa 1 KOHTPOJIS
3a 3KeJIe3HOOPOXKHBIMU IPy30Mepe-
BO3KaMK

30K IIPEACTaBISIET BCE OOJIBIIMI MHTEPEC
1t xonguara «P2XK/» u cozmaeT npaBoBbIe,
OpraHU3allMOHHbIE U TEXHOJIOTUYECKUE
MPEATNOChUIKY K YCKOPEHUI0 000poTa TOBa-
DPOB, I€HET U YCIYT B HAIMOHAJIbHOM 3KOHO-
MUKE, TO03BOJIsIET ONTUMU3UPOBATh Tepe-
BO3KH, CYILIECTBEHHO COKPAaTUTh 3aTpaThl Ha
X MJaHUpoBaHue U obecrieueHue [1, 2, 3].

HNHbopMalimoHHOe COMPOBOXACHUE TPY-
30BBIX NEPEBO30K B CUCTEMaXx KeJIe3HOI0-
DPOXHBIX aIMUHUCTPALIMI OCYILIECTBISCTCS
Ha OCHOBaHUM corjiaiieHuii 06 0/l B Me-
xkayHaponHoM ctanaapte UN/EDIFACT no
daxkTy mpuema rpysa K IepeBo3Ke C Ioce-
Iylolleit mepenayeit nHGopMaIuu Ha Mpu-
rpaHWYHbIE CTAHIIMU JIJIs IPeIBapUTEIbHO-
ro UHGhOPMUPOBaHUS U 0ODOPMIICHUS TOKY-
MEHTOB I10 3alllMIIEHHBIM KaHajlaM CBSI3U
CEeTU UHTEpPHET.

Hcnonb3oBaHue TpaHCIOPTHOM HaKJIaI -
HOl (B €BpOMEMCKON TEPMUHOJOTUU —
consignment note) B 3JIEKTPOHHOM BUE
¢ uudpoBOil MOANUCHIO YTBEPXKICHO Ha
ocHoBe ENMHBIX MpaBui MeXIyHapOMTHBIX
JKEJIE3HOJIOPOKHBIX TPY30TIepeBO30K, BCTY-
NUBIIMX B A€MCTBUE B CTpaHax-4JeHax
MexXxnyHapoaHOTO XeJEe3HOAOPOKHOTO
komureta (CIT) ¢ 1 uronst 2006 rona [4, 5].

Lenbio mpoekTa «e-rail Freight» craBut-
Cs 3aM€Ha BceX OYMaXKHBIX TPAHCIIOPTHBIX
JTOKYMEHTOB Ha 3JIEKTPOHHBIE B paMKax
JKEJIE3HOIOPOXKHOM CeTH CTpaH-y4aCTHUKOB
CIT. K nmpoekTy Ha CerogHsIIIHUNA TeHb
npucoeaIuHUINCH 6ojee 20 XeJIe3HBIX 10pOT
EBponel. Ero Beayt Tpu eBpomeiickue xe-
JIE3HOIOPOKHBIE aCCOLMALIM:

* CIT — npaBoBast ocHOBa 1 pa3paboTKa
npoLeyp;

* UIC — texHuyeckue pelieHus U CTaH-
JapThI;

« RailData — UT-undpacrpykrypa.
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B Poccum mipoekt craproBai ¢ 1 utonst 2009
roja mociyie yreepxiaeHus «Crnennbukanum
9JICKTPOHHOI TpaHCIIOPTHOI HakagHoi (CIM
Consignment Note) 1 371eKTPOHHOI TTepechI-
noyHoit HaknagHoi (CUV Wagon Note)».

IIpopaboTKa IpaBOBBIX OCHOB 3JIEKTPOH-
HOTO JOKYMEHTO000pOTa B OCYIICCTBICHUU
MEKIyHAPOIHBIX M BHYTPUTOCYIaPCTBEHHBIX
IPY30BBIX IEPEBO30K, KOTOPHIE COCTABJISAIOT
cBoitie 14 % BBIIT EBpocolosa, co3maeT mpe-
IMOCBUIKY K Pa3BUTHIO LIM(POBOIA JIOTUCTUKI
KaK MHHOBALIMOHHOM TEXHOJIOTUM YIIpaBJic-
HUs MHGOPMAIIMOHHBIM ITOTOKOM I10 BCEM
JIOTMCTUYECKOM CETH Ha BCEX MEPAPXUUICSCKUX
ypoBHsiX. Ll poBbie TEXHOJIOTUY 1151 IOTUC-
TUKM CTAaHYT HEOThEMJIEMBIM aTpUOYyTOM
€XXEeJTHEBHOI NeATeJIbHOCTH KOMIAHUM, UX
KOHKYPEHTHBIM ITPEUMYILECTBOM, €CJIA UMETh
B BULy OBICTPOE pearpoBaHue Ha ITOTPEeOHO-
CTU KJIMEHTOB [6].

CoszgaHue eIMHOro MHGOPMalMOHHOIO
IPOCTPAHCTBA C IOMOIIIBIO Smart-TeXHOJOTUIA
00Opa3yeT OrpOMHOE XpaHWINIIE MHGOpMaLN
U OTKPBIBAET HOBbIE BO3MOXHOCTH [UISI yIIPaB-
JIEHMSI JIOTUCTUYECKUMU TTpolieccamu. OOMeH
nHOOpMaLIMeii, OTCIECXKMBAHUE TPAHCIIOPTH -
POBKU T'py30B, IMCTAHIIMOHHOE yIPaBJIcHUE
M KOHTPOJIb HaJT OIIEPallUsIMU 1 TIEPCOHAIIOM,
aHaJIM3 ¥ aBTOMATU3ALIMS C YYaCTUEM CTallO-
HapHBIX 1 MOOUJIbHBIX YCTPOMCTB CTAHOBSITCS
TpeOOBaHUEM BPEeMEHU B TPAHCIIOPTHOM
cdepe. LlndpoBble TEXHOJIOTUN MO3BOJSIOT
OINTUMU3UPOBATH 3aTPaAThl, CO3AAIOT IIPEUMY -
IIEeCTBA HaJl KOHKYpPEHTaMM B YIIPaBJICHUU
TPaHCITOPTHO-JIOTUCTUYECKUMU ITPOLIECCAMM
3a CUET MHTErpaliMy Pa3HbIX LIEJIEBBIX TPYIIIT
IPY300TIIpaBUTEIICH W TPY30II0IydaTesieid 1o
BCEM BMJaM TPaHCIIOPTA.

DKOHOMUYECKast OCHOBA LIM(POBOI JIOTUC-
THUKHU COCTOUT B TOM, 4TO OT 10 110 15 % TpaHc-
ITOPTHBIX PACXOJIOB IIPUXOIUTCS Ha TIOATOTOB-

JleeuH B. A., Ebumoea O. B. LindpoBas normctuka n 3neKTpoHHbIN OOMEH AaHHBIMU B rPy30BbIX
nepeBo3Kax



Ta6smna 2
KimroueBbie pe3yabTarbl NPUMEHECHUA ].lH(l)pOBbIX TE€XHOJIOTHI B TpaHCl'lopTHOﬁ KOMIIAHUU
Bun acbdexroB | Pesynsrats Tlokazarenu
Kommepueckuit | I3MeHeHUe 00bEMA MTEPEBO30OK; [IpupocT MOXOMOB OT AOTIOTHUTETHHBIX TEPEBO-
nosisnenure HoBbiXx UT-ycyr (yeiyru 30K B pe3y/IbTaTe MPUMEHEHUsI TEXHOJIOTMH;
YL); TTOTIOJIHUTEIbHBIC TOXOAbI TIpK oka3aHuu UT-
MOBBILIEHUE TPOU3BOAUTETBLHOCTU YCIIYT;
U yJIyqIleHre YCIOBUI TPyaa; 9KOHOMUS 3aTparT B CBSI3H C UCTIOIb30BAHUEM
9SKOHOMMSI PACXOJ0B CTPYKTYPHBIX TEXHOJIOTHH.
Toapa3aeaeHu .
KoHkypeHTOo- BiusiHre HOBBIX KOHKYPEHTHBIX BO3MOXK- | POCT KJIIMEHTCKO# 6a3bl (POCT yIOBIETBOPEHHOCTH
CITIOCOOHOCTh Hocteit OAO «P2XK/I» Ha ppIHOYHYIO IOJIO | KAaUeCTBOM OOCTYXKMBAHUS 32 CUET COKpaLeHUS
KOMITaHUH KOMITaHUH. BpeMEHM OXUIAHUS TIPU 0DOPMIICHUH TOKyMEeH-
TOB).
CounanbHO- CoBeplleHCTBOBaHME OpraHu3alnoHHoi | CokpallleHue YUCIeHHOCTH TPOU3BOICTBEHHOTO
9KOHOMUYECKUH | CTPYKTypbl KOMITAHUH; TepcoHaia 1 YIpaBlIeHIeCKIX PaOOTHUKOB 32
MOBBILIEHUE KaYeCTBa, MPOU3BOAUTEb- | CUET MOBBIIICHUSI TPOU3BOAUTEILHOCTH TPY/IA;
HOCTH U yJTy4llleHUe YCIOBUIA TPyaa; TOBBILIEHUE OTEPATUBHOCTY MPUHUMAEMBIX pe-
MOBBILIIEHUE KayecTBa 00pabOTKU, Tiepe- | IeHUi B 00J1aCTH YIIpaBJIeHUsI TEPEBO3KaAMM;
JaYy 1 XpaHeHus1 MHhOpMaIuu. COKpallleHHe KOJTMYeCcTBa OyMaXKHbIX JOKYMEHTOB
¥ nHMOPMaLUU, IPUXOISIIIIEICS HA OTHO CTPYK-
TYpHOE Toipa3/ieJieHre U pabOTHUKA (BBIMOJ-
HeHWe TPUHIIMITOB OePeXIMBOTO MTPOU3BOJICTBA);
COKpallleH1e BpeMeH!U JOCTyna K MHhOpMauu.
TexHonoruvec- | [ToBbllieHUE YPOBHSI MPOrPECCUBHOCTH VyulieHre KauecTBa OCYILIECTBACHMS TEXHOIOT Y-
KU TPUMEHSIEMOIA TEXHOIOTUH. YeCKUX MPOIIECCOB OCHOBHOTO OM3HeECa;
COKpallleHUe BPEMEHHU OCYIIECTBICHUS TEXHO-
JIOTUYECKUX TIPOIIECCOB 00PAOOTKH U Tiepenadn
uHbopmMan

Ky OYMaXXHBIX TOKYMEHTOB M Ha 3alepPKKY
B CPOKax JOCTAaBKU, CBSI3aHHBIX C 3TUMM J10-
KyMeHTaMu. M pacxoibl, 1 CPOKM JTOCTaBKHU
MOTYT OBITb CHUXXEHBI IIPpU IMPUMEHEHUU
IOPUANYECKU 3HAYMMOTO 3JICKTPOHHOIO J10-
KyMeHTooOopoTa Ha 20—40 %.

CxoncTBa U pasjinvusl aMepUKaHCKOMI
U eBPOIIECMCKUX TEXHOJIOTUI 3JIEKTPOHHOIO
JIOKyMEHTO000pOTa B TPAHCIIOPTHOM CEKTOPE
MpUBeIeHbI B TabmuIie 1.

OOHUM U3 «3JIEMEHTOB» LIMMDPOBBIX TEX-
HOJIOTUIA, ONTUMU3UPYIOIIMX pabOTy KOMIIa-
HUU, SBJISICTCS 3JI€KTPOHHAS MOIIUCH, IIPH-
MEHEHHE KOTOPOIi IO3BOJISIET YCTPAaHUTD
MOTEPH KaK y KIMEHTOB, TaK U B XOJIMHIE.
HUcnonb3oBaHue e€ mpu oOMeHe BJICKTPOH-
HBIMM IT€PEBO30YHBIMU TOKYMEHTAMU OTHO-
cutcs K yuciy nepenoBbix M T-TexHomoruia
110 MHMOPMAIIMOHHOMY B3aMMOIECTBUIO
C TTOJIB30BATEJISIMU YCITYT 3KeJIE3HOIOPOXKHOIO
TpaHcnopTa. Pe3yisraToM 3J1eKTpOHHOM IO -
MKMCH JUIS1 KIIMEHTa CTAHOBMUTCS COKpallleHue
BpEMEHM Ha 3aIl0JIHCHUE JTOKYMEHTOB B OY-
MaxKHOM BHJI€, COOTBETCTBEHHO CHUXKAIOTCS
TPYI03aTpaThl, IOBHIIIACTCS YAOBICTBOPEH-
HOCTb Ka4€CTBOM TPAHCIIOPTHOTO OOCITYXKM-
BaHUsI, COKPAIAeTCs BPEMs JOCTYIIa K UH-
opmaru. Pe3ynbsratom 1uist XOJIIuHra sIBJIsI-
€TCSI OTCYTCTBHUE HEOOXOAMMOCTH 3aIlOJIHE-
HUSI, KOHTPOJIS IIPaBUIILHOCTH O(OPMIICHUS
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MOKYMEHTOB, 3aHEeCEHUsI MHMDOpMAIIUU B aB-
TOMAaTU3MPOBAHHBIE CUCTEMBbI, BCICACTBHUE
YEro CHIZKAIOTCS TPYA03aTPaThl, TOBBIIIACTCS
MPOU3BOIUTENIBHOCTb, CHUXKACTCS IJIATEIIb-
HOCTbh TEXIIPOLIECCOB 00PaOOTKU U TMepeaadyun
MH(pOpPMaLINU.

Bo03MOXHOCTB TpaHCTPAaHUYHOTO UCITO/Ib-
30BaHUs JEKTPOHHON LIMMPOBOIT TToANICH
B IIEPEBO30YHBIX JOKYMEHTAX OrpaHUYMBaCT-
csl CIICAYIOIMMU (haKTOpaMu:

— Pa3IMYUSIMU B TEPMUHOJIOTUU U OTIpe-
NEJCHUSIX, PasIUUUsIMU U TIOJTHOTOM MpaBo-
BOI1 0a3bl, pa3IMYMSIMU B KOHLIECTILIUSIX KBa-
JUGULIMPOBAHHBIX CePTU(HUKATOB,

— BapMaTUBHOCTHIO TPEOOBAHUI JTOKAJIb-
HBIX HOpMaTUBHBIX 06a3 Poccuu, He cooTBeT-
CTBYIOILIUX 3apYOCKHBIM PEILICHUSIM;

— BO3MOKHOCTBIO MHOTO3HAYHOTI'O TOJIKO-
BaHUsI €BPOIEeiCKOIl HOPMATUBHOM 0a3kbl;

— HEBO3MOXHOCTBIO COBMECTUMOCTH Tpe-
O0oBaHUI1 Ha eBPOIEIICKOM UJIM MHOM TpaHC-
TPaHUYHOM YPOBHE K MOJIMUCH Ha IOpUIAYe-
CKM 3HAYMMBIX TOKYMEHTaX, B TOM 4YHUCJE
K 2JeKTPOHHO-IIUGPOBON MOAMMCU, HE
OCHOBaHHOI Ha KBaJu(UIIMPOBaHHBIX Cep-
TU(dUKaTax;

— HEIOCTaTOYHOI OmpeneJeHHOCThIO Ha
ypoBHe EC TpeboBaHUi1 K yciayraM TpeTheit
NOBEPEHHOI CTOPOHBI (IITaMI BPEMEHHU,
JIOJITOCPOYHAsT apXuBallvsl, UACHTU(DUKAIMS

JleeuH B. A., Epumoea O. B. Lindpoeasa normctuka n 3neKTPOHHbIN OOMEH AaHHBIMU B rPY30BbIX

nepeBoskax



06wwme Npouecchl N8 OCYLLECTBAEHMA NEPEBO3KM B NPAMOM HENE3HOLOPOIKHOM COOBLLEHMN U
NPAMOM MEHAYHAPOAHOM cO0BLIEHNM

Ortkas or
Mopaua CornacoBaHue Or3bis S st [ohad Mopaya
3afBKM Ha 329BKM Ha 33ABKM Ha - S ¥ 3anBKM Ha
COrnacoBaHHoOwM
nepesosky nepeso3ky nepeBosKy LERsROsY OTCTOM
s 3asBKM Ha rpy3a
rpysa rpysa BaroHoB
nepeBo3Ky MapLipyTamm

YCTPAHAEMbIE MOTEPW TPAHCMOPTHOM KOMMAHWK U KNIMEHTOB MPU BHEJIPEHUU
3NMEKTPOHHOTO OKYMEHTOOBOPOTA

HononHutensHas obpaboTka,
CBA3aHHaA C NPOCTaBNeHUEM LTAaMMNOB
1 MACbMEHHbBIM 3aN0NHEHWEM
BymarkHOW GopMbl 3afBKM

XpaHeHue JOKyMeHTOB
B BymaxkHoit dopme

M36bIToYHbIE NepemelleHna
paboTHWUKOB KOMNaHUK K
K/MEHTOB

e T

-~

4

COKpaLLeHWe NPOAOMIKUTENLHOCTH N

paBoTHWKOB U GOHAA ONAaThl TPYAa, 3KOHOMMA 3aTPaT Ha XpaHEHWE U MOMCK AOKYMEHTOB

pouecca, CoOKpaleH1e YNCNEHHOCTH

—

Pe3ynbTaTUBHOCTb — cO3AaHUe UHPOPMaLlMOHHOTO NPOCTPaHCTBA
LM pPOBOI TOTMCTUKM

Puc. 1. Pe3ynbTaTMBHOCTb LNPpPOBbIX TEXHOJIOIUI B JIOTUCTUKE.

W aBTOpM3allvsi) U OCHOBAHHOI MCKJIIOYM-
TeJIbHO Ha HaIlTMOHAJbHBIX HOPMax 3aKOHOa -
TEJIbCTBA;

— HEOJHOOOpPa3HBIM HCII0JIb30BaHUEM
aTpuOyTOB CepTU(PUKATOB: HET OOIICTTPUHSI-
TOTO CTaHOapTa JJis aTpuOyTOB, KOTOPBIi
MOHO OBLTO ObI MCIOJIb30BaTh ISl OTpe/e-
JICHUsI POJIY MOIIMMCaHTa, a TaKXe eIUHOIo
MHEHHUS MO MOBOAY 3HAYECHUI, KOTOphIE
aTpuOyT MOXeT comepxkaTb, B TOM YHUCJIE
U SI3BIKOBBIX PA3IUYMIA;

— MPOBEPKOM BAJIMAHOCTHU 3JIEKTPOHHOM
MG POBOI MOAMUCH YePe3 TOT YIOCTOBEPSIIO-
WA LEHTP, KOTOPBIA BbIAAI cepTUdUKaT
KJT104a MOJIUCH Y KOTOPBI HAXOIUTCS B OJI-
HOI IOPUCIMKIUM C BIaAeJbIEM MPUIOXKe-
HUSI, peaTu3yIoIIero (G poByIo TEXHOJIOTHIO.

Llndposas moanuck odecrieunBacT:

— YIOCTOBEpEHUE UCTOYHUKA TOKYMEHTA.
B 3aBucuMOCTHU OT AeTalieil onpencaeHUs
JOKYMEHTa MOTYT OBbITh MOAMKUCAHbBI TaKUe
T0JI5T, KaK «aBTOP», «<BHECEHHbIE N3MEHEH ST,
«MeTKa BpeMEHU» U T.1I.;

— 3allUTY OT UBMEHEHU I noKyMeHTa. [Tpu
JIIOOOM CiIy4yailHOM WJIM MpeaHaMepPeHHOM
M3MEHEHUU TOKYMEHTA (MJIU TTOANUCH) U3Me-
HUTCS X311, CJIeA0BATEIbHO, MOIMUCH CTAHET
HEIEVCTBUTEILHOM;
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— HEBO3MOXHOCTh OTKa3a OT aBTOPCTBA.
Tak Kak co3/1aTh KOPPEKTHYIO IOAIINCH MOXK-
HO JIMIIIb, 3HAsT 3aKPBITHIA K104, a OH U3BEC-
TEH TOJIbKO BJIaJIE/IbILY, TO BJIaICJICI] HE MOXET
0TKa3aThCsl OT CBOECH IOITMCH IO TOKYMEH-
TOM;

— NPEANPUSTHASIM M KOMMEPUYECKIM Opra-
HU3aLUSIM caavyy (QMHAHCOBOW OTYETHOCTHU
B rOCY/IapCTBEHHBIC YUPEKICHUS B 3JIEKTPOH-
HOM BUJIE;

— OpraHu3aluIo OPUANIECKU 3HAYMMOIO
3JIEKTPOHHOI'O TOKYMEHTO000pOTA.

DddheKT oT UCTIOoJb30BaHUS LUMPOBBIX
TEXHOJIOTUIT 0(OPMIICHUS TTEPEBO30YHBIX
JIOKYMEHTOB C IIPUMEHEHUEM 3JICKTPOHHOI
MOJITMCH B IIPSIMOM XKeJIE3HOAOPOXKHOM CO-
OOILIEHUM U TIPSIMOM MEXIYHAPOIHOM CO00-
eHUU (GOpMUPYETCS Ha BBICIIEM YPOBHE
yIpaBJIeHUsI KOMIIAaHUEH U HOCUT CUHEpre-
THYECKMI 3(PEeKT B3aMOJICHCTBUS BCEX €€
3JIEMEHTOB, a TakKe IMPMBOAUT K YCTpaHe-
HUIO TIOTEePh Ha BCEX dTamax XU3HEHHOTO
LMKJIa oopMIeHUsT B3aUMOOTHOIIEHUI
C KJINEHTOM — TPY300TIIPABUTEIIEM U IPY30-
noaydatenem [7, 8, 9]. OCHOBHbBIE BUIBI
addekToB (Tabauua 2) misk TpPaHCIOPTHOMU
KOMITAHUY ITPU TEXHOJIOTUU C IPUMEHEHUEM
3JIEKTPOHHOM IMOAMKMCHU OLIEHUBAIOTCS C 10~
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3ULIMIA KOHKYPEHTOCITOCOOHOCTH, Oe30mac-
HOCTU KOMITAaHUM U €e KOMMEPUeCcKoil pe-
3yJILTATUBHOCTHU.

IToka3aTenu KomMmMmepueckoro addekra
YUUTHIBAIOT (PMHAHCOBBIE TMOCIEACTBUS UC-
TOJTb30BaHUST TEXHOJIOTUN OhOPMIICHUS TIe-
PEBO30YHBIX IOKYMEHTOB C NTPUMEHEHUEM
3JIEKTPOHHO TONTCH Ha yPOBHE KOMITAHUY
U ee To/Ipa3aeieHu .

Co3znaHnne nH(HOPMAITMOHHOTO TTPOCTPaH-
CTBa JICKTPOHHBIX TOKYMEHTOB Ha TIEPEBO3KY,
coaepxamux 00JiblIoi 00bEM CBeleHUI
0 MEepPeBO3UMBIX I'py3aX, TPY300TIIPABUTEISX
Y TPY30IOTydaTesisix, (popMUpyeT Mpearnochii-
KM K IPUMEHEHUIO TexXHOoJoTuil big data
U BMECTE C TeM YHUKaJIbHBIN pecypc, Mpem-
CTaBJISIIONINI BO3MOXHOCTH Tlepexona OT
CTpaTerud KOHKYPEHIIMU B TPAHCIIOPTHOM
CEKTOpE K CTpaTernuy COTPYHUYECTBA U ITapT-
HepCTBa — OCHOBHOI MOjieJTi Ou3Heca B IIud-
poBoii noructuke (puc. 1).

DddeKTH MOIHOTO TTepexona Ha 6e30y-
MaXXHBIH JTOKyMEHTOOOOpOT U 1UGPOBbIE
TEXHOJIOTMU B TPAHCTIOPTHOM CEKTOPE OYayT
OUIYTUMBI TOJILKO TIPY PEIIeHUU MTPOOTEMBbI
JIOJITOBPEMEHHOTO XpaHEHUST IOPUANIECKU
3HAYUMBIX 3JIEKTPOHHBIX TOKYMEHTOB, XOTSI
BO BCeM MUpe HauboJiee BaXKHbIE TOKYMEH-
THI MTOCTOSIHHOTO CPOKa XpaHEeHUS TMoKa
M3rOTaBIMBAIOTCS HA TPAJAULIMOHHBIX HOCH-
TeJIsIX.

ATpUOYTHI 3JIEKTPOHHBIX TIEPEBO30UHBIX
JIOKYMEHTOB KaK KjacTep big data u TexHoJ10-
rus internet of thinking co3nalot yHUKaJIbHYIO
nH(OPMAIIMIO O TMOBEACHUU KIUEHTOB, UX
MPOAYKTOBBIX M IIEHOBBIX MPEAMOUYTEHUSX,
MO3BOJISIIOT GOpMUPOBATH 3P PEeKTUBHBIE

JIOTUCTUYECCKHE LIETIH CO3MaHUSI LICHHOCTH,
a TaKKe peliaTh rJ100aJbHYI0 TOCYIapCTBEH -
HYIO IPO0JIeMY ONTUMM 3N TPAHCTIOPTHOM
COCTaBJISIIONIEH B IIEHE TTPOIYKIINUA OTEUECT-
BEHHOI 5KOHOMHUKH.
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DIGITAL LOGISTICS AND ELECTRONIC DATA EXCHANGE IN FREIGHT
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ABSTRACT

The article depictures approaches to building a
new model of interaction and system optimization of
business processes based on the use of digital
technologies at all stages of shaping the value chain
of products and services that provide the creation of

an information platform for digital economy. The
methodical foundations of formation of the evidence
base for development of digital logistics and
introduction of legally significant electronic data
exchange in the organization of rail transportation
are considered.

Keywords: digital technologies, freight transportation market, electronic document management,
information system of organization of relations with customers of the holding Russian Railways in the field of

freight transportation, losses in the transport sector.

Background. Digital technologies have become a
necessary condition for successful development of any
company, a source of additional marginality in the
transport sector in the organization of domestic and
international transportation. A high level of requirements
for the efficiency of traffic management in rail transport
determines the need for a high level of informatization
of the operating activities of transport market
participants, their interaction with each other. Digital
technologies confidently move from the category of
auxiliary tools to the basic class, they allow to significantly
reduce the costs of management and communication
in the organization and implementation of transportation,
improve the quality of transport and logistics services,
labor productivity of railway workers, make a company
more competitive in the eyes of the client.

In this regard, development of digital logistics and
introduction of legally significant electronic data
exchange in the organization of rail transportation is
ofincreasing interest to the holding company Russian
Railways and creates legal, organizational and
technological prerequisites for accelerating the
turnover of goods, money and services in the national
economy, allows to significantly reduce the costs of
their planning and provision [1, 2, 3].

Objective. The objective of the authors is to
consider the role of digital logistics and electronic data
exchange in modern freight transportation by rail.

Methods. The authors use general scientific
methods, comparative analysis, economic evaluation,
statistical analysis, scientific description.

Results. Information support for freight
transportation in railway administration systems is
carried out on the basis of EDI agreements in the
international UN / EDIFACT standard on the receipt
of cargo for transportation with subsequent transfer
of information to border stations for preliminary
information and document processing via secure
Internet communication channels.

The use of a consignment note in electronic form
with a digital signature is approved on the basis of the
Uniform Rules for International Railway Cargo
Transportation, which entered into force in the
member countries of the International Railroad
Committee (CIT) from July 1, 2006 [4, 5].

The goal of the «e-rail Freight» projectis to replace
all paper transport documents with electronic ones
within the railway network of the CIT member
countries. More than 20 railways of Europe have joined
the project to date. Itis led by three European railway
associations:

« CIT - legal framework and procedure
development;

« UIC - technical solutions and standards;

* RailData — IT infrastructure.

The project started on July 1, 2009 in Russia after
the approval of the CIM Consignment Note and the
CUV Wagon Note.

Elaboration of the legal basis for electronic
document management in the implementation of
international and domestic cargo transportations,
which account for more than 14 % of the GDP of the
European Union, creates prerequisites for
development of digital logistics as an innovative
technology for managing the information flow
throughout the logistics network at all hierarchical
levels. Digital technologies for logistics will become
anintegral attribute of the daily activities of companies,
their competitive advantage, if we bear in mind the
rapid response to the needs of customers [6].

Creation of a single information space with the
help of smart technologies forms a huge storehouse
of information and opens new opportunities for
management of logistics processes. Exchange of
information, tracking of cargo transportation, remote
management and control over operations and
personnel, analysis and automation with the
participation of stationary and mobile devices become
a requirement of time in the transport sector. Digital
technologies allow to optimize costs, create
advantages over competitors in management of
transport and logistics processes by integrating
different target groups of consignors and consignees
in all modes of transport.

The economic basis of digital logistics is that from
10 to 15 % of transportation costs account for the
preparation of paper documents and the delay in
delivery times associated with these documents. Both
costs and delivery times can be reduced by applying
a legally significant electronic document flow by
20-40 %.

Similarities and differences in US and European
electronic document management technologies in
the transport sector are shown in Table 1.

One of the «elements» of digital technologies that
optimize the company’s work is an electronic
signature, the application of which allows eliminating
losses both for customers and for the holding. Its use
in the exchange of electronic transportation
documents is one of the leading IT technologies for
information interaction with users of railway transport
services. The result of the electronic signature for
the client is the reduction of time for filling documents
in paper form, correspondingly the labor costs are
reduced, the satisfaction with the quality of transport
services is increased, the time of access to
information is reduced. The result for the holding
company is the lack of the need to fill in, verify the
correctness of execution of documents, record the
information in automated systems, resulting in
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Tablel

Comparative analysis of technologies for issuing shipping documents

Comparison feature Europe

[usa

Form of documents

Unified electronic form of transport documents

Used communication

channels information

Data transmission via EDI channels, providing identification of participants and security of

Possibility of using paper

documents documents

It is allowed to use both paper and electronic

The electronic form is the only and
obligatory means of organizing document
management

Participation of state bodies

State structures take an active part in the process of
introduction and development of electronic document

Federal bodies exercise the function
of supervision and control over railway

management for rail transportation freight traffic
Table 3
Key results of the application of digital technologies in the transport company

Type of effects Results Indicators
Commercial Change in traffic volume; the emergence of new | Increase in revenue from additional transportation as a

IT services (CA services); increasing productivity | result of technology application; additional revenues in the

and improving working conditions; saving costs | provision of IT services; saving costs in connection with

of structural divisions the use of technology
Competitive ability | The impact of the new competitive opportunities | Growth of the client base (increase in satisfaction with the

of the company
the company

of JSC Russian Railways on the market share of

quality of service due to a reduction in waiting time when
processing documents)

the applied technology

Social and Improvement of the organizational structure Reduction in the number of production personnel and

economic of the company; improvement of quality, managers due to increased labor productivity; Increase
productivity and improvement of working the speed of decisions in the field of traffic management;
conditions; improvement of quality of reduction in the number of paper documents and
processing, transmission and storage of information per one structural unit or employee
information (implementation of lean manufacturing principles);

Reduction of access time to information
Technological Improvement of the level of progressiveness of Improvement of the quality of implementation of the

technological processes of the core business; Reduction of
the time for the implementation of technological processes
for processing and transferring information

reduced labor costs, increased productivity, reduced
processing and information transmission time.

The possibility of cross-border use of electronic
digital signatures in transportation documents is
limited by the following factors:

— differences in terminology and definitions,
differences and completeness of the legal framework,
differences in the concepts of qualified certificates;

— variability of requirements of the local regulatory
bases of Russia, which do not correspond to foreign
decisions;

— possibility of a multiple interpretation of the
European regulatory framework;

— impossibility of compatibility of requirements at
a European or other transboundary level with a
signature on legally significant documents, including
an electronic digital signature that is not based on
qualified certificates;

— insufficient definiteness at the EU level of
requirements for services of the third trusted party
(time stamp, long-term archiving, identification and
authorization) and based exclusively on national
legislation;

— multiple use of the attributes of certificates:
there is no generally accepted standard for attributes
that could be used to determine the role of the
signatory, as well as a consensus on the meanings
that the attribute can contain, including language
differences;

— verification of the validity of the electronic digital
signature through the certifying center that issued the
key signature certificate and which is in the same
jurisdiction with the owner of the application
implementing digital technology.

The digital signature provides:

— certification of the source of the document.
Depending on the details of the document definition,
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such fields as «author», «changes made»,
«timestamp», etc. can be signed;

— protection against document changes. Any
random or deliberate modification of the document
(or signature) will change the hash, hence the
signature will become invalid;

— impossibility of refusal of authorship. Since a
correct signature can be created only if the private key
is known, and it is known only to the owner, then the
owner cannot refuse his signature under the document;

— enterprises and commercial organizations to
submit financial reports to state institutions in
electronic form;

— organization of legally significant electronic
document management.

The effect of the use of digital technologies for
processing of transport documents using electronic
signatures in direct rail traffic and direct international
traffic is formed at the highest level of the company
managementand has a synergqistic effect of interaction
ofall its elements, and also leads to the elimination of
losses at all stages of the life cycle of customer
relationship management — consignor and consignee
[7, 8, 9]. The main types of effects (Table 2) for a
transport company with technology using an electronic
signature are evaluated from the standpoint of
competitiveness, company safety and its commercial
effectiveness.

The indicators of commercial effect take into
account the financial consequences of using the
technology of execution of shipping documents with
the use of electronic signature at the level of the
company and its units.

Creation of an information space for electronic
documents for transportation, containing a large
amount of information about the cargoes shipped,
consignors and consignees, creates the prerequisites
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General processes for carrying out transportation in direct rail traffic and direct international traffic

Applying Approval of an | | Withdrawal of | | Refusal to fuffill Applying for Applying for

for cargo application for | | an application an agreed transporting layover
transportation cargo for cargo application for cargo by routes of cars

transportation | | transportation transportation
Pic. 1.
Eliminated losses of a transport company and customers Effectiveness of
in the implementation of electronic document management digital technologies
in logistics.

Additional processing associated with
stamping and writing the paper

application form in paper form

Storage of documents

Redundant movements of
employees and customers

e s L

—r

Shortening the duration of the process, reducing the number of employees and the payroll,
saving costs of storage and retrieval of documents

e~

Effectiveness-creation of an information space for digital logistics

for the use of big data technologies and at the same
time a unique resource that represents the possibility
of transition from a competition strategy in the
transport sector to a strategy of cooperation and
partnership —basic business models in digital logistics
(Pic. 1).

Conclusion. The effects of a full transition to
paperless document management and digital
technologies in the transport sector will be felt only
when solving the problem of long-term storage of
legally significant electronic documents, although the
mostimportant documents of permanent storage are
being produced on traditional carriers all over the
world.

The attributes of electronic transport documents
such as the big data cluster and the internet of thinking
technology create unique information about the
behavior of customers, the required product offers
and price preferences, allow to form effective logistics
chains of value creation, as well as solve the global
state problem of optimizing the transport component
in the price of domestic products.
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B cTatbe cTaBUTCS BOMPOC O CO3[aHNN
cucTeMbl yrnpasJsieHus rpy3ornepeso3Kamu,
KOTOpas 6bl y4UTbIBaJIa YC/IOBUS PAOOThI

B pbIHOYHOW cpene n obecrneynsBana
KayecTBO u 3¢peKTUBHOCTb 06CY)XNBAHNS
rpy3oBnagesbLeB Ha XXesle3HO40POXHOM
TpaHcnoprte. U3 Bcero Habopa
PacCcMOTPEHHbIX BaPUaHTOB MPUMEHeHue
npoLeccHO-OpUEeHTUPOBAHHON CUCTEMBbI
aKcnyaTauuy rpy30BbiX BaroHOB aBTOpamMu
npepcraBnseTcs Hanbosiee nepcrneKTUBHbIM
Hanpasneuuem. lMpeumyLecTsa

Takoro nogxoaa rokasaHbl OCTaTOYHO
AeTasibHO U CHaBGXXeHbl MPaKTU4eCKUMU
peKoMeHAaLusaMu opraHN3aLuoHHO-
TEeXHOJIOrMYeCKOro u MeToAn4ecKoro rJiaHa.

KnroyeBbie cnoBa: xene3Hasi 4opora,
rpy30BOVi BaroH, Ka4ecTBO 06C/1yXUBaHUs
rpy3oBsafaenbLUeEB, yrnpaBaeHne, nepeBo3ka,
9P GPEKTUBHOCTb, PYHKLIMOHAIbHBIV 10AXO0A4,

I'IpOLleCCHblﬁ rnogxo4d, MmogeJsib, riokasaresiu.
|
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NPOBJIEMBbI YIIPABJIEEIA

NMpoueccHbIM Noaxon,
KaK OCHOBa NOBbILLEHUSA
abPeKTUBHOCTU 0O0CNY)KUBAHUA
rpy3oBnagenbL,eB

Eaucees Cepeeii FOpveeuu — 00Kkmop mexHu4eckux
Hayk, npogheccop Mockosckoeo eocydapcmeennozo
yHugepcumema nymet cooouenuss (MUHUT), Mockea,
Poccus.

Kyaueea Eaena Cepeeesna — cmapuiuii
npenooasamens Kagedpsl «Dxcnayamauus
Jcenesnvix dopoe» Poccutickoil omikpbimoil akademuu
mpancnopma MUHUT, Mockea, Poccus.

a3BUTHE KOHKYPEHIINH B cpepe oIre-

pUpOBaHUS TPYy30BBIMU BaroHaMu

U CTPEMUTEIBHBIN POCT KOJUYECTBA
UX COOCTBEHHUKOB MPUBEJN K TEPEXOTY OT
YIPaBIEHUS 110 IPUHLIMITY «€IUHBIM ITAPKOM»
K CaMOCTOSITEIbHOMY MTOCTPOEHUIO JIOTUCTH -
YECKUX IeTI0YeK YACTHBIMU KOMIIAHUSIMUA —
orneparopamu. CeroHs oJ, MOTPY3Ky Mojaa-
€TCs BaTOH COOCTBEHHUMKA, C KOTOPBIM 3aKJTIO-
YeH JOTrOBOD Ha YCJIYrW, a He OnmxXamui
BaroH. OTO MPUBOINUT K yXYyAIIEHUIO Ka4eCcTBa
1 2 (HEeKTUBHOCTH UCTIONB30BAHUSI TPY30BBIX
BaroHOB. YXyIIIeHWE dKCITyaTallMOHHBIX
rokasareJieil BATOHHOTO MapkKa moTpedoBaio
YBEJIMYEHUS €T0 Pa3MepOB, TTOCKOJbKY ISt
BBIBO3a TOTO XK€ 00bEMa IPY30B, NIPEIbSIBICH-
HBIX K ITePEBO3Ke, Hy>KeH OOIbIINI MapK Ba-
TOHOB.

B HacTos1111€€ BpEeMSsT yCITyTH 110 TIPEAOCTaB-
JIEHWIO TIOJIBUXKHOTO COCTaBa MO TIEPEBO3KY
BBITIONHSIOT Oosiee 1800 BiaamenblieB, OOIb-
IIUHCTBO U3 KOTOPBIX UMEIOT OT HECKOJIBKUX
€IVHUIL 10 HECKOJIbKUX COTEH TPY30BBIX Ba-
TOHOB.

YBenuueHune KoIMuecTBa BATOHOB Ha CETU
CO3MaeT NOTIOJHUTENbHYIO HAarpy3Ky Ha Ke-
JIE3HOJOPOXHYIO UHDPACTPYKTYPY, BEleT
K CHIDKEHUIO CKOPOCTH TIOE3/I0B U 3aMejiie-
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Puc. 2. Orcyrcreune
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B 9KCI1yaTaynoHHbIX
nokasarteJsisix orepaTtopos
(cobcTBEHHMKOB)
noABMXHOro cocrasa.

HUI0 ToBapoaBikeHus. [1pu ob1ieit Beauun-
HE I1apKa Ipy30BbIX BArOHOB POCCUMCKOM
MpUHaIIeXHOCTU B 6osiee yeM 1200 Thic.
eIUHUL KOJIMYECTBO «IMIIHUX BATOHOBY,
MPEBBIIIAIOIINX BO3MOXHOCTA MH(PPACTPYK-
TYpHI 110 2 HEKTUBHOM IKCIUTyaTalllM TTapKa,
OlLIeHUBaeTCs 9KcIepTaMu B 250 TbIC. €IUHUAILL.

CoxpaHeHHE TaKOW TEHACHIIMM MOXKET
MPUBECTU K MOCTYIJICHUIO Ha CETh TaKOTO
KOJIMYECTBA BATOHOB, TIPX KOTOPOM JIBIKEHHUE
10 XeJIe3HOAOPOXKHOM MHDpaCTpyKType Oy-
JIeT 3aTPYIHEHO, a IEPEBO30YHBIH ITPOIIECC He
OyzmeT obecrieueH B ITOJTHOM 00bEMe 1 HYXKHBIe
CPOKHU.

TTpu sTom mst OAO «P2K/1» BaxkHelmm-
MU TO-TIpEXHEMY, KaK M TMPU IJIaHOBOM
SKOHOMMKE, SIBJISIOTCS 3KCILTyaTalliOHHbBIC
noka3zaTenu. Torma Kak JUIst oriepatopa Kpu-
TEePUIl ONTUMHU3ALNHN — TOXOTHOCTb Ha BarOH
B €AMHUILY BPEMEHU, U JUISI HETO HEe BaXKHBI
BKCIUTyaTallMOHHBIC TTOKa3aTeau (puc. 2).

TTomyyaeTcsi, ¢ OMHOI CTOPOHBI, POCT YHUC-
JIa Ipy30BbIX BATOHOB, YBEJINUYCHUE TTOPOKHE-
ro rpobera 1 000poTa BaroHa aeaacT Ipooie-
MY TTOBbIIIeHUS 3P (PEKTUBHOCTY YIIPABICHUS
MapKOM TPY30BBIX BaTOHOB OCOOEHHO aKTy-
anbHOM. Ho, ¢ npyroii cTOpOHBI, HET €AMHBIX
KpuTepueB 3(PPEeKTUBHOCTH.

D} deKTUBHOCTh M KaYeCTBO yIIpaBJieHYE-
CKOTO Tpyla OIpeaesIIOTCs MPeXae BCEro
000CHOBAaHHOCTBIO METOIOJOTUHN PEIICHUS
Tpo0JIeM, T.¢. TIOAXOI0B, IIPUHIIMIIOB, METOIOB.

® MWP TPAHCIOPTA, Tom 15, N2 2, C. 150-157 (2017)

WM3BecTHB KaK MUHUMYM 13 HayYHBIX
MOJXO/I0B:

* KOMILJIEKCHBIN;

* MHTETrPallMOHHBINA;

* MAapKETUHIOBBIN;

* (byHKIIMOHAJbHBII;

* TMHAMUYECKUIA;

* BOCHPOU3BOIACTBEHHBIN;

* IIPOLIECCHBIN;

* HOPMAaTUBHBII;

* KOJIMYECTBECHHBIN;

* aIMUHUCTPATUBHBIN;

* TIOBEACHYECKUIA;

* CUTYyallMOHHBIN;

* CUCTEMHBIN.

ITo cyTtu, ceromHs B ynmpaBJIeHUH TTApKOM
IPY30BBIX BarOHOB MPUMEHSETCS (PYHKITMO-
HaJIbHBIN TTOAXO, T.¢ MOTPEOHOCTh paccMaTt-
pUBaeTCcs KaK COBOKYIHOCTb (DYHKIIUIA, KO-
TOPbIE€ HYXKHO BBITTOJIHUTb 151 €€ YIOBJIETBO-
pEHUSL.

[lepen pykoBoguTeasIMU OCTPO BCTAET
BOIIPOC O CO3JAHWM CUCTEMBbI YIIPaBJIECHMUS,
KOTOpast Obl yYUTHIBaJIa HOBBIE YCIOBUS pabo-
THI B PHIHOYHBIX OTHOIIIEHUSIX 1 CTIOCOOCTBO-
Bajla YCHJICHUIO KOHKYPEHTOCIIOCOOHOCTH
MNPEeANPUITAN U UX MTPOIYKIIMH.

B 37011 cBsSI31 MHOTOOOECIIIAIOIINM OKa3bI-
BAETCsI IPUMEHEHKE MTPOLIECCHO-OPUEHTUPO-
BAHHOW CUCTEMBI yIIPABJICHMUSI.

[lepBbIM, KTO BBIABUHYJ UACIO TIPOIIECC-
HOTO MOaX0/1a, 0BT OCHOBATEIb AIMUHUCTPA -
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Puc. 3. Mogens npoueccHoro noaxoaa.

TUBHOM IIKOJIbI yIipaBieHuss AHpu Daiiob.
PazBuBast ero Teopuu, MpoOLECCHBII MOIXO
cTaJl pacCMaTpUBaThCs KaK CyMMa BCeX IPO-
11€CCOB MPEANPUSATUS — TUIAHUPOBAHUE, OP-
raHu3alus, MOTUBALIUSI U KOHTPOJIb.

OCHOBHBIM ITPEUMYILIECTBOM ITPOLIECCHO-
ro Moaxoja Inepen APYruMU SBJISETCS TIa-
TEJIbHO MPOpPabOTaHHbIN TOPU3OHTAIbHBIN
MEHEKMEHT, TO €CTh MEHEIKMEHT Ha TpaHu-
11ax npoueccoB. [IpoleccHbI MOAX0T UCXO-
JIUT U3 TOTO, YTO BUIbI IEITCIBHOCTEM, U3
KOTOPBIX CKJIaJbIBA€TCS BCs paboTa mpei-
MPUSITUS, B3AUMOACICTBYIOT, U €CJIM OPTaHM-
30BaTh 3TO B3aMMOJEICTBUE, MOXKHO ITOJIY-
YUTh KOJOCCAJIbHBII CUHEPIeTUYECKUIA 3(-
(ext. O4eHb BaxkHO, YTO MPUHYIUTEIbHBIA
KOHTPOJIb CO CTOPOHBI PYKOBOJICTBA CTHIKOB
MPOLIECCOB MPU UX B3aMMOJCHCTBUU CO31aeT
HeTpepbIBHOE yIpaBjIeHHEe, KaK pa3 3TO He
JIOCTUTAETCsl OOJIBIIMHCTBOM JPYIMX ITOAXO-
J0B. OLIEHUTh €ro B YMCJIOBOM BBbIpAXKCHUM
BPSII JIA TIOJIYYUTCS, Bellb HE BCE MPOLIECCHI
MOTYT OBITh BbIPaXKEHbI Yepe3 CTATUCTUKY, HO
11eJI0e HECBOIMMO K CyMMe 4YacTeil — 3a30p
U €CTh BO3MOXKHasl IPUObLIb.

[Ipu BHeApEeHUH yIIpaBJIEHMS 1O TIPOLIEC-
caM CJIeyeT PUICPXKUBATHCS TAKUX OCHOBO-
ToJjiaralolyX MPUHIIUIIOB!

¢ [Ipunnun B3auMocBs3u npoueccos. Op-
raHu3aLys PeICTaBIsIeT CO00I CeTh MPOLIEC-
coB. [lpolieccom siBisieTcs Jo0ast AesATeb-
HOCTb, [JI¢ UMEET MECTO BBIMIOJHEHUE Pa0oT.
Bce nipoliecchl opraHM3aliy B3aMOCBsI3aHbl
MeX]y COOOI.

¢ TIpuHIMN BOCTPEOOBAHHOCTH Mpoiecca.
Kaxnplit mpouecc 10JKeH UMETh LIeJIb, a €ro
pe3yJbTaThl TOJKHBI OBITh BOCTPEOOBAHBI.
Y pe3ysbTaToB Ipoliecca T0JKeH ObITh CBOM
MOTPeOUTENIb — BHYTPEHHUIA WM BHEITHUIA.

o [IpuHIMN 10KYMEHTHPOBAHUS MPOIIECCOB.
JeaTeabHOCTb 10 X0y PellieHus 3a1a4 Heo0-

® MWP TPAHCIMOPTA, Tom 15, N2 2, C. 150-157 (2017)

XOJIMMO TOKYMEHTHPOBATh. DTO MO3BOJISIET
CTaHAAPTU3UPOBATh IEUCTBUSI U TOJTYYUTh
0a3y 1J1s1 U3MEHEHUST U JaJIbHEMIIIero coBep-
LIEHCTBOBAHMSI TIpollecca.

o [Ipunumun KoHTpoJs nponecca. Kaxmabiit
MpolLIeCC MMEeT Havallo U KOHEell, KOTOphie
OIPENEeISIIOT TPaHULIbI TTpoucxosiero. s
JII0OOOTO M3 HUX JOKHBI ObITh U3BECTHBI I10-
KazaTeJiv, XapaKTepU3YIOILHE eT0 Pe3yIbTaThI.

o [IpuHIMN OTBETCTBEHHOCTH 32 MPOIECC.
B BbINOIHEHMM 3aJaHHOTO MOT'YT OBITh 3a/1eii-
CTBOBaHbI Pa3MYHbIC CIIECLUATUCTBI U CO-
TPYAHUKM, HO OTBEYaTh 3a MPOLIECC U €To
pPe3yJIBTaThl JOJKEH OJIMH YEIOBEK.

BHenpeHue 3TMX MPUHIIMAIIOB IIPECIeAyeT
LIeJTh 3HAYMTEJIbHO ITOBLICUTh 3(h(PEKTUBHOCTD
paboThI, OJHAKO BMECTE C TeM TPeOYyeT U BbI-
COKOI1 KOpIopaTuBHOI KynbTypbl. Ilepexon
OT (DYHKIIMOHAIBHOIO yIpaBJieHUs K IPO-
LIECCHOMY TTOHYXXJIAeT COTPYIHUKOB KOHCO-
JIMIMPOBATh CBOM YCWJIMSI, HECMOTPSI Ha TO,
YTO OHU MOTYT OTHOCHUTBCSI K Pa3JIUYHbBIM
noapaszzaeaeHusiM. OT TOro, HaCKOJIbKO y1acT-
Csl HAJIaIUTh COBMECTHYIO paboTy, OymeT 3a-
BHUCETh «pPabOTOCTIOCOOHOCTh» MPUHIIMIIOB,
3aJIOKEHHBIX B IPOLIECCHBII TTOIXO/I.

ITpu nporecCHOM MOAXO0/E K YIIPaBICHUIO
Kaxknast CTPyKTypHasl eIMHUIIa 00eCcIrieurBaeT
BBITTOJTHEHHE OM3HEC-TTPOLIECCOB, B KOTOPBIX
oHa yyacTByeT. O0s13aHHOCTH, 00JIACTh OTBET-
CTBEHHOCTH, KPUTEPHUU YCIICLIHON AesITe/Ib-
HOCTH IIJISI KaXJI0 CTPYKTYPHOM €IMHUIIBI
copMyIUpPOBAHBI IPEAMETHO U UMEIOT
CMBICJI JIUIITb B KOHTEKCTE PealbHOIO OM3HEC-
mpolecca.

CoTpyIHUK OTBEYAET HE TOJIBKO 32 CBOU
GyHKIIMU, HO U 3a Te OM3HEC-TIPOLECCHI,
B KOTOPBIX OH 3ajieiicTBoBaH. @yHKIIUU U pe-
3yJbTaThl AE€SITEAbHOCTU TapajelbHbIX
CTPYKTYPHBIX €IMHUIL], KOTOPbIE y4aCTBYIOT
B TeX e OM3Hec-Ipoleccax, YTo U OH, JJIs

Enuncees C. 0., Kynuega E. C. [poLiecCcHbI NoAxoA Kak OCHOBa NOBbILLEHUS 3P PEKTUBHOCTU
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Puc. 4. KnioyeBble a/1e MeHTbI NpoL,eCcCCHOro nogxoAa.

HeTo BaXHBI. Bo3HMKaeT B3aMMHast OTBETCT-
BEHHOCTb 3a UCX0J OM3HEeC-TIpoliecca MexXiy
BCEMH €Tr0 YIaCTHUKAMMU.

TTpu ipaBMITBHOM BHEAPEHUH ITPOLIECCHO-
TO MOJX0Ja OpraHu3als OyJaeT B3auMOIeH -
CTBOBATh KaK CO CTPYKTYPHBIMU SAUHULIAMMU,
TaK U ¢ BHelllHel cpenoii. [IpoueccHbIi
MOIXO0J OPUEHTUPOBAH Ha KOHEYHBIN TIPO-
VKT, a TaKXKe 3aMHTePECOBAHHOCTH BCEt
KOMITAHUM B MOBBIIIEHNN 3(D(HEKTUBHOCTH
JIeSITETbHOCTH.

3a cYy€T TOro, 4YTO MPOLIECCHBIN MOAXO
co3iaeT rOpU30HTaJbHbIE CBSI3U B pabore
OpTraHU3allii, OH TTO3BOJISIET MMOJYYUTh PSII
MPENMYIIECTB B CPaBHEHNH C (DYHKIIMOHAJb-
HBIM TTOIXOIO0M.

Y Kaxmoro mpoiiecca J0DKHBI ObITh T10-
CTAaBIIMKMU M moTpebutenu. ITocTaBuinkn
00eCTIeuBalOT BXOIHBIE 3JIEMEHTHI ITpo1iecca,
aTIoTpeOUTE N 3aMHTePECOBAHBI B ITOTyYeHU N
BBIXOJHBIX 3JIEMEHTOB. MOTYT OBITh KakK
BHEIIITHWE, TaK M BHYTPEHHWE MOCTABIINKHU
u notpedureau. Ecim HeT mocTaBIIMKOB, TO
npoliecc He OyaeT BuiMojHeH. Eciu HeT 11o-
TpebuTeeit, To mpolecc He OyAeT BOCTpeOo-
BaH.

TToxazaTenu mpoiiecca Hy>KHbI JIJIST TTOJTY-
YeHUST THGOPMALIMHY O €T0 COCTOSTHUN Y TTPU -
HSTUHA COOTBETCTBYIOIINX YIIPaBICHYECKIX
peiuenuii. [Tokazatenu nmpouecca — 3To HAOOP
KOJIMYECTBEHHBIX WJIM Ka4eCTBEHHBIX ITapa-
METPOB, XapaKTePU3YIOIINX €ro 3TaIlbl, 3Be-
HbSI U pe3yJIBTaT (BBIXOM).

PaccmatpuBast mpoiiecc mepeBo3KH XKee3-
HOIOPOXHBIM TPAaHCIIOPTOM, PACCUUTHIBAIOT
M COOTBETCTBYIOIIME TTOKA3aTENIN KaXKI0T0 eT0o
3JIEMEHTa — KaK KaueCTBEHHEBIE, TaK U KOJIM-
YeCTBEHHBIC, OyIb TO KCIIyaTallMOHHBIE:
CKOPOCTb JIOCTaBKU TPY30B, CPOK, MPOITYCK-
Has ¥ MPOBO3HAsl CIIOCOOHOCTDH Y4aCcTKOB,
KOJIMYECTBO MOTPYKEHHBIX M BBITPYKEHHBIX
BaroHOB, IIPUHSTHIX M COAHHBIX TPYKEHHBIX

® MWP TPAHCIOPTA, Tom 15, N2 2, C. 150-157 (2017)

U TTIOPOXKHUX BarOHOB W IPYTrUe, WU MoKa3a-
TeJId BAarOHHOTO Y JIOKOMOTUBHOTO MapKOB:
000pOT BaroHa, JIOKOMOTHBA, CPEAHECYTOY-
HbII Tpober BaroHa, JOKOMOTHBA, TPOU3BO-
JIUTEbHOCTh BaroHa, TJOKOMOTUBA U T.]1.

ITomuMo paHee Ha3BaHHbBIX MO3ULIUN,
MpeuMyliecTBaMU MPOLECCHOTO MOAX0aa
SIBJISTIOTCS:

* KOOpAMHALMS NeUCTBUN pa3IUUYHbBIX
ToApasaeeHni B paMKax MpoLecca;

* OpHMEHTAIIMsI Ha Pe3YJIbTaT Mpoliecca;

* MOBBILIEHUE PE3YJBTaTUBHOCTU U 3~
(eKTUBHOCTHU pabOTHl OPraHU3alNK;

* MPO3PAYHOCTb ACWCTBUMN T10 JOCTUKE-
HUIO pe3yJibTaTa;

* TMOBBILIEHUE MTPEACKA3YEMOCTU PE3YJib-
TaToB;

* BBISIBJICHME BO3MOXKHOCTEH /151 LieJIeHa-
MPaBJIEHHOTO YJIYYIIEHUS MTPOLIECCOB;

* ycTpaHeHUue 6apbepoB MEXTY (PYHKIIMO-
HaJIbHBIMU MOJpa3IeIeHUSIMU;

* COKpallleHUE JUIIHUX BEPTUKATbHBIX
B3aMOJEHCTBUI;

* UCKJIIOYEHUE HEBOCTPEOOBAHHBIX MPO-
LIECCOB;

* COKpallleHHe BpeMEHHBIX U MaTepUaib-
HBIX 3aTpar.

B pamkax peanuzaiiuy npoueccHOro rnoj-
X0Jla KaK OCHOBBI OBBILIEHUST 9(DDEKTUBHO-
CTU CHUCTEMbI OOCITYy>KUBAaHUSI TPY30BIaae/b-
LIEB MpEJIaraeTcsl cieayloniee:

1. Mcnonb30BaHUE CUCTEMBI TEPPUTOPU-
anbHO-IUbGepeHIIUPOBAHHBIX TapudOB
C LIEJIbI0 MAKCUMAJIBHOTO y4é€Ta crpoca Ha
MEePEeBO3KM Ha OTAEJbHBIX HAMpPaBJIEHUSIX
C TOBBIILIEHEM UH(MPACTPYKTYPHOI COCTaB-
JISTIOIIEN Ha HanOoJiee 3arpy>KeHHbBIX y4yacTKax
(HampuMep, Ha3HAYEHWEM B OIpeAeIEHHbIE
MOPThI) U MOHUXKEHUEM Tapuda Ha MeHee
3arpy>ke€HHbIX yyacTkax U TuHusx. [lomooHas
nuddepeHIUaMs TO3BOJUT HE TOJbKO MO-
BBICUTB AoXxoaHocTh PXKJI, HO U onTUMU3U-

Enuceee C. 0., Kynueea E. C. [IpoLeccHbIV N0AX04 KaK OCHOBA NOBbILEHUS 3¢ PEKTUBHOCTN
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pOBaTh MHBECTUIIMOHHYIO TIOJIUTUKY: OyIeT
OYEeBUIHO, KaKWe HarpaBjieHUsl HauboJee
JIOXOJHBIE ¥ TIOTOMY HY>KIIAalOTCSI B TIEpBOOYE-
pPEIHOM pa3BUTUU (CTPOUTEIBCTBO BTOPHIX
MyTei, ABYXITYTHBIX BCTABOK, YCUJIEHUE ITepe-
pabaThIBAIOIINX CTIOCOOHOCTE COPTUPOBOY -
HBIX CTAHIIMH U T.71.), @ KAaK1e — He HYXKIaloT-
Cs B pa3BUTUU WM U30BITOUHBI. OTHUM M3
CJIEACTBUI peanu3alMu MOJ0OHONH CXeMbl
JIeViICTBUI 1OJKHA CTaTh Pa3pab0OTKa CUCTEMBbI
OTIepaTUBHOI KOPPEKTUPOBKU TJIaHA (DOPMU-
POBaHMS ITOE3I0B B 3aBUCUMOCTHY OT BHYTPU -
TOJI0BOI HEPaBHOMEPHOCTU TIEPEBO30K 10
Pa3TMYHBIM HaTIPaBJICHUSIM U y9acTKaM CETH.
2. YuutsiBas, yto OAO «P2K]I», ¢ onHoI
CTOPOHBI, SIBJISIETCST COOCTBEHHUKOM MHGpa-
CTPYKTYPBI U 3aNHTEPECOBAHO B €€ Pa3BUTHH,
a Cc Ipyroit CTOPOHBI, HYKIIAeTCsI B paBHOMEP-
HOM 1 TIpejicka3yeMo 3arpy3Kke cBoeil mHdpa-
CTPYKTYpPBbI, HEOOXOIMMO Pa3BUBATh IOTOBOPHI
Ha TapaHTUPOBAHHBIE O0BEMBI OTTPY3KHU
C KJIIOYEBBIMU T'PY300TIpaBUTEISIMU. Takue
JTIOTOBOPBI JOJDKHBI OBITH 000I0TOBBITOHBIMU
KakK Ipy300TIPaBUTENSIM, TaK U XKeJe3HO!
nopore. [py300TnpaBUTeNIsSIM OHU TapaHTUPY -
0T BBIBO3 OTPENEIEHHOTO 00bEMA MPOTYKIIAU
B TIPUOPUTETHOM TIOPSIIKE JaKe B YCIOBMSIX
JneduimTa MPOBO3HBIX M MPOIYCKHBIX CITO-
cobnocte, a 1t OAO «P2K/I» nenarot 6ojiee
Tpeicka3yeMbIMU YPOBEHbB 3arpy3Ku MHGpa-
CTPYKTYPHI M BBISBJISIIOT TTOTPEOHOCTH B €€
Pa3BUTUU Ha TE€X WIM UHBIX HAIPaBJIECHUSIX.
3. HeoOGxonuMo yCUInuTh 3HaYe€H1Ee 3KOHO-
MUYeCKUX (HaKTOPOB MpH olieHKe 3(PDeKTUB-
HOCTH TOJay¥u BaroHOB IO Ty WJIU WHYIO
nepeBo3Ky. OpUEHTUPOM MOXET CIYXHTb
HOPMaTHBHasl BeJIMYMHA JOXOTHOCTH 32 BaTOH
B CyTKU, (hopMUpyeMasi Ha OCHOBE COTTOCTaB-
JIEHUSI C aHAJIOTUYHBIM MTApaMETPOM, CJIOKUB-
muMcs Ha peiake. [1pu aToM B citydae, eciu
JIOXOJHOCTh MEPEeBO3KU IPEAMoaraeTcs
BBIIIIE, TO TIOJOOHAS ITePEBO3KA OCYIIECTBIISI-
etcs1. Eciii TOXOMHOCTD 0XKUIaeTCsT HIKE, TO
TepeBo3Ka TpeOyeT TOTIOTHUTETLHOTO IeTalTh-
HOTO PACCMOTPEHMST Ha TTPEIMET MOBBIIIICHUS
€€ TOXOAHOCTU. THCTpyMEeHTaMU MOBBIIIEHUS
MOTYT CTaTh: UCITOIb30BaHNE OOpaTHOMU 3a-
IPY3KM BaroHOB, TTOBBIIIIEHNE TTPOBO3HBIX
TJIaTeXel 10 ypOBHSI HOPMATUBHOM BEJTUIM -
HBI TOXOJHOCTH 3a BaroH B CYTKU, BO3ZMOX-
HOCTh MUHUMU3AILNUU JAPYTUX U3IEPKEK

KOMIIaHUU (HampuMep, B MepUoIbl M30bITKA
MOJBMXXHOTO COCTaBa ONpeaea€HHOro poaa
MepeBo3Ka rpy3a C IOXOMTHOCTBIO HIXKe HOpP-
MAaTHBHOM MOXET ObITh MPEANOYTUTEbHEEe
OTCTOSI BArTOHOB Ha COOTBETCTBYIOIIMX CTaH-
HUsIX).

4. 3akJIloueHue AJOTOBOPOB C APYTUMU
COOCTBEHHMKAMM BaroHOB O B3aMMHOI BO3-
MOXHOCTH UCTIOJIb30BaHUSI IMapKa APYT Apyra
Ha MapMTETHBIX Hayajax IpU pa3HOTo poja
BCTPEYHBIX Mpoberax Uiv Ha HarpaBIeHUSX
BO3BpaTa IOPOXKHET0 MOABIKHOIO COCTABA.

IToaBomst UTOrM, OTMETHM, YTO B YCJIOBMSIX
pa3BUBAIOIIErOCs PHIHKA U 3I0POBOM KOHKY-
PEHILIMM 11eJIeCO00pa3Heli BHIIVISIIUT IIPOLIECC-
HBI TTOJIXOJ K YITPABJICHUIO IPY30BbIM BarOH-
HbIM ITapKOM. BaxkKHBIMU Y37I0BBIMU MOMEHTA -
MM, KOTOPBIM ITPEUMYIIECTBEHHO YIEJSIeTCsI
BHMMaHME TPHU BHEIPEHUM TPOILIECCHOTO
MO/IX0/1a, SIBJISIIOTCS: TOHMMAaHKE U BBIIOJIHE -
HHe MPeANUCaHHbIX TPeOOBaHMIA; HEOOXOIN-
MOCTb OLIEHKH IIPOLIECCOB C TOYKU 3PEHUS
J00aBJICHHOM LIEHHOCTU; PaCCMOTPEHUE pe-
3yJIBTaTOB BBITIOJIHEHUSI TIPOIIECCOB; d(dek-
TUBHOCTb U IIOCTOSIHHOE YJIy4IlIeH1E ITPOLIEC-
coB. OCHOBHBIE €ro TOCTOMHCTBA — MPO3pay-
HOCTb, OPUEHTUPOBAHHOCTh BCErO ITPEAITPUS-
THsI Ha TTOJIOKUTEIbHBIN Pe3yJIBTaT U TMOKOCTh
CHCTEMBI YIIpaBJICHUSI.
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PROCESS APPROACH AS A BASIS FOR INCREASING THE EFFICIENCY

OF FREIGHT OWNERS’ SERVICING

Eliseev, Sergey Yu., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Kulieva, Elena S., Russian Open Transport Academy of MIIT, Moscow, Russia.

ABSTRACT

The article raises the question of creating a
freight transportation management system that
takes into account the working conditions in the
market environment and ensures the quality and
efficiency of freight owners’ service in railway
transport. From the whole set of options

considered the use of process-oriented operating
system of freight cars operation is considered as
the most promising direction by the authors.
Advantages of this approach are shown in
sufficient detail and practical recommendations
of organizational and technological and
methodical nature are provided.

Keywords: railway, freight car, freight owners’ service quality, management, transportation, efficiency,
functional approach, process approach, model, parameters.

Background. The development of competition in the
field of operating freight cars and the rapid growth in the
number oftheirownersledto the transition from management
on the principle of a «single fkeet» to the independent
construction of logistics chains by private operators. Today,
a car of the owner, with which a contract for services has
been concluded, is being delivered for loading, but not the
nearest car. This leads to deterioration in the quality and
efficiency of the use of freight cars. The worsening of the
operating parameters of the car fleet required an increase
inits size, since a larger fleet of cars is needed to export the
same volume of cargo delivered for transportation.

Objective. The objective of the authors is to consider
process approach as a basis for increasing the efficiency in
the servicing of freight owners.

Methods. The authors use general scientific methods,
graph construction, economic evaluation, comparative
analysis.

Results. Currently, more than 1800 owners carry out
services to provide rolling stock for transportation, most of
which have from several units to several hundredfreight cars.

The increase in the number of cars on the network
creates an additional burden on the railway infrastructure,
leading to a decrease in the speed of trains and a slowdown
inthe movement of goods. With the total value of the fleet of
freight cars of Russian ownership in more than 1200
thousand units, the number of «extra cars» exceeding the
capabilities of the infrastructure for efficient operation of the
fleet is estimated by experts as 250 thousand units.

Maintaining this trend can lead to the receipt of such
a number of cars on the network, with which traffic on
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the railway infrastructure will be difficult, and the
transportation process will not be provided in full and the
required time.

At the same time, for JSC Russian Railways the
operational indicators are still the most important, as in the
case of planned economy. Whereas for the operator the
optimization criterion is the profitability of a car per unit of
time, it is not at all concerned with performance indicators
(Pic. 2).

Itturns out, on the one hand, an increase in the number
of freight cars, an increase in empty run and turnover of the
carmakes the problem ofimproving the management of the
fleet of freight cars especially urgent. But, on the other hand,
there are no uniform criteria for effectiveness.

Efficiency and quality of managerial work are determined
primarily by the reasonableness of the methodology for
solving problems, i.e. approaches, principles, methods.

At least 13 scientific approaches are known:

« complex;

« integration;

* marketing;

« functional;

* dynamic;

* reproductive;

* process;

* normative;

* quantitative;

+ administrative;

« behavioral;

« situational;

* system.

Pic. 1 Structure of owners of freight
car fleet.
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Pic. 2. Lack of interest in operating
indicators of operators (owners) of
rolling stock.
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Infact, today the management of the fleet of freight cars
uses a functional approach, i.e. the need is considered as a
set of functions that need to be met for its satisfaction.

The leaders have an urgent need to create a
management system that takes into account the newworking
conditions in market relations and helps to strengthen the
competitiveness of enterprises and their products.

In this regard, the application of a process-oriented
management system is promising.

The first person who put forward the idea of a process
approach was the founder of the administrative school of
management Anry Fayol. Developing his theories, the
process approach began to be considered as the sum of all
enterprise processes — planning, organization, motivation
and control.

The main advantage of the process approach as
compared with the others is carefully developed horizontal
management, that is, management at the process
boundaries. The process approach proceeds from the fact
that the types of activities from which the whole work of the
enterprise develops interact, and if this interaction is
organized, a colossal synergetic effect can be obtained. It
is very important that the compulsory control by the
management of joints of processes during their interaction
creates continuous management, just this is not achieved
by most other approaches. It is unlikely to be evaluated in
numerical terms, because not all processes can be
expressed through statistics, but the whole is irreducible to
the sum of parts — the gap is a possible profit.

When implementing the process management, one
should adhere to such fundamental principles:

+ Principle of process interconnection. The
organization is a network of processes. The process is any
activity where work is performed. All organizational
processes are interrelated.

« Principle of demand for the process. Each process
must have a goal, and its results should be in demand. The
process results must have their own consumer — internal or
external.

+ Principle of documenting processes. Activities in
the course of solving problems must be documented. This
allows to standardize actions and get a base for changing
and further improving the process.

« Principle of process control. Each process has a
beginning and an end, which determine the boundaries of
what is happening. For any of them, the indicators
characterizing its results should be known.

« Principle of responsibility for the process. In the
performance of the task, various specialists and employees
may be involved, but one person should be responsible for
the process and its results.

The implementation of these principles is aimed at
significantly improving the efficiency of work, but at the same
time requires a high corporate culture. The transition from
functional management to process management forces
employees to consolidate their efforts, despite the fact that
they can relate to different divisions. On how far it will be
possible to establish joint work, the «working capacity» of
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the principles embodied in the process approach will
depend.

With the process approach to management, each
structural unit ensures the execution of business processes
in which it participates. Obligations, areas of responsibility,
criteria for successful activity for each structural unit are
formulated objectively and have meaning only in the context
of areal business process.

The employee is responsible not only for his functions,
butalso forthose business processes in which he is involved.
The functions and results of the activity of parallel structural
units that participate in the same business processes as the
employee, are important to him. There is a mutual
responsibility for the outcome of the business process
between all its participants.

With the correct implementation of the process
approach, the organization will interact with both structural
units and with the external environment. The process
approach is focused on the final product, as well as the
interest of the whole company in increasing the efficiency of
the activity.

Due to the fact that the process approach creates
horizontal links in the work of the organization, it allows to
obtain a number of advantages in comparison with the
functional approach.

Each process must have suppliers and consumers.
Suppliers provide the input elements of the process, and
consumers are interested in obtaining output elements.
There may be both external and internal suppliers and
consumers. Ifthere are no suppliers, the process will not be
performed. Ifthere are no consumers, then the process will
not be in demand.

Process indicators are needed to obtain information
about its status and make appropriate management
decisions. Process indicators are a set of quantitative or
qualitative parameters characterizing its stages, links and
result (output).

Considering the process of transportation by rail, the
relevant indicators of each of its elements are calculated —
both qualitative and quantitative, whether operational: speed
of delivery of goods, time, throughputand carrying capacity
of the sections, number of loaded and unloaded cars,
accepted and handed over loaded and empty cars and
others, or indicators of car and locomotive fleets: turnover
of a car, a locomotive, average daily run of a car, a
locomotive, performance of a car, a locomotive, etc.

In addition to the previously mentioned positions, the
advantages of the process approach are:

« coordination of activities of various units within the
process;

« orientation to the result of the process;

« increase in effectiveness and efficiency of the
organization;

« transparency of actions to achieve the result;

« increase in predictability of results;

« identification of opportunities for targeted process
improvement;

+ removal of barriers between functional units;
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« reduction of unnecessary vertical interactions;

« elimination of unclaimed processes;

« reduction of time and material costs.

As part of implementation of the process approach as
the basis for increasing the efficiency of the system of
servicing cargo owners, the following is proposed:

1. Use of a system of geographically differentiated tariffs
in order to maximize the demand for transportation in certain
directions, with an increase in the infrastructure component
inthe mostloaded areas(forexample, by assigning to certain
ports) and lowering the tariff on less loaded sections and
lines. Such a differentiation will allow not only to increase the
profitability of Russian Railways, but also to optimize the
investment policy: it will be clear which directions are most
profitable and therefore need priority development
(construction of second tracks, double-track inserts,
enhancement of processing facilities of marshalling yards,
etc.) and which ones do not need development or are
redundant. One of the consequences ofimplementing such
ascheme of actions should be the development of a system
for promptly adjusting the plan for formation of trains
depending on the intra-annual unevenness of traffic in
various directions and areas of the network.

2. Given that JSC Russian Railways, on the one hand, is
the owner of the infrastructure and is interested in its
development, and on the other hand, requires a uniformand
predictable loading of its infrastructure, it is necessary to
develop contracts for guaranteed shipment volumes with
key shippers. Such contracts should be mutually beneficial
to both shippers and railways. For shippers, they guarantee
the export of a certain volume of products in priority order,
even in conditions of shortage of throughput and carrying
capacity, and for JSC Russian Railways make the level of
loading of infrastructure more predictable and identify the
need for its development in various directions.

3. It is necessary to strengthen the importance of
economic factors in assessing the efficiency of delivering
cars for a particular transportation. The benchmark can
be the normative value of profitability of a car per day,
formed on the basis of comparison with a similar
parameter that has developed in the market. In this case,
if the profitability of transportation is supposed to be
higher, than such transportation is carried out. If the yield
is expected to be lower, then transportation requires
additional detailed consideration to improve its profitability.
The tools of increase can be: use of reverse loading of
cars, increase of freight charges to the level of normative
amount of profit of a car per day, the possibility of
minimizing other costs of the company (for example,
during periods of excess of rolling stock of a certain type,
the carriage of cargo with yield below the regulatory one

1
i
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Pic. 4. Key elements of the process
approach.
Finished

oroduct
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may be preferable to the idling of cars at corresponding
stations).

4. Conclusion of agreements with other owners of cars
on the mutual possibility of using each other’s fleet on an
equal footing with different kinds of counter-runs or on the
directions of returning empty rolling stock.

Summarizing, we note that in the conditions of the
developing market and healthy competition, the process
approach to the management of freight car fleets is more
expedient. Important nodal points, which are mainly given
attention in the implementation of the process approach,
are: understanding and implementation of prescribed
requirements; the need to evaluate processes in terms of
added value; consideration of the results of the process;
efficiency and continuous improvement of processes. Its
main advantages are transparency, orientation of the whole
enterprisetoapositive resultandflexibility of the management
system.
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ABTOpbI OLLEHUBAIOT TEKYLUEEe

CcoCTOosiHMUE 1 NPobsiIeMbl TPAHCMOPTHOM
nHppacTpyktypbl MbsiHMbl. OnpeaenéH
nepeyeHb 3aga4, peLieHne KOTOPbIX
MO3BOJIAT CYLLIECTBEHHO YJ/TYYLUNTDb

eé cocTosiHne, AOOUTLCS BKITIOYEHUST
TPAHCIMOPTHOWVM CUCTEeMbI CTPaHbI

B Me>XXAYyHapOoA4HYI0 TPAHCIMOPTHYIO CEeTb
Y 3HAYUTEJIbHO YJTYHLLINTb TOBaPO0OOPOT
¢ KHP n ctpanamu FOro-BocTo4Hori A3un.
HasBaHbI npyuopuTeTHLIE MEPOTPUSTUS

B YaCTHOM Y rocyfapCTBEHHOM ceKTopax
3KOHOMMUKMU, BbIINOJIHEHNE KOTOPbIX
npuBeaeT K pa3BUTUIO CYLLIECTBYIOLLINX

v popMUpPOBaHUIO HOBbIX TOPIrOBbIX
MapLUPYTOB.

KnroyeBsie cnoBa: TpaHcnopTHas
cuctema, nHppacTpyktypa, MesHma, nytn
COOOLLEHMSI, TPAHCMOPTHbLIE TEXHOJI0MM,

Cyxve rnopTebl, JIOTUCTUHECKNE LLeHTPbI.
|
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Ko Ko JIBUH
Ko Ko LWIN

TpaHcnopTHadA
MHPpacTpykTtypa MbsHMBbI:
BEKTOPbI Ppa3BUTUS

Cunuyvtna Anna
Cepeeesna — kanoudam
MexXHU4ecKux HaykK,
douenm Mockoeckoeo 20-
cyo0apcmeenHo2o yHugep-
cumema nymeii cooouenus
(MHUHUT), Mocksa,
Poccus.

163 Cepeeli Baaepve-
6uy — KaHouoam mex-
HUYeCKUX HayK, IKCnepm
1O (PYHKUUOHUPOBAHUIO
MPAHCNOPMHBIX CUCTEM,
Mockea, Poccus.

Ko Ko Jleun — acnupanm
MHUHUT, Tayne Jncu, Pec-
nybauxa Coio3 Mesanuma.

OPMMPOBAHUE PHIHOYHBIX OTHOILIE-
HMI, MOTPEOHOCTU B PaCIIUPEHUHN
MEXAYHapOIHOIO TOBapoobOpoTa

TpeOyIOT IMHAMUYHOTO U cOaJJaHCUPOBAHHO-

ro pa3BUTHSI BCEX 3BEHbEB HALIMOHAJbHOM

9KOHOMUKM MbSIHMbI, BKJII0Yasi TPAHCIIOPT-

HYI0 MHGpacTpyKTypy. CerogHsi TpaHCIIOPT-

Hast MH(ppacTpyKTypa 3aHUMAaeT OJHO U3

MPUOPUTETHBIX MECT U SIBJISIETCS OCHOBHBIM

akTopoM, OMpeaAeSIOIIUM MePCIeKTUBBI

CTpaHbl ¥ BXOXKIEHKE €€ PETMOHOB B MUPOBOE

X03s1MCTBO. BMecTe ¢ TeM ocTaeTcst HeOCIo-

PUMBbIM U TOT (haKT, YTO B TEUECHME MTOCICTHUX

JIET TpaHCcMnopTHast HGPacTpyKTypa MbsTHMBI

XapakTepu3yeTcs: PU3MYECKUM U MOPaIbHbIM

M3HOCOM, HU3KUM YPOBHEM MaTepHalbHO-

TEXHUYECKOM 0a3bl, AUCITPONOPLUSIMU U He-

PaBHOMEPHOCTBIO pa3MelleHUs] 00bEKTOB,

OrPaHMYEHHOCTbHIO BbIACISIEMbIX MHBECTU -

LI, OTCYTCTBMEM MOJHOLIEHHBIX PhIHOYHBIX

MEXaHU3MOB (DYHKIIMOHUPOBAHMS U YIIpaB-

neHus. 1 Hago noObuBaThesl, 4TOOBI BCe e

3BEHbsI FAPAHTUPOBAIM HEOOXOIUMBIE YCIIO-

BUSI JIUISI Pa3BUTUSI OCHOBHBIX OTpaciIeii mpo-

M3BOJCTBA U MaKCUMaJbHO 3(p(PeKTUBHOTO



HUCTOJIb30BAaHUS SKOHOMUYECKOTO MOTEHIMA-
Jla, KOTOpBIM peciyb/irKa o0Janaer.

TpaHcnopTHast MHGPACTPYKTYypa — 3TO
OTPOMHBIN KOMIIJIEKC CIYX0 U OOBEKTOB,
BKJIIOUAIOIIUI BCE BUIbI TPAHCIIOPTA, OOCTTY-
KUBaOUIUE CTPYKTYPhl U TTOJApa3aeIeHUS.
OHU coBeplLIalOT OBICTPYIO U CBOOOIHYIO
MepeBOo3Ky I'py30B U maccaxupoB. [Tomumo
TOTO, TPAHCTIOPTHBIN KOMILUIEKC UTPaeT He-
MaJIOBaXHYIO pOJib B 00eCTieYeHU TOProBO-
SKOHOMMYECKOI chepbl ChIpbeM, MaTepua-
JlJaMu, TOTOBOW MPOOYKIIMEN U TOBapamu,
a Takke paboueii cunoii [1].

B xauecTBe 00BEKTOB TpaHCHOPTHOM
UHGPACTPYKTYPhl MOTYT PaCCMaTPUBATHCH:

— BCE CYLIECTBYIOIIME U 3allJIAHUPOBAH-
HbIe TYTU COOOIIEeHUS (YIUYHO-TOPOXKHAS,
BHEYJIMYHAS U MEXIYTOpOIHAas TPAHCIIOPT-
Hag CeTb);

— TPaHCHOPTHBIE €AUHUIIBI;

— TEXHUYECKUE COOPYXKEHUS U CKJIaIbl
(Tmapxu 1Mo peMOHTY, €TI0, TPYy30Bble TEPMU-
HaJIbl, BCTIOMOTATEJIbHOE dHEPTeTUYECKOE
XO3SCTBO);

— BOK3aJIbl U CTAHIUU [JISI MIEPEBO3KU
MacCcaxXupoB U IPY30B;

— areHTCTBa, OTBEYAlOLIME 3a MPOAAXY
OUJIETOB U OPraHU3aLMIO NePEeBO30K;

— JIOTUCTUYECKUE LIEHTPHI;

— UHXEHEPHbIE CEeTU U KOMMYHUKAIIUU
Ha UHPaACTPYKTYPHBIX OOBEKTAX.

CBOI0 pOJIb B OCYILIECTBICHUU MEXKPETNO-
HaJIbHBIX TPY30BbIX U MACCAXKUPCKUX Mepe-
BO30OK AJIS CBSI3U LIEHTPaJIbHOW MBbSHMBI
C ceBepo-3amagHbIMU, CEBEPHBIMU U BOCTOY-
HBIMU palioHaMU, a TakXe I peaau3aluu
MEXPETrnOHaJbHBIX COOOIIEHU UTPaeT
KaX bl BUI TPAHCTIOPTA — XKeJIe3HOA0POXK-
HbIA, aBTOMOOMJIbHBIN, aBUALlMOHHBIN
U BOJIHBIN.

Haunbonee npoTskeHHbIE aBTOMOOUJIb-
Hble Toporv B MbsiHMe MPOXOJAT C ceBepa Ha
OT cTpaHbl. M3 HUX caMoli 3HAYUMOW TS
NPUTPAHUYHOU TOPTOBAU Mexay Kutaem
1 MpsiHMOW SBseTCS Maructpaib MaHaa-
naii—Jlammo, mpoTsKeHHOCTRIO B 262 kM. Ho
HEOO0XOAMMO OTMETUTh, YTO OOJBIIMHCTBO
JIOPOT B OYEHbB IJIOXOM WJIU 1axKe HeTPUTO/I-
HOM I 3KCIJIyaTalluu COCTOSSHUU, 3a
HUCKJIIOYEHUEM HECKOJIbKUX TPacc, KOTOPbIe
MMEIOT IOCTaTOYHO BBICOKOE KauecTBO [2].
bonblinas yacts Tpaduka B CTpaHe TPOUCXO-
JIUT BIOJb KopuaopoB AHron—Manpanai—
Myce/Pyitnu—Kynpmun. [locce mexmy
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nyHkramu KyHeMuH u Pyunu Ha rpanwuie
¢ KHP HaxoauTcs Ha 3aKTIOYUTEIbHBIX 3Ta-
max cTpoutesabeTBa. [Ipr 3TOM Ha MbSTHMaH-
CKOU CTOpOHE AOpOXHask UHMpACTPyKTypa
B LIEJIOM TOPa3/10 XyXe.

OCHOBHBIMU MpoOJeMaMu AOPOXKHON
UHOPACTPYKTYPHI OCTAIOTCS:

* HEJIOCTaTOYHBIE BO3MOXHOCTU KOPHU-
Jopa A5 00pabOTKM CYILIECTBYIOLIETO 00bE -
Ma Tpaduka;

* HEMPUTOIHOE JJIsI HOPMaJIbHOM 3KC-
TUIyaTallud COCTOSIHUE TOPOT;

* CYLIECTBYIOIIIME OTPAHUYEHUS 10 BECY
JUIST TIPOXOXKIEHUST KUTACKUX TPY30BUKOB;

* He3aBeplIeHHas PEKOHCTPYKIIUS
occeifHo MHMPaCTPYKTYPHI HAa TpaHUIIE
¢ KHP.

XKenesnsie nopor Mbsinmbl (MR) sBiisi-
I0TCSI TocyaapcTBeHHbIMU. O01Ias mpoTsi-
XXKEHHOCTb CETH €lle HelaBHO COCTaBJslia
5403 kM, ipu mmpuHe kosen 1000 MM [2].

KauecTBo Xene3HOmOpPOXHON MHbpPa-
CTPYKTYPHI TAKXKe HAXOIUTCST B KpUTUIECKOM
cocTosTHUM. MakcuMaibHasi CKOPOCTh IBU-
JKEHUST TPY30BbIX TIOE370B — BCETO 24 KM/4
[3]. YpaBieHue xkene3HbIX JOPOT MpuJiara-
€T OOJIbIIIe YCUJTUS IS CTPOUTENICTBA HO-
BBIX JIMHUWI BO BCEX IITaTaXx M peruoHax
cTpaHbl. B Tekyiee BpeMsi MPOTSKEHHOCTD
PeJIbCOBBIX JOPOT Bo3pocia a0 6492,24 kM,
a KOJIMYECTBO CTaHIMi — 10 793 [4].

TIpoGyieMbl Xene3HOA0POXKHON UH(ppa-
CTPYKTYDBI:

* Hea(ddeKTUBHAS OpraHW3allMOHHAasI
CTPYKTYpa CUCTEMBI Xe€JIE3HOTOPOXHOTO
TPaHCIOPTA;

* Mano3(deKkTUBHAS CTPYKTypa ympaB-
JICHUSI MPOLIECCaMU MEPEBO30K;

* OTCYTCTBHUE COBPEMEHHOTO MEHEIXK-
MEHTa JIOTUCTUIECKUX TIEPEBO30K;

* OTCYTCTBME COBPEMEHHOU CUCTEMBI
ABTOMATMYECKOM CUTHAIM3AIMN JUIST KOHT-
pOJIsSt IBUKEHMS TTOE3/I0B;

* HU3KWI1 YpOBEHb IMOJATOTOBKU MEPCO-
Haja, 3a1efiCTBOBAHHOTO Ha MPOMEXYTOY-
HOM YPOBHE YMpPaBJIeHUECKUX CTPYKTYpP
1 0a30BOM YPOBHE.

CucteMHOI Mpo6eMOoil TpaHCHOPTHOM
OTpaciu cjelyeT CYUTaTh HECOOTBETCTBUE
MEXIy HU3KUM YPOBHEM €€ pa3BUTHs, (-
(heKTUBHOCTBIO, KAUeCTBOM (DYHKIIMOHUPO-
BaHUSI M BO3PACTAIONINM CITIPOCOM 9KOHOMM -
KM ¥ 00IIecTBa Ha TPAHCIIOPTHBIE YCIYTH.
DTO MPOSIBISETCS B CAEAYIOIIEM:
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1) cocTosiHME OMOPHOI TPAHCTIOPTHOM
CeTH HE COOTBETCTBYET CYIIECTBYIOIIUM
U TIEPCIIEKTUBHBIM TPY30II0TOKAM M Tacca-
KUPOITOTOKAM;

2) TpaHCTIOPTHBIC TEXHOJOTUU HE OTBE-
YalT COBPEMEHHBIM TpeOOBaHMSIM 3P deK-
TUBHOTO (PYHKIIMOHUPOBAHMS TPaHCIIOpTA
B YCJIOBHSIX PhIHKA, TIPEITSITCTBYIOT YIOBJICT-
BOPEHMIO PACTYILETO CIIpoca Ha KaueCTBEH-
HBIE TPAHCITOPTHBIE YCIIYTH, CHIDKEHUIO CE-
0eCTOMMOCTH TEePEBO30K, ONTHUMAJIbHOMY
HUCIIOJIb30BAHUIO TPAHCIIOPTHOU MHGPa-
CTPYKTYDBHI,;

3) HabOMrOmaeTCsI CYIIeCTBEHHOE OTCTaBa-
HUE TEMIIOB Pa3BUTUSI TOPOXHON CETH OT
TeMIT0B aBTOMOOWJIM3AaLIMY O0I1LIeCTBA: OKOJIO
TpeTH deaepaIbHbIX aBTOMOOMIBHBIX JOPOT
paboTaT B peXXnUMe Ieperpy3Ku, 0COOCHHO
Ha TTOAX0IaX K KPYITHBIM TOPOIaM;

4) mokazarter 6€30MacCHOCTH TPAHCIIOPT-
HOTO TIpoliecca, B MEPBYIO OUepeab, TOPOXK-

® MUWP TPAHCMOPTA, Tom 15,

HOTO JIBUXEHMUST, HE COOTBETCTBYIOT MUPOBO-
MY YPOBHIO;

5) 3HAUUTETHHO 00OCTPWINCH TPEOOBAHUS
0€e30MacHOCT! U aHTUTEPPOPUCTUYECKON
YCTOMYMBOCTU TPAHCTIOPTHOW CUCTEMBI.

s pa3BUTHS TPAHCIOPTHOM MHPPacTPyK-
TYPbI HEOOXOJMMO, HA HAII B3WJISI/T, PELIUTD P
NePBOCTENEHHBIX 32124 U BOMPOCOB:

* cchopMUPOBATH LIEJIOCTHOE TPAHCIIOPT-
HOE MPOCTPAHCTBO CTPAHbBI 32 CYET OPTaHU -
3annu 3G GHEKTUBHON MOAEepHU3AINN WH-
GpacTpyKTypPHBIX 3BEHbBEB;

* OpraHu30BaTh KAYeCTBEHHYIO U JIOC-
TYITHYIO TPAHCIIOPTHO-JIOTUCTUYECKYIO CH-
CTeMy TPY30BbIX TIEPEBO30K;

* CTAHAAPTU3UPOBATH KAYECTBO TPAHC-
TMOPTHBIX YCJIYT U 00ECIeYUTh UX JOCTYT-
HOCTb JIJIsS HACeJIEHUSI;

* peaan30BaTh TPAH3UTHBIE BO3MOXKHO-
CTU CTPaHbl, UHTETPUPOBATHCS B MUPOBOE
TPaHCTIOPTHOE TTPOCTPAHCTRO;

.158-163 (2017)
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* MOBBICUTh YPOBEHb O€30IMaCHOCTU TPaHC-
MOPTHO OTpaciu;

* pa3paboTaTh IJIaH PEKOHCTPYKIIMKA OCHOB-
HBIX PETMOHAJIBHBIX aBTOMOOMIBHBIX JOPOT
B LIEJISTX COBEPILIEHCTBOBAHYSI BHYTPEHHUX COO0-
ILIEHUA, TTOBBIILIEHUST TUIOTHOCTU TOPOKHOMN
CETH, YCUJICHUS CBSI3EH C CeThI0 aBTOMOOMIBHBIX
JTIOPOT COCETHUX O0JIACTeN;

* 00ecrneunThb MPOoBeAeHE MEPOTIPUSITUIA,
HarpaBJIeHHbIX Ha COOJIIOAEHNE 1 COBEPILIEHCT-
BOBaHUE TEXHOJIOTMH IIEPEBO30YHOTO IIpoIiecca,
bopMupoBaHNe ONTUMATLHOU MapIIPyTHOMN
CETU U PacIvCaHUil JBWXKEHVSI TPAHCTIOPTHBIX
CPEJICTB;

* copMHUpPOBATh COBOKYIHBIT HaboOp
MpeUTOXKEHUM TPAaHCTIOPTHBIX YCIIYT, A0CTATOU-
HBII 1S YIOBAETBOPEHMS MOTPEOHOCTE Ha-
CeJIeHUS,

* 00eCIeunTh OCBOCHNE MHHOBAIIMOHHBIX
TEXHOJIOTUI CTPOUTENLCTBA, PEKOHCTPYKLIMU
Y coNlepXKaHus TPaHCTIOPTHOM MH(PACTPYKTYPHI.

B kauecTBe peKoMeHaalMi MpeUIaraloTcs:

* CTPOMTENIBCTBO M MOJIEPHU3ALINST OOBEKTOB
TPAHCIIOPTHOI MH(MPACTPYKTYPhI, PEKOHCTPYK-
LIMST 1 PEMOHT Y4aCTKOB I'OCYIapCTBEHHBIX, pe-
TMOHAIBHBIX U MEKMYHUIIUTIATBHBIX, MECTHBIX
ABTOMOOWJIBHBIX JOPOT, CUCTEM KEJIE3HOIOPOXK-
HOTO, BOTHOI'O, BO3AYIIIHOTO TPAaHCITOpTa, KOM-
TJIEKCHBIX MTHXKEHEPHBIX COOPYKEHMIA;

* CTPOMTEIILCTBO «CYXUX ITOPTOB» U JIOTUCTH-
YECKUX LIECHTPOB, a TAKXKE KPYMHBIX TPAHCIIOPT-
HO-JIOTMCTUYECKUX LIEHTPOB MEXIYHAPOAHOTO
YPOBHSI TSI OOCTY>KBaHUsI TPAH3UTHBIX IPY30-
TIOTOKOB;

* pa3BUTHE PbIHKA TPAHCIIOPTHO-JOTUCTU-
YECKHUX YCIYT, CO3MaH1e YCIIOBUM IS OpraHu3a-
LUK TIPSIMBIX CMEIIAHHBIX ITePEBO30K IPY30B,
MHTEPMOIATBHBIX ITEPEBO30K ITO HAITMOHATTBHBIM
Y MEXTyHapOTHbBIM TPAHCIIOPTHBIM KOPUI0paM;

* PEKOHCTPYKLMSI CKITaACKNX KOMILJIEKCOB,
CTPOUTEILCTBO M MOJIEPHU3AIIMS KOHTEHEPHBIX
TUTOIIAOK Ha KeJIe3HOIOPOKHBIX CTAHITUSIX
(Manpanait, AnroH, Jlamo, I'aro) c tesbto pac-
LIMPEHUST KOMITIEKCHBIX TPAHCIIOPTHBIX YCJIYT;

¢ IIPUBJICYCHUEC K COTPYAHUYCCTBY KPYITHBIX
TPAHCITOPTHO-JIOTMCTUYECKIX KOMITAHII MeX-
JTYHapOTHOTO YPOBHSI;

* MHXXEHepHasl IMOAr0TOBKA TUIOILANOK IO
CTPOUTEILCTBO JIOTMCTUUECKUX LIEHTPOB (Maru-
CTpaJIbHBIC CETH);

* TMOATOTOBKA CITEIMATUCTOB B chepe
TPaHCIIOPTA M JIOTMCTUKU B IEMCTBYIOLINX HA
TEPPUTOPUU PETHOHA yUEOHBIX 3aBEICHUSIX.

BbiBOAbl

AHanu3 COBPEMEHHOTO COCTOSIHUS
U IPO0JIeM TPaHCTIOPTHON MHMPACTPYKTYPHI
MbsTHMBI TTOKa3bIBAET, UTO HYy>KHA KOPEHHast
PEKOHCTPYKIIMS WU MOJIEPHU3AIUS BCEit
TPAHCITOPTHOM CUCTEMBI, BKJTIOUAs aBUALIM -
OHHBI, KeJIE3HOTOPOXKHBIN, aBTOMOOWITh-
HBI 1 MOPCKOI (BOTHBIN) TPAHCIIOPT.

Coznanue 3 (peKTUBHOM TPAHCTIOPTHOM
MHOPACTPYKTYPHl TTO3BOJUT 00ECTICUYNUTH
TePPUTOPUATIBHYIO LIEIOCTHOCTh TOCYIapCT-
Ba, CBSI3aHHOCTbh PETMOHOB PECIYOJUKU
B €IMHOE YKOHOMHUYECKOE U O00OPOHHOE
MPOCTPAHCTBO, YCKOPUTD PA3BUTHUE MYJTBTH -
MOJIATbHBIX TIEPEBO30K, a TaAKXKe BBIXOJBI
K TPYIHOIOCTYITHBIM CHIpbeBBIM Oazam Ku-
tast, Magun, Tamnanma n FOro-BocTouHoit
A3zun.
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MYANMAR’S TRANSPORT INFRASTRUCTURE: DEVELOPMENT VECTORS
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ABSTRACT

The authors assess the current state and
problems of Myanmar’s transport infrastructure. A
list of tasks has been determined, the solution of
which will significantly improve its condition, help to
achieve inclusion of the country’s transport system

in the international transport network and significantly
improve trade turnover with China and countries of
Southeast Asia. Priority actions in private and public
sectors of the economy are named, the implemen-
tation of which will lead to development of existing
and formation of new trade routes.

Keywords: transport system, infrastructure, Myanmar, communication routes, transport technologies,

dry ports, logistics centers.

Background. The formation of market relations,
the need to expand international trade turnover
requires a dynamic and balanced development of all
segments of the national economy of Myanmar,
including the transportinfrastructure. Today, transport
infrastructure occupies one of the priority places and
is the main factor that determines the country’s
prospects and the entry of its regions into the world
economy. At the same time, it remains indisputable
that in recent years the transport infrastructure of
Myanmar has been characterized by physical and
moral wear and tear, a low level of material and
technical base, disproportions and uneven location
of facilities, limited investment, and lack of full-fledged
market mechanisms for operation and management.
And it is necessary to ensure that all its components
guarantee the necessary conditions for development
of the main industries and maximize the effective use
ofthe economic potential that the republic possesses.

Objective. The objective of the authors is to
consider development vectors with regard to
Myanmar’s transport infrastructure.

Methods. The authors use general scientific
methods, economic evaluation, comparative analysis,
scientific description.

Results. Transport infrastructure is a huge
complex of services and facilities, including all types
of transport, serving structures and units. They
perform fast and free transportation of goods and
passengers. In addition, the transport complex plays
animportantrole in providing the trade and economic
sphere with raw materials, materials, finished
products and goods, as well as labor force [1].

As objects of transport infrastructure can be
considered:

— all existing and planned communication routes
(street-road, non-surface and long-distance transport
network);

— transport units;

— technical facilities and warehouses (repair
parks, depots, cargo terminals, auxiliary energy
facilities);

— railway terminals and stations for transportation
of passengers and cargo;

— agencies responsible for the sale of tickets and
organization of transportation;

— logistics centers;

—engineering networks and communications on
infrastructure facilities.

Each type of transport — rail, road, air and water —
plays its role in the implementation of interregional
freight and passenger transportation for the
connection of central Myanmar with the north-
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western, northern and eastern regions, as well as for
the implementation of interregional communications.

The longest roads in Myanmar are from the north
to the south of the country. Of these, the mostimportant
for border trade between China and Myanmar is the
Mandalay-Lashio highway, a length of which is 262 km.
But it should be noted that most of the roads are in very
poor or even unusable condition, with the exception of
several roads that are of sufficiently high quality [2].
Most of the traffic in the country occurs along the
corridors of Yangon—-Mandalay—Muse / Ruili-Kunming.
The highway between the points Kunming and Ruili on
the border with China is at the final stages of
construction. At the same time, on the Myanmar side,
the road infrastructure as a whole is much worse.

The main problems of the road infrastructure
remain:

« insufficient corridor’s capacity to handle the
existing traffic volume;

« unusable road condition;

- existing weight limits for the passage of Chinese
trucks;

« incomplete reconstruction of highway
infrastructure on the border with China.

The railways of Myanmar (MR) are public. The total
length of the network was recently 5403 km, with a
track width of 1000 mm [2].

The quality of the railway infrastructure is also in
critical condition. The maximum speed of freight trains
isonly 24 km /h [3]. The Railway Administration makes
great efforts to build new lines in all states and regions
of the country. Currently, the length of railways has
increased to 6492,24 km, and the number of stations —
up to 793 [4].

Problems of railway infrastructure:

« inefficient organizational structure of the railway
transport system;

« ineffective structure of traffic management;

- lack of modern logistics management;

« lack of a modern automatic signaling system to
monitor the movement of trains;

« alow level of training of personnel involved at the
intermediate level of management structures and the
basic level.

The system problem of the transport industry
should be considered a discrepancy between the low
level of its development, efficiency, the quality of
functioning and the growing demand of the economy
and society for transport services. This is manifested
in the following:

1) the state of the backbone transport network does
not correspond to existing and prospective cargo flows
and passenger flows;
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2) transport technologies do not meet modern
requirements of efficient functioning of transportin the
market conditions; they impede meeting the growing
demand for qualitative transport services, reduction of
the cost of transportation, and optimal use of transport
infrastructure;

3) there is a significant lag in the pace of
development of the road network from the pace of
motorization of the society: about a third of federal
highways operate in an overload mode, especially on
approaches to large cities;

4) safety indicators of the transport process,
primarily road traffic, do not correspond to the world
level;

5) the requirements of security and anti-terrorist
stability of the transport system have significantly
worsened.

In order to develop the transport infrastructure, in
ouropinion, itis necessary to solve a number of primary
tasks and issues:

« to form an integral transport space of the country
through the organization of effective modernization of
infrastructure links;

- to organize a high-quality and affordable
transport and logistics system for freight transportation;

- to standardize the quality of transport services
and ensure their accessibility to the public;

- to realize the transit potential of the country, to
integrate into the world transport space;

- to improve the safety of the transport industry;

« to develop a plan for reconstruction of the main
regional highways in order to improve internal
communications, increase the density of the road
network, strengthen ties with the road network of
neighboring regions;

- to ensure the implementation of measures
aimed at observing and improving the technology of
the transportation process, formation of an optimal
route network and timetables for the movement of
vehicles;

« to form a cumulative set of offers of transport
services, sufficient to meet the needs of the population;

« to ensure the development of innovative
technologies for construction, reconstruction and
maintenance of transport infrastructure.

As recommendations, the following is proposed:

« construction and modernization of transport
infrastructure facilities, reconstruction and repair of
sections of state, regional and intermunicipal, local
highways, rail, water, air transport systems, integrated
engineering structures;

« construction of dry ports and logistics centers,
as well as large international transport and logistics
centers for servicing transit cargo flows;

« development of the transport and logistics
services market, creation of conditions for organization
ofdirect multimodal transportation of goods, intermodal
transportation along national and international
transport corridors;

« reconstruction of warehouse complexes,
construction and modernization of container sites at

railway stations (Mandalay, Yangon, Lasho, Pago) in
order to expand complex transport services;

« attracting large international transport and
logistics companies to the cooperation;

+ engineering preparation of sites for construction
of logistics centers (mainline networks);

« training of specialists in the field of transport and
logistics in the educational institutions operating in
the region.

Conclusions. An analysis of the current state and
problems of Myanmar’s transport infrastructure
shows that radical reconstruction and modernization
of the entire transport system, including aviation,
railway, road and sea (water) transport is needed.

The creation of an efficient transport infrastructure
will ensure the territorial integrity of the state, the
connection of the regions of the republic in a single
economic and defense space, accelerate the
development of multimodal transportation, and also
the exits to hard-to-reach raw materials bases in
China, India, Thailand and South-East Asia.
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9KCMPECC-NHBGOPMALS
EXPRESS INFORMATION

PASBUTUE KOHTEI:/:IHEPHOFO COOBLUEHUA
KUTAU — EBPOIA

B anpese 2017 roaa noanmMcaHo ceMICTOPOHHEE
conanieHye 00 yrniyoIeHH! COTPYIHHYECTBA 10 Opra-
HHU3AIMA KOHTEWHEPHDbIX M0e310B B coodmennn Ku-
Taii—EBpona mexny OAO «PXKJI», «Kuraiickumu
JKeJie3HbIME 1oporamu», 'O «Bestopycckast xee3Has
nopora», AO «Hemenkue xeJie3Hbie aoporun», AQ
«Hanmonanbnas kommnanus «Kazaxcran Temip koubi»,
AO «Ynan-baropckas xkene3nas nopora», AO «Ilojb-
CKHe roCyIapCTBEeHHbIE JKeJie3HbIe I0POTH».

[To MHEHMIO CTOPOH, COTPYTHUYECTBO 11O OpTa-
HM3ALUNA KOHTEHEPHBIX [T0E3[0B B €BPOa3UaTCKOM
COO0OILIEHNM OYIET CIIOCOOCTBOBATh AaJIbHEHIIIEMY
YBEJIMIEHUIO IOJIH XKeJIe3HOIOPOXKHOTO TPaHCIIOpTa
Ha pBIHKE TPY30BBIX TIEPEBO30K, CONECTBOBATH
YKPEILIEHUIO TOPTOBBIX CBSI3€l, a TAKXKE COMPSIKe-
HMIO TUTAHOB I10 Pa3BUTHIO MH(MPACTPYKTYPHI.

CorracHO JOKyMEHTY, TUTAHUPYETCSI COBMECTHO
HapaluBaTh 00bEMBI TEPEBO30K, AKTUBU3NPOBAThH
NIESITEJIBHOCTD I10 CO3IAaHNI0 OOBEKTOB JIOTUCTHYE -
CKOIf MH(MPACTPYKTYPhI, COBEPLICHCTBOBAHUIO
OpraHu3alliy MepeBO30K, BHEIPEHUIO HOBEHIIIMX
TEXHOJIOTUH /TSI COKpAIleHUsI BpeMeHU B IyTH
CJIeI0BaHMSL.

B yacTHOCTH, CTOPOHBI HAMEPEHbI OIS PKM -
BaTh pa3pabOTKy KOHKYPEHTOCIIOCOOHBIX CKBO3-
HBIX CTABOK Ha MEePEeBO3KM IPy30B B COCTaBE KOH-

TeiHEepHBIX Moe310B B coodiieHun Kuraii—EBpo-
Ta B paMKax 3aKOHOIATeIbCTBA CBOUX TOCYIapCTB
M [IPUJIAraTh YCUIINS K CO3MaHUIO €IMHBIX CTaHAap-
TOB OOCTY>KHUBaHMSI.

Kpome Toro, cTopoHbl HalleJeHbl aKTUBHO
pa3pabaTeiBaTh HOBBIE TPAHCIIOPTHO-JIOTHCTAYE-
CKUE IIPOMYKTBI, COMAEICTBYSI OpraHMU3aluu mepe-
BO30K I'DY30B TPaHCTPAHUYHOU 3JEKTPOHHOM
TOPTOBJIU, TIOYTOBBIX OTIIPABICHUI, a TAKXKE TPY30B
C TeMIIepaTypHBIM PEXXUMOM (B pedprKepaTOpHBIX
KOHTEMHepax).

Y4acTHUKY coryialeH st OTMETUIM HEOOXOIM -
MOCTb OpTaHM3aIu1 MH(HOPMAIIMOHHOTO B3aUMO-
NEUCTBUS, BKITIOUAs JIEKTPOHHBIN OOMEH TaHHbI-
MM U IIPeIBAPUTEIHHOE 2JIEKTPOHHOE MH(MOPMM-
poBaHMe O Ipy3ax (ToBapax) M TPAHCIOPTHBIX
CPENCTBax, MepeMellaeMbIX Yepe3 TPAHUIIbI, I
YIPOIIEHUsT KOHTPOJIBHBIX MPOIEAYpP B MyHKTaX
MPOITYCKA ¥ COKPAIIEHNUSI BpeMEHU TAMOXEHHOIO
oopmaeHwUsI.

111 peai3aiuy OAITMCAHHOTO COTJTAIIeHUST
OyaeT co3zgaHa COBMECTHAasl paboyas rpymnma no
repeBo3KaM KOHTEMHEPHBIMU I0e30aMU B CO00-
mwenuu Kuraii—EBpona.

ITo marepuasnam npecc-ciayx0b1 OAO «PXK]I» @

DEVELOPMENT OF CONTAINER TRANSPORTATION
BETWEEN CHINA AND EUROPE

Russian Railways, Chinese Railways, Belarusian
Railway, Deutsche Bahn, the National Company
Kazakhstan Temir Zholy, Ulaanbataar Railway and
Polskie Koleje Panstwowe SA (Polish State Railways,
Inc.) signed in April 2017 a multilateral agreement to
deepen cooperation on the organisation of container
trains between China and Europe.

In the opinion of the parties, cooperation on the
organisation of container trains across Eurasia will
further increase the share of rail transport on the
freight transport market, help strengthen trade links,
and in addition integrate the plans for infrastructure
development.

According to the document, it is planned to
increase jointly traffic volumes, intensify efforts to
create logistics infrastructure facilities, improve the
organisation of transportation and introduce new
technologies to reduce travel time.

In particular, the parties intend to support
the development of competitive through-rates
for freight transportation on container trains
between China and Europe within the framework
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of their respective countries’ national legislation
and make efforts to create uniform service
standards.

In addition, the parties aim actively to develop
new transport and logistics products, facilitate the
organisation of the transport of cross-border goods
based on electronic commerce, postal items and
goods requiring controlled temperatures in
refrigerated containers.

The participants of the agreement noted the need
to organise cooperation on information, including
electronic data exchange and preliminary electronic
information on freight goods and vehicles moving
across borders, the simplification of control
procedures at checkpoints and the reduction of
customs clearance time.

A joint working group on container trains
between China and Europe will be set up to
implement the signed agreement.

Based on releases of press service
of JSC Russian Railways @

Pa3BuTUe KOHTeliHepHOro cooobuieHns Kuran—Eepona
Development of container transportation between China and Europe
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Modernization of Methods of Safe
Conducting of Operations at Rail Tracks
(TekcT cTatby Ha aHIJl. 3. —

English text of the article — p. 173)

B ctaTtbe onuceiBaloTCS METOAbI
6e3o0nacHoro npou3soAcTea pabor

Ha )XeJsie3HO[40POXXHOM TPpaHcropTe,

B TOM Yyucsie cucteMma MOHUTOPUHra
«PaboTHuk Ha nytax». [IpegcraBieHb!
Croco6bl KOHTPOJISI TEXHOJIOrNYECKOIro
npowecca npu o6¢cayxuBaHUN yCTPOCTB
JKes1e3HOA0POXXHON MHPPACTPYKTYPbI

Ha npumMepe ANCTaHLUUN CUTHaIN3auum,
ueHTpanu3aunmn u 6710KNPOBKU, B HaCTHOCTU
MeTo/[ KOHTPOJISI C UCTOJ/Ib30BaHNEeM
TexXHOJI0rnii paamno4yacToTHON
naeHTngukaumn RFID. MpeanoxxeH BapuaHT
Moaundukayun MapknpoBKu Npnbéopos

u yctpovicTtB. [lpegcraBneHa ctatucTvka
COCTOSIHUSI OXpaHbl TPyAa Ha rMoJINroHe
OKTA6pPbCKOV ANPEKLUNN MHPPACTPYKTYPbI.
MNMpumeHeHUe NHHOBAaLN MNO3BOJINT
COKpPaTUTb KOJINYECTBO HECYACTHbIX CJTyHaeB
Ha Npon3BoACTBe, MOBbICUT 6©@30MacHOCTb
aKcnyataumm xxesesHbix gopor. [lomumo
9TOro nNosIoXUTENIbHbINA 3P PeKT gocTUraercs
1 B 06/1aCTN 3KOJ1I0rM4ecKkoli 6e30nacHoCTH.

KntoueBbie crioBa: 6€30M1acHOCTb

npoun3soacTBa paboT, oxpaHa Tpyaa, RFID-
TEXHOJI0rnsl, TeXHNYeckoe obCyxmnBaHue,
XKeJ1€3HOOPOXHbIV TPAHCIMOPT, MOHUTOPUHT.
|

BESOINACHOCITE

MoaepHusauna metTonos
0e3onacHOro npou3BoacTea pador
Ha )XXeJ1e3HOAO0POXHbIX NYTAX

Xopowee Baaepuii Bauecaagosuu — acnupanm
Kaghedpol «KomnvromepHuix cucmem ynpasierus

6 aHepeemuke u ououndycmpuu» Cankm-
[lemepbypeck02o HAUUOHANLHO20 UCCALO08AMENLCKO2O
VHUBepcumema uHpOPMAayUOHHbIX MEXHON0UI,
mexanuxu u onmuku, Cankm-Ilemepoype, Poccus.

U OJIVH TPOU3BOJCTBEHHBIN TTOKA-

3aTesib HE MOXET CTOSITh BBIIIE

Oe3omnacHocTu yenoBeKka. CoriacHo
TpynoBomy komexkcy Poccuiickoit Denepa-
LIMU OXpaHa Tpyda OIpenessdercsa Kak CUc-
TeMa COXpaHEHUS XU3HU U 3I0POBbS pa-
OOTHUKOB B MpOIECCe TPYAOBOU NesATeb-
HOCTHU, BKJI0Yaoias B cebdsl mpaBoBbIE,
COILIMAJIbHO-2KOHOMUYECKWE, OpTaHU3alI -
OHHO-TeXHUYECKNEe, CAHUTAPHO-TUTUEHU -
yeckue, JeyeOHo-npoduiakTuyeckKue,
peadbunuTallMOHHbIE U UHBIE Mephl [1].

XKene3HOOOPOXHBINM TPAHCTIOPT SIBJIS-
€TCsI 30HOUW TMOBBIIIEHHOW OMAacHOCTH,
MPUYEM HE TOJIbKO MPU BBHITIOTHEHUU pa-
00Thl Ha MyTsX. OTBETCTBEHHOCTh 3a CO0-
JIIoJICHUE TIPaBWJI, HOPM Y UHCTPYKIIUH 1O
oxpaHe Tpyaa, obecriedeHNEe 3T0POBBIX
1 0e30TacCHBIX YCJIOBUI Ha MPOU3BOJCTBE
HECYT PYKOBOJIUTEIU CTPYKTYPHBIX IMOIpa3-
JejeHuit. 3a HapyleHre 3aKOHOAATeNbCT-
Ba 10 OXpaHe Tpyaa HaKJIagbIBAIOTCA CaHK-
MU U WTpadml.

Jluua, BeIMOJSHSOIIMUE padOTy HA 00b-
extax OAO «PX]JI», nomxHbI [2]:

— 3HaTh O PUCKAaX, COMPOBOXIAIOIINX
WX IESITeIbHOCTD U BIUSIONINX Ha Oe301ac-
HOCTb X XU3HU U 3T0POBbSI, a TAKXKE XKU3-
HU ¥ 3M0POBbsI OKPYXKAIOIINX;
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— 0CO3HaBaTh JUYHYIO OTBETCTBEHHOCTh
3a CBOIO XKM3Hb U 3I0POBbE, a TAKKE 32 KU3Hb
U 310POBbE OKPYXKAIOIIIMX;

— MOAEePKUBATh KOPTIOPATUBHYIO KYJTb-
TYpy 6€30MacHOCTHU TPY/Aa;

— MOOYXAaTh K 6€30MacCHOMY MTOBEICHUIO
CBOUX KOJUIET;

— 3HaTh ¥ COOJTIOIATh HEOOXOAUMBbIE HOP-
MbI 6€30MMaCHOCTH, MMOHMMATh BO3MOXHbBIE
HEeTaTUBHbBIE TOCIEACTBUSI HECOOIONCHMS
YCTAaHOBJIEHHBIX OPraHU3alIMOHHO-TEXHUYE -
CKUX TIPOLIEAYD.

Ha npeanpusiTusix mpoBOASATCS pazind-
HbIe MEPOTIPUITUS IO TMOIAECPKAHUIO KYJTh-
TYphI B 00J1acTH oXpaHbl Tpyaa. OmHako maa-
JIEKO He BCeTIa OHa HaXOIUTCSI B YIOBJIETBO-
PUTEIBHOM COCTOSTHUU.

OXPAHA TPYOA HA MOJIUTOHE
AUPEKUUU UHOPACTPYKTYPbI

st mpuMepa paccMOTpyM TTOTMTOH OK-
TIOPHCKOW NUPEKIIUU UHQPACTPYKTYPHI,
XO3SMCTBO aBTOMAaTUKU U TeJIeMeXaHUKUN
(nmepuon ¢ 01.01.2016 o 07.05.2016). Co-
TJIACHO TeJierpaMMe HauyaTbHUKA YITPaBICHUST
aBTOMAaTHKM U TeseMexaHuku ot 07.05.2016
(UCX HP 16271/ W) oxpaHa Tpyaa Ha
TIPEATIPUSITUN OCTAETCSI HEYIOBIETBOPUTEITb-
HOM. 3a yKa3aHHBIN MEPUON B XO35HCTBE
OBLIO TPAaBMUPOBAHO TSITh PAOOTHUKOB, U3
HUX JIBA C TSIKEJIBIM UCXOJIOM, TPU — C JIETKUM
HWCXOIIOM.

OCHOBHBIMU IPUUMHAMHU TPABM SIBJISTIOT-
Csl HEBHUMATEJIbHOCTh U XaJJaTHOE OTHOIIIE-
HUE K MCTIOJHEHUIO WHCTPYKIUN Mo 0e3-
onmacHoMy BeaeHulo pabort. [Tosgsasercs
Borpoc: «Kak 3acTaBuTh ueioBeKa Cie0BaTh
WHCTPYKIIUSIM ¥ Ha COBECTh BHITIOJIHSITh CBOU
00s13aHHOCTU?». BUIMO, HEOOXOAMMO BBE-
CTU TIOJTHBI KOHTPOJb 32 AESTeIbHOCTHIO
pabOTHMKA Ha BpeMsI €ro JEXYypCcTBa, ycTa-
HOBUTH HEKME MUHUMAJIbHBIE TPeOOBaHUS
U TIpejiesibl 0 OTHOUIEHUIO K TIepPCOHAIy
¥ BOCTIMTAHUIO TUCIIUTUTUHBL.

CormacHo mpuKkazy «O IelsIX U 3agadax
B 00JIaCTM OXpaHbl TPY/a, TPOMBIIILIEHHON
M ToxxapHo# 6e3onacHocty Ha 2016 roa Ha
nojuroHe OKTAOPbCKO AUPeKIUK nHGppa-
CTPYKTYPbI» YCTAHOBJIEHBI OIpeieieHHbIe
OPUEHTHUPHI B 3TOM cdepe.

WHcTpyKiwmst 1o oxpaHe Tpya ist JJIeKTPo-
MOHTEpA U 2JIeKTpoMexaHuka [3] onHuM u3
acTeKTOB 0€30IMaCHOTO BHITIOJTHEHUS paboT
Ha3bIBAET MPOBEPEHHBIN U TOAHBII UHCTPY -
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MeHT. JIto00i1 MHCTpYMEHT, OyAb TO AUIIEK-
TPUUYECKUIA WU clleCapHbIil, 00s13aH OTBe-
YyaTh CaMbIM XECTKUM TpeboBaHusiM. Ha
HEM JOJIKHBI UMEThCSI OTMETKU O MPOBEP-
ke. Ha 6upke pukcupyooTcs ciaenyloiiue
IaHHBbIE:

— IpeaMeT MPOBEPKU;

— MPUITMCAHHBII HOMED;

— ®UO nposepsIoIIETO;

— JlaTa MpOBEPKU;

— JaTa ciaeAylolleil MpOBepKU.

bupka BbIlToJIHEHAa B OyMaXKHOM BUE
U 4acTO MPOUCXOAUT TaK, YTO €€ MOTYT OTO-
pBaTh WIU OHA OTKJIEUTCS, U TOTIa CTAHOBUT-
CS HEBO3MOXHBIM MOHSATh, ObLI U TOAEH
MHCTPYMEHT K padoTe.

3ameHa OyMaKHbIX OMPOK CELUATbHbI-
MU 3J€KTPOHHBIMU METKaMHU Ha OCHOBE
texHosoruu RFID mo3BoiuT UCKIIOUUTH
MnpooJieMbl, KOTOPbIE COMMYTCTBYIOT OyMax-
HbiM HocutensaMm. RFID (anrn. Radio
Frequency IDentification, pagmoyacToTHas
uaeHTudUKaIUsI) — Crocod aBToMaTUye-
CcKoil uaeHTuduKaIuu o0bEKTOB, B KOTOPOM
MOCPeICTBaM PaAUOCUTHATIOB CUYMTHIBAIOTCS
WIW 3alIUCHIBAIOTCS JaHHbIE, XpaHSIIUeCs
B TaK Ha3blBa€MbIX TPAaHCIOHAEPaX, UIU
RFID-Mmetkax [4]. MeTKka cOCTOUT U3 YuTa
Y1 aHTEHHBI. B yMn MOXHO 3amucaTh JI00y10
HUHpOpPMaLIMIO, K IPUMEDPY, Ty, KOTOPYIO
colepXuT OymaxkHas oupka. [TocpencTBom
CUMTHIBATEN S, CKAHUPYS METKY, MOXXHO MO-
JIyYUTh HE0OXoauMyto nHbopmanuto. MeT-
Ka UMeeT aHTUBaHAAJIbHOE HUCTOJHEHUE
U YCTOWYMBA K U3MEHEHUIO OKpYXalollei
Cpelbl, CdUTBIBAHUIO HE MOMeEIIaeT Jaxe
CUJIbHOE 3arpsi3HEHUE, B TOM YHUCJIE €ClU
METKY 3aKpacuTh. [Ipy mMpou3BOACTBE HOBBIX
YCTPOWCTB U MPUCTOCOOJEHUI BO3MOXHO
BCTpauBaHUE METOK B KOPIYC.

JlaHHAast TEXHOJIOTUSI UCITOJIb3YeTCS B Mar-
HUTHBIX KJTI0Uax v mpoe3aHbix ounerax bCK.
ITomoGHbBIE METKY MPUTOIHBI TSI UAEHTUDM -
Kaluu JIIOOBIX MPEAMETOB U MO3BOJISIOT
OBICTPO U JIETKO BECTU JIEKTPOHHYIO 0a3y
JTAHHBIX.

II1rocamu TEXHOJOTUU SIBJISIETCS HEOOSI-
3aTEJIbHOCTD MPSIMOY BUAMMOCTU METKU [T
CUUTBIBAHUS, UTO IMO3BOJISIET BIIUBATH €€
B CUTHAJIbHBIN XXWJIET U pacriojlaraTb Ha HeM
B T€X MECTax, KOTOpble MeHee MOABEPKEHBI
BHEIIHUM Bo3aeicTBusgM. K mocam MOXXHO
OTHECTU U CUYUTHIBAHUE OJHUM PETPAHCIIS-
TOPOM Cpa3y HECKOJIbKUX METOK.

Xopoiuer B. B. MoaepHu3aumns MeTono0B 6e30nacHOro NpOu3BOACTBa PabOT Ha XXeJTIe3HOAOPOXHbIX MYTAX




Puc. 1. BHeLwuHwii BuA Tpekepa.

[1pu nporpaMMUpPOBaHUK METKUA MOXKHO
pa3peInuTh CYUNTHIBAHNE MOOMIBHBIM TeJIe-
¢doHOM co BcTpoeHHOIM TexHosorueit NFC.
Ha cerogHsamHMil feHb OOJBLIIMHCTBO
cMapT(OHOB MOAAEPKUBACT JAHHYIO TEXHO-
JIOTHIO.

MOHUTOPUHI 300POBbLA

[MTo3aboTuBIINCEH O O€30TTACHOM UHCTPY-
MEHTe, CJICAYyeT HaTaauTh U MH(POPMUpPOBa-
HHUE O COCTOSIHUU 3T0POBbs pabOTHMKA.
[1oxoe caMOUYyBCTBHME OTPUILIATEIHHO BIIMSI-
€T Ha Ka4eCTBO TPYyZa, a TAKXKE YBEIUUNBACT
BEpPOSITHOCTH TpaBMaTu3Ma. [Ipu miaoxom
CaMOYYBCTBMHU YEJIOBEK TepSIET OMUTEIb-
HOCTb, MOXET ITOTePSITh CO3HAHMUE BO BpeMs
HCITOJIHEHMST pabOT Ha MYTIX WU B TIPOU3-
BOIACTBEHHBIX NTOMEIIEHUSIX, YTO TPO3UT
CMepPTEJbHBIM UCXOIOM.

Pemrenwuio 3amaum moMoraeT oCHaIlIeHUE
rnmepcoHana opacieramu (Tpekepamu), Ha-
OI0MAI0IIMMK 3a caMOYyBCTBUEM (puc. 1).
Tpexkep MoKeT U3MEPSITh TEMIIepaTypy Tea,
JlaBJICHUE, ITyJIbC, CONIPOTUBJICHNUE TeJIa M Ha
OCHOBE MOJIYYEHHBIX TaHHBIX JIeJIaTh BHIBO-
IIbI 0 cocTossHUM HocuTels. [Tpu oOHapyxe-
HUU OTKJIOHEHUI OT HOpM (y4YalleHHOE
ceparedneHne, HU3K0e/ITOBBIIICHHOE TaB-
JIeHWe) MHMOPMaTOop MOChIACT COOOIICHIE
IO COTOBOM CETU, DJIEKTPOHHOM MOYTe
oIepaTopy WK APYTOMY YIIOJTHOMOYEHHOMY
sy, [1py HecyacTHBIX CIyJasix, 00MOpoKax
WJIN OCTAaHOBKaX Cepilla TpeKep OTIPaBUT
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TPEBOXHBIU BbI30B CKOPOW ITOMOILIU CO BCEH
HeobxonuMoil uHdopmaliMeid 0 HocuTene
(pocrt, Bec, ObLT U yAap TOKOM, T€ONO03u-
nust, @O, Bo3pacT U T.11.) IJIsI HEMEIJICH-
HOTO pearupoBaHUsl.

OcHalleHue Tpekepa 3KpaHOM U ITMHa-
MUMKOM TTO3BOJISIET ITOJATh CUTHAJI 00 U3Me-
HEHUU 3I0POBbSI U CAMOMY HOCHUTEITIO.

PaboTa Ha Xene3HOMOPOXKHBIX MYTIX
CBsI3aHa C OTPOMHBIM KOJINYECTBOM PUCKOB.
IMonpasnennuM UX YCJIOBHO Ha BUIAMMBIE
u HeBUAMMBIe. K BUIMMBIM MOXXHO OTHECTH
PUCKM, KOTOpPbIE YEJIOBEK CITOCOOEH OOHa-
PYXUTH 0€3 MOMOJHUTEIbHBIX CPEICTB,
HEBUAMMBIEC eMY He OOHApYXXUTh O€3 BCTIO-
MoraTeJIbHBIX cpeacTB. OMHUM 13 TIPUMEPOB
HEeBUIUMBIX PUCKOB SIBJISETCSI HaTU4IME
B BO3JlyXe OTPABJISIONINX BellecTB. [Ipucyr-
CTBUE PAa3JIMYHBIX MApOB W MPU MaJIOW UX
KOHIIEHTpAIIMW OTPUIIATEIbHO BIMSIET Ha
3[10POBbE YeJOoBEKa, MOXET He (DUKCUPO-
BaThCsI OCHOBHBIMM OpraHaMu 4yBCTB. [{o-
TOBpEMEHHOE HaxoXIeHUe YesloBeKa B Ta-
KMX Tapax o0s3arebHO cKaxetcs. [1pu
BO3IECTBUM Pa3IMUHBIX BEIIECTB MEHSIET-
Cs1 €T0 BHYTPEHHEE COCTOSTHUE, yJalllaloTCs
cepaiedbueHue, mMyabc, AbixaHue. JlaHHbIe
CHMIITOMBI MOTYT OBITh BOCTIPUHSITHI, K TIPU -
Mepy, KaK 0ObIYHast TPOCTY/1a WJIW HETOCHIIL.
OnHako Mpy HAJIMYWKM TpeKepa eCcTh BO3-
MOXHOCTbH OBICTPO OTCIEIUTH U3MEHEHUE
300POBbsI HOCUTEJSI U CHEJAaTh BBIBOIBI
O CKPBITOI OITAaCHOCTH.

TTo KOHCTpYKIIUM Tpekep — 3TO Opacier
C MaJIbIM OJHOTIOJIOCHBIM MOHOXPOMHBIM
JVCTIJIEEM U KHOTIKOW 9KCTPEHHOTO BBI30Ba.
DHepronoTpedieHUe yCTPOUCTBA TOJXKHO
OBITh MAKCUMaJILHO CHWXXEHO JUIST yBeJInde-
HUS aBTOHOMHOU pabotel. McnonHseTcsa
OpacJieT U3 TMMoAIJIEPTeHHOTO CUIMKOHA JIJISI
JOCTUXEHUSI 00Jiee U3HOCOCTOMKOMN KOH-
CTPYKIIMU U U30eXaHUsI ajUIepTUIECKUX pe-
akuuit y Hocutens. B koprtyce Tpekepa conep-
JKaTCST: TYJIbCOMETP, AaTYNK U3MEPEHUSI CO-
MPOTUBJICHUST KOXU, TaTYUKK HAXOXIEHUS
MapoB, paaualnuy, TMHAMUK, BUOPOMOTOP-
yuK. [1py BOSHUKHOBEHUHU 1000 OMacHOM
cutyanuu O6pacjer HauHeT BUOPUPOBATH
¥ U3JaBaTh 3ByK O TPEBOTE M BBHIBOAUTH Ha
9KpaH Oeryuryto CTpoKy O TUIE OTIAaCHOM Cu-
Tyaruu. s obecrieyeHUs CMHXPOHU3AIUKT
C MOOMJTBHBIMU YCTPONUCTBAMM WJIM KOMITBHIO-
TepOM BO3MOXHO MCIIOb30BaHUE MOIYJIS
Bluetooth 1 pazbema microUSB.

Xopoluee B. B. MOAepHVISaLWISl MeTon0B 6e3onacHoro npon3BoACTBa pa60T Ha XXeJIe3HOAOPOXHbIX MYyTAX
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Puc. 2. dyHkunoHnpoBaHne cuctembi «PaboOTHUK Ha MyTu».
CUCTEMA CNEXXEHUSA CITCS aHTEHHBI TOCHUTAIOIINX U IPUHUMATO-
«PABOTHUK HA NYTWU» IIUX CUTHAaJ, PETPaHCISITOPOB-MOAEMOB,

Crieyoluii BOIpoc 6e30macHOCTU — IIpU
HaXOKJIEHUU Ha MyTSIX paOOTHUKOB — CBsI3aH
C Hae3IoM IOJBMXXHOIO COCTaBa BO BpeMsi
TEXHOJIOTUYECKUX «OKOH» WJIM MPOBEICHMS
JIPYrux TexHu4yeckux padort [5]. Ha maHHBINi
MOMEHT IIpY IPOM3BOACTBE pabOT Ha IYTSIX
MaIlMHUCTaM ITOe310B BbIIA€TCS JIMCTOK Mpe-
IyIpexaeHusi. B OonblIMHCTBE cllydyaeB
MPUYMHOM Hae3/1a MOABMKHOIO COCTaBa CTa-
HOBUTCSI HEYJIOBJIETBOPUTEJIbHASL OpraHu3a-
LIMST OTIepallvid, M3-3a Y€Tro JIIOIU OTAEISIOTCS
OT CUTHAJIMCTOB M HAOJIIOJAIOINX C PallUueid.
HcrnonHuTeb Ha MyTSIX HE 3HAET O MPUOJIM-
JKEHMM TOJBUKHOTO COCTaBa, a MAILIMHUCT 00
OTOMBILIEMCSI OT KOMaHIbl padoTHUKe. s
pelieHus Borpoca Oblia Obl 1oJIe3Ha MOHM-
TOPUHIOBAsl cucTeMa ciexeHus: « PaboTHUK
Ha nmyTh». OHa J0JKHA OTCIIEXKMBATh [epeMe-
IIeHKe pabOTHUKOB M 3a0J1arOBPEMEHHO CO-
001IaTh MM O IIPUOJIMKEHUM ITOe3/1a, a Mallli-
HUCTY — O HAXOISIIMXCSI B 30HE TBMKEHMUS
JIIOMISIX Ha T TSIX.

CucreMy MOXHO IMOJEIUTh Ha TPU COC-
taBasioniue. [lepBasgs — paamoyacTOTHBIE
METKU Ha repcoHasie. JlaTuyuk, oHa e MeTKa,
MOXKET pacriojiaratbCsl Kak Ha CUTHaJbHOM
KujeTre paboTHUKA (BILIMTA MW HaKJIeeHa) —
00s13aTeJIbHOM aTpUOyTe Ha XKeJIE3HOIOPOXK-
HBIX IyTSIX, TAK U B paHee ONMMCaHHOM Tpe-
Kepe 3710pOBbsi. DHEPronoTpedIeHe METKH
MUHMMAaJIbHOE.

Bropas coctapisiioniasi — mOCTpOeHME
CHUCTEeMBI Tlepefaun JaHHbIX. K HUM OTHO-
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atakke crneranbHoro [1O a1 MOHUTOPUH-
ra 3a repeBuXKeHneM MeTok. PetpaHcisitop-
MOJIEM pa3MeIaeTcst Ha OTlopax KOHTaKTHOM
cetu. CeTb nepeaavu yxe eCTbh — 3TO KaHall
C COOCTBEHHBIM IMPOTOKOJIOM Ha 4acTOTE
868,7 MI11 (pa3BepHyT Ha yyacTke TopOMHO—
boposeHnka). Bo3MOXXHO UCITOJIHEHUE CUCTEM
Ha 0a3e CITyTHMKOBOI WMJIM COTOBOW CBSI3H,
yTo TpebyeT Hanmuuus moayiasd GPS wiu co-
oTBeTcTBeHHO GSM-Moayeii, o KOTOPbIM
nepenaetrcsd uHboOpMalusd O Biaaejblie.
C 1OMOIIIbI0 METOJa TPUAHTYIISILIUKA Yyepe3
COTOBBIE CETU MOXHO OTCJICIUTH TEPEIBU-
XXeHue paboTHUKA.

K TpeTbeii cocTaBasgioneir OTHOCUTCS
anmapartypa, ycTaHaBIMBaeMast Ha CaMOXO]I -
HbIE TTOIBMKHbBIC €IMHUIIBI KeJIE3HOTOPOXK-
Horo TpaHcmnopTta. baok CMII (cuctema
MOHUMTOPUWHTA 32 IEPCOHAJIOM) pa3MelaeTcs
B KaOMHE MaIIMHKUCTOB. AnmapaTypa uMeeT
aHTEeHHY, yCTaHAaBJIMBaeMYylO Ha KOpITyce ca-
MOXOJHOUW TOMBUXHOW emUHUIIBI. biok
BbIgaeT MHGOPMAIIUIO O MPUOJINXKEHUN
K 00BEKTY, UMeIoleMy panuoMeTky. Crucrema
CpaBHUMBAET IMTOJIOKEHNE TTOBUKHOM eTMHM -
Il U PSJIOM HaXOMSIIMECsS PaguOMETKH.
A TIpY HaTMIUY TpeKepa 3710pOBbsI OTTOBEIIIe-
HUE O IBIKYIIEMCS TPAHCTIOPTE TTPUXOIUT
Ha Tpekep. OH HauyMHAeT BUOPUPOBATH Ha
3aIsICThe HOCUTEJIS, a B KaOWHEe MalllMHNCTa
610k CMII u3naet 3ByKOBOW CUTHAJ U TO-
Ka3bIBaeT pacCTOSTHUE A0 OrKaileil MeTKr
Ha ero MmyTHu. To eCTb M MAIlIMHUCT, U paboT-
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perncTpauum MHCTPYKTamein
no noxapHoin 6esonacHocTH
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Puc. 3. Metka Ha XypHanax.

Puc. 4. PacnonoxeHne METOK B yCTPOIMCTBAX.

HUK MPEIYIPEKICHBI 00 OITACHOCTSAX U UME-
0T LIaHC MIPUHSITH MephI (CM. puc. 2).
Kpome mpenynpexneHust o paboTHUKAaX
Ha nytu 6ok CMII nonyyatoT nHpopma-
LMIO APYT O ApYyre, U TEM CaMbIM, K IIPUMEDY,
P HaXOXIESHUM IBYX MOABKHBIX € TUHUIL
Ha OJTHOM ITyTH MCKJIIOYAIOTCS UX CTOJKHO-
BeHus. Tak, 1o MHCTPYKIWH, €CIIU IIPOU3OLL -
Jia TIOJIOMKA TTOABMXKHOM €IMHMIIBI, Mallln-
HUCT 00513aH Pa3IoXUTh CUTHAJIbHBIC TIeTap-
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bl CO CTOPOHBI MPUOKAIOIIEics ApYroi
TMOIBVXKHOM eIMHUIIBI, Ta0bl IPEAYIIPEIUTh
00 onmacHOCTH. C ITOMOILIBIO CUCTEMBI MOHU -
TOPUHTA 3a MEPCOHAIOM TaKue AeiCTBUS
MOXKHO UCKJTIOUUTD, ITOCKOJIBKY BCE IepeaBH-
JKEeHUST OyayT KOHTpoJupoBaTbes. [1pu paz-
BEPTHIBAHUM CUCTEMBI ITepeIadyu TaHHBIX Ha
yactoTe 868,7 MIi1 Ha Bceii ceTv pOCCUMCKIX
JKEJIE3HBIX JOPOT IMO3BOJUT OTKA3aThCs OT
CIYTHUKOBBIX M COTOBBIX CETEl MPU ClIexkKe-
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Puc. 5. CuntbiBaTenb B pexuvmMe rnoncka.

HHU 34 PCJILCOBLIM TPaHCIIOPTOM. Cucrema
BO3MOXHa OJId pa3BEPThIBAHUA HaA IICPEroHax
1 CTaHIIUAX.

KOHTPOJ1b MPOU3BOACTBA PABOT

BbezonacHOCTh HETIOCPEICTBEHHO 3aBUCUT
M OT MEeTOo/a MPOU3BOACTBa paboT. [IpousBo-
JAT OOCTY>KMBaHNE TOTO WU MHOTO YCTPOTi -
CTBA IO CIeIMATbHBIM TEXHOJIOTUIYECKUM
KapTaM, B KOTOPBIX TTOIIATrOBO OMKMCaHa UH-
CTPYKILIMS, KaK 1 uTo Aenats [9]. HapyieHue
MOCJIeIOBATETLHOCTY WUJIM MCTIOJIb30BaHUE
HE TeX M3MEPUTEIbHBIX MPUOOPOB MOXET
MPUBECTH K yrpo3e kn3Hu pabotHuka. Cre-
JIOBATEJIbHO, HyXeH KOHTPOJIb KauyecTBa
WCTIOJTHEHUST TEXHOJIOTMYECKOTO TIpoiiecca,

Puc. 6. 9nekTpoHHbIEe pamMKkn

HE0O0XOAMMO BBECTH BUACOPUKCALIUIO WU
HOBYIO TEXHOJIOTUIO paauoUAeHTU(DUKALIUU
RFID.

Buneoduxcanus mo3BoauT BECTHU 3alIUCU
MpOBENEHUsI UHCTPYKTaxXeil paboTHUKAM
rnepea HauyajloM paboThl, TEXHUUECKOI yueObl
U TIPOM3BOJCTBA PadboOT (IpUMEpP perucTpa-
LIUU — CM. puc. 3).

WUcnonbzoBanue metok RFID nmomoxer
OpraHu30BaTh KOHTPOJIb UCMIONHEHUS. Pa3-
Melllass METKU Ha YyCTPOMCTBAX, CKaXeM,
OIHY CHApYXW U OJHY BHYTPU, U UCIIOJIb3Ys
CUUTBIBAIOIIIEE YCTPOUCTBO, MOKHO MTPOCIE-
JIWTh, KOraa o0CayXXMBalOIMi nmepcoHan
HaxXOJUJICSI Y YCTPOMCTBA U KOTJa €r0 «OT-
KpbIBaJI» (CM. puc. 4).
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Puc. 7. Metku B nyTeBoii kopobke.
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Tak, K mpuMepy, 7151 O0CITy>KUBAHUSI ITyTe-
BOTO SIIIUKA MEXaHUKY B Hauajle CMEHbI BblIa-
€TCS1 CUMTBHIBAIOIIIEE YCTPOMCTBO (puC. 5) ¢ 3a-
HecEHHOI Tyna uHpopmalueit o paboTHUKE.
ITonyuyuB 1ie1€BO MHCTPYKTAX, MEXAHUK
MPUKJIAAbIBAET CUYUTHIBAIOIIEE YCTPOICTBO
K METKE Ha XXypHaJse, B METKY 3arUILeTCs TN~
HbIIf HOMEp pabOTHUKA, a B CYUTHIBATEb UH-
dopmaius o TOM, 4YTO MEXaHUK TIPOIIIES UH-
CTPYKTaX I10 OXpaHe Tpyjaa Mnepei HavyajloM
paboueit CMEHBI.

[Mpuas K BXomHOMY YCTPOCTBY, TPUIOKUB
CUUTBIBATENb K METKE, PAOOTHUK 3aMTUCHIBAET
BpeMsi TPUXOJIa U OTKPBITUS yCTpoiicTia. lanee
MEPEXOTUT K KOHTPOJTIO UCTIOTHEHUST padOT 10
TEXHOJIOTUYECKUM KapTaM. MeTku Ha Bcex
COCTABJISTIONINX B TyTEBOI KOPOOKE TIO3BOJISTIOT
MPOKOHTPOJIMPOBATH, UTO U B KAKO MOCIIENO0-
BaTeJIbHOCTU CHUMAJIOCh, & 3aTEM YCTaHABIM-
Basioch. [loMecTUTh METKU CeayeT naxe Ha
KWJIbl KabeJisi, B TOM YMCJie 3alacHble, YTOObI
B CJIyyae BO3HUKILIETO TTOBPEXACHUS ObICTPO
UMeTh UH(GOPMALIUIO O TOM, KaKKe XWJTbI K Ye-
My MOAKJTIOUEHBI U YTO JIy4llle OpaTh Ha 3aMe-
Hy. PacrionoxeHune MeTOK MpeAcTaBieHO Ha
npumepe MyTeBOi KOPOOKU Ha puc. 7.

MeTKu Ha MperoXpaHUTENsIX, pa3psIHU-
Kax, TpaHcgopmaTopax ¢ uHdopMalueii o 1a-
T€ TIPOBEPKU U T€X, KTO TIPOBEPSLII, JOTIOTHSI-
I0TCS JaTaMU IEMOHTaXxa U YCTAHOBKHU C (ha-
MUJIKSIMU O0CIyXMBaOLIEro nepcoHasna,
npuyactHoro K pad6oraM. [lo okoHYaHu1O
ornepaluu, 3aKpbiBasi yCTPONCTBO, CKAHUPYEM
METKY Ha YCTPOMCTBE U PUCTYIIAEM K CIIETYIO-
1Iei 3agavye UKW BO3BpallaeMcsl Ha MOCT.
B KoHIIe THS cO CYMTHIBATENSI MOXHO CHSITh
OTYET 3a MEPUOJi CMEHBI C YKa3aHUEM BCeX
JIEVICTBUI U X ITPUBA3KOM KO BDEMEHU U MECTY
paboT.

Becb KoMmIUIEKC CMCTEM BUAMTCST KAK HEKUI
KITK wnnm HapydHBIN OpacieT, ¢ TOMOIIbIO
KOTOPOTO OYJET OCYIIECTBIASITHCS MOJHBIN
KOHTPOJIb IeHCTBUIA paboTHUKA. OT ero MecTo-
HaXOXIEHUS 10 OTYETa B KOHIIE TPYAOBOTO
JTHSL.

SAKJIKOHMEHUE

MOHUTOPUHT — 3TO COBPEMEHHBIH CITO-
€00 He TOJIbKO KOHTPOJISI TEXHUYECKOT0 COC-
TOSTHUSI OOBEKTOB YIPABJICHUS Ha XKEJE3HO-

JIopoxkHOM TpaHcmopTte [10—12], Ho ¥ TOBBI-
MIEeHUS] TEXHUYECKON KYJIBTYPhl COTPYTHM-
KOB. BHenpeHue cucteM MOHUTOPUHTA
IMO3BOJISIET TTOBBICUTH KAa4eCTBO 00CITy>K1Ba -
HUST ¥ HAJAEXHOCTb (DYHKIIMOHUPOBAHUS
Bcell Xkene3HoqopoxHo cetu. KoHTposb
MepeIBUKEeHUI TTepcoHaia aejaeT mpou3-
BOJICTBO PabOT M HAXOXAEHUE Ha ITyTsX 60see
6e3omacHbIMU. BmecTe ¢ pocTom 6e30macHo-
CTU JBUXXEHUS TOE3[I0B pacTeT U MHJIEKC
sKkosiornyHocTy IEQ, mockosibKy O1aronapst
MOHUTOPUHTY CHUXXAETCS KOJIMYECTBO CXO-
JIOB TIOIBMKHBIX €IMHUIL U KaTacTpod.
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MODERNIZATION OF METHODS OF SAFE CONDUCTING OF OPERATIONS

AT RAIL TRACKS

Khoroshev, Valery V., St. Petersburg National Research University of Information Technologies,

Mechanics and Optics, St. Petersburg, Russia.

ABSTRACT

The article describes the methods of safe
production of works on railway transport, including the
monitoring system «Worker on tracks». Ways to control
the technological process while servicing railway
infrastructure devices, for example, signaling,
centralization and blocking distance, in particular, the
control method using radio frequency identification

(RFID) technologies, are presented. The variant of
modification of marking of devices and equipment is
offered. The statistics of the state of labor protection
atthe range of the October Directorate of Infrastructure
is presented. The use of innovations will reduce the
number of accidents at work, increase the safety of
operation of railways. In addition, a positive effect is
achieved in the field of environmental safety.

Keywords: work safety, occupational safety, RFID technology, maintenance, rail transport, monitoring.

Background. No production indicator can stand
above human safety. According to the Labor Code of
the Russian Federation, labor protection is defined as
a system for preserving life and health of workers in
the process of labor activity, which includes legal,
socio-economic, organizational, technical, sanitary
and hygienic, therapeutic and preventive, rehabilita-
tion and other measures [1].

Railway transport is a zone of increased danger,
and not only when doing work on tracks. Responsibility
for compliance with rules, regulations and instructions
for labor protection, ensuring healthy and safe
working conditions are borne by the heads of
structural units. Penalties and fines are imposed for
violation of labor protection legislation.

Persons performing work at the facilities of JSC
Russian Railways should [2]:

— be aware of risks that accompany their activities
and affect safety of their lives and health, as well as
lives and health of others;

— be aware of personal responsibility for one’s life
and health, as well as for life and health of others;

— support the corporate culture of work safety;

— encourage the safe conduct of their colleagues;

— know and comply with the necessary safety
standards, understand the possible negative
consequences of non-compliance with established
organizational and technical procedures.

Atthe enterprises various actions on maintenance
of culture in the field of labor safety are carried out.
However, it is not always in a satisfactory condition.

Objective. The objective of the author is to
consider modern methods to provide safe operation
on railways.

Methods. The author uses general scientific
methods, comparative analysis, evaluation approach,
comparative analysis.

Results.

Labor protection at the range of Infrastructure
Directorate

For example, let’s consider the site of October
Directorate of Infrastructure, the Automation and
Telemechanics Economy (from 01.01.2016 to
07.05.2016). According to the telegram of the head
of the department of automatics and telemechanics
dated 07.05.2016 (ISH NR16271 / CDI), labor
protection at the enterprise remains unsatisfactory.
During this period, five workers were injured, two of
them with a severe outcome, and three with a light
outcome.

The main causes of injuries are inattention and
negligent attitude to the implementation of
instructions for safe operation. The question arises:

«How to make a person follow the instructions and
conscientiously fulfill their duties?». Apparently, it
is necessary to introduce full control over the
activities of the employee for the time of his duty,
to establish certain minimum requirements and
limits in relation to personnel and the development
of discipline.

According to the order «On the Goals and Tasks
in the Sphere of Labor Protection, Industrial and Fire
Safety for 2016 at the Range of the October
Directorate of Infrastructure», certain guidelines have
been established in this area.

The instruction on labor protection for the
electrician and electromechanic [3] calls one of the
aspects of safe work performance a proven and
suitable tool. Any tool, whether dielectric or metalwork,
must meet the most stringent requirements. There
must be a note on the inspection. The following data
are recorded on the tag:

— subject of verification;

— number assigned;

— name of inspector;

— verification date;

— date of the next check.

The tag is made in paper form and often occurs
in such a way that it can be torn off or it will become
unstuck, and then it becomes impossible to
understand whether the tool was suitable for work.

Replacement of paper tags with special electronic
labels based on RFID technology will eliminate the
problems that accompany paper. RFID (Radio
Frequency IDentification) is a method of automatic
identification of objects in which data stored in so-
called transponders or RFID tags is read or written via
radio signals [4]. The label consists of a chip and an
antenna. The chip can record any information, for
example, the one that contains a paper tag. Using the
reader, scanning the label, you can get the necessary
information. The label has an anti-vandal design and
is resistant to environmental changes, even strong
pollution cannot prevent from reading, even if it is
even painted over. In the manufacture of new devices,
it is possible to embed labels in the housing.

This technology is used in magnetic keys and BSK
tickets. Such tags are suitable for identifying any items
and allow to quickly and easily keep an electronic
database.

Advantages of the technology is that the label is
not visible for reading, which allows it to be sewn into
the signal waistcoat and placed on itin places that are
less susceptible to external influences. The other
advantage is also the possibility of reading of several
labels by one repeater at once.
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fainting or cardiac arrest, the tracker will send an
alarm call to the ambulance with all the necessary

Pic. 1. Appearance of the tracker.

When programming the label, itis possible to allow
reading with a mobile phone with built-in NFC
technology. To date, most smartphones support this
technology.

Health monitoring

Taking care of a safe tool, it is necessary to
establish informing about the health of the
employee. Poor well-being negatively affects the
quality of work, and also increases the likelihood of
injury. If a person feels unwell, he loses vigilance,
and can lose consciousness during the execution
of work on the tracks or in production premises,
which is fatal.

The solution of the problem is to equip the
personnel with bracelets (trackers) that monitor the
state of health (Pic. 1). The tracker can measure
body temperature, pressure, pulse, body resistance
and, on the basis of the data obtained, draw
conclusions about the state of the carrier. If
abnormalities are detected (heart palpitations, low
/ high blood pressure), the informer sends a
message over the network, e-mail to the operator
or other authorized person. In case of accidents,

Repeater unit

information about the carrier (height, weight,
possible electric shock, geolocation, name, age,
etc.) for immediate response.

Equipping the tracker with a screen and a
speaker allows to signal the change in health to the
carrier himself.

Work on the railway tracks is associated with a
huge number of risks. We subdivide them
conditionally into visible and invisible. To the visible
can be attributed risks that a person is able to detect
without additional means, while the invisible ones
cannot be detected by him without auxiliary means.
One of the examples of invisible risks is the
presence of poisonous substances in the air. The
presence of various vapors even with their small
concentration adversely affects human health, may
not be recorded by the main sense organs. Long-
term presence of a person in such vapors will
necessarily affect. When exposed to various
substances, its internal state changes, palpitation,
pulse, and breathing become more frequent. These
symptoms can be perceived, for example, as a
common cold or sleep deficiency. However, in the
presence of a tracker, it is possible to quickly track
the change in the health of the carrier and draw
conclusions about the hidden danger.

By design, the tracker is a bracelet with a small
single-band monochrome display and an emergency
call button. The power consumption of the device
should be minimized to increase autonomous
operation. It is made of hypoallergenic silicone to
achieve a more wear-resistant design and avoid
allergic reactions of the carrier. The body of the
tracker contains: heart rate monitor, skin resistance
measurement sensor, vapor detection sensors,
radiation, speaker, small vibrating motor. In the
event of any dangerous situation, the bracelet will
begin to vibrate and sound the alarm and display a
running line about the type of dangerous situation.
To ensure synchronization with mobile devices or a
computer, you can use the Bluetooth module and
microUSB connector.

Monitoring system «Worker on the track»

The next safety issue — when the workers are
on the tracks — is related to runover of rolling stock
during technological «windows» or carrying out
other technical works [5]. At the moment, during
the work on the tracks train drivers receive a
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Pic. 2. Functioning of the «Worker on the Track» system.
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Log book of fire
safety briefings

Pic. 3. Tag on the logs.

Pic. 4. Location of labels in devices.

warning sheet. In most cases, the cause of rolling
stock runover is unsatisfactory quality of operations,
which makes people separate from the signalers
and the observers with the radio set. The executor
on the track does not know about the approach of
rolling stock, and the machinist about the employee
who has broken away from the team. To solve the
issue, the tracking system «Worker on the track»
would be useful. It should track the movement of
workers and inform them in advance about the
approach of the train, and the driver — about people
in the traffic zone on tracks.

The system can be divided into three
components. The first is RF tags on staff. The
sensor, which is a label, can be placed on the signal
vest of an employee (sewn or glued) — an obligatory
attribute on the railway tracks, and in the previously
indicated health tracker. Energy consumption of the
label is minimal.

The second component is the construction of a
data transmission system. These include antennas
sending and receiving signals, repeater-modems, as
well as special software for monitoring the movement
of labels. The repeater-modem is placed on the

Pic. 5. The reader is in search mode.

supports of the contact network. The transmission
network already exists — it is a channel with its own
protocol at a frequency of 868,7 MHz (deployed on
the Torbino—Borovenka site). It is possible to
implement systems based on satellite or cellular
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Pic. 6. Electronic frames

communication, which requires the presence of a GPS
module or, respectively, GSM-modules, through
which information about the owner is transmitted.
Using the method of triangulation through cellular
networks, it is possible to track the movement of an
employee.

The third component includes equipment installed
on self-propelled mobile units of railway transport.
The SMP block (personnel monitoring system) is

located in the driver’s cab. The equipment has an
antenna mounted on the body of a self-propelled
mobile unit. The block gives information about the

approach to an object that has a radio tag. The system
compares the position of the mobile unit and the
adjacent radio tags. And if you have a health tracker,
the notification of moving vehicles comes to the
tracker. It starts to vibrate on the wrist of the carrier,
and in the driver’s cab the SMP unit emits a beep and
shows the distance to the nearest mark on its way.
That is, both the driver and the worker are warned of
the dangers, and have the chance to take action (see
Pic. 2).

In addition to warning about workers on the
track, SMP blocks receive information about each
other, and thus, for example, when two mobile units
are in one track, their collisions are excluded. So,
according to the instructions, if there was a
breakdown of the mobile unit, the driver must
decompose the signal firecrackers from the
approaching other mobile unit, in order to warn of
the danger. With the help of the personnel
monitoring system, such actions can be excluded,
since all movements will be monitored. When
deploying a data transmission system at 868,7 MHz
on the entire network of Russian railways, it will be
possible to abandon satellite and cellular networks
while tracking rail transport. The system is available
for deployment on hauls and stations.

Control over production of operations

Safety directly depends on the method of
production of operations. Maintenance of a particular
device is performed using special technological
cards, in which the instruction is described step by
step, howand whatto do [9]. Violation of the sequence
or use of wrong measuring instruments can lead to
danger to life of a worker. Therefore, it is necessary
to control the quality of process execution, it is
necessary to introduce video fixing or a new RFID radio
identification technology.

Pic. 7. Tags in the junction box.
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Video fixing will allow to keep a record of
conducting briefings to employees before starting
work, technical training and work (for example, see
Pic. 3).

The use of RFID tags will help organize
performance of monitoring. By placing tags on
devices, say one outside and one inside, and using
a reader, you can track when the service personnel
were near the device and when they «opened» it(see
Pic. 4).

So, for example, for maintenance of a junction
box, the mechanic at the beginning of the shift is given
a reader (Pic. 5) with the information about the
employee entered there. Having received the target
instruction, the mechanic applies the reader to the
label on the log, the personal number of the employee
is recorded in the label, and the reader is informed
that the mechanic has been instructed on labor
protection before the start of the work shift.

Having come to the input device, attaching the
reader to the label, the employee records the time
of arrival and opening of the device. Further he
starts control over production of operations on
process charts. The tags on all components in the
junction box allow you to check what was removed
in what sequence and then installed. It is necessary
to place labels even on cable cores, including
spare ones, in order to quickly have information
on which wires are connected to what and what is
better to take for replacement. The location of the
labels is shown in the example of the junction box
in Pic. 7.

Tags on protectors, surge-absorbers, trans-
formers with information on the date of verification
and those who checked are supplemented with the
dates of dismantling and installation with the names
of the maintenance personnel involved in the work.
At the end of operation, closing the device, scan the
label on the device and proceed to the next task or
return to the post. At the end of the day from the reader
you can remove the report for the period of the shift,
indicating all the actions and their connection to the
time and place of work.

The whole complex of systems is seen as a kind
of PDA or a wrist brace, through which the full
control over the employee’s actions will be carried
out. From its location to the report at the end of the
work day.

Conclusion. Monitoring is a modern way of not
only control over the technical condition of control
facilities in railway transport [10-12], but also
enhancing the technical culture of employees. The
introduction of monitoring systems makes it possible
to improve the quality of service and the reliability of
the entire railway network. Controlling the movement
of personnel makes production of works and stay on
the tracks safer. Along with the increased safety of
train traffic, the IEQ environmental index is also
growing, as due to monitoring results the number of
mobile units and catastrophes decrease.
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Operational Reliability

of Cylinder Covers of Diesel Engine

(TekcT ctatbu Ha aHm. 3. — English text of the
article — p. 183)

lMpoBeneH cTaTUCTUYECKNIA aHaIN3
OTKa30B LNJINHLPOBbIX KPbILLEK
TernJI0BO3HbIX An3esieii ¢ pasindHbIMu
YyCJ/10BUSIMU IKCIsiyaTaLUnu. nOCTpoeHbl
rucTorpamMmesl UX BbIXO4a U3 CTPOS

c nocsienyoLwe MHTepnoasymnen

AJ151 00BbEKTUBHOI OL€HKU BINSIHUS
SKCIU1yaTaLMOHHOIo pexxmma

Ha Haaé>XXHOCTb rpPoBepPsieMbIX Y3J10B.
YctaHoB/1ieHO, YTO ripuy pexmnmMmax,
6IN3KNX K HOMUHAJIbHbIM, PeLUaloLein
AJ151 paboTOCNOCOBHOCTU KPbILLUKU
uunianHgpa ctaHoBUTCs TeMriepaTtypHas
HanpspKEHHOCTb AHuwja. lpu cHWKeHun
SKCIu1yaTaLunOHHbIX HAarpy30K Ha rnepBbiii
nniaH BeIXOAUT B/INSIHUE TeMrepaTtypbl
okpyXarouier cpegbl. O6beKTUBHOCTb
BbiBOAA noATBepxaaeTcs Tem,

4YTO nccsiegoBaHusi npoBsognJiNCb

Ha ogHoV Mapke An3esl B Pa3/INYHbIX
JKcCryaTtaunOHHbIX yCJ/10BUSIX.

KnoyeBble cnoBa: TernioBo3, AN3€e/b,
KpbILLKA UMINHAPA, SKCrlyaTalus,
cTarnctvika oTka3oB, UHTepPrioJisLns,
Tern/I0HanpPsXXEHHOCTb, TEMIepPaTypHbIe
yc0Busi, 6€30MacHOCTb, HaAEXHOCTb,
nposasieHne cpoka CJ1yX0bl.
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BESOINACHOCITE

JkcnayaTaumMoHHas HapEXHOCTb
KpbILLEeK LWINHAPOB
TEenJI0OBO3HOro An3ens

Psobko Eezenusn Baaoumuposna — unycenep kaghedpol
«ITodsusicroii cocmag sncenesHvix dopoe» Jloneykoeo
UHCIMUMYMa Jcene3H000pOICHO20 MPAHCHOPMA,
Joneyx, Ykpauna.

€30TKA3HOCTb TETIOBO3HOTO IU3EJs

3aBUCHUT MTPEXKIE BCErO OT MPaBUIbHOMN

9KCIUTyaTalluu, TEXHUYECKOTo 00CITy-
KWBAHUS U UCTIPABHOCTHU AeTaeil IUIUHIPO-
TOPITHEBOI TpyMIibl. B 30HE MOBBIIIEHHBIX
TeMIepaTyp U MEXaHUYECKUX HAarpy30K HaXo-
JIUTCST IWJIMHIPOBAsT KPBIITKA — CJIOXHAs 110
KOHCTPYKIIMW W HAaTpyXXeHHasl JeTajlb 3TOI
TPYTITIBL.

TTpoBeneHO MHOXECTBO UCCJIETOBAaHUIA,
CBSI3aHHBIX C TIOBBILIIEHUEM Pecypca KPbIIeK
LIWIXHIPOB TETUIOBO3HBIX TU3EJIEH U U3yYeHU-
€M CJIOXKHBIX IMPOLIECCOB, MPOTEKAIOIIUX B HUX.
B GombiimHCTBE MyOaMKaLUii paccMaTpUBaeT-
CsI UCKJTIOYUTETbHO BIMSTHUE KOHCTPYKITUOH -
HbIX 0COOEHHOCTEN Ha JOJTOBEYHOCTb KPBILIEK
HUAUHAPOB TernoBo30B. K mpumepy, B [1]
OCHOBHOI MPUYMHO BBIXO/Ia U3 CTPOSI KPBITI -
KU UWJIWHApA Ha3bIBa€TCSI UMEHHO cama eé
KOHCTpyKIus1. HapyllieHue TeXHOJ0TUY U3T0-
TOBJICHUSI, PEMOHTA U PeXUMa IKCIUTyaTalllu,
0 MHEHUIO aBTOPA, 1OCTATOYHO JIETKO UJEH-
TrduIpoBath. B pabore [2] mpenmosaraercs,
YTO HA/IEXKHOCTD KPBIIIEK IUIUHAPOB TETUIO-
BO3HBIX IN3€JI€1 MOBBIIAETCS 32 CUET CHIKE-
HUS FpaIMeHTa TEMITEPaTyp HEMOCPEACTBEHHO
B OTHEBOM JTHMIIIE.

ITpu perieHnn 3a1a4 TEPMOITPOBOTHOCTH
U TEPMOYTIPYTOCTH KPBIIIEK IUIUHIPOB MPU-
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HeuncnpaBHOCTEWN y3/10B
Aun3esnen u X CUCTEM.

B UunamHapo-nopliHesas rpynna
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2010
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Tox
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MEHSIIOTCS pa3IMYHbIC aHATUTUYECKHE METO-
IIbI, KOTOPbIE MO3BOJISIOT OLIEHUTD TEILJIOHA-
MNPSI)KEHHOCTh MHTEPECYIOIIeil Hac 30HBI.
OnHako B OOJBIIMHCTBE CyyaeB MaTeMaTH -
YyecKMe MOJAEJU HEe YUYUTHIBAIOT BIUSIHUE
SKCIUTyaTallMOHHBIX (haKTOPOB.

AHanu3 nyoauKauuii o 1aHHOM TeMaTu -
K€ CBUIETEIbCTBYET O HE3HAUNTEIbHOM BT -
SIHUM OCOOEHHOCTE! 3KCIUTyaTalluy TEMI0BO-
30B Ha HaJIEeXHOCTb KPbIIIEK HUIUHIPOB
[3—6].

ITocTaBneHa 3amaya yCTAaHOBUTh BIMSIHUE
KOHCTPYKIIMOHHBIX 0COOEHHOCTEe Ha HamEX-
HOCTb KPBIIIKY HAIMHAPOB nu3ess Tuma 149.
OnpeneauTb 3aBUCUMOCTb MEXKIY OCOOEHHO-
CTSIMM DKCIJIyaTalluM, TUIIOM TEIlJIOBO3a,
TEXHUYECKUM COCTOSTHUEM, BJIUSIHUEM K-
MaTUYECKUX YCJIOBUI 1 0€30TKa3HOM paboToii
KPBILIKYA LUJIAHApPA, YTOOB pa3padoTaTh
KOMILJIEKC Mep, HalTpaBJIeHHbIX Ha ITPOJIEHUE
CPOKa CJIy>KObI Y3JIOB LIUJIMHIPO-TMOPIITHEBOM
TPYIIIIbI TETJI0BO3HOTO au3es J149.

Jnst mosryyeHrs OObeKTUBHOM OLIGHKU MPH-
YMH OTKA30B KPbILIEK LUIMHIPOB MPOBEACH
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2014

Puc. 2. Pacnpenenexne
HeucnpasHoCTeN aeTanei
UNNHAPO-NOPLUHEBOM
rpynnbl gnseneii Tuna 49.

M BTy/nKa umavHapa
M MoplweHb
¥ KpbllWKa uuanHapa

M Mpouve getanu

aHaJIU3 CTAaTUCTUYECKUX TAHHBIX B JIOKOMOTHUB-
HBIX JICTIO C Pa3IMYHBIMU YCIIOBUSIMU 3KCILTya-
TallMy TEIJIOBO30B. BbLIM B3STHI ABa IETO
C MPUITUCHBIM MapKOM TeruioBo3oB 2TD116
BI1aCCaXKUPCKOM U TPY30BOM IBUXKEHUH, a TaK-
e JAeTO ¢ MapKoM Ter1oBo30B TOM7 Ha Tske-
JIOM KapbepHOI BLIBO3HOI pabdoTe.

Ha ocHoBaHMM NTOJTyYEeHHBIX JAHHBIX B ITe-
puon 2010—2014 rogoB MOXHO caenaThb BbI-
BOJI, YTO HAUMEHee HaJIeXKHbIM Y3JIOM TeIlI0-
BO3HOTO AU3eJIS SIBJISIETCS] LIMJIMHIPO-TTOPII -
HeBag rpynmna. Ha e€ mosto mpuxomurcs: 10
40—50 % otkazoB (puc. 1), a B 3T0i1 moje
nopsiaka 40 % moBpeXIeHUI TTPUXOIUTCS Ha
KPBILIKY UUJIMHIPOB (pUc. 2).

1111 00BEKTUBHOM OLICHKU MPUYMH BBIXO-
J1a U3 CTPOST LMJIMHAPOBBIX KPHIIIIEK MpoaHa-
JIM3UPOBAH XapakTep 0TKa30B B Aeno [edansb-
1eBo-CopTupoBouHas (puc. 3), rue mpeoda-
JlaeT dKCIuTyaTalysl TEMJI0BO30B B IaccaXup-
CKOM ABMXEHUM, U Aerno BonHoBaxa 3a
nepuon 2009—2013 rogos (puc. 4), rae Terio-
BO3bI AKCIUIYaTUPYIOTCS TTPEUMYIIECTBEHHO
B I'PY30BOM JIBMIKEHUU.

Pa6ko E. B. 9kcnnyaTauuoHHas HaAeXHOCTb KPbILLEK LIMIMHAPOB TEMNJIOBO3HOI0 AN3ens




Puc. 3. Craructuka
OTKa30B KpbILIEK
LUMINHAPOB
TennoBo30B 2T3116
Aerno npunuckn
Aeb6anbuyeBo-
CopTupoBoYHas.
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Puc. 4. Cratuctuka

OTKa30B KpbiLUEK
uMINHAPOB
TennoBo30B 2T3116
Aero npunuckKn

W 2009

BonHoBaxa.

KoanuecTBo 0TKa30B

Ha rucrorpamMmmax BUIHO, YTO OCHOBHOM
MUK OTKA30B MPUXOINTCS Ha XOJIOHOE BPEMST
roja, Mpu MaKCUMaJIbHOM I'PAIUEHTE TEMIIE-
paTyp MeXIy Tu3eieM U OKpyXKaloliei cpe-
JIOH, B OTJIMYME OT JIETHETO Tepuroja, Koraa
TpaMeHT TeMITepaTyp MeHbIIe. DTO B JOCTa-
TOYHOI Mepe MOATBEPXKIAeT BIUSHUE TEMIIE -
paTypbl Hapy>XKHOTO BO3/yXa Ha JOJToBeY-
HOCTB KPBIIIEK [WIMHAPOB, TO €CTh TTOHWKE -
HUE TeMIlepaTypbl Hapy>KHOTO BO3yXa MpH-
BOJUT K YMEHBIIEHUIO CPOKa UX CIYKObI [7].

Jlns Gosiee OCTOBEPHOI OLIEHKU BIUSHUS
YCJIOBUI 3KCTUTyaTalliy Ha HaZeKHOCTh KPbl-
IIIEK [IWJTMHIPOB OBLT IPOBEIEH TOTIOTHUTEb-
HBIIl aHaJIN3 OTKA30B Ha IMPOMBIIIIEHHOM
npennpustun «ApcenopMutran Kpusoii Por»
(2011-2015rr). B ero JOKOMOTUBHOM [IETIO
SKCIUTYyaTUPYIOTCS TeII0BO3bl TOM7 ¢ iu3eniemMm
2—2]149, KoTOpble HAXOAATCS B 00JIEE TSKEJTbIX
YCJIOBUSIX (KapbepHO-BBIBO3HAs pabOTa).

[IpoaHanu3upoBaB TUCTOTpaMMy Ha
puc. 5, MOXHO c/ieJlaTh BBIBOI, YTO HANOOJTb-
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m 2010
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m 2012

w2013

6 7 8 9 10 11 12
Mecsin roga

1ee YMCiI0 OTKAa30B KPBIIIEK ITUJIMHIPOB
MPOUCXOIUT B JIETHUI Mepuro. DTo 00yCIOB-
JIEHO MOBBILIIEHUEM TeMIIEpaTyphbl OKpyKato-
el cpellbl M TPOM3BOACTBEHHBIX HArPy30K,
YTO BJICUET 3a COOOI TIepeTpeB U3,

JL1st TIOATBEPXKIEHUS TUTIOTE3 ObLIa MPO-
BelleHa WHTEPIONISLNS aHATU3UPYEeMBIX TH-
CTOTpaMM.

CrenaHHast MHTEPTIOISIINAS CTaTUCTUYE-
CKMX NaHHBbIX Mo Aerno JebanbieBo-CopTu-
poBouHas (puc. 6), nero BoiHosaxa (puc. 7),
neno «ApcenopMutran Kpusoit Por» mo3so-
JIIeT yTBEepXKIaTh, YTO YETKO BBIpaKeHHas
3aBUCHMOCTh OTKA30B KPHIIIEK MUJINHIPOB
OTCYTCTBYET.

B mepBBIX IBYX ciiydasgx HauOoOJbIIce
KOJIMYECTBO BBIXOAOB M3 CTPOST IPUXOINT-
csT Ha 3UMHUI mepuol BpeMeHU. MOoXHO
MPEATION0XUTH, YTO 3UMOI OTKA3 IIUJIUH/I -
POBBIX KPBIIIEK MPOUCXOIUT M3-3a 0OJIb-
IIOTO Tieperiaga TeMIepaTyp MeXIy TH13e-
JIeM U OKpyXalolleil cpenoii, n6o 3To

Psi6ko E. B. kcnnyaTauMoHHas HaAeXHOCTb KpbiLLeK LUINHAPOE TEN/IOBO3HOIO AN3ens
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Puc. 5. Cratuctuka
OTKa30B KpbILLIEK
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CTaTUCTUYeCKnx

Kosnunuectso 0Tka3oB

} I I AaHHBbIX OTKa30B
[ KpbILLEK UNINHAPOB
\ o '}, I Tennososoe 2T3116
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— ——
) CopTupoBoYHasi.
W— 2010
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1— 2012 i
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| Cpejnee 3HaUCHUC
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BJICYET 32 COOOI BOSBHUKHOBEHME U Pa3BU -
THE MUKPOTPEIIMH OTHeBOro nHUIIaA. JleT-
HUI MEPUOJa XapaKTepU3yeTCs YaCThIMU
BBIXOJAMU U3 CTPOS T€X Xe KPBIIIeK 13-3a
rneperpeBa Iu3es.

CorjlacHO MHTEPIOJISIIIUU CTaTUCTUYEC-
CKUX JaHHBIX Aeno «ApceaopMurrtan Kpupoit
Por» Hanbosblllee YMCI0 BHIXOIOB U3 CTPOSI
KPBIIIEK [WIMHAPOB MPUXOAUTCS Ha JICTHUI
niepuog (puc. 8). D10, KaK yxKe 3aMeyYeHO pa-
Hee, 00bSICHSIETCS TIePEerpPeBOM IM3eJIsl, KOTO-
pBIii BOBHMKAET BBUIY Pslla OOBEKTUBHBIX
MPUYMH (0COOEHHOCTh KOHCTPYKIIMM KY30Ba
TerioBo3a TOMT7, TsKenble YCJIOBUS IKCILTya-
TallMu, HEYIOBJIETBOPUTEIIBHOE COCTOSTHUE
CHCTEMBI OXJIAKICHUST).

SAKJTOMEHUE

COBOKYITHOCTB ITOJTy9€HHBIX TAHHBIX CBH-
JIIETeIbCTBYET O HE3HAYUTEIBHOM BIUSTHUUN
KOHCTPYKIIMOHHBIX OCOOCHHOCTEH KPBIIIEK
HUJIAHAPOB AU3esIel TerioBo30B tuna /149 Ha

® MWP TPAHCIOPTA, Tom 15, N2 2, C. 178-187 (2017)

9 10 1 12

X HagEXKHOCTD, UYTO HE ITOATBEPKIACT OOIIIe-
MIPUHSTYIO TOUKY 3pEeHUS.

Ha ocHOBaHMY pe3y/IBTaTOB MCCIICAOBAHMS
YIAJIOCh BBISIBUTH BJIMSTHHE TEMITEPaTyPhl OKPY-
JKaIOIIEH cpeibl U Harpy309HBIX PEKUMOB pa-
OOTHI IM3€J1sT Ha JOJITOBEYHOCTD LIVUTMHIPOBBIX
KpBIIIEK. YCTaHOBJIEHO, YTO IPU peKUMaX,
OJIM3KMX K HOMUHAJIBHBIM, PEIIAOIIyI0 POJIb
3[IeCh UTPaeT TeMIIepaTypHast HalpsDKEHHOCTh
mHUnIa. [1pu CHIDKEHUN SKCITTyaTallMOHHBIX
Harpy3oK Ha TIepBBIil IIaH BBIXOIUT BIUSTHUC
TeMIIepaTyPHBIX YCIIOBHUI CPEIBI, UTO ITOATBEPK-
JlaeTcsl HEOJHOKPATHBIMU KMCCIIETOBAaHUSIMU
M TIePEITPOBEpKaMU OIBITHBIX JaHHBIX.

Ha 6e3onacHOCTb 1 HaJeKHOCTb pabOThI
LUJIWHAPOBBIX KPBIIIEK BIUSIOT HE TOJIHKO
KOHCTPYKIIMOHHBIE OCOOEHHOCTH, MaTepHral
M3TOTOBJICHUS, a B HEMAJIOM CTETICHU U TeM-
MepaTypHBINA peXXUM Cpeabl, 0COOCHHOCTH
SKCIUTyaTallly ¥ TUIT JOKOMOTHBA.

CrenoBartesibHO, HeoOXoauM IUddepeH-
LUPOBAHHBIN ITOAXOA MPU ONpeacIcCHUN

Pa6ko E. B. 9kcnnyaTauuoHHas HaAeXHOCTb KPbILLEK LIMIMHAPOB TEMNJIOBO3HOI0 AN3ens
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(hakTOpOB, BIUSIOIIMX HA JOJITOBEYHOCTH
KPBIIIEK HWIMHIPOB. YUeT BCero KoMIuiekca
¢axTOpOB MpH pa3zpaboTKe MaTeMaTUYEeCKO
MOJEIU TEIUIOHATIPSIXKEHHOTO COCTOSIHUS
KPBIIIEK HMJIMHIPOB ITO3BOJIUT 00JIee 10CTO-
BEpHO pacCUYMTaTh AMAara3oH 3KCIUTyaTallu-
OHHBIX YCJIOBMH IJIS AeTalell HUJIUMHIPO-
NOPIIHEBOM I'PYNIbI TEIJIOBO3HBIX IU3EIEHU
U IIPOJJIEHUS UX CITY>KOBI.
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OPERATIONAL RELIABILITY OF CYLINDER COVERS OF DIESEL ENGINE

Ryabko, Evgenia V., Donetsk Institute of Railway Transport, Donetsk, Ukraine.

ABSTRACT

A statistical analysis of failures of cylinder covers
of diesel engines with different operating conditions
was carried out. The histograms of their failures
were constructed with subsequent interpolation for
an objective assessment of the effect of the
operating regime on reliability of the nodes being
tested. It was found out that under the conditions

close to nominal, the temperature tension of the
bottom becomes decisive for efficiency of the
cylinder cover. When the operating loads decrease,
the influence of the ambient temperature comes to
the fore. The objectivity of the conclusion is
confirmed by the fact that the research was carried
out on the same brand of diesel engine under
various operational conditions.

Keywords: diesel locomotive, diesel engine, cylinder cover, operation, failure statistics, interpolation, heat
stress, temperature conditions, safety, reliability, prolongation of service life.

Background. The failure-free operation of a
diesel engine depends primarily on proper
operation, maintenance and serviceability of a
cylinder-piston group. In the zone of elevated
temperatures and mechanical loads there is a
cylinder cover —a complex structure and a loaded
part of this group.

A lot of research has been carried out to
increase the service life of diesel engine cylinder
covers and to study complex processes occurring
in it. In most publications, only the effect of
structural features on the longevity of cylinder
covers of locomotives is considered. For example,
in [1] the main reason for the failure of the cylinder
cover is precisely its design. The violation of
technology of manufacturing, repair and operation
mode, in the author’s opinion, is fairly easy to be
identified. In work [2] it is assumed that the
reliability of cylinder covers of diesel engines is
increased by reducing the temperature gradient
directly in the fire bottom.

In solving problems of thermal conductivity and
thermoelasticity of cylinder covers, various analytical
methods are used that allow one to estimate the heat
stress of the zone of interest to us. However, in most

cases, mathematical models do not take into account
the influence of operational factors.

Analysis of publications on this subject
indicates a slight effect of the features of operation
of diesel locomotives on the reliability of cylinder
covers [3-6].

Objective. The task was set to determine the
effect of structural features on the reliability of the
cylinder cover of a D49 diesel engine. To determine
the relationship between the operation
characteristics, the type of diesel locomotive, the
technical condition, the influence of climatic
conditions and the trouble-free operation of the
cylinder cover, in order to develop a set of
measures aimed at extending the life of the nodes
of the cylinder-piston group of diesel engine D49.

Methods. To obtain an objective assessment
of the causes of cylinder covers failures, an
analysis of statistical data in locomotive depots
with various operating conditions of diesel
locomotives was carried out. Two depots with a
registered fleet of diesel locomotives 2TE116 were
taken in passenger and cargo traffic, as well as a
depot with a fleet of diesel locomotives TEM7 on
heavy open pit-export work.
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Pic. 1. Distribution of malfunctions of diesel engine nodes and their systems.
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Pic. 3. Statistics of failures of cylinder covers of diesel locomotives 2TE116 depot
of registration Debaltsevo-Sortirovochnaya.

Results. Based on the data obtained during
the period 2010-2014, it can be concluded that
the least reliable node of a diesel engine is a
cylinder-piston group. It accounts for up to 40—
50 % of failures (Pic. 1), and in this proportion
about 40 % of the damage falls on cylinder covers
(Pic. 2).

For an objective assessment of the reasons for
failures of cylinder covers, the nature of failures
was analyzed in Debaltsevo-Sortirovochnaya

depot (Pic. 3), where diesel locomotives are
predominant in passenger traffic, and Volnovakha
depot for the period 2009-2013 (Pic. 4), where
diesel locomotives are operated predominantly in
freight traffic.

The histograms show that the main peak of
failure occurs in the cold season, with the maximum
temperature gradient between diesel and the
environment, in contrast to the summer period,
when the temperature gradient is lower. This
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Pic. 5. Statistics of failures of cylinder covers of diesel locomotives TEM7 depot of registration
«ArcelorMittal Krivoy Rog».
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Pic. 4. Statistics of failures of cylinder covers of diesel locomotives 2TE116 depot of registration Volnovakha.

sufficiently confirms the influence of the outside air
temperature on the longevity of cylinder covers,
thatis, a decrease in the temperature of the outside
air leads to a decrease in their service life [7].

For a more reliable assessment of the impact
of operating conditions on the reliability of cylinder
covers, an additional failure analysis was
performed at the «ArcelorMittal Kryvoy Rog»
industrial enterprise (2011-2015). In its locomotive
depot, diesel locomotives TEM7 with diesel engine
2-2D49 are operated, which are in more difficult
conditions (open pit and export work).

Analyzing the histogram in Pic. 5, it can be
concluded that the greatest number of cylinder

covers failures occurs in the summer. This is due
to increased ambient temperature and production
loads, which entails overheating of the diesel
engine.

To confirm the hypotheses, an interpolation of
the analyzed histograms was carried out.

The interpolation of statistical data on
Debaltsevo-Sortovo depot (Pic. 6), Volnovakha
depot (Pic. 7), «ArcelorMittal Kryvoy Rog» depot
allows us to state that there is no clearly defined
dependence of the cylinder covers failures.

In first two cases, the largest number of failures
occurs during the winter period. It can be assumed
that in winter the failure of cylinder covers is due
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Pic. 6. Interpolation of statistical data of cylinder cover failures of diesel locomotives
2TE116 depot of registration Debaltsevo-Sortirovochnaya.
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Pic. 7. Interpolation of statistical data of cylinder covers failures of diesel
locomotives 2TE116 of depot Volnovaha.

to a large temperature difference between the According to the interpolation of statistical data

diesel engine and the environment, for this entails
the emergence and development of microfractures
of the fire bottom. The summer period is
characterized by frequent failures of the same
cylinder covers due to overheating of the diesel
engine.

of «ArcelorMittal Kryvoy Rog» depot, the greatest
number of failures of cylinder covers falls on the
summer period (Pic. 8). This, as already noted
earlier, is due to overheating of the diesel engine,
which arises due to a number of objective reasons
(the peculiarity of the construction of the body of
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Pic. 8. Interpolation of statistical data of cylinder cover failures of TEM7 locomotives
of depot «ArselorMittal Kryvoy Rog».

the TEM7 locomotive, the severe operating
conditions, and the unsatisfactory state of the
cooling system).

Conclusion. The totality of the received data
testifies to insignificant influence of structural
features of cylinder covers of diesel locomotives
type D49 on their reliability, which does not confirm
the generally accepted point of view.

Based on the results of the study, it was
possible to determine the influence of the ambient
temperature and load conditions of the diesel
engine on the longevity of the cylinder covers. It
was established that under conditions close to
nominal, the temperature tension of the bottom
plays a decisive role here. With a decrease in
operational loads, the influence of the temperature
conditions of the medium comes to the fore, as
evidenced by repeated studies and cross-checks
of the experimental data.

The safety and reliability of the cylinder covers
are affected not only by the design features, the
material of manufacture, but also to a large extent
by the temperature regime of the environment,
operating characteristics and the type of
locomotive.

Therefore, a differentiated approach is needed
in determining the factors affecting the longevity
of the cylinder covers. Taking into account the
whole complex of factors in the development of
the mathematical model of the heat stress state of
the cylinder covers will allow us to more reliably
calculate the range of operating conditions for the
details of the cylinder-piston group of diesel
engines and the extension of their service life.
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B craTtbe paccMmoTpeHa cTparerus

co34aHus1 3KOJI0ro-3KOHOMUYECKOM

no cBoemy npeaHa3sHa4YeHUIoO CUCTEMbI
npupoaornosib30BaHNS Ha NPeanpuUsaTUSIX
JKese3Ho[opoXHou oTpacsu. lNMpoyecc
ynpassieHusi TaKoVi CUCTEMON PacKpbiBaeTcs
C MTOMOLL|bIO TEOPUU UIP U MOCTPOEHUS
TEeoOpPEeTUKO-UrPOBOI MOLEJIN PA3BUTHUSI.
lMpeanoxxeHHass aBTopamMu MoAeJb

MOJXXeT CZTY)XUTb OCHOBOW nocTpoeHusa
MHHOBAaLMOHHOIO CLieHapusi, B KOTOPOM
mMaTtemaTu4ecku oka3aHa BO3MOXHOCTb
coeAuHUTb B CTPaTern4eckow nepcriektuse
n npu 3agaHHbIX Ha4aJibHbIX yCJ10BUSIX
OKOHOMU4YEeCKYIO Bbirogy v yesnauv
rocyAapcTBeHHOV 3KOJIOrn4eCKow MoJINTUKU,
KopriopaTtuBHbIX MPUPOL00OXPaHHbIX
nporpamm.

KntoyeBbie csioBa: akosiornyeckasi
6e30MacHOCTb, CTpaTern4eckoe rniaHupoBaHue,
yrpaBssieH1e, 3KOHOMUKA, CUCTeMa
rPUPOAOINOIb30BAHNS, XEJI€3HOL0POXHbIN
TPAHCOPT, TEOPUSI UrP, MOAEIb PA3BUTHS.

BESOINACHOCITE

MoaenupoBaHmne CUCTEMbDI
npupoaonosib3o0BaHnUS
Ha XXene3HbIX goporax

Tacuavuesa FOaus Apxadvesna — acnupanm
Pocmoeckoeo eocydapcmeennoeo ynueepcumema
nymeii cooowenus, Pocmos-na-/lony, Poccus.
Jlpo3doé Huxuma Anexceeeun — acnupanm
Pocmoscikoeo eocydapcmeennozo ynueepcumema
nymeii coobujenus, Pocmog-na-/lony, Poccus.

o0sg3atenncTBa Poccun cobmomaTts

YCTaHOBJIEHHbIE ITpaBuiia BceMupHoii

TOPrOBO OpraHU3alMi HEMUHYEMO
3aTPOHYJIM HALMOHAJbHBIA TPAHCIIOPTHBIN
KOMIUIEKC, UMEIOLIUI 110 CPABHEHUIO C pa3-
BUTBIMU CTPAaHAMU HEBBICOKME IKOJIOTUYE-
CKUe€ MoKa3aTeu, 00yCIOBICHHbBIEC U3HOLIEH-
HOCTBIO TEXHUYECKUX CPEICTB, MEIJICHHBIM
BHEIIpEHUEM «3€JIEHBIX» MHHOBaLMi. BmecTe
C TEM MOBBILIEHUE FKOJIOTUYHOCTU U KOHKY-
PEHTOCMOCOOHOCTU TPAHCIIOPTA 3TO HEOCIIO-
PUMO B3aMMOCBsI3aHHBIC (haKTOphI. CeromHs
U B [IEPCIEKTUBE KOHKYPEHTHBIE MPEUMYIIE-
CTBa POCCUMCKOW TPAHCITIOPTHOU CHUCTEMBI
MOTYT OBbITb BO MHOTOM JTIOCTUTHYThI 34 CUET
BHEIPEHUS MHHOBALIMOHHBIX TEXHOJOTHUH,
HCITOJIb30BaHUS BO30OHOBJISIEMBIX UCTOYHU -
KOB 9HEPIUM, dKOJOTUYECKU YUCTBIX BUIOB
TPpaHCIOPTA, OKA3bIBAIOIIUX MUHUMAJIbHOE
HEraTUBHOE BO3CHCTBUE HAa OKPYXAIOLLYIO
cpeny [1].

CoxpaHeHHe TIPUPOTHOTO OOTraTcTBa, COO-
JIIOACHUE KOJIOTUYECKUX HOPM, OOecTieyeH e
9KOJIOTUYECKON O€30MaCHOCTU U MPUHSITUE
TPaMOTHBIX YIPABICHYECKUX MPUPOTOOXPAH-
HBIX PEIIEHUIl — OCHOBHBIE 3aa4l, PELICHUE
KOTOPBIX BO3JIOKEHO B 3TOM chepe Ha MEHe-
JKEpOB TPaHCIOPTHBIX Npeanpusituii. Ho Bce
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3TO CTAHOBUTCSI PEAJIbHBIM JIEJIOM JIUIIb Ha
OCHOBE €TMHOI CTPaTEeTHH, TTOCTIeI0BATEIbHO-
TO BOTUTOIIIEHUST B 3KU3HB ITTAHUPYEMBIX 9KOHO-
MHWYECKUX Pe3yJIBTaTOB.

B soruke cioXuBIIUXCS TIpeNCTaBICHUN
ycToiuMBOe (PYHKIIMOHUPOBAHKWE W Pa3BUTHE
JKEJIE3HOOPOXXHOTOo TpaHcnopTa Poccru B iep-
By10 ouepenp cBsizaHbl ¢ OAO «PXK]I». Uccne-
JIOBAaHUSI TOATBEPXKIAIOT: UMEHHO HaJIMuue
€IMHOTO XO3SICTBYIOIIETO CYOBEKTa C BEPTH-
KaJIbHO MHTErpUpPOBAHHOM CTPYKTYpOil obec-
MeYMBaeT 9KOHOMUKE CTpaHbl HAUMEHBIITYIO
ce0ecTouMOCThb MepeBo3oK [3], uTo camo 1o
cebe TpedyeT B OTBET TPUMEHEHHSI CUCTEMHOT'O
TO/IX0/1a, HaJIMUMST XOPOIIIO OTJIaKEHHOM crc-
TEMBI CTPATETNMIECKOTO YIIPABJICHUS.

B HacTosuiee Bpems cuctema cobanaHCcu-
poBaHHBIX oka3artenei I. I1. HopToHna
u P. C. Karuiana cuuraercst oqHOI U3 Haubosee
M3BECTHBIX M Pa3pabOTaHHBIX CUCTEM CTpaTe-
rUyecKoro ynpasieHus [2]. OmHako HEBO3MOX-
HOCTb B TIOJTHO Mepe OLIeHUTb 3 (HEKTUBHOCTh
TMPUHUMAEMBIX YITPABJICHYECKUX PEIICHUH Jie-
Jlaet ee ys3BUMoi. KoMmneHcupoBaTh Takoi
HEIOCTAaTOK C TOYKH 3PEHUST SKOHOMUYECKUX
337124 ObLIO ObI, BUIMMO, BO3MOXKHO Ha OCHOBE
METOIOB MOP(OIOrMIECKOro aHaIM3a, KOTOPbIe
M3y4yalIuch, B yactHocTH, I1. B. KypeHKOBbIM,
B. A. MakeeBbiM, 3. A. MamaeBbiM, E. JI. Ky-
31HOIA [4, 5], HO ITOKa CrTOcOObI KOMITJIEKCHOTO
WCIIONIb30BaHUST METOJI0B MOP(OJIOTMUECKOTO
aHaJIM3a M CUCTEMbI COAJTaHCUPOBAHHBIX TTOKa-
3aresieil OTCYTCTBYIOT.

B a10i1 cBs3U hopmMupoBaHKe COLMO-9KO-
JIOTO-3KOHOMUYECKOI CTpaTEerny YCTOMIMBOTO
pa3BUTHST CUCTEMBI TTPUPOIOTIONIB30BaHNS Ha
JKEJIE3HOMOPOXKHOM TPAHCIIOPTE TOJIKHO BKITIO-
YyaTh JIBE COCTABJISIIONINE, @ UMEHHO, TIOBBIIIIE-
HUe d(PDHEKTUBHOCTU €ro NeSTeIbHOCTU, POCT
MPUOBUTN Y PEHTA0EIbHOCTU 1 OMHOBPEMEHHO
obecrieyeHre KOJOTUYECKU Oe30MacHOro
YCTOMUYMBOIO Pa3BUTUSI TEPPUTOPUIA.

st pacCMOTpPEHUS CTPATETUM Pa3BUTHUS
CUCTEMBI TIPUPOJIOTIONB30BAaHUS Ha KeJIE3HO-
JIOPO>KHOM TPAHCIIOPTE OXapaKTepr3yeM ee Kak
cucTeMy O0ecTieueHUsI 9KOJIOT0-3KOHOMUYE-
CKOI1 0€30TIaCHOCTY CTPAHbI C IIOMOIIIBIO ITPET-
TPUSITUI OTPACIIM U TIPU 3TOM C YIeTOM HEU3-
MEHHO HaxO[SIIIINXCsI BO B3aUMOCBSI3U 1 B3au-
MO3aBUCUMOCTH JIBYX TIOJICUCTEM — XKeJIe3HO-
JTIOPOKHOTO TPAHCTIOPTA U OKPYKAIOILIEH CPEIbI.

TToncucTtema Xene3HOMOPOXKHOTO TPaHC-
TOpTa BKJIIOYAET XO3SMCTBA TPY30BOM U KOM-
MepUYECKO paboThI, MACCAKUPCKOE, TPUTOPO.I-
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HOe, TIepPeBO30K, ITyTH, BATOHHOE, BOIOCHA0Xe-
HUSI ¥ BOOOOTBEICHUS, SICKTPUDUKALIUHT
U 2JIEKTPOCHAOKEHMSI, aBTOMAaTUKU U TeJleMe-
XaHWKH 1 1p. Kaxkmoe 1 Bce BMeCTe OHM OKa3bI-
BalOT HETIOCPEICTBEHHOE BIIMSTHUE Ha KOMITO-
HEHTHI MMOJCUCTEMBI OKpYKaIOIIeil CpeIbl:
KJIMMAT, BO3AYIIHbII OacCeiH, ITOYBY, Fe0JI0r1-
YEeCKYIO Cpe/Ly, BOIHbIE OOBEKTHI.

B xonTeKCTE pa3BUTHSI MHDPACTPYKTYPHI
KeJIe3HOIOPOXKHOTO TPAHCTIOPTA MOKHO BbIZIe-
JINTh COIUATIBHO-3KOHOMMYECKIE OOBEKTHI,
(pmHaHCUpYeMbIe C y9acTHeM ToCyIapCTBEHHO-
O OIO/KETa; CTPOUTEIHCTBO MOABE3MHBIX ITyTei
K HOBBIM IIPUPOIHBIM MECTOPOKICHUSIM Ha
OCHOBE JIOTOBOPOB TOCYIapCTBEHHO-YaCTHOTO
MMapTHEePCTBA; YBEJMYEHHUE TTPOITYCKHBIX CITO-
COOHOCTEM XKeJIe3HONOPOXKHBIX JIMHUM 3a CUET
cpenctB OAO «PXK]I», a TakKe co3maHue ImyTeit
HEeOOIIIEeTO MOIb30BaHUST CUJIaMU YaCTHBIX MH-
BecTopoB. [Ipruem 0cob0 BaKHOI 3a1aueii ce-
TOJTHST OCTaeTCsI oTpe/ieieHe 00bEMOB (hHAH-
CHPOBAaHUS M 9KOHOMUYECKIX CTUMYJIOB IS
MHOPACTPYKTYPHBIX TIporpamm [3].

B xone perieHust 3T0# 3aaun COCTaBHBIC
3JIEMEHTBI YTIPaBJICHUSI ITPOLIECCaMU TTPUPOIO-
TOJTH30BaHMUST MOXKHO TIPEICTAaBUTh B BUJIE 1Ie-
MMOYKH: TIAHUPOBaHNE—MHBECTUIIN—TEXHO-
JIOTUM—UH(DPACTPYKTypa—IPUPOTOOXPAHHbBIE
MEpOTIPUSTUSI—BO3ICUCTBIE Ha TTPUPOITY—3KO-
JIOro-3KoHOMMYecKast 3hbeKTuBHOCTD. MIcxo-
ISt U3 TAKOW CXEMBI, BECOMYIO Harpy3Kky 0epyT
Ha ce0s1 TTOKa3aTe v MJIAaHUPOBAHMSI, K KOTOPHIM
OTHOCSITCS MTHBECTULIM B HOBBIC TEXHOJIOTHH,
MHBECTULIMY B IIprupoaocOeperaroliyto nHgpa-
CTPYKTYPY, TEMITBI BHSIPEHUST HOBBIX KOJIOT -
HBIX TEXHOJIOTUIA, TTOJIE3HBIN 3(P(EKT OT BHEII-
PEHUS HOBBIX TEXHOJIOTHMII, SKOHOMWYECKHI
3(hdEKT OT MPUPOIOOXPAHHON MHBECTULIMOH-
HOU IeATETEHOCTH [4].

PaccmarpuBast 3K0J1I0T0-3KOHOMUYECKYIO
3 HEKTUBHOCTH KeJIE3HOTOPOKHOTO TPaHC-
ImopTa, He0OXOAUMO IMOMHHTh, YTO CHCTEMa
TPUPOIOTIONB30BaHMS, KaK YKe ITOIIepKrBa-
JIOCh, TIPEJINTOJIATaeT XKECTKYIO B3aMMHYO 3aBU-
CHUMOCTb JABYX ITOJICUCTEM: KEJIE3HOIOPOKHOTO
TpaHCHOpTa U OKpYxKalollei cpesl [5], moaTo-
My MbI OyJIEM UCITOJTb30BaTh TEOPHUIO UTP, KOTO-
past B JaHHOM CJTydae ITO3BOJISIET TTPU3HABaTh
HaJTmure OObSIUHSIONINX CTPATETUA CYIITHO-
CTBIO MUPOBOTO XO3S[IICTBa, SKOHOMUKM U T10-
JINTHKMU.

Teopust UTp AeJTaeT yIop Ha CTpaTermyeckoe
B3aMMOJIENCTBIE MEXKITY IBYMST Wi OoJiee Ur-
pOKaMU, KaXbIii 3 HUX UMeeT HabOp JOCTYII-
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HBIX CTPATeTHiA, M BBIUTPHIII JIIOOOTO MPY 3TOM
3aBHCUT OT BBIOPAHHBIX CTPATETHiA BCEMU UTPO-
Kamu. B omimume ot Urphbl MpoTUB «MEPTBOM
TIPUPOIbI», TIe UTPOK MAaKCUMU3UPYET CBOM
BBIUTPBILI B JaHHOW (DUKCUPOBAHHOU cpene,
B TEOPUU UTP KaXKIbII UTPOK CTPEMUTCS MaK-
CUMU3MPOBATh CBOI BBIMTPHIII TIPU YCIIOBUU,
YTO BCE OCTAJIbHBIE YYACTHUKU TaKKe CTPEMSIT-
€51 MAaKCMMU3HUPOBATh CBOU COOTBETCTBYIOIIIVE
BbITUIaThL. Clle1oBaTeNIbHO, TIPY N-UTPOKAX MbI
TT0JTyJ4aeM N OTHOBPEMEHHO MaKCUMAaJTbHO pe-
LLIEHHBIX MPOOJIEM.

Camoli n3BeCTHOI 1 HamboJee YacTo McC-
TTOJTb3YeMOI KOHIIETIIIMEN PellieHnsT B TEOpUU
UTp, KOTOPYIO U MBI OEpeM Ha BOOpYXKEHUE,
siBsieTcst paBHoBecre Hama. CyThb B cutyaimu,
KOT/1a HY OJTMH UTPOK HE MMEET CTUMYJ1a OTKJIO-
HSITBCS BOMTHOCTOPOHHEM TIOPSIIKE OT BBIOpaH-
Holi cTpaTernu. To eCTh OH He MOXET YYYIIUTh
CBOI1 BBIUTPHILI, OTKJIOHSSICH OT He€. Kpome
TOTO, TIOJIOKEHUE HE MEHSIETCSI U B CITyJae, eCiiv
JIBa UTPOKa OJITHOBPEMEHHO B BBIUTPHIIIIE, B TO
BpeMsI Kak TPETHUI ToJydaeT OoJiee HU3KYIO
otmavy. Kaxprit UTpoK cTpeMuTcst K 6aiaHcy
BMECTO TOTO, YTOOBI MAaKCUMAJILHO YBEJIMIUTh
CBOI1 COOCTBEHHBII BBIUTPHIII O€3 YUETa MOITy-
YeHUs BBIUTPHIIIA ApyruMu. JacTo MoXeT
BCTpeyaThbesl 0ojiee OMHOro paBHOBecus. B Ta-
KUX CIyJasiX UTPOKU, KakK MpaBUjIo, UMEIOT
pa3HbIe TIPEITOYTEHUS U ITBITAIOTCSI CKOHIICHT-
PYpPOBATLCS Ha OMHOM BapuaHTe [6].

OnpeesM yCJIOBUST UTPhI B paMKaX COLIMO-
9KOJIOT0-3KOHOMMYECKOI CTpaTeTuy MPUPOIO-
OXpaHHOM AESTEIbHOCTH TIPEITPUSITHSI 3KeJIe3-
HOAOPOXKHOI oTpacu. KauecTBo okpy:Katolieit
cpefibl TIPENICTABIISIET KOJIOCCATbHBIN MHTEpeC
JUTS O0I1IeCTBA, M OHO O0ECTIEYMBAETCS B3aUMO-
JIENCTBUEM CyObEKTOB SKOHOMUYECKOTO (Ke-
JIE3HOIOPOXKHbBIN TPAHCIIOPT) U IKOJIOTUYECKO-
ro (mpupogHasi cpena). TpeTbUM BaKHEUIIUM
KOMITOHEHTOM CHCTEMBbI BHICTYTIAET FOCYIapCT-
BO, KOTOPOE OMpENEseT XapakTep NpUpoIo-
TI0JIb30BAaHMSI, BO3NEHCTBYS Ha TIPEIITPUSATHS
MOCPENCTBOM HAJIOTOBOY MOUTUKU. rpokamu
B TaKOM TPEXJIEMEHTHOUN MOJIETU SIBJISIIOTCS
JKeJIe3HOJOPOXKHBI TPAHCIIOPT U TOCYAAPCTBO,
KPUTEPUEM UTPBI — BO3ICCTBIE HA OKPYKalo-
LIYIO Cpeny.

KenezHomopoXXHBIN TPAHCTIOPT, UCITOJB3YS
TIPUPOHBIE PECYPCHI, POU3BOIUT YCIYTH,
KOTOpBbIE TIpo/IaeT Ha pbIiHKe. ClienoBaTeIbHO,
C TOYKM 3pEHUSI TEOPUU UTP €TO MHTEPEC B CUC-
TeMe MPUPOAOIIOIb30BaHUS BIIPaBe ObITh 000-
3HAYEH KaK BBIMTPHIII B 3aTpaTax Ha TPUPOIO-
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MOJb30BaAHUE MPU OCYLIECTBICHUU YCIVT,
a MOJIE3HOCTh IS XKEJIE3HbIX TOPOT MOXKET
BOCITPUHUMATBCS KAK SKOHOMUYECKUH pe3yJib-
TaT OCYLIECTBICHUS KaKOW-JIUOO U3 UTPOBBIX
cTpaTeruii mpupoaonoib3oBaHus. [1pu noBbI-
IIEHUW SKOHOMUYECKOTO pe3yJbTaTa lieHa Ha
YCIIYTU XKeJe3HOAOPOKHOIO TPAHCIIOPTa CHU-
XKAeTCs WJINW OCTaeTCsd HEeM3MEHHOU, mpu
YMEHBIIIEHUN — pacTeT. DTO O3HAYAET, YTO
MaTeMaTUYECKU caM Pe3yJbTaT OyleT BbIIIS-
JIETb KaK OTHOLLIEHUE eIMHULIBI K YPOBHIO 3aTpaT
Ha pUpOaOoIoab30BaHue. [ToMuMo 4yucTo
9KOHOMUYECKOTO IMOKa3aTesl 31eCh MPUCYTCT-
BYET HeKH1Ii KO3 (PUIIMEHT M, KOTOPbIi CBSI3aH
C DKOHOMUEN B TUIaTeXkax 3a UCIOJb30BaHUE
TPUPOIHBIX PECYPCOB CO CTOPOHBI TOCYAAPCTBA.
ITpu yaydieHU KayecTBa MPUPOIHON CPeIbl
roCyJapCcTBO CHUXKAeT pa3Mep BBIILIAT, YTO
MPUBOAUT K TOMOJHUTEIBHON BBITOJE TPAaHC-
rnopra.

TocynapcTtBo, Oyayuyud BTOPBIM UTPOKOM,
WHTEPECOM CBOMM 0003HAYaeT yBeJIUUYEHUE
cOopa riatexeit 3a Hea(hGHEKTUBHOE MTPUPOIO-
MOJIb30BAHUE U MOBBIIIEHUE KAYeCTBa TPUPOI-
Hoti cpeibl. OHO MOXET KOCBEHHO BO3MIEHCTBO-
BaTh Ha SKOJIOTUYECKYIO MOJTUTUKY KOMITAaHUIA,
onpeessisg pa3Mep IUiaTexei 3a pUPOIOIIOb-
30BaHue. [1071€3HOCTh B TEOPETUKO-UTPOBOMA
MOJIEJIH JJIS TOCYAapCTBA BhIPaKEHA KaK cymma
pa3Mepa riatexeil 3a MpUpPOIOIIOTb30BaHUE
U cUHepreTnyeckoro koadduimenTa k, moBbI-
IIAOILIETO MOJE3HOCTh 15 TOCYIapCcTBa B CJTy-
Yyae CHUXKEHUS KOJIMYECTBA BBITLIAT MPEANpU-
SATUSAMU (KaueCTBO TTPUPOIHON Cpeabl YBEJIU-
YUBAETCS) U MOHUXAIOILIEro ee B ciyyae
YXYALIEHUSI KauecTBa MPUPOIOIOIb30BaAHUS
(3arpsi3HeHue MPUPOIAHON Cpeibl).

Takum 06pa3om, TEOPETUKO-UTPOBAsT MO-
nenb B urpe «MHTepechl B cUCTeMe MPUPOI0-
MOJIb30BAaHUS Ha KEJIE3HOJOPOXKHOM TpaHC-
TOpTe» MPEIoJIaracT yUUThIBAT:

o KoJIMyecTBO UTPOKOB — JBA: XKEJIE3HOI0-
poxHbIi TpaHcnopT (XK/) u rocymapctso
(o).

o KoanyecTBO cTpaTeruii — mo Tpu s
KaXJI0rO UTPOKA: KOHCEPBATUBHBIN CLICHApUI
(KOHC), "HHOBAaIIMOHHBIN CIleHApPUN
(MHHC), xpusucHsrii cuieHapuii (KP3C).

o EAVHULIBI OJIE3HOCTU KaXKIOTO U3 UTPO-
KOB — YCJIOBHBII «IOTWIb». [Ipy 3TOM 10TWIN
JUTS IBYX UTPOKOB OYIyT pa3inyarhesi, TO €CTh,
HE UMEET CMbICJIa CPAaBHUBATH TOJIE3HOCTD IO
yrcaoBoMy nokasaresmo. Hanpumep, eciu mpu
peanm3alm Kakoi-JImbo cTpateruu S Uist Jito-
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00i1 Mapbel UTPOKOB MOJE3HOCTU 00OUX OYyIyT
paBHBI OTHOMY M TOMY K€ YMCITy, 3TO HE O3Ha-
YaeT, YTO Y HUX OMMHAKOBBIE ITOJIE3HOCTH.

OcHoOBHasl 33/1a4a TUTaHUPOBAHUSI TIOBBIIIIE-
HUSI 9KOJIOT0-9KOHOMUYECKOM 2(P(heKTUBHOCTU
Ha XeJIe3HOIOPOXKHOM TPaHCIIOPTe — BHIOOD
OITUMAJIBHBIX IEVCTBUI C TOUYKU 3pEHMS 3aTpaT
pecypcoB 1 KOHEYHOTO pe3yJisTarta. [TockombKy
XKEJIE3HOAOPOXKHBIA TPAHCIIOPT AEHCTBYET
B CBOMX MHTEpecax, a FoCyJapCTBO — B CBOMX,
JIOTMYHO TIPEIITOJIOKUTh, YTO, UCTIONB3YS TO-
JIOXKEHUST TEOPUU UTP, MOXKHO TIOCTPOUTH MO-
JIeJTb B3aMMOJIEICTBYSI UTPOKOB, HA OCHOBAHUM
KOTOpOI yIacTcsl C/ie/iaTh BBIBOJIBI O HarboJiee
WM HauMeHee d((MEKTUBHBIX BapUaHTaX s
TOTO MJIM MHOTO UTPOKa, a 3HAYMT, CITPOTHO3M -
pOBaTh UX JEUCTBUS, YTO TIOMOXET MaTeMaTu -
YeCcKU OTPEJCTUTh BHIUTPHIITHYIO IS HUX
CTpaTeruio TIpUPOAOIIoL30BaHMsl. MTak, pac-
CMOTpUM O0JTee TOAPOOHO MPOLIECC B3AUMOJIEH-
CTBWSI UTPOKOB.

Tpexie Bcero HE0OOXOMMMO YIUTHIBATh, YTO
WTPOKU AEWCTBYIOT HE3aBUCUMO JPYT OT JApyTa.
TocynapcTBo caMOCTOSITETLHO OMpenesisieT
TPUOPUTETHI TTOJIMTUKU TIPUPOIOTIONE30BAHMS,
JKEJIe3HOJOPOXXHBII TPAHCIIOPT CaM BbIOMpPAeT
JUTST ce0s1 9KOHOMUIECKYTO TIOJIMTUKY Ha CThIKE
¢ akosorveit. CiemoBaTelbHO, MOXXHO yTBEP-
KJIaTh, YTO:

e Sxxn = (KOHC, MHHC, KP3C);

e Sroc = (KOHC, MHHC, KP3C);

o Uxan = {1; 9}

e Uroc = {1; 9}.

Kak yxe ObL10 cKazaHO, IS XKeJIe3HOI0-
POKHOTO TPAHCIIOPTA BBIMTPHIIIEM SIBJISIETCS
CyMMa 9KOHOMMUM 3aTpaTr Ha MPUPOIOIIONIH30-
BaHMeE Y BBIMTPHIIIIA OT SKOHOMMHU Ha TUIaTekax
3a IIPUPOJIOTIONIb30BaHUEe. MaTeMaTniecKu 3To
cBoAUTCS K (hopMyJie:

Uxn=(4,5—C)+m, (1)
rne C — 3aTpaThl Ha IMTOBBIIIIEHUE 3KOJIOT0-3KO-
HoMMYeCKO 3¢h(HEeKTUBHOCTH; m — KO3 bu-
IIMeHT SKOHOMMM Ha IIIaTexkax 3a MpUpoJIo-
MOJIb30BAHUE.

Yucro 4,5 B3sT0 Kak MenuaHa mexay 0 1 9,
TO €CTh HEKOTOpasi TOUKa, B KOTOPOI CTapTOBast
MOJIE3HOCTh JUTST KeJIE3HOAOPOKHOTO TPaHC-
TOpTA OMPEIETISIETCS CepeNMHOM MTKaTbl. MHBI-
MM CJIOBaMU, U3HAYAJIBHO TOJIE3HOCTh HEU3-
MEHHA 1 paBHSIETCS CEPEIMHE MEXKTY MUHUIMY-
MOM M MakCMMyMoM. MeToauKa B pacuere
KoadduIIMeHTa m Takke TpeOyeT KOMMeHTa-
pue. llIkana ero naMepeHust 3aBUCUT OT TOTO,
KaKylo TIOJIMTUKY N30epeT Tocy1apCTBO, TO €CTh
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K02 DUILIMEHT OyJeT YMEHBIIIAThCS TTPU KPH-
3UCHOM CIigHapU¥ (IrOCyIapCTBO 3aHMMAETCS
«3aTbIKaHWEM JIIP» B OIO/DKETe, M3-3a Yero He
MOTHBUPYET MPUPOIOTIONIB30BATENEl BKIIAIbI-
BaTh JICHbI'M B MHHOBAIIMOHHOE Pa3BUTHE)
W YBEJIMUMBATHCS TP MHHOBAIIMOHHOM CIIEHA-
puu (TOCYIapCTBO IMPOBOIUT COOTBETCTBYIOIILYIO
(buckambHYI0 TIOJIUTHUKY, YBEJIMIUBAsT pa3Mep
iaTexeil 3a HeaGEKTUBHOE TTPUPOIOITOIIb-
30BaHUE U TEM CAMbIM ITOOYKIast TPEATTPUSTHS
BKJIQ[IbIBaTh JCHBIU B «3€JIEHOE Pa3BUTHE»).
Orcrona:

e 1Ipu Kpu3ucHoM cieHapuu: C — min,
m — min;

e IIpU KOHCEPBAaTUBHOM CIleHApUU:
C = Const, m — min;

© [TpY MTHHOBALIMOHHOM clieHapuu: C — max,
m — max.

[1pu KOHCEpPBAaTMBHOM CLIEHApU, HEU3MEH-
HOM ITOJIUTUKE MPUPOIOTIONB30BaHUS M —> min,
TTOCKOJTbKY, KaK TTOKa3bIBaeT MPAaKTUKa, B IOJI-
TOCPOYHOI TIEPCTIEKTURE TaXKe IPY OTCYTCTBUMN
M3MEHEHMsI SKCTEPHAIMII COCTaBJISTIONIAs TTO-
TEHITMATbHOTO BEIMTPBIIIA XKEJIE3HOTOPOXKHOTO
TpaHCTIOpPTa OT COKpAIeHMs TIaTexXei 3a
TIPUPOIOTIONB30BaHNE OYJIET CHIDKATHCS, OO
93(bGhEKTUBHOCTD UCMOJIB3YEMBIX B MpOLiecce
JIeSITeTIbBHOCTY TEXHOJIOTHI HEU30EKHO YITajIeT,
a OOHOBJIEHVE TEXHOJIOTUI He OyIeT ycIreBaTh
3a TpeOOBAHUSIMU K OE30MaCHOCTU MTPUPOIO-
rmosib3oBaHusI. TeM He MeHee Hallo OTMETHTb,
YTO B CJIy4ae COXpaHEHUsI KOHCEPBATUBHOTO
clieHapusl TToKas3aresib m XOTsI U OyIeT cTpe-
MUTBCS YIACTh IO MUHUMAJIbHBIX 3HAYSHUI,
9TO CTAHET MPOMCXOIUTD BCE K€ CYIIIECTBEHHO
MeJIeHHee, YeM TIpY KPU3MCHOM CIICHapUM.
AHaM3Upys IMOKa3aTeu, TPUXOIUM K BHIBOLLY,
yto Uxn = m — C, TO €CTb MOJIE3HOCTb OTKJIO-
HSIETCS B TIO3UTHUBHYIO CTOPOHY TIPY TTPEBHIIIIe-
HUU pa3Mepa COKOHOMJIEHHBIX TIIaTeXel 3a
TIPUPOIOTIONb30BaHUe HaJl (PMHAHCOBBIMU 3a-
TpaTaMy Ha MOJEPHU3AIMIO ITPOM3BOJICTBA,
B HETATUBHYIO — B 00PAaTHOI CUTYaIINH.

Terniepb O BBIMTPBILIE TOCYIAPCTBA B UTPE.
HamomHuM, 9T0 11s1 HEr0 TaKOBBIM SIBJISIETCS
cymMMa (pMHAHCOBOTO TIOKA3aTelIs YIyqIIeHUSsT
KauecTBa IMPUPOTHOI CPebl M pa3Mepa TuiaTe-
JKeii 3a TpUpoIoTTIoIb3oBaHue. MaTteMaTIecKn
9TO BBINISIAUT CJAEAYIOLIMM 00pa3oM:

Uroc = (4,5+ Q) + k, ?2)

rae Q — arpernpoBaHHBII ITOKAa3aTe b KauecTBa
MPUPOIHOM cpenbl; kK — KoaddUIMeHT riaT Ha
BOCCTAHOBJICHUE Pa3pYLICHHOW NMPUPOJHON
cpelbl. YCI0BHO MOXHO cKa3aTh, YTok=1/m.
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Ta6mmua 1
Martpuia TeopeTHKO-UrpoBOii MOJEIH
roc
KOHC KP3C MHHC
p; i KOHC 4,5/4,5+ 4,5—/4,5 4,5—/4,5
KP3C 4,5—/4,5— 4,5—/4,5— 4,5—/4,5—
MHHC 4,5—/4,5+ 4,5—/4,5— 4,5+/4,5+

ArperupoBaHHbBIN Moka3ateyab Q MMeeT
HeMaTepuaJIbHYI0 OCHOBY JUISI TOCYIapCTBa M HE
MOJIIEXKUT KOJIMYECTBEHHOMY M3MEPEHMUIO.
BOddexT rTaHHOTO MoKa3aTeisl BbIpaXkaeTcs Ta-
KAMU COCTaBJISIOIIMMHU, KaK yMEHbIIIEHUE
Bpea OKpyXalolleii cpefie, TOBBIIIeHUEe Kaue-
CTBa OKPYXaIOILEH Cpe/ibl, POCT JIOSTTBHOCTH
n30MpaTesieil Mo OTHOIIEHUIO K TOCYIapCTBY
BCJIE/ICTBUE YTyUIIIEHUST COCTOSTHUS TIPUPOTHBIX
pecypcoB u Tip. OcTaibHble TToKazaTenu Ghop-
MUPYIOTCSI aHAJIOTUYHO CUTYAIIUW C UTPOKOM
«Kene3HoaopOoKHbI TPaHCHOPT».

Tak BBITJISIAST Clienylolne 3aBUCUMOCTH
1 3aKOHOMEPHOCTH:

e TMIpY KPU3UCHOM clieHapuu: Q — min,
k — max;

e TIpY KOHCEPBAaTUBHOM clieHapuu: Q =
Const, k — max;

e IIpY MHHOBALIMOHHOM cileHapuu: Q —
max, kK — min.

Teriepb COBMECTUM JaHHBIE 1O KaKIOMY
CLIEHAPUIO [Tl KaXKI0TO U3 UTPOKOB:

o [MpY KpU3MCHOM clieHapuu: C — min, m —
min; Q — min, kK — max;

e TIpU KOHCEpBaTUBHOM clieHapuu: C =
Const, m — min; Q = Const, k — max;

e TIpY MHHOBALIMOHHOM clieHapuu: C —
max, m — max; Q — max, k — min.

Hcxons u3 orbiTa aHaM3a MPUMEHEHUST
TIPUPOIIOOXPAHHBIX PEIICHMIT Ha JKeJIEe3HOMO0-
poxkroM tpaHcniopTte E. JI. Ky3uHoii, BozbMeMcst
YTBEPXKIaTh, YTO B JOJITOCPOYHOM MEPCIIEKTHUBRE
TMOJIOXKUTEIbHBIN 2(PhEKT OT BHEAPEHNS TPUPO-
JlocOeperaollyX TeXHOJIOTUIA BbIIIe, YeM UHBE-
CTUILIMI B mpupoaooxpany [4], To ectb m > C,
Y 3HAYMT, MOXHO OIIPE/IENUTh, KaK U3MEHSITCS
ToKa3aTeiv MoJIE3HOCTH UTPOKOB B Pa3HbBIX
cueHapusx. I 9Toro coctaBUM MaTpUILy T€O-
PETUKO-UTPOBOI MOJIENU JIs1 KaXI0ro Urpoka
B npouecce urpbl (Tadauua 1). 3HaK «+» o3Ha-
YaeT MOBBIIIEHHUE TT0JIE3HOCTH UTPOKA B ITPOhH -
JIe CTpaTeruii, 3HaK «—» — CHIDKEHUE.

B npouecce obpazoBajioch Tpy paBHOBE-
cus o Haury, He Bce U3 KOTOPBIX SIBISIOTCS
ITapeTo-adpexkTuBHBIMU. OUeBUIHO, YTO
ITapeto->3¢hdeKTUBHBIM BapUaHTOM MOXKHO
cuutath auiilb crpareruto « MHHC-MHHC».

Takum obpa3zom, MaTeMaTUYECKU JOKa-
3aHO, YTO B CTPATErMyecKoi MmepcrneKTuBe
W TIpY 3aJaHHBIX HAYaJIbHbBIX YCJIOBUSX (UH-
HOBallMOHHAsl HAMPaBJIEHHOCTb FOCYIapCT-
BEHHOW MOJIMTUKN) HeU30eXHO BbITOIHA
COBMECTUMOCTb UHHOBAallUOHHOCTU U 3KO-
JIOTUYHOCTHU B IMPOrpaMMax pa3BUTHUS KeJe3-
HOJIOPOKHOTO TpaHCIopTa. DTo oOycIaBIu-
BaeT HEOOXOMAUMOCTbh CTPATErMYeCcKOro
MJIaHUPOBAHUS C YUYETOM POCTa DKOJIOTO-
9KOHOMUYECKOU 3(DDEKTUBHOCTU NESITEb-
HOCTU MPEANpPUSATUNA OTpaciu B CUCTEME
MPUPOAONOIb30BAHUS U BHEAPEHUS TPUPO-
JocOeperaroimx TEXHOJIOTU .
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MODELING OF THE SYSTEM OF NATURAL RESOURCES MANAGEMENT

IN RAILWAY INDUSTRY
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ABSTRACT

The article considers the strategy of creation of
ecological and economic system of nature
management at enterprises of the railway industry.
The process of managing such a system is revealed
with the help of game theory and the construction of
a game-theoretic model of development. The model

Keywords: ecological safety, strategic planning,
railway transport, game theory, development model.

Background. Russia’s obligations to observe the
established rules of the World Trade Organization
inevitably affected the national transport complex,
which, in comparison with the developed countries,
has low environmental indicators due to deterioration
of technical means, and the slow introduction of
«green» innovations. At the same time, increasing the
environmental friendliness and competitiveness of
transport is undeniably interrelated factors. Today and
in the long term, the competitive advantages of the
Russian transport system can be largely achieved
through introduction of innovative technologies, use
of renewable energy sources, and environmentally
friendly modes of transport that have a minimal
negative impact on the environment [1].

Preservation of natural wealth, compliance with
environmental standards, ensuring environmental
safety and adoption of competent environmental
management solutions are the main tasks, the solution
of which is assigned to managers of transport
enterprises in this area. But all this becomes a real
thing only on the basis of a unified strategy, consistent
implementation of planned economic results.

In the logic of existing ideas, the stable functioning
and development of Russia’s railway transport is
primarily connected with JSC Russian Railways.
Research confirms: it is the presence of a single
economic entity with a vertically integrated structure
that provides the country’s economy with the lowest
cost of transportation [3], which in itself requires a
systematic approach and availability of a well-
established system of strategic management.

At present, the system of balanced indicators of
D. P. Norton and R. S. Kaplan is considered as one of
the most well-known and developed systems of
strategic management [2]. However, the inability to
fully assess the effectiveness of management
decisions makes it vulnerable. It would probably be
possible to compensate for this shortcoming from the
point of view of economic tasks on the basis of
methods of morphological analysis, which were
studied in particular by P. V. Kurenkov, V. A. Makeev,
E. A. Mamaev, E. L. Kuzina [4, 5], but so far there are
no methods of complex use of methods of
morphological analysis and a system of balanced
indicators.

In this regard, the formation of a socio-ecological
and economic strategy for sustainable development
of the nature management system in rail transport
should include two components, namely, improving
its efficiency, increasing profit and profitability, while
ensuring environmentally sound sustainable
development of the territories.

proposed by the authors can serve as a basis for
constructing an innovative scenario in which the
possibility of combining, in a strategic perspective
and under given initial conditions, the economic
benefits and goals of state environmental policy,
corporate environmental programs, is mathematically
proven.

management, economy, nature management system,

Objective. The object of the authors is to consider
the issue of modeling of nature management system on
railways.

Methods. The authors use general scientific and
engineering methods, game theory methods,
comparative analysis, scientific description.

Results. To consider the strategy for development
of the nature management system in railway transport,
we will characterize it as a system for ensuring the
country’s environmental and economic safety with the
help of the industry’s enterprises, and at the same time,
taking into account two subsystems invariably
interconnected and interdependent — railway transport
and the environment.

The subsystem of railway transport includes the
economy of freight and commercial work, passenger,
suburban, transportation, track, car, water supply and
water disposal, electrification and power supply,
automation and telemechanics, etc. Each and all
together they have a direct impact on the components
of the subsystem of the environment: climate, air basin,
soil, geological environment, water objects.

In the context of development of the railway
transportinfrastructure, itis possible to single out socio-
economic objects financed with participation of the state
budget; construction of access roads to new natural
deposits on the basis of public-private partnership
agreements; increase in the capacity of railway lines at
the expense of JSC Russian Railways funds, as well as
creation of tracks for non-private use by private
investors. And the most important task today is to
determine the amount of financing and economic
incentives for infrastructure programs [3].

In the course of solving this task, the elements of
management of nature management processes can be
presented in the form of a chain: planning—investment—
technology—infrastructure—nature protection
measures—impact on nature—eco-economic efficiency.
Based on such a scheme, the planning parameters,
such as investments in new technologies, investments
in environmentally friendly infrastructure, the pace of
introduction of new environmentally friendly
technologies, the beneficial effect from introduction of
newtechnologies, the economic effect of environmental
investment activity [4] take on a weighty load.

Considering the ecological and economic efficiency
of rail transport, it must be remembered that the nature
management system, as already stressed, assumes a
rigid mutual dependence of two subsystems: railway
transport and the environment [5], so we will use the
theory of games, which in this case allows us to
recognize the existence of unifying strategies of the
world economy, economy and politics.
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Z{# ‘ Table 1
1 The matrix of the game-theoretic model

ST
CONS CRIS INNS
RAIL CONS 4,5/4,5+ 4,5—/4,5 4,5—/4,5
CRIS 4,5—/4,5— 4,5—/4,5— 4,5—/4,5—
INNS 4,5—/4,5+ 4,5—/4,5— 4,5+/4,5+

The game theory emphasizes the strategic
interaction between two or more players, each of them
has a set of available strategies and the winnings of any
one depends on the chosen strategies of all players.
Unlike the game against the «dead nature», where the
player maximizes his winnings in this fixed environment,
in game theory, each player seeks to maximize his
winnings, provided that all other participants also tend
to maximize their respective payouts. Therefore, with
n-players, we get n simultaneously maximally resolved
problems.

The most famous and most commonly used concept
of the solution in game theory, which we are also using,
is the Nash equilibrium. The bottom line is in a situation
where no player has the incentive to deviate unilaterally
from the chosen strategy. Thatis, he cannotimprove his
winnings by deviating from it. In addition, the situation
does not change if two players win simultaneously, while
the third receives a lower return. Each player seeks to
balance, rather than maximizing his own winnings
without taking into account winning of others. Often there
can be more than one equilibrium. In such cases, players
tend to have different preferences and try to concentrate
on one option [6].

Let’s determine the conditions of the game within
the framework of the socio-ecological and economic
strategy of the nature protection activity of the railway
enterprise. The quality of the environment is of enormous
interest to society, and itis ensured by the interaction of
economic entities (rail transport) and environmental
(natural environment). The third most important
component ofthe system is the state, which determines
the nature of nature management, influencing
enterprises through tax policy. The players in this three-
element model are railway transport and the state, the
game criterion is the impact on the environment.

Railway transport, using natural resources, produces
services that are sold on the market. Hence, from the
point of view of game theory, its interest in the system
of nature management is entitled to be designated as a
gain in environmental management costs in provision
of services, and utility for railways can be perceived as
an economic result of implementation of any of the
game’s nature use strategies. With an increase in the
economic result, the price for railway transport services
is reduced or remains unchanged, with a decrease — is
increasing. This means that mathematically the result
itself will look like a ratio of one to the level of the costs
of nature management. In addition to the purely
economic indicator, there is a certain coefficient m,
which is associated with savings in payments for the use
of natural resources by the state. When improving the
quality of the natural environment, the state reduces the
amount of payments, which leads to additional benefits
of transport.

The state, being the second player, denotes via its
interest an increase in collection of payments for
inefficient use of natural resources and improvement of
the quality of the natural environment. It can indirectly
affect the environmental policy of companies,
determining the amount of payments for nature
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management. The usefulness in the game-theoretic
model for the state is expressed as the sum of payments
for the use of natural resources and the synergistic
coefficient k thatincreases utility for the state in the event
ofa decrease inthe number of payments by enterprises
(the quality of the natural environment increases) and
decreasing it in the event of deterioration in the quality
of nature use (pollution of the natural environment).

Thus, the game-theoretic model in the game
«Interests in the system of nature management in rail
transport» assumes that:

« Number of players — two: railway transport (RAIL)
and state (ST).

« Number of strategies — three for each player:
conservative scenario (CONS), innovative scenario
(INNS), crisis scenario (CRIS).

- Units of utility of each player — a conditional «utile».
At the same time utiles for two players will differ, that is,
it makes no sense to compare the utility by the numerical
value. For example, if in the implementation of any
strategy S for any pair of players, the utility of both will
be equal to the same number, this does not mean that
they have the same utility.

The main task of planning of the improvement of
environmental and economic efficiency in railway
transport is the selection of optimal actions in terms of
resource costs and the final result. Since rail transport
operates in its own interests and the state operates in
its own interests, it is logical to assume that, using the
provisions of game theory, it is possible to build a model
of players’ interaction, on the basis of which it will be
possible to draw conclusions about the most or less
effective options for a particular player, predict their
actions, which will help mathematically determine the
winning strategy for nature management. So, let’s
consider in more detail the process of interaction
between players.

First of all, it is necessary to take into account that
the players act independently of each other. The state
independently determines the priorities of the nature
use policy, the railway transport chooses for itself an
economic policy at the interface with the environment.
Therefore, it can be argued that:

« Srail =(CONS, INNS, CRIS);

- Sst=(CONS, INNS, CRIS);

« Urail={1; 9};

- Ust={1;9}.

As it was already said, for railway transport the gain
is the sum of economy of expenses on nature
management and a gain from economy on payments
for nature management. Mathematically, this reduces
to the formula:

Urail=(4,5-C) + m, (1)
where C is cost of improving environmental and
economic efficiency; m is coefficient of saving on
payments for nature management.

The number 4.5 is taken as the median between
0 and 9, that is, a point where the starting utility for
rail transport is determined by the middle of the
scale. In other words, initially the utility is unchanged
and equals the middle between the minimum and the
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maximum. The methodology for calculating the
coefficient m also requires comments. The scale of
its measurement depends on what kind of policy the
state chooses, that is, the coefficient will decrease
in the crisis scenario (the state is engaged in
«shutting holes» in the budget, which is why it does
not motivate nature users to invest in innovative
development) and increase under the innovative
scenario (the state carries out a corresponding fiscal
policy, increasing the amount of payments for
inefficient use of natural resources and thereby
encouraging enterprises to invest in «green
development»). From here:

- in the crisis scenario: C — min, m — min;

- in the conservative scenario: C = Const, m — min;

« in the innovative scenario: C — max, m — max.

In the conservative scenario, the unchanged
nature management policy m — min, since, as
practice shows, in the long term, even if there is no
change in externalities, the component of the potential
winnings of rail transport from a reduction in payments
for the use of natural resources will decrease,
because the effectiveness of the technologies used
in the process will inevitably fall, technologies will not
keep pace with the requirements for environmental
management. Nevertheless, it should be noted that
ifthe conservative scenario is preserved, the indicator
m, although it tends to fall to the minimum values, it
will still happen much more slowly than in the crisis
scenario. Analyzing the indicators, we come to the
conclusion that Urail=m - C, that s, the utility deviates
in the positive direction when the amount of the saved
payments for the use of natural resources exceeds
the financial expenses for the modernization of
production, in the negative — in the reverse situation.

Now about winning of the state in the game. Recall
that for the state, this is the sum of the financial indicator
of improving the quality of the natural environment and
the amount of payments for nature management.
Mathematically, it looks like this:

Ust=(4,5+Q) +k, (2)
where Q is an aggregated indicator of the quality of the
natural environment; k is coefficient of payment for
restoration of the destroyed natural environment.
Conditionally, we can say thatk=1/m.

The aggregated indicator Q has an intangible basis
for the state and is not quantifiable. The effect of this
indicator is expressed by such components as harm
reduction to the environment, improving the quality of
the environment, increasing voter loyalty to the state
due to the improvement of the state of natural resources,
etc. Other indicators are formed in a similar way to the
situation with the player «Railway Transport».

So the following dependencies and patterns look:

- in the crisis scenario: Q — min, k — max;

« in the conservative scenario: Q = Const, k— max;

- in the innovative scenario: Q — max, k — min.

Let’s now combine data for each scenario for each
player:

« inthe crisis scenario: C— min, m— min; Q — min,
k — max;

- inthe conservative scenario: C = Const, m— min;
Q = Const, k — max;

« in the innovative scenario: C — max, m — max;
Q — max, k— min.

Based on the experience of analyzing the
application of environmental solutions in railway
transport by E. L. Kuzina, let’s say that in the long
term, the positive effect of implementing
environmental technologies is higher than
investments in environmental protection [4], that is,
m > C, and therefore it is possible to determine how
the players’ performance indicators in different
scenarios will change. To do this, we will compose a
matrix of the game-theoretic model for each player
in the game process (Table 1). The sign «+» means
an increase in the utility of the player in the profile of
strategies, the sign «—» — decrease.

In the process, three Nash equilibriums were
formed, not all of which are Pareto-efficient. Itis obvious
that only the strategy of INNS-INNS can be considered
a Pareto-effective option.

Conclusion. Thus, itis mathematically proven that
in the strategic perspective and under given initial
conditions (innovative orientation of state policy), the
compatibility of innovation and environmental
compatibility in the programs of railway transport
development is inevitably beneficial. This determines
the need for strategic planning, taking into account the
growth ofthe ecological and economic efficiency of the
enterprises of the industry in the system of nature
management and the introduction of environmentally
friendly technologies.
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PaccmatpuBaeTrcss Hay4HO-TeXHN4Yeckas
npo6sema HOPMUPOBAHUS YPOBHS
MOMEXOYCTOMYNBOCTU U XECTKOCTU
UCTbITAHWNI XeJ1e3HO[40POXKHON

aBTOoMaTuku n tenemexaHuku. lpobaema
ocTaercs aKTyasibHOM B CBSI3U C LUNPOKUM
BHeApeHNeM MUKPOIPOL|eCCOPHbIX

Y KOMMbIOTEPHbIX CUCTEM aBTOMAaTUKU,
obecne4ynBaloLmx 6e30MacHOCTb ABUMKEHUS
noe3pgos. MocTtaBneHa 3agavya Halk TV HOPMbI
MoOMexoyCcTOoi4YMBOCTU Ha OCHOBE y4éTa
BEpOSITHOCTHOIO XapaKTepa ypOBHS TOMeX
¥ YPOBHSI TOMEXOYCTONYNBOCTU 3JIEMEHTHOMN
6a3bl annapaTtypbl. MeTogom «Harpy3ka—
YCTONYUBOCTb» MOJIYy4EHbI yPABHEHUS

AJ1s1 onpeaesieHNsi HOPMUpPyemoro
3HaYyeHUsl MIOMeX03aLyNLLEeHHOCTH.
PaccuyutaHHbIe no npeasaraeMon MmeToguke
HOPMbI MO3BOJISIOT ONTUMN3NPOBATh
J)KECTKOCTb UCMbITaAHWI U COMYTCTBYIOLNE
MM KOHCTPYKTOPCKUE peLUeHUs.

KnoyeBble crioBa: xeneaHas gopora,

CUCTEMbI aBTOMATUKN U TEJIEMEXaHWKH,
2/1eKTPOMarHUTHasi CoBMECTUMOCTb,
HOPMUPOBaHNE, BEPOSITHOCTHbIV MOAXO/,
MeTOoAbl NCTbITaHUI, BEPOSITHOCTb CO0S,
6e30rMacHOCTb [IBUXEHUS] M0e3/0B.
|
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BESOINACHOCITE

BeposATHOCTHbIN MeToA
HopMupoBaHua AMC
XKeNne3HO[0pPO0XXHON aBTOMAaTUKU

bouxoe Koncmanmun Agpanacveeun — doxmop
MexXHU4ecKux HayK, npogheccop, NPopeKmop no
Hayunoil pabome beaopycckoeo eocyoapcmeennoeo
YyHugepcumema mpancnopma, lomens, Beaapyce.
Komuammuwuit JImumpuitc Buxmoposuu — xanoudam
mexHuecKux HayK, oouenm Kageopvt «Aemomamura
u menemexanuxa» benopycckoeo eocydapcmeennozo
YHugepcumema mpancnopma, lomens, beaapyce.

WUKPO3JIEKTPOHHBIE ¥ MUKPOTIPOLIEC-
COPHBIE CUCTEMBI XEeJIE3HOIOPOXK-
HOIl aBTOMAaTUKU U TeJeMEeXaHUKU
(CXKAT) BBITIONHSIIOT OTBETCTBEHHBIE (DYHK-
uu obecrieyeHus1 6e30MacHOCTU IBUXECHUS
moe3n0B. [1oaToMy K HUM MPEIbsIBISIOTCS
BBICOKME TPEOOBAHMUS TI0 DJIEKTPOMArHUTHOM
comectTumocTt (DMC), oTpakeHHbIE B HOP-
MaTUBHO-TEXHUYECKOI JOKYMEHTALINH.

B o101 TOKyMEHTaUUK MO CIOXMBILEHCS
npakTrKe HOpMbl Ha DMC BBIOUPAIOTCS TI0
TIPUHITUITY HAUXYIIIUX YCTIOBUIA, KJIACC XKECT-
KOCTHU UCTIBITAHUI OTIpe/ielisieTCsI HabopoM
Ka4eCTBEHHBIX MPU3HAKOB OKpYyXaroliei
3JIeKTPOMArHUTHOM 0b6cTaHOBKU (DMO),
a CTereHb KECTKOCTU UCTIBITAHUI B35ITa C 11e-
JIbIO BOCITPOM3BOICTBA MAKCUMAJIBHOTO YPOB-
Hs ToMeX. OCHOBHBIMU CTaHIaPTU3UPOBAH-
HBIMU BeTMunHaMu Jist onucaHust DMC BbI-
CTYMAIOT «yPOBEHB JIEKTPOMATHUTHOW COBME-
CTUMOCTW», TO €CTh MAaKCUMAJIbHBIN YPOBEHD
TOMeX, JISVCTBYIOIINX B YCIIOBUSIX 9KCITTyaTa-
1IMU, U «yPOBEHb HEBOCTIPUUMYUBOCT». JI71sT
TaKUX BEJIMYUH B HOPMATUBHO-TEXHUYECKOM
JOKYMEHTAIUU 33[al0Tcsl (PUKCUPOBAHHBIC
3HaueHwus. [ToaToMy maHHBIN MTOAXOM K yCTa-
HOBJIeHUI0 HOpM Ha DMC 1o IPUHIINITY TT0-
CTPOEHUS SIBJISIETCS A TEPMUHUCTCKUM.

.196-202 (2017)




C npyroit CTOpOHBI, B COBPEMEHHOI T€O-
puu CXKAT [1-3] ypoBeHb 6€30MMacCHOCTU
U 2JIEKTPOMarHUTHON COBMECTUMOCTH BbIpa-
JKaeTcsl BEPOSTHOCTHIO COOSI armapaTyphbl BO
BpeMsI €€ 9KCILTyaTallum.

CrenoBarebHO, 3aja4a HOPMUPOBAHUS
OMC Takux cucTeM J0/KHA peliaTbes C Mo-
3ULIMI 0becrieueHUs TpeOyeMOi BEpOSITHOCTU
c6o0s1 anmaparypbl B OMO u ¢ y4ETOM BeposIT-
HOCTHBIX CBOWCTB BO3/IEMCTBYIOIINX TTOMEX
¥ YpOBHeli momexoycroitunBocTu. [Ipu aToM
HEeo0XOoIMMO o0palllaTh BHUMaHUE U Ha 0CO-
OEHHOCTHU TTIOCTPOCHUSI MUKPOSJIEKTPOHHBIX
u mukponpoueccopHbix C2KAT. g obecrie-
YeHUsI TpeOyeMOoro ypoBHST 0€301TaCHOCTY OH1
CTPOSITCS TTO IIPUHITUITY «IBa 13 IBYX» WIN «IBa
U3 TPEX» U BKIIIOYAIOT B ce0s1, TOMUMO COOCT-
BEHHO BBIYMCITUTEIBHBIX KAHAJIOB, OJIOKH CXeM
CpaBHEHUS 1 OJIOKM cxeM oTKtodeHust. [1ep-
BBIC BBITTOJHSIOT (PyHKIIMIO OOHAPYKEeHMS
c0oeB, BTOpble — (DYHKILIMIO OJIOKUPOBKYU BbI-
YUCIUTETBHOTO KaHasla B 3allIMTHOM COCTOSI-
HUU Tipu odHapyxeHuu coos. CornacHo [2],
BEPOSTHOCTD COO4 anmnaparypbi P, ,OTIPEICIs-
€TCSl BEPOSITHOCTBIO COOST BEIUMCIUTEIEHOTO
KaHama mech, BEPOSITHOCTBIO OOHAPYXEHUS
3TOro c604 P, 1 BEPOATHOCTBIO NEPEBOIa Ka-
Hajla B 3alllUTHOE COCTOsAHuE P, - Pm,f=
mech(l_Pa't Pdsch)'

Tak kak OJJOKM CXeM CpaBHEHMSI U OJIOKU
CXeM OTKJIIOUECHUST OKA3bIBAIOT CYIIIECTBEHHOE
BIIMSTHUE Ha 0€301TaCHOCTb CUCTEMBI U paboTa-
OT T10 TTPUHIIMITY CAMOIIPOBEPKU, TO IOTUIHO
CUMTATh 33IaHHBIMU BEJIMIMHBI BEPOSITHOCTEN
P uP,  nHapanycP o TTpuyem BeposATHOCTH
P, n P,  IOIKHBI OBITh BECbMA BBICOKUMMU
U SBISIIOTCS BEPOSTHOCTIMU 0€30TKa3HOU
pabOTHI COOTBETCTBYIOIINX OJIOKOB B TAaHHOM
OMO. Toraa wid HOPMUPOBAHUS UCTIOJIb3Y-
FOTCST BEJTMIMHBI BEPOSITHOCTE M OTKA30B CBOE-
ro BBIYMCIUTENbHOrO KaHana: Q,=1—-P ,
stch=1_Pdsch’ mech = Pmlf/ (1_Pdt Pdsch)'

TTockombKy 271eKTpOMarHuTHasi 00CTaHOB-
ka B Mecte akcrutyatanuu C2XKAT ObiBaet 3a-
YacTylo 3aIaHHOM, TO 3a71a4ya HOPMUPOBAHUS
OMC MoxXeT ObITh TTOCTaBJIEHA B ClIeAyIOIIei
(opme: 110 3a1aHHOIT BEpOSITHOCTH COOST OTIpE-
JIeJTUTh HOPMUPOBAHHOE 3HAUYEHUE YPOBHS
TMMOMEX03alIUIIeHHOCTH 0J0Ka ammapaTyphbl
CUCTEeMBI TIPU U3BECTHBIX MapaMeTpax 3aKoHa
pacripeieieHUusT TJIOTHOCTU BEPOSITHOCTHU
YPOBHSI TTIOMEX U 3aJJaHHBIX OTPaHNYEHMSIX Ha
CTaHIAPTHBIE OTKJIOHEHWST TTIOMEXO03alUIIeH-
HOCTH.
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PetieHue 3701 331241 JaeT OTBET Ha BOII-
pOC, KaKOBBI JIOJZKHBI OBITh XapaKTePUCTUKU
YPOBHEl TOMEXO03aIIUIIIEHHOCTH aIllapaTyphbl,
YTOOBI OHA paboTaja ¢ 3aJaHHON BEPOSITHO-
cThio c60s1 B OMO Ha MecTe ee 9KCIUTyaTalluu.

s monydeHusT peleHrus: Heo0XouMo
MMEeTh MaTeMaTUYeCKOe BbIpaXXEHUE, CBSI3bI-
Balolllee CTATUCTUYECKUE TTapaMeTphl 3aKOHa
pacrpeie/IeHUsI TTIOTHOCTH BEPOSITHOCTH T10-
MeX, (PUKCMPOBAaHHOE 3HAYCHUE CPEeTHEKBA -
pPaTMUYECKOTO OTKJIOHEHHUSI TIOMEX03alUIIEH-
HOCTH, HEM3BECTHOE MaTeMaTUUECKOE OXKM/Ia-
HME YPOBHSI TOMEXO03AIIUIIEHHOCTH,, KOTOPOE
U SIBJISIETCSI HOPMUPOBAHHBIM, a TAaKXe BEPO-
SITHOCTB cO051. Takoe BbIpaxkeHUE, aHAJIOTUYHO
[4], HazbIBaeTcs (PyHKIIMEH CBSI3U M UMEET BUJT
mec » =Sy Gp 1y, ©,). B 5TOM COOTHOLIEHNM
U, — MaTeMaTUYECKOE OXMIaHUE MTOMEXO-
YCTOMYMBOCTHU 2JIEKTPOHHOM armaparyphl,
G, — CPEIHEKBAIPATHIECKOE OTKIOHEHHUE €€
MIOMEXOYCTOMYMBOCTH, |1, — MATEMATUYECKOE
oxuaaHue ypoBHs moMex B OMO Ha mecTe
9KCIUIyaTalUWH, G, — CPEIHEKBAAPATUIECKOE
OTKJIOHEHME YPOBHSI TTOMEX.

DyHKIIMN CBSI3U TIOJIyYeHBI U3BECTHBIM
METOIIOM «Harpy3Ka—ycToi4uBocTh» [S]. B [3]
TPUBE/ICHBI Pe3yJIbTaThl IPUMEHEHUST METO/IA
JIIST HOPMAJIbHOTO pactpe/eieHus TTOMeXO0-
YCTOMYMBOCTH, YTO COOTBETCTBYET BBHIBOJIAM
LIEHTPaJILHOM TIPeAeIbHOM TeopeMbl M Hanbo-
Jiee pacipoCTpaHEHHbBIX 3aKOHOB pacrpeaese-
HUS ToMex [6].

[Ipu pacnipeneseHUN TTOMeX 110 HOpMaJlb-
HOMY 3aKOHY (DyHKIIMSI CBSI3U MMEET BUT

1 Mg —H
L = (1)
I Y )

rae @ — uHTerpa BeposITHOCTEN.
[Mpu pacnpeneneHuu MomMex Mo 3aKOHY

Poanes
_ /‘12e \ On
Pmlf_exp 2((7]2(+O'}2\,)J\/O-12e+o-]2v
1 HrON
| RO
2"\ onfoiran *

HpI/I SKCITOHCHIIMAJIbHOM pacCrp€aCICHUN
MOMeEX C IoKazaTesieM A

P, = exp(—%(ZuRl -Ao; )).

3

Op
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IIpu 10rOHOPMaJILHOM pacIipefeieHUun
rmomex

1 M —Inpu
P, =--0 A=K 4)
2 | folval,

Ha npakTtrike BO3MOXKHbBIE 3HAYEHUST YPOB-
HSI TIOMEX U YPOBHSI ITOMEXO3aLIUILIEHHOCTU
OrpaHuYeHbI CBepXy U cHu3y. [loaToMy mpes-
CTaBJISIET MHTEPEC CJIyYaii, KOraa YPOBHU I10-
MeX ¥ [TOMEXO3aILULIEHHOCTH pacipeaeieHbl
0 yce4EHHOMY HOpMAaJTbHOMY 3aKOHY C Tapa-
MeTpamu a, b, ¢, d. 1nst aToro ciydast QyHKITS
CBSI31 UMEET BUI

® b_c_(ﬂR_ﬂN)

ort+oy
—® _(;UR_:uN)
2 2
P _1_ O-R+O-N
mif —
o b_c_(ﬂx_ﬂN)
2 2
Ort+0Oy

®)
_P a_d_(,”R _:uN)

2 2
OptOy

[Ipu 5TOM HEM3BECTHOE MaTeMaTHUECKOe
OXMWJIaHUE YPOBHS TIOMEX BXOJIUT B apTyMEHT
(byHKIIMM MHTETpasia BEpOSTHOCTH, TO €CTh
HaxONIUTCS B TIpejieslaX MHTETPUPOBAHMS He-
orpenesieHHOTo uHTerpana. [Toaromy mist
YIPOIIEHUS PACIETHBIX COOTHOIIEHUI B (PYHK-
LM CBSI3U BBITIOJTHSIETCS 3aMeHa TIepeMEeHHOMA.

Tl (1) HoBast iepeMeHHas = % )
oR+Oy
_ Hg
B (2) HoBas mepemeHHast 7 = R
OR+Oy

B (3) HOBasI IIepeMeHHast 2= (i — A0} .

—In
B (4) COOTBETCTBEHHO Z = % .
Or+ 04y
U (5) =22 E
oy+or,

Torna nyist OThICKAHMST HEM3BECTHOM Tiepe-
MEHHOU Z HY>KHO PeILINTh TPAHCLIEHICHTHBIE
ypaBHEHUSI.

[pu pacnipeneneHnn MoMex 1Mo HOpMab-

HOMY 3aKOHY
1
QD(Z)zi_l)mlf' (6)

I1pu pacnpeneseHun MoMex Mo 3aKOHY
Ponesa
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2
1
P,= exp[—z—ja—”’ —+ CD(O-NZ] . (D
2 25212 o
Op+0Oy R
IIpu pacnpeneeHUM IOMeX 0 3KCIIOHEH-
LIMAJIbHOMY 3aKOHY

P, = exp(—%ﬂ(k—ﬂo—; )}

Jliof 2] (8)
2 ot

ITpu pacripenesieHUN TTOMEX IO JIOTOHOP-
MaJIbHOMY 3aKOHY YpaBHEHMUE JIJ1s1 Z aHATIOTUY~
Ho (6).

ITpu pacripeesieHr ypoBHE ITOMeX 1 10~
MEXOYCTOMUMBOCTH [0 HOPMaJTbHOMY YCEUEH-
HOMY 3aKOHY YpaBHEHME JJ15I Z

1 Hg— H
P, =——> e S | )
"2 | Joiva?

JJ1s1 pellieHUs ypaBHEHMI Liesiecoo0pas-
HO NMPUMEHUTh METOJ IOCJIeI0BaTEIbHBIX
npubauxeHuii. PaznoxeHue mHTerpaia
BEPOSITHOCTH B Psii HEKOPPEKTHO, ITOCKOJIb-
Ky apryMeHT MHTerpaja BeposTHOCTH B 3a-
nagax DMC umeet nopsaok 10? [3]. ITpu-
MEHEHHUE aCUMIITOTUYECKUX MPUOIMKEHUIA
MIPUBOIUT K ajredbpandyeckKuM ypaBHEHUSIM
BBICOKOTO ITOPsIIKA [IJISI HEM3BECTHOM BEJIM -
YuHBEI [7]. PemiuTh Takue ypaBHEHUS MOXHO
TOJIBKO YMCJICHHBIMU MeTonaMu. TakKum
00pa3oM, IIPOUCXOIUT HEKOHTPOJIMPYEMOE
HaKOIUJIEHUE MOTPEIIHOCTH, MOJIYYeHHOE
pellleHre OKa3bIBA€TCSI HEIIPUIOAHBIM JIJIS
CXAT. IToaTomy sl pellieHUsI TPUBEAEH -
HBIX TPAHCIEHIEHTHBIX YPaBHEHU I UCITOJIb-
3yeTCsl METO/ MOC/IeI0OBATEIbHBIX ITPUOJIM -
JK€HUI, KOTOPBII peaJn30BaH B IIpOrpaMMe
EMCPar, pazpaboTaHHoOli B JabopaTopuu
«beszonmacHocts 1 OMC» HUMXKT npu
BenopycckoM rocynapcTBeHHOM YHUBEPCH -
TeTe TPaHCIIopTa.

BbiBeicHHBIE B CTaThe COOTHOIIEHUSI 103~
BOJISIIOT 10 3aIaHHBIM BEPOSITHOCTH COOSI CUC-
TEMbI M BEPOSITHOCTSIM 0€30TKa3HOI PabOThI
CXeM KOHTPOJISI B COCTAaBE 3TOM CUCTEMbI BbI-
YUCIUTh TPpeOyeMble YPOBHU OMEXO03allly-
IIEHHOCTH 3JIEKTPOHHOI anmaparypsbl. [Tocie
Yero BO3MOXEH BbIOOD 3JI€MEHTHOI 0a3bl
CXEMHBIX ¥ KOHCTPYKTHBHbBIX PELIeHUI, 00ec-
MeYMBaIOLIMX HYXHBII ypoBeHb. [Ipu aTOM
OyayT ¢bUrypupoBaTh IokKa3aTeJu YPOBHS
0€30IMaCHOCTH KaK OTIEJIbHBIX CXeM 1 0JIOKOB
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B coctaBe armapatypbl CXKAT, Tak u Bceit
CHUCTEMBI, C Y4ETOM BJIMSIHUSI O€30I1aCHOCTHU
OTIEJIbHBIX CXeM U OJIOKOB Ha YpOBEHb 0e3-
OIACHOCTU CHCTEMBI B LIEJIOM.

Ilony4yeHHbIe IO IIpeaIaraeMoii METOIUKE
HOPMbI Ha BEJIMYMHY ITOMEXO03allUIIEHHOCTH
armmapatypbl C2KAT siBisiIoTCSI COryTacOBaHHbBI-
MM, a KOHTPOJIb COOTBETCTBUSI UM ITIOMOTaeT
MOICPXKMBATh 3aJaHHbII YPOBEHb HAIESKHOCTH
(DYHKLIMOHUPOBAHUS MUKPOIJIEKTPOHHBIX
1 MuKporpoueccopHbeix C2KAT B DMO. Ipu-
MEHEHUE BEPOSITHOCTHOIO METO/1a HOPMUPOBA-
HMSI [TO3BOJISIET ONITUMU3UPOBATh KOHCTPYKTOP-
CKM€ MEPOIPUSITUS M KECTKOCTb UCIIbITAHUIA,
HarpaBJeHHbBIX Ha obecrnieueHne OMC u 6e3-
oracHocTu (pyHkunoHupoBanuss C2KAT. Dro
JIaeT ONTUMM3ALIMIO 3aTPaT Ha TaKoe obecreye-
HUEe 1 9KOHOMUYeCKMi 3(P(HEKT OT BHEIPECHUS
COBPEMEHHBIX CUCTEM aBTOMATHKU U TeJIeMe-
XaHUKU Ha XeJie3HbIX noporax Poccum u CHI

Wimoctpanyeil 3Toro BeIBOJA SIBIISICTCS
crenyrorumii mpumep. Iycrs P e 105, p, =
1000 B, 5, = 100 B, 5, = 10 B. YpoBHu nome-
XO3aLIMIIEHHOCTH ¥ TIOMEX PaCIIpeIe/IeHbI 110
HopMaJbHOMY 3aKOHY. Torma @ (2) =0,5—10-¢=
0,499999. Io Tabnuiie byukuuu Jarnaca Z =
4,76. C yyeToM 3aMeHbI IEpEMEHHOM 3HaYEH1E
u, = 1478,37 B.

Ilo cyliecTByIOIIMM HOpPMATHUBaM B JIaH-
HOM cJiyyae Obuta Obl Ha3HauU€Ha KECTKOCTh
ucnbitadnusg 1000 B v 2000 B. ITepBoe 3Ha-
YeHUE SIBJISIETCS 3aHMXKEHHBIM U IIPUBEAET
K HEYJIOBJIETBOPUTEIbHBIM Pe3yJIbTaTaM UCIIbI-
TaHW WK 9KCIUTyaTalluy yCTPOMCTBA aBTOMA-
TUKU U TeJeMexXaHuKu. Bropoe 3HaueHue cy-
LLIECTBEHHO 3aBblllieHO. M3 mpumepa crienyer,

YTO 3aBblllIEHUE TPEOOBAHUIA IO TTapaMeTpam
OMC BeneT K HeoIpaBIaHHOMY POCTY CTOM-
MOCTH aIllapaTyphbl 3a CUET AOIOJIHUTEIbHBIX
KOHCTPYKTUBHBIX Mep JIJIs1 00eCIeUeHUs 110~
MEXO03aIIMIIEHHOCTU. 3aHMKEHUE XKe ITUX
TpeGOBaHUIA HEIOIMYCTHMO 110 COOOPAKEHUSIM
YCJIOBUIT 0€30ITaCHOCTH.

JIOCTOMHCTBOM IIpeiaraeMoro BEpOsIT-
HOCTHOTO IOIX0/a SIBJISIETCS U TO, YTO B HEM
HCIIOJIb3YIOTCSI YMCJIOBbIE XapaKTePUCTUKU
nomex B OMO Ha MecTe 9KCIITyaTaliuiy CUCTe-
MBI, ITOJIydeHHbIE ITyTeM cOOpa CTaTUCTUYE-
CKOW MH(pOpMaLIMY U TIOC/IeayIoNIei e€ oopa-
060TKU. B 3TOM Citydae BeIpaboTaHHBIE HOPMBbI
IIOMEXOYCTOMUMBOCTA MAKCHUMAaIbHO COOTBET-
CTBYIOT YCJIOBMSIM 9KCILIyaTallH.
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/ {? / PROBABILISTIC METHOD FOR RATIONING OF EMC OF RAILWAY AUTOMATICS

Bochkov, Konstantin A., Belarusian State Transport University, Gomel, Belarus.
Komnatny, Dmitry V., Belarusian State Transport University, Gomel, Belarus.

ABSTRACT

The scientific and technical problem of rationing
of noise immunity level and rigidity of tests of railway
automation and telemechanics is considered. The
problem remains topical in connection with the
widespread introduction of microprocessor and
computer automation systems that ensure train traffic
safety. The task s to find the norms of noise immunity

on the basis of taking into account the probabilistic
nature of the level of interference and the level of
noise immunity of the hardware element base. The
«load-stability» method was used to obtain equations
for determining the normalized value of noise
immunity. The norms calculated by the proposed
method allow optimizing rigidity of tests and
associated design solutions.

Keywords: railway, automation and telemechanics systems, electromagnetic compatibility, rationing,
probabilistic approach, test methods, probability of failure, train traffic safety.

Background. Microelectronic and micro-
processor systems of railway automation and
telemechanics (RATS) perform the responsible
functions of ensuring the safety of train traffic.
Therefore, they have to meet high requirements for
electromagnetic compatibility (EMC), reflected in the
regulatory and technical documentation.

In this documentation, EMC standards are chosen
based on the worst-case conditions, the test stiffness
class is determined by a set of qualitative characte-
ristics of the surrounding electromagnetic environment
(EME), and rigidity of tests is taken to reproduce the
maximum level of interference. The main standardized
values for the description of EMC are «the level of
electromagnetic compatibility», that is, the maximum
level of interference in operating conditions and the
«immunity level». For such quantities, the normative
and technical documentation sets fixed values.
Therefore, this approach to establishment of norms
on EMC based on the construction principle is
deterministic.

Objective. The objective of the authors is to
consider probabilistic method for rationing of EMC of
railway automation.

Methods. The authors use general scientific and
engineering methods, probabilistic methods,
comparative analysis.

Results. On the other hand, in the modern theory
of RATS [1-3], the level of safety and electromagnetic
compatibility is expressed by the probability of failure
of equipment during its operation.

Consequently, the problem of rationing EMC of
such systems should be solved from the standpoint
of ensuring the required probability of equipment
failure in EME and taking into account the probabilistic
properties of the interference and noise immunity
levels. At the same time, it is necessary to pay
attention to the peculiarities of construction of
microelectronic and microprocessor RATS. To ensure
the required level of security, they are built on the
principle of «two of two» or «two of three» and include,
in addition to the actual computational channels,
blocks of comparison schemes and blocks of
shutdown schemes. The first perform the function of
detecting failures, the second - the function of
blocking the computational channel in the protective
state when a failure is detected. According to [2], the
probability of a hardware failure P, is determined by
the probability of failure of the computational channel
P .. the probability of detection of this failure P, and
the probability of the channel transfer to the protective
state P, P =Pl 1-Py Pygcr)-

Since the blocks of the comparison circuits and the
blocks of the shutdown circuits have a significant effect
on the security of the system and work on the principle
of self-checking, itis logical to assume the probabilities
P, and P, along with P_ . And the probabilities P,
and P, should be very high and are the probabilities
of failure-free operation of the corresponding blocks
in this EME. Then, for rationing, the failure probability
of its computational channel is used: Q =1-P,
Quen=1-P, Proenr = P/ (1=Py P,

dsch™ dsch’ it dsch) :
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Since the electromagnetic situation at the place
of operation of RATS is often specified, the problem
of EMC rationing can be put in the following form: for
a given failure probability, to determine the normalized
value of the noise immunity level of the system
equipment block with known parameters of the law of
distribution of the probability density of the interference
level and the specified limits on standard deviations
of noise immunity.

The solution of this problem gives an answer to
the question, what should be the characteristics of
the noise immunity levels of the equipment, so that it
works with a given probability of failure in EME at the
site of its operation.

To obtain a solution it is necessary to have a
mathematical expression connecting the statistical
parameters of the law of distribution of the probability
density of interference, the fixed value of the standard
deviation of noise immunity, the unknown mathematical
expectation of the level of noise immunity, which is
normalized, and the probability of failure. Such an
expression, like [4], is called the coupling function
and has the form P, = f(i1,, o, U,, c,). In this ratio
U, is the mathematical expectation of noise immunity
of electronic equipment, o is the standard deviation
of its noise immunity, u, is the mathematical
expectation of the interference level in the EME at the
site of operation, c,, is the standard deviation of the
interference level.

The coupling functions are obtained by the known
«load-stability» method [5]. In [3] the results of
applying the method for the normal distribution of
noise immunity are presented, which corresponds to
the conclusions of the central limit theorem and the
most widespread laws of interference distribution [6].

When the interference is distributed according to
the normal law, the coupling function has the form

1 Hp—H
P, =——@ L2V |
"2 [,/U;M;J o
where @ is probability integral.

In the distribution of interference according to the
Rayleigh law

_ @ ) o
sz/—exp[ 2(612(:61%,)}\/5;:0;

1 7%
| —FOy || 2
{2 [GR,/U;M; H (&)
With an exponential distribution of interference
with the exponent A

P, = exp(—%(%ukxl -Ao )}

_ 2
.|:1+(D(M]:|' (3)
2 o
With the lognormal distribution of interference
1 Hp—Inu
By =—-®| A= | (4)
’2 [«/a;mf”,,]

In practice, the possible values of the interference
level and the level of interference immunity are limited
from above and from below. Therefore, the case
where the interference and noise immunity levels are
distributed according to the truncated normal law with
parameters a, b, ¢, d is of interest. For this case, the
coupling function has the form

b—c—(pg—py —\Hr—Hy
@ 2( 2 ) -0 (2 2 )
Po—1- oRt+oy opt+oy (5)
mif = .
1)) b_c_(ﬂk_/—l[v) _Q a_d_(‘uk_‘uN)
2 2 2 2
O'R+O'N O'R+O'N

In this case, the unknown mathematical
expectation of the noise level enters into the argument
ofthe probability integral function, thatis, is within the
limits of integration of the indefinite integral. Therefore,
to simplify the calculation relationships in the coupling
function, the variable is replaced.

. _ Mg My
For (1), the new variable z m .

. Hr
In(2), then ariable 7=————.
(2) ew varia ol tol

In(3), the new variable z= iz —Acy.

—in
In (4) respectively z :% .
Or+ 0y
. Hr— Hy
Andin(5) z=———".
(0= oia

Then to find the unknown variable z it is necessary
to solve transcendental equations.

When distributing interference according to the
normal law

1

D(2)=5-Puy . (6)

In the distribution of interference according to the
Rayleigh law

2
z o 1 [e%4
P, =exp[——)7"’ 7+(D[ N J . (7)
/ 2 \Jor+oy 2 Ok
When distributing noise according to an
exponential law

P, = exp[—%ﬂ(k - Ao, ))

B0

In the distribution of noise by the lognormal law,
the equation for z is analogous to (6).

In the distribution of noise levels and noise
immunity, according to the normal truncated law, the
equation for z

of 2rss)-og
1-P, = RTON

m’f [ e ] ( a—d j &)
O 5 52" 5 5%
GR + O'N O'R + O'N

To solve the equations, it is expedient to apply
the method of successive approximations. The
expansion of the probability integral in a series is
incorrect, since the argument of the probability
integral in EMC tasks is of the order of 102 [3]. The
application of asymptotic approximations leads to
higher-order algebraic equations for an unknown
quantity [7]. Such equations can be solved only by
numerical methods. Thus, an uncontrolled
accumulation of error occurs, the solution
obtained is rendered unsuitable for RATS.
Therefore, the method of successive
approximations is used to solve the above
transcendental equations, which was implemented
in the EMCPar program developed in the laboratory

(8)
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«Safety and EMC» of NIIZHT at Belarusian State
University of Transport.

The relations deducted in the article allow us to
calculate the required levels of noise immunity of the
electronic apparatus of RAT according to the given
probability of a system failure and the probabilities
of failure-free operation of control circuits in the
composition of this system. After that, it is possible
to select the element base of the circuit and design
solutions that provide the required level. At the same
time, the indicators of the level of security of both
individual circuits and units within the RATS
equipment and the entire system will be included,
taking into account the security effect of individual
circuits and blocks on the security level of the system
as a whole.

Conclusion. Received by the proposed
methodology, the norms for the interference immunity
ofthe RATS equipment are consistent, and compliance
control helps to maintain a specified level of reliability
of the microelectronic and microprocessor-based
RATS in EME. The application of the probabilistic
method of rationing makes it possible to optimize the
design activities and rigidity of tests aimed at ensuring
EMC and the safety of the operation of RATS. This
gives an optimization of the costs of such provision
and the economic effect of the introduction of modern
automation and telemechanics systems on the
railways of Russia and the CIS.

An illustration of this conclusion is the following
example. Let P, = 10°, u, = 1000V, c,, = 100V,
c,= 10V. The levels of noise immunity and interference
are distributed according to the normal law. Then
D(Z) = 0,5-10° = 0,499999. According to the table
of the Laplace function, Z=4,76. Taking into account
the change of variable, the value of u,= 1478,37 V.

According to the existing regulations, the test rigidity
of 1000 V or 2000 V would be assigned in this case. The
firstvalue is underestimated and will lead to unsatisfactory
results of testing or operation of the automation and
telemechanics device. The second value is significantly
overestimated. It follows from the example that
overstating the requirements for EMC parameters leads
to an unjustified increase in the cost of the equipment

due to additional constructive measures to ensure noise
immunity. Underestimation of these requirements is
unacceptable for reasons of security.

The advantage of the proposed probabilistic
approach is that it uses the numerical characteristics
of interference in EME at the site of operation of the
system, obtained by collecting statistical information
and its subsequent processing. In this case, the
developed norms of noise immunity as much as
possible correspond to the operating conditions.
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UuTepHauymoHanusauns BbicLUEro
obpa3oBaHus npeacTaBaseT coboii
OAHY U3 Ba)XKHEeMNLLUNX TeH[eHUNi
06LEeCcTBEeHHOro pa3BUTHS.

B cTaTtbe xapakTepu3ylTCs PbIHOK
obOpa3oBaTesibHbIX YCI1yr B yCJIOBUSIX
ero BbICOKOV MOOGW/IbHOCTU U OCHOBHbIE
¢OopMbI, B KOTOPBIX peasnn3yercs
npoyecc. Ocoboe BHUMaHne
obpaLyaeTcss Ha COTPYAHNYECTBO
YHUBEPCUTETOB, OOMEH OrNbITOM,
noBbILLIeHNEe KayecTBa 3HaHW,

4TO UMEEeT peLuarLujee 3Ha4eHne

AJ11 KOHKYPEHTOCNOCOOGHOCTN Hauuu

v rocygapctea. PaccmarpuBaiorcs
BO3MOXHOCTU TPAHCNOPTHOIroO
ob6pa3oBaHus, ero cneynguka

v y3s10Bble npobsieMsl Ha poHe
rno6asibHbIX BbI30BOB COBPEMEHHOCTH.

KntoyeBbie c/ioBa: Bbiciiee 06pa3oBaHue,
KauyeCcTBO, MHTEPHALIMOHAIN3ALINS,
YHUBEPCUTET, TPAHCMOPT, MOOM/ILHOCTb,
COTPYAHNYECTBO.
|

Pa3Butue Ha OCHOBEe
MEeXXYHUBEPCUTETCKOro
coTpyAHU4YecTBa

Ilemp Koaes — dokmop mexnuveckux Hayk,
nouemmblii 00KMop HayK, npogeccop, npopeKmop

N0 HAYKe U MeNCOYHAPOOHbIM C853AM YHusepcumema
mpancnopma (Boicuieco mpancnopmno2o yuuauua)
um. Todopa Kabnewrosa, Cogus, boreapus.

Jlanueaa Todoposa — kandudam 5K0HOMUHECKUX HAYK,
npogeccop, pekmop Yrueepcumema mpancnopma
(Buvicueeo mpancnopmmnoeo yuuauwa um. Tooopa
Kabnewkosa), Cogus, boreapus.

porpecc 00pa3oBaHUs U HAyK1 — OCHOB-

HOW 3JIEMEHT YCTOMYMBOIO 3KOHOMUYE-

CKOTO pa3BUTHSL. 3HAHWE UTPAET KITIoue-
BYIO POJIb KakK JJISI OTAEIbHOTO YeIOBEKa, TaK
u oburectsa B 11e10M. CTPYKTYphI, BOOpaBIIIMe
B ce0s1 OoJiblliee KOJIMUYECTBO 3HAHUM, 3aKOHO-
MEPHO 3aHUMAIOT 00Jiee BBITOIHbBIE PHIHOYHBIE
HMILM, a HALIMU, UMEIOLLUE B CBOEM PaCTIOpsKe-
HUU IOCTaTOUYHbII apceHal 3HaHui4, 00Jiee KOH-
KYPEHTOCTIOCOOHBI.

1. MUCCUS BYOUTEJIEN

O0pa3oBaHMEe MOXHO pacCMaTpUBaTh KaK
MH(DPaACTPYKTYPY, COCTOSIIIYIO M3 00pa3oBaTelib-
HBIX YIPEeXKICHUM, Mpeaaraloinx 3HaHUS,
U CIICIUAIMCTOB, BSAYIIMX MTOATOTOBKY KalpoB
IUTSL phIHKA TPY/a.

COOTBETCTBEHHO BCE MBI, IIperogaBaTeIn
1 HayYHbIC paOOTHUKM, B KAYECTBE YYACTHUKOB
pPBIHKA 00pa30BaTeIbHBIX YCIYT IIPUHUMAEM
ITOCWIbHOE YJacTUe B pear3allii OTBeACHHOMN
HaM MUCCHH U TIPUHSITOM TOCYIapCTBOM IIOJIH-
TUKU B chepe 00pa3oBaHusI.

B Bonrapuu 1 Host6pst oTMevaeTcs JIeHb Ha-
POIHBIX OynuTeneit. «byauTenb» — 3TO UelloBeK,
KOTOPBII BCIO CBOIO XXM3HBb MOMYISIPU3UPYET
M CYUTACT OCHOBHBIM IIPUOPUTETOM 3HAHME Ha-
IIMOHAJILHOI MCTOPUU, BOCIIUTHIBACT JIIOOOBD
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K POITHOMY SI3BIKY, a TAKXKe TIPEKJIIOHEHUE TIepe]T
POIHOI KYJBTYpO U IyxoM Haluu. B Gosee
ITMPOKOM CMBICJIE OYIUTEIISIMU SIBIISIIOTCST BCE
OBIBIIIME U HACTOSIIIIUE IESITENT HAayK1 1 00pa3o-
BaHUs, KOTOpPbIE, OyIydu Jaxe M HEM3BECTHBIMU
OOIIIECTBEHHOCTH,, BHOCSIT CBOM BKJIAI B IyXOBHOE
1 MHTEJUIEKTYaIbHOE Pa3BUTHE MOJIOIOTO Yello-
Beka. B aTOM cMpbIcie MBI, TIpeTiofaBartesu,
C YYETOM Hallleif OTBETCTBEHHOCTH Tiepej1 00I1Ie-
CTBOM SIBJISIEMCST OyTUTEIISIMU, HaM BBITIJIA TI0-
YyeTHasi MMCCHST TIOCBSIIIIEHUsT UAYIIMX HaM Ha
CMEHY MOJIOZIBIX JItofieit B Mup 3HaHus. Kak
[JIACUT HA/IITMCh BpeMEH 00JIrapcKoTo BIaIeTe st
Owmyprara, BbicedeHHasl Ha KOJIOHHE B IPeBHEN
croiuue bonrapuu ropone Ilnucka: «Kak 6b
XOPOWIO HU JCUA HeA0BeK, OH yMupaem, u poxcoad-
emcs dpyeoir». VI aTOMy Ipyromy Hajao CyMeTb
TriepeaTh HAKOTUIEHHOE TIPEIbITY MMM TTOKOJIe-
HUSIMU.

Bot nouemy Haia nonuruka B cpepe oopa-
30BaHMS TaK BaXHa. [IprnyeM He TOJIBKO ITOTOMY,
YTO MBI €€ MPOBOAMM, HO U TIOTOMY, YTO MBI
TIPUHUMAEM yJacTHe B €€ BHIpaOOTKeE.

Hanuuue pbrHOYHOI 9KOHOMUKM CO31aeT
CWJIbHYIO KOHKYPEHIIMIO MEXIY Pa3InIHbIMU
BBICHIMMU YY4eOHBIMM 3aBeJICHNSIMU KaK Ha Ha-
LIMOHAILHOM, TaK ¥ Ha MEXXITYHapPOTHOM PhIHKAX
00pa3oBaTebHBIX YCIIYT.

ITpu o11eHKe KOHKYPEHTOCTIOCOOHOCTH BY3a
CYILIECTBEHHOE 3HAUeHKE UMEET TIPEICTaBICHIE
0 €T0 LIEHHOCTH KaK CyObheKTa phIHKA 1 IIEHHOCTH
TIpeIaraeMbIX POIyKToB. KOHKypeHTHBbIE pe-
MMYILIECTBA, KOTOPBIE BBICIIIEE YUeOHOE 3aBe/Ie-
H1e (OPMUPYET U TTOICPXKMBACT, CTAHOBSITCS
orpesiesTiommMu. M cKiiaapIBaloTCs OHU, YIu-
TBHIBasl BHEIIHWE U BHYTpeHHUE (akTophl. 1o
KpaliHei Mepe LIeHHOCTh 00pa30BaTe/IbHbIX YCIYT
BY3a 3aBMCUT KaK OT OLIEHKH TIOTpeOuTeNIel, Tak
1 OT CaMOTO TIpoliecca O0YYEeHHsT U €T0 pe3yJibTa-
TOB.

B ycloBUsIX pIHOUHO 9KOHOMUKH Y TTOCTO-
STHHOTO JIe(pUIIMTa TOCYTIapCTBEHHOTO (PMHAHCH-
pPOBaHUS BBICIIETO OOpa30BaHUs BO3pacTaeT
HEeo0XonUuMOCTh 3G(MEKTUBHOIO YIpaBACHUS
BY3aMM U1 MX TIPUCIIOCOOJIEHNST K 0COOEHHOCTSIM
pbiHKa Tpyna. CrienuaibHOCTH BBITYCKHUKOB
JIOJDKHBI YIIOBJIETBOPSITH 3aIPOCHl 3KOHOMUKH,
MpUBJIEKaTh UHTEPEC, obecreuyrnBaTh 0oIaaaTe-
JISIM TUTITIOMA BO3MOXKHOCTB YCTIEIITHOTO Tipochec-
CUOHAJTLHOTO POCTA ¥ BEICOKUI YPOBEHB KM3HMU.

OxkpyXatolasi Hac 3KOHOMUYecKasi cpena
U COCTOSTHME PBIHKA TpyJia TPEOYIOT HEeTIpephiB-
HOTO COBEpIIIEHCTBOBAHUS U TIOBBIIIEHUS KBa-
JubUKaLUKY JTIOeH, a Takke TpuodpeTeHust
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HOBBIX 3HaHUH 1 yMeHuni. HapaiuBaHve nHBe-
CTULIMI B 00pa30BaHKe PUHOCUT CaMble 0O0JTb-
1K€ TMBUEH/IBL, U TIO3TOMY CJIEIYET COCPEN0TO-
YUTb YCUJIMS HA CO3MAHUY COBPEMEHHOI, TMOKOI
00pa30oBaTe/IbHONM CUCTEMBI. DTO CaMo IO cede
yXe Cepbhe3HbI BBI30B, TAK KaK pedb UIET 00
YCIIOBHSIX, 00ECTIEYMBAIOIIMX YETOBEKY OOYUEHHE
Ha TIPOTSDKEHUM BCEH XKU3HU.

2. MOBUJ1bHOCTb U POTALIUA

WutepHanmonanuzanus B chepe BbICHIETO
00pa3oBaHUsI CTajla OMHON M3 YCTOMUMBBIX COB-
PEMEHHBIX TEHICHIINT.

[obanu3anus u UHTEpHALIMOHATIU3ALIMS
9KOHOMUKH 1 OM3HECa BBIIBUTAIOT HOBBIE 11EJTN
Tiepe]] BHICIITMM 00pa30BaHUEM — OOecTieueHIe
TTOJITOTOBKY TIPO(eCCOHATIBHBIX KapOB, CIO-
COOHBIX 3(PHEeKTUBHO pabOTaTh B MOCTOSTHHO
MEHSIIOIIIMXCST YCTIOBUSIX TJIO0ATBHOTO PHIHKA.

COTpyTHUYECTBO MEXIY YHUBEPCUTETAMU
B MEXJTyHapOITHOM aCTIeKTe CBSI3aHO C OpraHK3a-
1Meit oOMeHa CTyIeHTaMU 1 TIPETojIaBaTe ISIMU,
TIPEUTOKEHUEM CITEIIMATBHBIX TTPOTPaMM IJIsT
WHOCTPAHHBIX CTYAECHTOB, Pa3pabOTKOIi HAydHO-
WICCIIEIOBATEILCKIX TIPOEKTOB.

OcHoBHBIE (DOPMBI, B KOTOPBIX PEATU3YETCST
3TOT IPOIIECC, CIIEMYIOIIHE:

* MOOWJILHOCTB CTYICHTOB U TIpeTiofaBaTe-
JIei;

* COBMECTMMOCTh YYEOHBIX TUTAHOB U TIPO-
rpamm;

* co3maHue W PacIMpeHne PEernOHATbHBIX
U MEXITYHapOITHBIX YHUBEPCUTETCKUX CETEIA;

* Ka4ecTBO 00pa30BaHUS;

* 00OMEH 3HaHUSIMU;

* MEXIyHapOIHOE TIPU3HAHUE U JIP.

XapakTepHBIM MMPU3HAKOM MEHSIOIIUXCS
OPMEHTHPOB U TIEHHOCTEN SIBISIETCST CTyJIeHYe-
CKasi MOOMJTBHOCTb, B paMKaX KOTOpPOIi HaOII0-
JTAeTCs ©KETOHOE BO3PACTAHME YKCIIA CTY/ICHTOB,
obyJarommxcs 3a pyoeskoM. Cam (hakT MOOUITb-
HOCTH TTOJICP>KUBACTCS PA3TMIHBIMU TIPOTPAM-
MaM¥ (MeXIyHapOIHBIMU, HAIIMOHATBHBIMU,
PETMOHATBHBIMU ), YTO TIPUBOIUT K HEOOXOIUMO-
CTU 3aKJTFOYEHUSI JIBYCTOPOHHWX M MHOTOCTOPOH-
HUX COTIallieHni B chepe odpazoBanumst. OmHa u3
TIPUOPUTETHBIX €BPOTIEHCKMX TTPOTPAMM aKase-
MuYeckoro ooMeHa — 31o «Erasmus», xotopast
ceituac TpaHcopmupoBaack B «Erasmus+». E€
HauaJio ObLI0 3ay1okeHo B 1987 romy, a ocHOBHAsT
11eJTh CBOAMIIACH K CO3MAHMIO OOIIETO eBpOTIeli-
CKOT0 00pa3oBaTeIbHOTO phiHKa. [Iporpamma
TT03BOJTMJIA PACIITMPUTH KOHTAKTBI M CO CTPAHAMM,
He BXOISIIMMU B coctaB EBporieiickoro corosa.

Koneg 1., TonopoBa [l. Pa3BuTne Ha OCHOBE MEXYHUBEPCUTETCKOIro COTPyAHNYECTBa




AxaneMuueckuii 0OOMEH CTajl CEpbe3HBIM CPEJI-
CTBOM ISl YKPETUIEHUsT PBIHKA, 1IEJIEBOTO MC-
TTOJTb30BaHMSI CTIEIIMAIMCTOB Y KBATM(DUIIMPO-
BaHHBIX KaipoB. PoTalust 3HaHWiA, MTOBBIILIEHE
KOMITETEHTHOCTH 00YCIOBIUBAIOT pa3BUTHE 00-
IIeCTBA B IIETIOM.

MHorue yHUBEpCUTEThI 3aKJIIOYAIOT COTJIa-
IIEHUST O COTPYIHNYECTBE, KOTOPBIE KacaroTCst
Pa3HBIX aCTeKTOB ITPETNOIaBaHMsT U UCCIIeI0Ba-
TEJIbCKOM AesTeIbHOCTH. YacTo 00BEKTOM 3TUX
COTJIALIICHUI SIBJISTIOTCSI OOMEH CTyIeHTaMu 1/
VIV TIPETIONIaBaTEISIMU, TIPSITIOXKEHNE COBMECT-
HBIX TIPOrpaMM OOyUYEHUSI.

3. 10ArOTOBKA TPAHCIMOPTHbIX
CNEUUAJINCTOB

TpaHCTOpT — OfTHA U3 CAMBIX OBICTPO Pa3BU-
BAIOIIUXCST OTpacyieil SKOHOMUKH, U OHA OCTPO
HYXJIaeTCsI B CTIEIIMAIM3MPOBAHHO TIOITOTOBKE
KaJIpOB, KOTOPbIE OTBEYAIN ObI TUM PACTYIINM
oTpeOHOCTSIM. TpaHCTIOPTHBIN YHUBEPCUTET
uM. Tomopa KabielikoBa — rocyaapcTBEHHOE
BBICIIIEE YUeOHOe 3aBefieHUe ¢ 94-JIeTHUMHU Tpa-
JMIASIMU B chepe TPAHCTIOPTHOTO 00pa30BaHMsI
B bonrapuu. O0yuyeHure CTyIeHTOB BEAETCS TI0
16 crienmanbHOCTSIM OakanaBpuara, 23 crierm-
aJTbHOCTSIM MAaTrUCTPATYPhI B IBYX OCHOBHBIX
00JIaCTSIX BBICILIETO OOPa30BaHUSI:

* COIMAIbHBIE, SKOHOMUYECKUE U IOPUTU-
4YecKue HayKu;

* TeXHUYECKNE HAyKHU.

B cemu akkperMToBaHHBIX MPODECCUOHATB-
HBIX HAMPaBJIEHUSIX OOYYCHUS:

* SKOHOMUKA;

* MalIMHHOE MHXEHEPCTBO;

* 9JIEKTPOTEXHUKA, JJIEKTPOHUKA U aBTOMaA-
TUKA;

* KOMMYHHUKAIIMOHHAsI M KOMITbIOTepHAsI
TEXHUKA,;

* TPAHCIIOPT, CYJOXONICTBO U aBUALINS;

* apXUTEKTYpa, CTPOUTENILCTBO U Te0/IE3Us;

* 00111e€e MHXXEHEPCTRO;

a Takke B paMKax 22 TiporpaMm o0ydeHus Ha
00pa30BaTeNIbHYI0 U HAYYHYIO CTETIEHb «TOKTOP».

‘YHuBepcuter 00/1a1aeT Cepbe3HON KOHKYPEH-
TOCITIOCOOHOCTBIO KaK Ha HAllMOHATLHOM, TaK
Y Ha MEXJTyHapOIHOM 00pa30BaTeIbHOM PhIHKAX,
SIBJISIETCS YUACTHUKOM XapTUM YHUBEPCUTETOB
«Erasmus», xoTopasi obecrieynBaeT CTyJIeH4Ye-
CKYIO MOOUJTbHOCTD B LIEJISIX 00y4YeHUs1 6oJiee ueM
B 40 eBpOIeHCKUX YHUBEPCUTETaX-TIapTHEPaX
Y MOOWJIBHOCTb B LIEJISIX TIPOBEIEHUST CTAsKUPOB-
KU B 3apyOeXHBIX yUPEXIeHUSIX-TTapTHEPaX.
B 2016 romy 6b11 pa3pabOTaH MPOEKT I10 IPOrpamM-
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Me «Erasmus+», B paMKax KOTOporo OyayT Ipo-
BOIMTHLCSI CTYAEHUECKUE U TIPeroiaBaTe/IbcKue
oomenbI B Poccun, Cepoum u Kurae.

TToaroToBKa BRICOKOKBATM(DUIIMPOBAHHBIX
TPAHCIIOPTHBIX CMELIMAIMCTOB B YCJIOBUSIX UH-
TepHALIMOHAIU3ALMY 3aBUCUT OT COTPYIHUYECT-
Ba, HaJlaXkeHHOTO MexX1y oOpa3oBaTeIbHbBIMU
yupexaeHusiMu. OOMeH OMbITOM M JYYIIUMU
MPaKTUKaMU, KBATH(PUIIMPOBAHHBINA TIperona-
BaTeJIbCKMI COCTaB, pa3BUTHE U UCMOJIb30BaHUE
Hay4yHOI UH(bPACTPYKTYPbI, 1a00paTOpuii, CTEH-
JIOB 00ECTIeUMBaIOT BO3MOXHOCTU JOCTHKEHUS
BBICOKOTO ypOBHS 00ydeHust. O1H 13 aCleKTOB
KayecTBa 00y4YeHMs CBsI3aH C 3aBUCUMOCTBIO
Mex Iy 006pa3oBaTeIbHbIM MPOLIECCOM U ITpodec-
CHUOHAJIbHO peau3aliyeli CreLaaIucToB.

OOBEKTOM MPUCTATBHOTO BHUMAHUSI U Ha-
OJItofeHUST SIBJISIETCSI COOTBETCTBUE TEOPETUYE-
CKMX 3HAHUI U MPAKTUYECKUX YMEHUI CTYIEHTOB
TpeOOBaHUSAM PbIHKA U MOTpeOuTeNeil KaapoB.,
TaK KaK OT 3TOr0 3aBUCUT yCTelIHas Tpopeccuo-
HaJIbHas1 IeITEIbHOCTD BBIMTYCKHUKOB B CCTEME
TPaHCIOPTA, JIOTUCTUKHU, Pa3HOTO PoJia OpraHu-
3allMOHHO-TIPOU3BOJICTBEHHBIX OTPACIEBbIX
M aIMUHUCTPATUBHBIX CTPYKTYpax.

TpaHCTIOPTHBIN YHUBEPCUTET UM. Togopa
Kab6emkosa noaiep:kuBaeT mapTHEPCKUE OTHO-
meHus ¢ 52 3apy0eXHbIMU YHUBEPCUTETAMU,
C KOTOPBIMHU 3aKJIIOUYEHBI JOTOBOPLI 00 OOMeHe
MpenoaaBaTe/isIMU U CTyAeHTaMu1, 00 OpraHu3a-
LI CTAXKUPOBOK CTY/IEHTOB, MPOBEACHUI Hayy-
HbIX UCCIIEAOBAaHUIA 1 JIp.

TTapTHepcTBO ¢ MOCKOBCKMM rocy1apCTBEH-
HbIM YHUBepcUTeTOM IyTeit coodeHus (MANT)
JUTUTCS YK€ MHOT0 JIeT. YHuBepcutet co 120-er-
Hel ucTopueit, 3aHUMAIOLINIA BEAYILME TTO3ULIUU
Ha POCCUIICKOM M MeXIYHapoJHOM 00pa3oBa-
TEJIbHOM PBhIHKAX — BasKHEHUIINIA TTapTHEP eIMH-
CTBEHHOTO B bosirapuu TpaHCIIOPTHOIO YHUBEP-
curera. [171010TBOpHOE COTPYAHUYECTBO MEXKITY
HaMM HaIlpaBJIEHO Ha peai3aliMio LIeJI0ro psjaa
3a1ay:

* MbI IeTMMCsl OMBITOM B pa3paboTKe yued-
HBIX [JIAHOB Y [IPOrPaMM 10 pa3IMYHbIM AUCLIUTI-
JIMHaM.

+ Co3maeM COBMECTHBIC HayIHBIC TTPOCKTHI,
M31aeM YUeOHYIO U HAyYHYIO JIUTEPATYpY.

* IIpuHuMaeM ydactue B paboTe HayuHbIX
KOH(epeHI11 000X YHUBEPCUTETOB.

+ OOMeHuBaeMmcs TperoaaBaTeIsaMu st
YTEeHUS JIEKLIMI U OpraHu3alyy O0ydeHusl.

* YyeHble HaIlIU COCTOSIT YJIeHAMM PEIKOJI-
JIETHIA HAYYHBIX KYPHAIOB M TTPOTPaMMHBIX KO-
MUTETOB HAYUHBIX KOH(EPCHITHIA.

Koneel., Tonopoea [l. Pa3eute Ha OCHOBE MEXYHUBEPCUTETCKOro COTpyaAHU4YeCcTBa



* Oka3bIBaeM IpyT Ipyry NOMAEPKKY B Kapb-
€PHOM pOCTe MpernoaBaTesieil, MHOTHE U3 KOTO-
PBIX ITPOILLTU MYTh OT TOJDKHOCTH ACCUCTEHTA 10
JOJDKHOCTEN JoLEeHTa U mpodeccopa.

* PazBuBaeM COBMECTHYIO HayYHYIO U Ha-
YYHO-TIPUKJIAIHYIO UCCIIeTOBATENbCKYIO esI-
TEJIbHOCTD 110 OCHOBHBIM 3KCIUTyaTalITMOHHBIM
1 MHOPACTPYKTYPHBIM HAIIPaBJICHUSIM COBpE-
MEHHOM TPaHCTIOPTHOI HaYKU.

* [IyGauKyeM COBMECTHBIE HayYHbIE pa3pa-
OOTKM B CIIEIIMATN3UPOBAHHBIX M3IAHUSIX.

* OCylIECTBIISIEM €XETOMHbI OOMEH CTyIEH-
TaMU, JOKTOPAHTaMU U MPETonaBaTesIsIMU ISt
TIPOBEIECHUS MEKTyHAPOIHBIX TPAKTHUK.

OMBIT U 3HAHUS, HAKOILJIEHHbIE B MPOLIECCe
OpraHM3aIMK 00pa30BATEIbHBIX M HAYYHBIX Ha-
LIMOHATIBHBIX U MEXTYHAPOIHBIX (DOPYMOB, Tal0T
MPEKPACHYI0 BO3MOXHOCTb JJIS1 CO3MaHMS Mac-
IITAOHBIX HAyYHBIX CETEM, KJIACTEpOB, CITOCOOCT-
BYIOLLIMX (POPMUPOBAHUIO OOLIIECTBA 3HAHUIA.

TlepcrieKTUBBI pa3BUTHUS TPAHCIIOPTHOTO
00pa30BaHYs B YCIIOBUSIX UHTEPHALIMOHATAZALUMA
MPEAToaraor:

* YrayOneHue cOTpyaHUYeCTBA U OOMEH
OMBITOM B LIEJISIX MOMY/ISIPU3ALIMUA JOCTYKEHUIA
B HaYYHBIX CCJIEIOBAHMSIX, TPOBOMMBIX B ITapT-
HEepPCTBEe MEXIy OM3HECOM U YHUBEPCUTETAMU
Pa3HBIX CTPaH.

* VTHHOBAILIMOHHYIO YCTOMYUBOCTBD C aKIIEH-
TOM Ha MPaKTUUYECKUE PE3YJIBTATHI.

* Pa3zpabotky MexaHu3zMa (hOpMUPOBAHUS
COBMECTHBIX KOJUIEKTUBOB IKCIIEPTOB HA OCHOBE
co3naHus 3(phHeKTUBHOM U 10JTOCPOYHOM MOJIe-
JIX COTPYIHUYECTBA MEXIY YHUBEPCUTETAMU,
OM3HECOM U UCCIIENOBATEILCKUMU UHCTUTYTAMU.

* TpaHcdepT HaydHBIX ¥ TEXHOTOTUYECKUX
JTIOCTVDKEHUIA.

* [Tonnep:kKy COBMECTHBIX ITPOrpamMM 00yyde-
HMS C B3aUMHBIM IPU3HAHUEM TUTIOMOB.

* ®opMHUPOBaHUE MEXKTYHAPOTHBIX HAYIHBIX
TPYIIIT /IS OLIEHKU BO3NIEMCTBYS M MTHTEpHAIT3a-
1Y BHEIIHUX PAcXONOB, CBS3aHHBIX C Tpadu-
KOM, YPOBHEM BBIOPOCOB MAapPHUKOBBIX Ta30B,
JIOKQJTBHBIM 1 IITyMOBBIM 3arpSI3HEHUEM.

* Pa3Butue HayuyHO-UCCIea0BaTEIbCKOMN
U pa3padOTOYHOM eI TeTbHOCTU, HATTPABJIEHHOMN
Ha cCoXpaHeHWe MO3ULINIA B IPOU3BOJCTBE TPAHC-
TTOPTHOTO 00OPYIOBAHUS, UCTIOB30BAHUM CIIe-
DUIECKNX MHKEHEPHBIX TEXHOJIOTUI 1 Hapa-
IIMBAaHWHT MHBECTUIINI B MTHPPACTPYKTYPY.

IToaroroBKa TPaHCTIOPTHBIX CITELIATTCTOB
CONpsiKEeHa C HeMaJIbIMU TPYAHOCTSIMU BBULY
€€ CJI0XHOCTHU U Crielu(pUKHU, HO MbI TTYOOKO
yOeXKIeHBI, YTO MPAaBUIbHBIN MyTh K Ka4eCT-
BeHHOMY 1 3 (GEKTUBHOMY 00YUEHUIO TTPOXO-
IIAT Yepe3 COTPYIHNIECTBO MEKIY YHUBEPCH -
TeTaMU, IPUMEeHEeHIe TMOKUX M aTTPAKTUBHBIX
o0pa3oBaTeJbHbIX ()OPM, pa3BUTHE HAYYHOM
UHGPACTPYKTYPHl Ha OCHOBE COBMECTHBIX
IIPOEKTOB.

3ab0Ta 0 MOJIOJBIX CIIELIMAINCTaX — CePb-
€3HbIii BHI30B MUl HAIIMX CTPaH, [IOTOMY YTO
CO3/1aHKe OJIArONPUATHBIX YCIIOBUM IS TTOJTY -
YeHMST UMW 00pa30BaHUs 1 TTPoheCcCHOHATb-
HOT'O Pa3BUTHsI OMHOBPEMEHHO paboTaeT 1 Ha
yIydImeHue aemMorpapuyecKoil CUTyallnu,
1 Ha TOBBILICHUE KAYeCTBA XXKU3HU.

SAKJTKOMEHUE

Bynyuu crnermann3aupoBaHHBIMU YHUBEP-
CUTETaMH B 00J1aCTH TPAHCIIOPTa, MbI JOOMBA -
eMCsl CTUMYJIMPOBAHMS TIpoliecca o0ydeHUst
Ha IPOTSIKEHUU BCEM XXKU3HU M BOBMOXHOCTHU
HEIPepbIBHOTO COBEPILIEHCTBOBAHMS ITpoec-
CHOHAJNBHBIX YMEHUI U KOMIIETEHTHOCTH.
[ToaroroBka CTyICHTOB 1 TOKTOPAHTOB B YHM -
BepcUTeTax TPaHCIIOPTA SIBJISIETCST HE TOJBKO
rapaHTUei MoJy4eHus: COBPEMEHHOTo 00pa-
30BaHUsI, HO M HalleXXHOI 0a30ii 1u1st mpodec-
CHUOHATBHHOM peann3aiuy B OHOM U3 CaMBbIX
JIMHAMUYHBIX ¥ MEePCIEKTUBHBIX CEKTOPOB
SKOHOMMKH.

MHOroCTOpoHHEee COTPYIHUYECTBO U APYK-
0a YHMBEPCUTETOB — BBIMTPHIIIHAS (hopMyIIa
UTSE pa3BUTHSI 00Pa30BaHUs B TIPOIIECCE MHTEP-
HaluoHanu3auuu. He ciyyailHO B XKM3HU Mbl
LIEHNM JIPY>KOY IIpEeBEIIIIe BceX OJIaTr U CIMTaeM,
YTO HUTU JAPYKObI HE ClIeAyeT pa3pbiBaTh HU
IIPY KaKHUX 00CTOSITeIbCTBAX. TeCHbIe YHUBEP-
CUTETCKHE CBSI3M Ha YPOBHE HAIIMX CTPaH
MOJATBEPXKAAI0T B3aUMHYIO I10JIb3y OT MHTErpa-
UM WHTEPECOB M IMOIXOJ0B K 00YUCHUIO,
ITOJrOTOBKE TPAHCIIOPTHBIX KaIPOB.
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DEVELOPMENT BASED ON INTER-UNIVERSITY COOPERATION

Kolev, Petar, Todor Kableshkov University of Transport, Sofia, Bulgaria.
Todorova, Daniela, Todor Kableshkov Higher Transport School, Sofia, Bulgaria.

ABSTRACT

The internationalization of higher education is
one of the most important trends in social
development. The article describes the market of
educational services in the context of its high
mobility and the main forms in which the process
is implemented. Particular attention is drawn to

cooperation of universities, exchange of
experience, improvement of quality of knowledge,
which is crucial for competitiveness of the nation
and the state. The possibilities of transport
education, its specificity and key problems against
the background of global challenges of the present
are considered.

Keywords: higher education, quality, internationalization, university, transport, mobility, cooperation.

Background. The progress of education and science
is the main element of sustainable economic development.
Knowledge plays a key role both for the individual and
society as a whole. Structures that have absorbed more
knowledge naturally occupy more profitable market
niches, and nations that have at their disposal a sufficient
arsenal of knowledge are more competitive.

Objective. The objective of the authors is to consider
development of transport education based on inter-
university cooperation.

Methods. The authors use general scientific methods,
comparative analysis, scientific description, evaluation
approach.

Results.

1. Mission of buditels

Education can be viewed as an infrastructure
consisting of educational institutions offering knowledge
and specialists training personnel for the labor market.

Accordingly, all of us, teachers and scientists, as
participants in the market of educational services, take an
active part in implementation of the mission assigned to
us and the state policy in the field of education.

The first day of November in Bulgaria marks the Day
of National Buditels. «Buditel» is a person who during his
entire life popularizes and considers knowledge of national
history as his main priority, fosters love for his native
language, as well as his admiration for the native culture
and spirit of the nation. In a broader sense, buditels are all
former and true figures of science and education who are
even unknown to the public contribute to the spiritual and
intellectual development of the young person. In this sense,
we, the teachers, taking into account our responsibility to
society, are awakening, we have the honorable mission of
dedicating the young people who are coming to replace
us in the world of knowledge. According to the inscription
of the times of the Bulgarian ruler Omurtag, carved on a
column in the ancient capital of Bulgaria, the city of Pliska:
«No matter how well a person lives, he dies and another is
born». And it is necessary to transfer to this other all the
accumulated by previous generations.

That is why our policy in the field of education is so
important. And not only because we are conducting it, but
also because we are participating in its development.

The presence of market economy creates a strong
competition between various higher educational
institutions both on the national and international markets
for educational services.

In assessing the competitiveness of a university, it is
essential to understand its value as a market entity and the
value ofthe products offered. The competitive advantages
that higher education institutions form and support,
become decisive. And they develop, taking into account
external and internal factors. At least the value of the
educational services of the university depends both on the
evaluation of consumers, and on the learning process itself
and its results.

In the conditions of market economy and a constant
deficit of public funding for higher education, there is a
growing need for effective management of higher
education institutions and their adaptation to the
characteristics of the labor market. Specialties of
graduates should satisfy the demands of the economy,
attract interest, provide the holders of the diploma the
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opportunity for successful professional growth and a high
standard of living.

The economic environment surrounding us and the
state of the labor market require continuous improvement
and improvement of people’s skills, as well as the
acquisition of new knowledge and skills. Increasing
investment in education brings the greatest dividends, and
therefore, efforts should be focused on creating a modern,
flexible educational system. This in itselfis already a serious
challenge, as it deals with the conditions that provide a
person with lifelong learning.

2. Mobility and rotation

Internationalization in the field of higher education has
become one of the most stable modern trends.

Globalization and internationalization of the economy
and business put forward new goals for higher education —
providing training for professional staff able to work
effectively in the ever-changing global market conditions.

Cooperation between universities in the international
aspect is connected with organization of exchange of
students and teachers, the offer of special programs for
foreign students, development of research projects.

The main forms in which this process is implemented
are the following:

* mobility of students and teachers,

« compatibility of curricula and programs,

- creation and expansion of regional and international
university networks,

- quality of education,

« sharing knowledge,

« international recognition, etc.

A characteristic sign of changing benchmarks and
values is student mobility, within which an annual increase
in the number of students studying abroad is observed.
Mobility itself is supported by various programs
(international, national, regional), which leads to the need
for concluding bilateral and multilateral agreements in the
field of education. One of the priority European academic
exchange programs is Erasmus, which has now been
transformed into Erasmus +. Its beginning was laid in 1987,
and the main goal was to create a common European
educational market. The program allowed to expand
contacts with countries that are not members of the
European Union. Academic exchange has become a
serious means for strengthening the market, targeted use
of specialists and qualified personnel. Rotation of
knowledge, increase of competence determine the
development of society as a whole.

Many universities enter into cooperation agreements
that deal with different aspects of teaching and research.
Often the objects of these agreements are exchange of
students and /or teachers, offer of joint training programs.

3. Training of transport specialists

Transport is one of the fastest growing sectors of the
economy, and it urgently needs specialized training to meet
these growing needs. Todor Kableshkov Transport
University is a state higher education institution with
94-year-old traditions in the field of transport education in
Bulgaria. The students are trained in 16 specialties of the
bachelor’s degree, 23 specialties of the master’s degree
in two main areas of higher education:

+ social, economic and legal sciences,

- technical sciences,
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in seven accredited professional directions of study:

* economics,

« machine engineering,

« electrical engineering, electronics and automation,

+ communication and computer equipment,

« transport, navigation and aviation,

« architecture, construction and geodesy,

« general engineering,

and also within the framework of 22 educational
programs for the educational and scientific degree
«doctor».

The university has a strong competitiveness both in
the national and international education markets, is a
member of the Erasmus University Charter, which provides
student mobility for training in more than 40 European
partner universities and mobility for internships in foreign
partner institutions. In 2016, a project was developed for
the Erasmus + program, within which student and teacher
exchanges will be conducted in Russia, Serbia and China.

Training of highly qualified transport specialists in the
conditions of internationalization depends on the
cooperation established between educational institutions.
Exchange of experience and best practices, qualified
teaching staff, development and use of scientific
infrastructure, laboratories, stands provide opportunities
to achieve a high level of education. One aspect of the
quality of education is related to the dependence between
the educational process and the professional realization
of specialists.

The object of close attention and observation is the
correspondence of theoretical knowledge and practical
Skills of students to the requirements of the market and
consumers of staff, since this determines the successful
professional activity of graduates in the transport system,
logistics, various organizational and industrial branch and
administrative structures.

Todor Kableshkov Transport University maintains
partnership relations with 52 foreign universities, with
which agreements have been concluded on the exchange
of teachers and students, on the organization of student
internships, scientific research, and others.

Partnership with Moscow State University of Railway
Engineering (MIIT) has been going on for many years. A
university with a 120-year history, occupying leading
positions in the Russian and international education
markets, is the mostimportant partner of the only transport
university in Bulgaria. Fruitful cooperation between us is
aimed at the realization of a number of tasks:

« We share our experience in development of curricula
and programs in various disciplines.

- We create joint scientific projects, publish educational
and scientific literature.

+ We take part in the scientific conferences of both
universities.

+ We exchange teachers for lecturing and organizing
training.

« Our scientists are members of the editorial boards
of scientific journals and program committees of scientific
conferences.

» We support each other in the career development
ofteachers, many of whom have passed from the position
of assistant to the positions of associate professor and
professor.

+ We develop joint scientific and applied research
activities on the main operational and infrastructural areas
of modern transport science.

« We publish joint scientific developments in
specialized publications.

« We carry out an annual exchange of students,
doctoral students andteachers for international internships.

Experience and knowledge accumulated in the
process of organizing educational and scientific national
and international forums provide an excellent opportunity
to create large-scale scientific networks, clusters that
contribute to the formation of a knowledge society.

Prospects for development of transport education
in conditions of internationalization include:

- Deepening of cooperation and exchange of
experience in order to popularize achievements in
scientific research conducted in partnership between
business and universities of different countries.

« Innovative sustainability with an emphasis on
practical results.

+ Development of a mechanism for formation of joint
teams of experts based on creation of an effective and
long-term model of cooperation between universities,
business and research institutes.

« Transfer of scientific and technological
achievements.

« Support of joint training programs with mutual
recognition of diplomas.

+ Formation of international scientific groups to
assess the impact and internalization of external costs
associated with traffic, greenhouse gas emissions, local
and noise pollution.

+ Development of research and development
activities aimed at maintaining positions in the production
of transport equipment, using specific engineering
technologies and increasing investment in infrastructure.

Training of transport specialists is difficult due to
its complexity and specifics, but we are deeply
convinced that the right way to quality and effective
training is through cooperation between universities,
the use of flexible and attractive educational forms,
development of scientific infrastructure on the basis of
joint projects.

Caring for young specialists is a serious challenge
for our countries, because creating favorable conditions
for their education and professional development
simultaneously works to improve the demographic
situation and improve the quality of life.

Conclusion. As specialized universities in the field
oftransport, we seek to stimulate the process of lifelong
learning and the possibility of continuous improvement
of professional skills and competence. The training of
students and doctoral students in transport universities
is not only a guarantee of obtaining modern education,
but also a reliable basis for professional implementation
in one of the most dynamic and promising sectors of the
economy.

Multilateral cooperation and friendship between
universities is a winning formula for development of
education in the process of internationalization. It is not
by chance that in life we value friendship above all good
and believe that the threads of friendship should not be
ripped under any circumstances. Close university ties
at the level of our countries confirm the mutual benefit
from integration of interests and approaches to
education, training of transport personnel.
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Bnapumup HUKUTUH
Vladimir N. NIKITIN

Wnba EMULLKUH
llya A. EPISHKIN

Railwayman Shall not Live

by Wages and Salary Alone
(TekcT cTatby Ha aHIJl. 3. —
English text of the article — p. 219)

CrtaTtbsl NocBsiLeHa UCCIIeA0BaHUNIO
pernoHasbHbix 0CO6eHHOCTeli coLnaibHO-
BKOHOMMUYECKNX OTHOLLUEHUIA Ha
JKesie3HO4OPOXKHOM TPaHCropTe, KOTOpbIe
HanpsiMyio CBsI3aHbl CO CTa6UJIbHOCTbIO
TPYAOBbIX KOJI/IEKTUBOB, KAY€CTBOM
yesioBeyeckux pecypcos. lpeanoxexa
cucrtema ¢pakTopoB, BINSIOLLUNX

Ha TeKy4ecCTb [1epcoHasna, pacCMOTPEHbI
MeToAbl aHann3a BJANSHUSA 3TUX pakTopoB

C y4ETOM pervoHaJsibHbIX acleKToB,
paccMoTpeHbl NoAxoAbl K MOAEJINPOBaHUIO
@PYHKLMNOHAIbHbIX 3aBUCUMOCTEN

M UICMOJIb30BaHUIO KOPPENSALMNOHHbBIX MaTpuLj
Ha npumepe CTPYKTYPHbIX noapasaenieHnn
LlenTpanbHoi Anpekunn nHPpPacTpyKTypbl —
¢punmnana OAO «PXK/».

Kno4eBbie cnoBa: xenesHas 4opora, AVPeKkLms
NHPPacTPyKTypbl, CyObekT P®, Tpyaosbie
OTHOLLIEHUSI, PErMOHaIbHbIE 0COOEHHOCTH,
PbIHOK TPYAAa, TEeKY4eCTb NepcoHasa,

pakTopbl TEKYHECTU.
|
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«He 3apnnaton eanuHoun
XUB XeJNe3HOAOPOXHUKH...

Anekcanpp ®POJIOBUYEB
Alexander |. FROLOVICHEV

Enuwkun Hava

Anamoaveeuu — kanoudam
IKOHOMUUECKUX HAYK,

douenm, 3agedyrouyuii
Kagedpoii «Dkonomuxa mpyoa
U ynpaenenue 4ea08e1eckKumu
pecypcamur», MUUT, Mockea,
Poccus.

Huxumun Baadumup

Huxe U0
IKOHOMUHECKUX HAYK,
Hauanvhuk /Jlenapmamenma
no opeanuzayuu, oniame

u momusgayuu mpyoa OAO
«PXKJl», Mockea, Poccus.
Dpoaosuyes Anexcanop
Heanoeun — cmapuiuii
npenodasamens MUUT,
Mockea, Poccus.
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JHA U3 KJIFOYEBBIX 3KOHOMUYECKUX
Tpo06IIeM B chepe TPYIOBBIX OTHOILICHUIA
Ha XeJIe3HOIOPOXHOM TPaHCIIOpTe —
obecrieyeHne CTabMIbHOCTHY TPYIOBBIX KOJUIEK-
TUBOB. MHIMKATOPOM, TTO3BOJISTIOLLIAM TOJTYYUTh
KOJIMYECTBEHHYIO XapaKTEPUCTUKY TBIKECHUS
TepcoHaIa B OpraHU3aLNM, SIBJISIETCS] YPOBEHD
TEKy4JeCTH KaapoB [6]. DTO KOMITIEKCHBII pe-
3YJILTUPYIOILMIA MOKa3aTe/lb, HA KOTOPbIM OKa-
3bIBAIOT BIMSIHUE pa3TMIHbIC (haKTOPHI.

.

YpoBeHb TEKY4YECTH KaapOB B KPYITHEi-
mux GyHKIMoHanbHBIX dunmnanax OAO
«PXKJI» uMeeT CylIeCTBEHHYIO AUCIIEPCHUIO,
YTO 00YCJIOBJIEHO 0COOCHHOCTSIMU KOPIIOpa-
TUBHOM KYJIBTYpBI, CTPYKTYPBI IIEpCOHAJIA, €T0
KBaqu@UKaLMK U YPOBHS OILJIAThl TPYJA.
OpHako oOLIMM s BeeX (haKTOpOM, CYIIe-
CTBEHHO BJIMSIIOIIMM Ha YPOBEHb TEKYUECTH,
0OCTaeTCsl perMOHaJbHBIN pBIHOK Tpyaa [11].
U ¢ yuéTom 3T0ii 3HAYMMOCTH K OLIEHKE CBSI-
3aHHBIX C HUM ITPOLIECCOB HY>KHBI COaJIaHCH -
pOBaHHBIN MoAXoA, 0cobo cTporas audde-
peHILMalUs PBIHOYHOM KOHBIOHKTYPHI [12].



B 1011 CBSI3M 17151 00 BEKTUBHOM 3KOHOMM -
YeCKOU OIeHKU TOCIEACTBUN TEKYYeCTH
rnmepcoHasa HeoOXO0AMMO aHAJIM3UPOBATH
MpeK/e BCEro TaHHbIE COTPYIHUKOB, YBOJIb-
HEHME KOTOPBIX PUHECIIO MOTePY KOMITAHUM.

B pesynsrare nccienoBaHmiA, BKIIIOYABIINX
KOHCYJIBTAlIUM ¢ OKCTIepTaMU, aHAJIA3 yIIpaB-
sieHdeckoit oruetHocT OAO «PXK]II», nsyue-
HUME OTEYEeCTBEHHBIX 1 3apyOeKHbBIX ITyOIMKa -
11t mo npobaemam tekydyectu [9, 10], Obu1a
cchopMupoBaHa MoieTb B3aMMOCBSI3U YPOBHSI
TEKy4eCTH IepcoHasia v (paKTOPOB, BIUSIOIINX
Ha 3TOT ypoBeHb. C Halllell TOUKU 3peHUs,
K TakuM (hpakTopam cJieayeT OTHeCTH:

S’cp — YPOBEHb CpeIHel 3apabOTHOM TUIATHI,
pyo.;

K3/n — oTHOLIEHUE cpelHeil 3apaboTHOM
mwiatel B OAO «P2XK]I» kK cpemHeit 3apaboTHOI
TUIaTe 110 PETMOHY;

T, — Temnbl pocTa 3apabOTHOM TLIaThI
B OAO «PXIl», %:;

C,,,— CPelHuii pa3Mep 30HaIbHOM (Perno-
HaJIbHOI) Hag0aBKu, pyo./4yen.';

CM— CpemHUil pa3Mep COIMATbHBIX BbI-
IuIat, pyo./4ed.;

Y — ypoBeHb yIOBIETBOPEHHOCTU COTPY/I-
HUKOB, % (M3MepsieTcst ¢ MOMOIIBIO COLIMO-
JIOTUYECKUX MCCIIEIOBAHMIA);

1, — MHIEKC BOBJIEYEHHOCTU COTPYAHUKOB,
% (M3MepsieTCsl ¢ MTOMOIIbIO COLIMOIOTHYE-
CKUX HCCIIEJOBAaHUIA);

[ — WHTerpajbHbIi UHIEKC YCIOBUM
yea

Tpynaa, en.;
I~ — WHAEKC KOHKYPEHTOCIOCOOHOCTHU

ppm

ctpykTypHoro noapasneineHuss OAO «PXKI»
(>kene3HOU mOoporu, peruoHaIbHOW AUPEK-
11U, JIMHEWHOTO MoApa3ie/IeHus ) Ha Peruo-
HaJIbHOM PBIHKE TpyJa.

W3 npenyioxXeHHbIX B MOIEIY TTapaMETPOB
HanOOJIBUIYIO CITIOXKHOCTB IMTPEICTABIISTIOT TTPO-
WU3BOMIHBIE MOKA3aTeJN: UHTETPATbHbINA MHAEKC
YCJIOBHUIA TpyJa M MHIEKC KOHKYPEHTOCTIOCO0-
HOCTU CTPYKTypHOro noapasneieHuss OAO
«P2XK]1» Ha perMoHaJIbHOM PBIHKE TPYy/a.

WMHrerpanbHbIil MHAECKC YCIOBUIA Tpyaa —
KOJIMYECTBEHHAS XapaKTEPUCTHKA B IIMPOKOM
TIOHMMaHWY 3TOTO CJIOBA, BKITIOYATOIIAs TAKHE
(haxTOpBI, Kak rpadrK paboThl, TEMITEPATYPHBIA

! 3oHasnbHasT Hag0aBKa IPUMEHSIETCS B CCTEME OILIa-
ToI Tpyna OAO «P2KJ1» st peryMpoBaHusT BETUIUHBI
CcpenHeit 3apaboTHOM MIaThl C Y4ETOM YPOBHSI HaIpsi-
JKEHHOCTH 110 (hOPMHUPOBAHMIO TTPOGHECCHOHATBHOTO
KaJIpoBOTO COCTaBa, OCOOEHHOCTEN PErMOHATBHBIX

PBIHKOB Tpyza.

® MWP TPAHCIOPTA, Tom 15, N2 2, C. 210-225 (2017)

PEXUM, KIIMMaTUYeCK1E OCOOEHHOCTH, HAIpsI-
>KEHHOCTh Tpy/a, CTeTIeHb OTBETCTBEHHOCTH,
BPEIHBIE U OMACHbIE YCJIOBUS TPYIA U T.II.
MHnekc KOHKYpPEeHTOCTIOCOOHOCTH CTPYK-
TypHoro nonpasaeneHust OAO «P2KI» Ha pe-
TMOHAJILHOM PBIHKE TpYy/a, IT0 MHEHUIO aBTO-
POB, TOJKEH YYUTHIBATh BIUSIHME MECTHBIX
0COOEHHOCTE! TPYLOBBIX OTHOLIEHUI Ha
YPOBEHbB TEKYYECTH NepcoHaa. JIjist KoppekT-
HOTO OIpeeNIEHNs] NHIIEKCA B PETMOHE HEOO0-
XOAUMO 3HATh KOJMWYECTBO pabouyux MecCT IO
COIOCTaBUMBIM MPO(ECCUIM, BO3MOXHOCTU
TPYAOYCTPOICTBA KeJE3HONOPOXKHUKOB Yy KOH-
KYPEHTOB, YPOBEHb 3apabOTHBIX ILJIAT, X -
HaMMKY, YCJIOBUSI TPy/la Ha IPYTUX TTPEIIPUsI-
TUSIX U TIPOYME CBEJCHUS, XapaKTepU3YIOIIIHe
KOHBIOHKTYPY PETMOHATbHBIX PHIHKOB TPY/IA.
Takum obpazom, Mozaenb GyHKIIMOHATb-
HOI1 3aBUCUMOCTH YPOBHSI TEKY4€CTH OT BT -
SIOIMX Ha Hee (PaKToOpoB OyIeT BHITISACTH
CJIeyIOIM 00pa3oM:
T=1£(3,, K,wTC
YV, 1,1

B “yer,

Cpaﬁ,

3007

o) (1)
Il.

PesynbraTh! MccienoBaHMs, U3JTOKEHHbBIE
B paHee ONMyOJMKOBAHHBIX paborax [2, 4],
rnmoxkasanu, 4to B LleHTpasbHOI nupeKkunu
UH@PaACTPYKTYpbl — KpyIHeiieM dbuiraie
OAO «PX]I» (manee — LIJIN) ypoBeHB 3apa-
60THO# TuTaThl UMb B 30 % ciydaeB BIUsICT
Ha ypOBEHb TeKydecTu TepcoHana. Ocraib-
HOE — 30Ha JeHCTBUS ApYrux (pakTopoB, TOe
CBOIO POJTb BHITIOJTHSIET CIIeIIMAIbHBIN 9KOHO-
MMKO-MaTeMaTU4eCKNit MHCTPYMEHTapUii.

Hawubosee pacnpocTpaHeHHBIMU METO/1A-
MW aHaJIN3a U TPOTHO3UPOBAHUS TPYTOBBIX
ToKa3areieil IBIsTIoTCS:

1. MeToabl KOppeasIMOHHO-PErPECCUOH-
HOTO aHaJin3a, KOTOPbIE MCIIOIB3YIOTCS IS
uccnenoBanust (GopM CBSI3M, YCTaHABIUBAIO-
X KOJMIECTBEHHBIE COOTHOIICHUST MEXITY
CIIyJaifHBIMU BeJIMYMHAMU U3y4aeMOTO TIPO-
1ecca. B conmanibHO-3KOHOMUYECKOM TTPOT-
HO3WPOBAHUM ITU METOMBI TPUMEHSIOT TSI
TTOCTPOEHMUSI YCIIOBHBIX TTPOTHO30B U TTPOTHO-
30B, OCHOBAHHBIX Ha OIIEHKE YCTOWUMBBIX
MIPUYINHHO-CJICACTBEHHBIX CBsI3¢H [3].

2. AHanM3 BPEMEHHBIX PSIOB C YIETOM
CE30HHOCTH.

3. baylaHCOBBIIT METOJT aHAJIN3a TPYIOBBIX
rnokKasareye.

B yacTHOCTH, C TOMOIIBIO KOPPETSIITMOH-
HO-PErpecCUOHHOTO aHaJIN3a ObLJIO U3YYEHO

EnuwknH U. A., HukntuH B. H., ®ponoeuyeB A. U. «He 3apnnaTon eANHOMN XUB Xene3HO[0POXHUK?. ..




Z{g'i Ta6ammna 1
i3 YcpeaneHHble OKA3aTe M 0 3apad0THON IiaTe U TeKydecTd nepconana B IIJIU B pa3pese
cyonekToB Poccuiickoit @enepanyu 3a 2012—2014 roas
PervoHanbHbIe AMPEKLIMT CpenHe- CpenHuii CpenHsist CpenHsist CpenHee
CIMCOYHAs YPOBEHb 3apruiata 3apruiata OTHOILIEHHE
YUCJIEHHOCTb | TEKYYECTH B LU, py6. |BcyObeKTe cpelnHeii 3ap.
pabOTHUKOB | MepcoHaia P®, py6. matel B AW
LN, ge. B LIJIU, % K CpeaHeit
3ap. riare
B CyObEKTe
PO
r. MockBa 9272 11,24 50439 55174 0,92
TBepckast 061acTh 3453 7,35 31229 22187 1,41
. Cankr-ITetepOypr 7916 7,29 39916 36825 1,09
Jlenunrpaznckas o61actb 4766 9,31 32766 29173 1,12
Hogroponckas o6iactb 1148 5,81 31426 23339 1,35
TckoBcKast 06J1aCTh 2151 5,74 27395 19650 1,40
Bosoroackast obnactb 3499 7,14 31884 24842 1,28
Pecny6nuka Kapenust 3865 6,32 38359 27223 1,41
MypmaHckast 061acTb 2741 5,69 50465 39930 1,27
KanuHuHrpaackasi oojaactb 1649 8,47 32690 24333 1,35
MockoBckasi 06J1acTh 4606 6,12 44864 35530 1,26
Biranumupcekast o6aactb 2561 10,61 30463 20617 1,48
Pa3aHckas ob6J1acTb 2671 6,87 34258 21725 1,58
Kayxckast 061acTb 1605 6,47 34768 25905 1,34
OprnoBckast 001acTh 1338 6,93 34067 19015 1,79
CMorseHcKast 061acTh 3520 6,35 35892 20373 1,77
Tysbckast 061aCcTh 2211 5,93 33978 23008 1,48
BpsiHckast o6acTb 3871 5,27 35450 18805 1,89
Kypckast o6actb 1817 5,08 31481 21008 1,50
Huxeropoackast 06J1acThb 6950 8,24 30736 23343 1,32
Kupogsckas obsactb 3243 9,27 28909 19067 1,52
Pecny6uka Tatapctan 4733 11,46 27534 25854 1,07
Yysarckast Pecriydika 1101 11,69 26356 18973 1,39
+Pecny6onrka Mapwuit D
Yamyptckas Pecrybnuka 2362 7,28 28696 20845 1,38
CBepIoBcKast 00J1acTh 12349 12,86 31768 27413 1,16
TTepmckuit kpaii 6595 9,15 29983 24546 1,22
Pecnydnuka Komu 3889 7,77 46390 37303 1,25
ApxaHresbckas 001acTh 5497 6,15 40046 29901 1,34
(6e3 Heneukoro AO)
SIpocnaBckast 06JacTh 3872 8,88 34211 22945 1,49
Kocrpomckast +MBaHOBCKast 2707 8,65 25763 18945 1,36
obaacTi
AHAO+XMAO 2935 9,93 58458 58812 1,00
Pecry6ivika [larectan 1210 4,92 23563 16230 1,46
CTaBpOIOIbCKUI Kpaii 2101 12,82 25740 20570 1,25
KpacHomapckumit 9354 11,93 27108 23642 1,15
Kpaii+Pecnyonvka Anpires
PocroBckas obsactb + 8955 11,07 27530 21566 1,28
Pecnyonuka Kaambikust
BJIMSTHUE YPOBHSI CpeIHel 3apab0THOM TJ1aThl OnHaKo peruoHalibHbIe IMPEKIINU BECh-
B LIZIN 1 cooTHOIIEHUS YpOBHE# 3apab0OTHO  Ma HEOTHOPOAHKI TTO0 CBOeMYy cocTaBy. PhI-
IUIaThl B PETMOHANBHBIX TUPEKUMSIX MH(Gpa- HOK TPyJa B 30HAX TaKUX KPYIMHBIX PErno-
CTPYKTYPBI 1 3apabOTHOI TIJIaThl B CYyObeKTaX HaJbHBIX OUMpeKIMii, Kak KpacHospckas,
PO, taroTeonmx K 3TUM IUPEKLIMSIM. CaepanoBckas, MockoBckasi, OKTSIOpb-
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Ta6mua 1 (okonuanue)
YcpenHeHHbIe MOKa3aTe M O 3apad0THON I1aTe U TeKydecTu nepconana B LIJIU B pa3pese
cyonekToB Poccuiickoit @enepanun 3a 2012—2014 roapl

PernoHanbHble TUPEKIIMU CpenHe- CpenHuii CpenHsist CpenHsst CpenHee
CITACOYHAsT YPOBEHb 3apruiaTa 3apruiata OTHOIIIEHWE
YUCJIEHHOCTb | TEKYYECTH B UJAMU, py6. |BcyObeKTe cpenHei 3ap.
pPabOTHUKOB | MepcoHaia PO, py6. matsl B AU
1IN, yuen. B LU, % K CpenHeit
3ap. Tiate
B CYObEKTe
PO
Pecnyouku Yeuns+ 1495 8,15 24497 18919 1,30
WHurywerus + CeBepHast
OceTusi+KabapauHo-
Bankapusi+KapauaeBo-
Yepkeccus
Benroponckast o6acth 2833 7,64 27060 22069 1,23
Jlunerkast o6macTb 2573 8,38 26516 21314 1,25
Tam0oBcKast 00J1acTh 2757 8,03 24736 18893 1,31
CaparoBckast 00J1aCTh 7731 9,56 28039 20494 1,37
BopoHexkckast 061acTh 6127 9,21 27998 21788 1,29
Ilensenckas 061acTh 2518 10,81 24989 20721 1,21
Bousrorpazckast o61actb 4732 10,47 25773 20819 1,24
AcTtpaxaHcKas 00JacTb 2648 6,90 29207 22278 1,31
Pecnybarka Mopnosust 1488 11,10 24097 17877 1,36
VibsiHOBCKast 001acTh 2349 11,77 24099 19189 1,26
Camapckast 001acTh 7254 12,00 27787 23385 1,19
OpenOyprekast 061acTh 5210 7,01 29615 21444 1,38
YensiouHcKas 001aCTh 11877 9,84 31756 25278 1,26
Pecny6nuka banikoproctan 5241 11,41 28498 22543 1,27
TiomeHcKast 00J1aCTh 3704 13,57 33764 31441 1,08
(6€3 aBTOHOMHBIX OKPYTOB)
OmMckast obsactb 5069 9,43 29141 24328 1,20
Kypranckas o61acThb 3415 7,68 30540 19254 1,59
HoBocubupckast 061acThb 8337 9,32 34355 25329 1,36
AnTaiickuii Kpaii 4755 9,31 29754 17826 1,67
Kewmeposckas + 9429 9,03 34407 25432 1,35
Tomckast obaacT
KpacHosipckuii Kpaii 10526 5,90 40568 31371 1,29
Pecny6mka Xakacust 1860 4,82 38731 26207 1,48
Wpkytckast 061acThb 12545 6,44 44300 28780 1,54
Pecry6ka Bypsaust 4333 7,93 45530 25626 1,78
3abaiikaabCKUil Kpai 12394 8,37 41987 26939 1,56
AMypcKast 0051acTb+ 11154 11,69 44483 30836 1,45
Pecny6uka Axytust
TIpumopckuii Kpait 6058 8,65 43113 29951 1,44
XabapoBckuit Kpaii 8937 7,44 49482 33996 1,46
CaxayimHckas 00J1acTb 1417 6,85 49841 49370 1,01
Espeiickass AO 1856 6,75 42963 27288 1,57
Cpennee 8,51 33821 25600 1,35
Koaddumment Bapuanumn 0,26 0,23 0,32 0,14

CcKasl, XapakKTepu3yeTcss 3HAYUTEJIbHOW TMpPU BHIOOPE MHCTPYMEHTOB yIPABICHUS
nuddepeHIalmeii Mo ypoBHIO KOHKYpeH-  TeKydecThblo mepcoHana [11].

11U, 3apabOTHBIX TUTAT U APYTUM TTOKa3aTe - YuutsiBast TOT (HaKT, YTO YMUCIEHHOCTD
M. [Toatomy BaxkHO B Topaszmo Oonbineit  mepconana noapasnenenuiit OAO «P2XK/I»
CTETIeHU 3HATh PETMOHATbHBIE OCOOEHHOCTH B pa3HbIX cyObekTax PO cyiiiecTBeHHO OTIH-
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CpenHemecaHan 3apaboTtHaa nnata s AW B cybbekTe PoccuidcKoi

YaeTcsI IPYT OT APYTa, TSI TIOBBIIIEHMS HAMEX -
HOCTHU Pe3yIbTaTOB aHaJIN3a MPEICTaBIISETCS
11e71Iecoo0pa3HbIM 00 beTMHEHNE TIOKa3aTeein
HEKOTOPBIX CyOBEKTOB JINOO C yUETOM reorpa-
¢uyeckoro pakropa, 1100 ¢ yu€TOM 0COOEH-
HOCTEl X 9KOHOMUKHU (CM. Tabuiy 1).

Il.

Paccmotpum crenyronmii Habop uccienye-
MBIX [TOKa3aTeJIei: pe3yJIbTUPYIOLIast TepeMeH-
Hasi — ypoBeHb TeKkyuyecTu nepcoHana LIJIN
B cyonekte PD (T, %), cpennsiss 3apaboTHAast
mara B 1N B cyobekte PO (S’CP, py0.), OTHO-
lIeHWe cpeaHeit 3apaboTHoi miatel B LI
BcyobekTe PD k cpenHeit 3apaboTHOL TUIaTe 1o
cyobektTy PD (K /”). OTMeTHM, YTO TTIepBOHA-
yaJibHO Habop ObLT IMpe. B yactHOCTH, Opannch
cpenHsisg 3apaboTHas 1uiaTa B cyobekrte PO
U ypOBeHb 06€3paboTHlIbI 110 cyObekTamM. OmHa-
KO pacyeThl TIOKA3aJI1, YTO CBSI3b YPOBHSI TEKY-
YecTH TIepcoHasIa Co CpeiaHeil 3apaboTHOM
rratoit mo PMD mpakTUUecKu OTCYTCTBYET.
C ypoBHEM 0e3pabOoTHIILI 00JIee CITOKHAS CUTY-
anust. C OmMHOI CTOPOHBI, €€ BIUSIHUE Ha TeKY-
YecTh TIepcoHajla 0Ka3aJIoCh CadbIM, C Apy-
roil — OOHAPYXMJIACh TEHICHIINS K YCUJICHUIO
9TOI CBSI3U C TEYCHUEM BPEMEHU. YUUTHIBAS
yCIIOXHEHNE 9KOHOMUYECKOW 0OCTaHOBKU
B CTpaHe, MOXHO IPEAIOI0XNUTD, 4TO B 2016—
2017 romax rmokazaTeib 0e3padO0THIIBI B CYOBEK-
tax P® okaxer Oosiee CylieCTBEHHOE BIIMSTHYE
Ha TeKy4eCTb MepCoHaIa.

7151 Gosiee eTaTbHOTO aHAIM3a 3aBUCUMO-
CTelt MeXTy TToKa3aTesIsSIMU UCTTONTb3YeM MaTpH-
11y TapHbIX KO2(hGUIIUEHTOB KOPPEISILINN.
Hecmortpst Ha To, uTO 3HaUeHUst KO3 UIeH-
TOB, XapaKTEePU3YIOIINX CUJTY CBSI3U MEXIY
YPOBHEM TEeKy4eCT! U ABYMSI BEIOpAHHBIMU
(hakTOopamu, KaxyTcsl He OYeHb BBICOKUMU
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®depepaunu (3a 20122014 roagpl), pyd.

(paBHBI -0,274 1 -0,452), BAstHIAC 5THX (PAKTO-
POB TIPU3HAETCS CTATUCTUYECKN 3HAUMMBIM Ha
5 %-HoM ypoBHe. Kpome Toro, MaTpuiia yKasbl-
BAaeT Ha OTCYTCTBME CBSI3W MEXIy CaMUMU
(akTopamu, Tak Kak KoahOUIIMEHT Koppersi-
MK MEKITy HUMU TIpaKTUIecKu paseH 0.

KoppeaimoHHbIil aHaIu3 1aeT BO3MOX-
HOCTb ITOCTPOEHUST TPEX PA3TMIHBIX MOJETICH:

© 3aBUCUMOCTH YPOBHSI TEKYyJIeCTH TTePCOHA-
Ja T ot cpenHeit 3apadotHoii miarsl B LI no
cyosektam PO (¢ 3@);

© 3aBUICMOCTH YPOBHSI TEKYyJIECTH TTePCOHA-
sia T oT OTHOIIIEHUST CpeIHeli 3apaboTHOM T1a-
161 B LIZIU B cyonekTe PD K cpemreit 3apadboT-
HOIA ru1ate 1o cyonekry P® (K );

© 3aBUICUMOCTH YPOBHSI TEKYyIeCTH TTePCOHA-
Ja T ot cpenHeit 3apadotHoi miarsl B LI no
cyonektam PO (3@) U OTHOIIEHUS CpelHeln
3apaboTHoii TaTel B LIJIW B cyobekte PD
K cpeIHeli 3apaboTHOI mate 1o cyonrekty PO
(K ,) (mByx(hakTOpHAsk MOZIEIb);

PaccMoTpuM Kakyto MOfIeb B OTIEIBHO-
CTH.

KoppensiimonHoe mosie, oTpaxaroliee 3a-
BUCHUMOCTH CPEIHEr0 YPOBHSI TEKYYECTU OT
cpemHeli 3apaboTHOI riathl B LII (cM. puc. 1),
TTOKa3bIBAET, C OTHOI CTOPOHBI, OYEBUIHYIO
00paTHYIO0 3aBUCUMOCTh MEXIY yKa3aHHBIMU
TOKa3aTessiMI, ¢ APYTroil — HEKOTOPYIO HEOl-
HOPOJHOCTh BBIOOPKM (4Eero He HaOII0NaIoCh
B aHAJIOTUYHOM KCCIIEIOBAHUY B pa3pe3e peru-
OHATbHBIX TUPEKIINIA).

B wactHOCTH, ecTh psizt cyobekToB PD, KO-
TOPBIE «OTOPBAINCH» OT KOPPETSIIIMOHHOTO
o0J1aka (MM COOTBETCTBYIOT MapKephl B BUJIE
pOMOUKOB Ha IuarpaMme). 1o Mocksa, AMyp-
ckast ob1acThb ¢ Pecnyoukoit SAAkyrueii, Amano-
Heneuxuit 1 Xantbl-MaHCUACKUIT aBTOHOM-
HbIe OKpyra, TtomeHckas u CBepioBCKast
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OTHOWEHME CPEaHEMECAYHOR SapaboTHol na

Puc. 2. 3aBucumoctb
YPOBHSI TEKy4eCcTH
nepcoHana oT oTHoweHus
cpeaHeMeCcsYHOW
3apaboTHOW nnatbl
B UAN B cy6bexTe PP
K cpeaHeMeCsIHHOW
3apa6oTHoii nnate
B cy6bekTe PP.

1,70 1,90 2,10

aTel B LLOW B cybbekTe PO

K CpeaHemecA4YHON 3apaboTHoi nnaTe B cybbekTe PO

00J1aCTH, B KOTOPBIX IIPU OTHOCUTEIHHO BbICO-
KHX 3apabOTHBIX IIaTaX COXPaHSIOTCS OTHOCH -
TEJIbHO BBICOKME MoKa3aTeu Tekydectu. C ipy-
roii cropoHsl — Pecriyosmka [larectaH, riue npu
elBa JI1 He caMOll HU3KOi 3apabOTHOM TuiaTe
B LIJIN ypoBeHb TeKy4yeCTH OAWH U3 CaMBbIX
HU3KKX 1Mo Poccuiickoit @enepannm. Kpome
TOTro, HabJItoaaeTCsl MpUYyAIMBas (popma Kop-
PEJIILIMOHHOTO TMOJIs1, OTKJIOHSTIOILASICS OT JIU-
HEMHOro TpeH/1a BecbMa CYIIECTBEHHO. DTO elle
a3 TOBOPUT, UTO aOCOJIIOTHAS BeJIMYMHA 3apa-
0OTHOI IUIaThl — (DaKTOp, KOTOPBIA HENb3s
CUMTATh €AMHCTBEHHBIM B O0BSICHEHUU YPOBHS
Tekydectd. Ho, Kak yxe ObLIO 3aMe4eHo, JIv-
HeifHas1 CBSI3b MeXIy BBIOpaHHBIMM IOKa3aTe-
JISIMM CTaTUCTUYECKU 0OOCHOBAHA, a TTOMbITKU
HUCMOJIb30BaHWsl HEJTMHEHHBIX (DOPM K 3aMeT-
HOMY YJIy4YlIEHUIO KaueCTBa MOJIE/IN He IPYBe-
JIA.

CBsI13b MEXIY CPETHUM YPOBHEM TEKy4YeCTH
B cyonekTe PD m cpemHeit 3apaboTHOIM T1aToi
B LIJIN B cyoBekTe PD omnmceiBaeTcs ¢ ITOMO-
1LIBIO JINHEHOTO PEerpeCCUOHHOIO YPaBHEHUS
T= 11,09—0,000076-3@. 2

Ha ypoBHe 3Haunmoctut 5 % 310 ypaBHEHME
B LIEJIOM SIBJISIETCSI CTATUCTUYECKM 3HAYUMBbIM
contacHo F-kpurepuio @uirepa. Oba ero ma-
pameTpa CTaTUCTUYECKU 3HAYMMbI COTJIAaCHO t-
kputepurto CTblOJIEHTa, CpeIHsIsl OlIrOKa ar-
MPOKCHUMALIMK COCTABIISIET 22 %. DTO TOBOPUT
0 HaJIEXKHOCTU MOJTYYEHHOTO YpaBHEHUSI U BO3-
MOXKHOCTH €T0 MCITOJIb30BaHMSI /151 IPOTHO3U -
poBaHus1 ypoBHs Tekydyectu B LIJI mo cyobek-
TaM B 3aBUCUMOCTU OT CpelHeit 3apabOTHOM
muiatel B LIZIA.

HexoTopble mpakTuyeckue BbIBOABI U3
ypaBHeHMsI (2):

© C yBEJIMUEHMEM CpeIHe 3apaboTHOM IL1a-
1 B LIJIN B cyonekre PD 3@ Ha 1000 pyO®.
CpeaHull ypoBeHb TeKydecTu nepcoHaia B LIJIN
B cyonekTe T cHizkaercs Ha 0,076 myHKTa;
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e cpeaHUi KO3(DDUIIMEHT 3JaCTUYHOCTU
paseH -0,30 (kose6nercs B amana3oHe ot -0,193
i Pecriyonuku Jarecran no -0,673 B Amaio-
HenenkoM 1 XaHTbI-MaHCUICKOM aBTOHOM-
HBIX OKPYTaXx), TO €CTh IIPY YBEJIMUEHUH CPSIHEI
3apabO0THOI r1athl coTpyaHukoB LIJIU B orpe-
JIeJIEHHOM CyObeKTe 3ch cpenHeM Ha 1 % ypo-
BEeHb TeKy4eCTH 7 CHMKAeTCs B CpeIHEM Ha
0,3 % oT cBOEro CpefHero 3HaYeHUsI.

Iv.

CBs13b MEX Ty YPOBHEM TEKYJYECTH MIEPCOHA-
J1a 7'Vl OTHOILIEHUEM CpeTHEMECSYHOI 3apadoT-
Hoi 1athl B LIJIU B cyonekTe PD K cpemHeMe-
CAYHOI 3apaboTHOM 11ate B cyobekre PO (K /n)
BHavaje pacCMOTPUM Ha KOPPEISIIMOHHOM
noJje (puc. 2).

BusyanbHbIil aHAIU3 KOPPEISIIMOHHOTO
T10J141 TTO3BOJISIET CAEaTh BBIBOJ, O 00Jiee BBICO-
KOM KauyecTBe CBSI3U MO CPABHEHUIO C TIPEIbI-
IymyM ciaydaeM. KpoMe Toro, MoxHoO oTMe-
TUTb, YTO BBIOOPKA JOCTATOYHO OTHOPOHA, YTO
MOBBIIIAET KAYECTBO MOJEIH.

OnucaHHas CBSI3b 3aJaeTCsl ypaBHEHUEM
MapHOW JMHEHHON perpeccuun
T= 15,64—5,26-1(3/”. 3)

KauecTtBo ypaBHeHUs (3) HAa ypOBHE 3HAUM -
MocTu 5 % moarBepxnaloT U F-kpurepuit
®uiepa (151 ypaBHEHUS B LIEJIOM), U t-KpH-
tepuii CTbhloIeHTa (U151 KaXKI0To U3 TTapameT-
POB), CpelHsIsI OTHOCUTE/IbHAsT OIIMOKa arl-
MpoKcuMaluu coctaBuia 21 %. MoxHO oTMe-
THTB, 4TO (hakTop K . 00bsicHsieT 20 % aucrep-
cuun Tekydyectu nepconana 7. IloaydyeHHoe
YpaBHEHWE MOXKHO MPUMEHSITh IS TPOTHO3U -
DPOBaHMUSI.

‘YpaBHeHue (3) MO3BOJISIET YTBEPKIATh:

® C YBEJIMYEHWEM OTHOIIICHUS CPETHEME-
csiyHOI 3apaboTHoi miaTel B LIZIN B cyobek-
Te P® K cperHeMecsTIHOI 3apabOTHOM TI1aTe
B cyObekTe PO (K /n) Ha 0,1 cpenHuit ypoBeHb
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tekydectu nepconana B LIJIN (7) cHuzkaercs
Ha 0,526 nmyHKTa;

e cpeaHull KO3(OULIMEHT 31aCTUYHOCTHU
paseH -0,84 (konebercs B quana3oHe ot -0,446
11t Mockabl 1o -1,755 B BpsiHcKoii ob1acth),
TO €CTb TIPU YBEJIMYEHUN OTHOIIIEHUST CPETHE-
MecsiuHoM 3apaboTHoit miatkl B LIJIU B cyOb-
exre PO K cpemHeMecsTaHOM 3apabOTHO TUIaTe
Bcyonekre PO (K ) BcpenHem Ha 1 % ypoBeHb
tekydyectu B LIZIU B cyobekre (7) cHUXKaeTcs
B cpenHeM Ha 0,84 % OT CBOEro cpemHero 3Ha-
YeHUS.

[MocTponm ypaBHEHUE MHOXECTBEHHOM
JIMHEWHOM perpeccuu, ONrChIBAIOIIECE 3aBUCH -
MOCTb YPOBHSI TEKYJeCTH IiepcoHana 7'oT cpef-
Heii 3apabotHoI aThel B LIJI B cyobekTe PO
(3@) U oT oTHOuIeHUS K v CpeIHEMECSIYHOMU
3apaboTHoii TiaTel B LIJIN B cyobekTe PD
K CpeIHEMECSTIHON 3apabOTHO TUTaTe B CyOb-
ekte POD:

T= 18,39—0,000079-3@-5,33-1(3 i 4)

Csens nBa akTopa B OJHO ypaBHEHUE,
yIaeTcsi CyIIeCTBEHHO TTOBBICUTD €TI0 KaueCTBO,
4yTO moaTBepxaercs F-kpurepuem Puiiepa.
KoadpuimeHT nerepmuHaim 1jist 3Toro ypan-
HeHus paseH 0,28, To eCTb OHO 0OBsICHSIET 28 %
JMCTIepCUM YPOBHS TeKydecT. OJTHOBpeMEHHO
¢ 9TUM t-Kputepuii CTbloIeHTa TOATBEPKIACT
3HAYMMOCTD KaXJIOTO TapaMeTpa ypaBHEHUSI.
CpenHsist ommbKa anmpoKCUMalliy COCTaBIIa
20 %.

CrneyeT OTMETUTh, UTO 3HAYEHMSI TapaMeT-
POB perpeccuu pu (pakropax K, 1 Sq], 10 CYTH,
He W3MEHWIVCH B CPAaBHEHUM C YPaBHEHUSIMUA
(2) u (3). D10 MPOU30I11LIO BO MHOTOM OJ1arosia-
PsI MPaKTUYECKH TTOJTHOMY OTCYTCTBUIO KOppe-
JIILUU MeXITy (haKTOpaMU.

[TpoBenst MHTEpIIpeTalIMIO TTApAMETPOB,
JiesiaeM 0000I1aoIIe aHATTU3 BBIBOBIL:

® C yBeJIMUYEHUEM OTHOIIIEHUS CPeTHEMECSTI -
Holi 3apaboTHoi1 Tu1atel B LIZIU B cyobekTe PO
K CpeIHEMECSTIHOM 3apabOTHO TUTaTe B CyOb-
exre PO (K /n) Ha 0,1 cpenHuit ypoBEeHb TEKyYeC-
T niepcoHaina B LIJI B cyonekre PD (7) cHu-
xkaetcd Ha 0,533 myHKTa Mpu HEU3MEHHOU
cpenHeit 3apadoTtHoit riate B AU,

e C yBeJIMUEHUEM CpeTHel 3apaboTHOM I1a-
1h1 B LIJIN B cyobekTe PD (3@) Ha 1000 py6.
CpemHui ypoBeHb TeKydecTH riepcoHaa B LIJTA
BcyobekTe (7) cHukaetcs Ha 0,079 myHKTa ripu
HEM3MEHHOM OTHOIIIEHUN CpeIHEeMECIIHON
3apaboTHoii iaTel B LIJIN B cyobekTe PD
K CpeIHEMECSTIHOI 3apab0THOM TUTaTe B CyOb-
exte PD, 3akperuieHHOM Ha CpelTHEM YPOBHE;
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© CpeAHUI KOA(MOUIIMEHT 31aCTUYHOCTH 10
OTHoIIEHMIO K ,»PABCH -0,85 (konebmnercs B 1u-
ama3oHe oT -0,451 miug Mockssl 10 -1,788
B bpsiHCKOI1 06/1aCTH ), TO €CTh MPU YBETUYEHU N
OTHOIIEHUSI CPEIHEMECIYHON 3apaboTHOMI
matel B AU B cyobekTe PO k cpenHemecs -
HOIi 3apaboTHOI TUIaTe B cyobekTe PO (3017)
B cpenHeM Ha 1 % ypoBeHb Tekydectu B LIJIA
B cyOBeKkTe MagaeT B cpeaHem Ha 0,85 % ot
CBOETO CPETHETO 3HAYEHMsI TTPU HEU3MEHHOU
cpenHeit 3apadotHoit riare B LIJIU;

© CpeAHUI KOA(MOUIIMEHT 31aCTUYHOCTH 10
3apabotHo¥i riate 3 paseH -0,31 (kosebmercs
B auanazoHe ot -0,199 nia Pecriyoauku Jlarec-
TaH 1o -0,702 B SImano-Henenkom n XaHThI-
MaHcuiicKoM aBTOHOMHBIX OKpYTax), TO €CTh
MNpU YBEJIMYEHUU CpeaHe 3apaOOTHOM IIaThl
B PETMOHATILHOW TUPEKIIMY NWH(PPACTPYKTyphI
BcpeaHeM Ha 1 % ypoBeHb TeKydecTr T CHIXKa-
etcst B cpenHeM Ha 0,31 % oT cBoero cpemHero
3HAYCHWS TIPU HEU3MEHHOM OTHOIIIEHUH CPe-
HeMecsYHO 3apaboTHol 11athl B LIJTN B cyob-
exte PO K cpemHeMecsTaHOI 3apaboTHO TUTaTe
B cyobekTe PD, 3akperuieHHOM Ha CpeaHeM
YPOBHE;

© 1ICITOJIb3YSI OTHOCUTEJIbHbBIE OTKJIOHEHUST
HaOJTI0/1aeMbIX 3HAYEHUI TEKYJYeCTH OT pac-
YETHBIX, MOXKHO ITPOBECTH pa3zie/ieHue CyOb-
exToB Poccuiickoii Penepaiiu 1o nx 4yBCT-
BUTEJLHOCTH K 3apTUIaTHBIM (haKTopam (CM.
Tabauny 2).

V.

TexydecTh mepcoHana B cyobeKTax PD,
BXOJISIIITMX BO BTOPYIO TPYIIITY M UMEIOIITNX Ha-
WMEHBIINE OTKJIOHEHUST OT TPpeH[a, Ha Halll
B3IJIsII, Oy/ieT HarboJiee YyTKO pearnpoBaTh Ha
W3MEHEHUSI IBYX ITPE/ICTaBIIEHHBIX 3apPTLIATHBIX
dakropoB. be3yci0BHO, HENB3sT YTBEPXKIATh,
YTO TeKY4eCThb Y HUX B TIpezieiax HOpMbI. Bo3b-
MeM, Hampumep, JICHUHTpaICcKyo 00JI1acThb.
CpenHuit ypoBeHb TEKYJECTH TIepCOHAIA 32 TPU
paccMaTpuBaeMbIX Toia B HEll COCTaBIIsIET
9,31 %, 3T0 OCTATOYHO BLICOKUII YPOBEHb.
PaccuntaeM, Kak MBMEHUTCS TEKYYECThb B TaH-
HOM cyobeKkTe PO 1mpu yBemmaeHIY 3apaboTHOM
miatel 1o LIV B HeM Ha 15 % oT cpeaHux
rokasareieii 3a 2012—2014 roxer (v Ha 5,8 %
ot 3apruiatel 2014 rona), T.e. Ha 2052 py6. bynem
CUUTATh, YTO B CPETHEM I10 00JIaCTH 3apabOTHAs
1aTa BeipacTeT Ha 10 % OT cpeTHuX MmoKasaTe-
et 3a 2012—2014 romsl 1 coctaBuT 31215 py6.—
B TIPOTHO3HOM TepHO/Iie OTHOLIEHHE K e 1,21.
IMoxncraBuB maHHbie B (hopmydy (4), TIoaydum
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Ta6mamuna 2
OTHocuTe/IbHbIE OTKJIOHEHHS HA0JII01aeMbIX 3HAYEHHId TEKYYECTH OT PACYETHBIX, MOJYIEHHbIX
¢ moMoIbIo ypaBHenus (4)

Cy06bekTbl PP, B KOTOPBIX Cy6bekTbl PD, B KOTOPBIX YPOBEHb TEKYYECTH Cy06bekTbl PD, B KOTOPHIX YPOBEHb

ypoBeHb Tekyuectu B IJAN
3HAYMTEBHO BBILIE PACYECTHOTO
(B CKOOKax OTKJIOHEHUE B %)

B LI He3HAUMUTETbHO OTKJIOHSIETCST OT
pacyeTHOro (B cKoOKax OTKJIOHEHUE B %)

Tekydyectu B LIIW 3HaunTeIbHO HUXE
pacueTHOro (B CKOOKaX OTKJIOHEHHE

B %)

Amypckast obacTb + Pecriybinka

Pecrniy6nuka Tatapctan (9 %)

Pecniy6ivka [larecran (-44 %)

Sxyrust (63 %)

Pecniy6nmka Bypstust (49 %) [Menzenckas o6aacts (8 %)

Kypckas o6sacts (-36 %)

TiomeHckast o6actb 6e3 aBT. okp. | CaparoBckast 06J1acThb (8 %)

(36 %)

Pecny6nuka Xakacust (-35 %)

CaepiioBckast obnactb (33 %)

Bourorpasnckas o6aacts (7 %)

TlckoBckast o6mactb (-35 %)

CraBporonbckuii kpaii (32 %)

YensiouHckast obnacts (7 %)

Hosroponckast obnacts (-33 %)

Pecny6onuka Yysatust +
Pecriy6mika Mapwii 911 (31 %)

Kemeposckast + Tomckast obmactut (7 %)

KpacHosipckuii kpaii (-29 %)

Brnagumupckast oo6maacts (31 %) CmoreHcKast 06acTsb (3 %)

Mypmatckast 061actb (-26 %)

Adnraiickuii kpaii (30 %) Espeiickas AO (2 %)

MockoBckast obnactb (-25 %)

3abaiikanbckuii Kpaii (24 %) KypraHnckast o6nacts (2 %)

CaxanHckasi oonactb (-24 %)

Camapckas o6nactb (22 %)

Boponexckast o6aacts (-1 %)

Tynbckas obnacts (-24 %)

Pecrniy6imka bamkoprocran
(22 %)

Kanununrpazckast oénactb (-2 %)

ActpaxaHckast obnactb (-24 %)

VibsiHoBcKast 0651acTb (20 %) Owmckast o6macthb (-3 %)

Kanyxckast obnacts (-24 %)

Pecriy6ika Mopnosust (20 %) Upkyrckast oonactb (-4 %)

ApxaHresbckast 0onactb (-24 %)

Tpumopckwuii kpaii (18 %) IMepmckuii kpaii (-4 %)

. Cankr-Ilerepbypr (-23 %)

. Mocksa (18 %) Pecniyonuka Komu (-4 %)

Benroponckas obnacts (-21 %)

PocroBckas obnacts +
Pecriy6nika Kamvbikust (18 %)

Bpstrckas o6acts (-4 %)

Bosnorozckas obmacts (-21 %)

KpacHonmapckuii kpait +
Pecriy6nka Anpirest (18 %)

Kocrpomekast + MBanosckas obaactu (-5 %)

Pecny6nuka Kapenus (-20 %)

SAHAO +XMAO (17 %)

Jlenunrpackast o61acthb (-5 %)

Openbyprckas obnacts (-19 %)

Kuposckast 065actb (16 %) Psi3aHckas o6nacts (-5 %)

Vamyprckast pecriyonuka (-17 %)

SIpocnasckasi oomacthb (15 %)

Hwuxeroponckasi o6nactsb (-8 %)

Tam6GoBcKast o6actb (15 %)

Opiosckast o6aactb (13 %)

Pecniy6onuku Yeunsi+ Unrymmetust
+ CesepHas Ocetusi+KabapanHo-
Bankapus+Kapauaeso-Uepkeccust
(-15 %)

Xabaposckuii kpaii (11 %)

Jluneukast obnacts (-13 %)

HoBocu6upckasi o6nacts (10 %)

Tsepckas o6sacth (-13 %)

MPOrHO3HOE 3HaYeHKe TeKydecTH 8,99 %. Takum
00pa3oM, JIJIsl perroHa IIPEeIoiaracMoe N3Me-
HEHME 3apIUIaTHBIX IoKa3aTesieil pUBeaeT
K CHIXKeHMIO TeKydecTy Ha 0,32 TpOLeHTHBIX
ITyHKTa ITPY UTHOPUPOBAHMM OCTAJIbHBIX HEYY -
TEHHBIX (PAaKTOPOB.

OLieHUM 3aTpaThbl, HEOOXOAMMBIE JIJISI CHU-
JKEHUST TeKydecTH KaapoB. CpelHecIcoYHast
yuciaeHHocTh B LIJIW o JleHunrpamackoit 00-
nmactu B 2014 romy Obuta 5677 yenosek. Eciau
YUCJCHHOCTh YMEHBIIUTCS, HarpuMep, Ha 4 %,
TO JIJIs1 CHYDKEHHUS TeKyJecTH B ooacTr Ha 0,3 %
notpedyeTcst 5677¢0,962052¢12 = 134 MitH pyo.
MOXHO CPaBHUTH 3TOT PE3YJIBTaT, JOIMYCTUM,
C 3aTpaTaMU Ha BBITUIATY 30HAJIbHBIX HAI0aBOK
no AMypckoi obyractu?: B pasMepe Ooliee

2 TekydecTb B AMYpPCKOI 00J1aCTH OCTAETCS OMHOM 13
cambix Beicokux 1o LIIV B Poccuiickoit Penepaiiuu.
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1,2 mnpa pyo0. TIpy CpeAHECTTUCOYHOM YMCIEH-
Hoctu 3247 yenoBek B 2014 romy.

AHaJOrMYHBIM 00pa3zoM MOXHO HalTu
B JaHHOM rpyIiie Te cyobekThl PO, KoTophie
HE UMEIOT IIPO0JIEM C TEKYUYECThIO, U JIJISI HUX
TakKXe MMOCTPOUTH IIPOTHO3, MO3BOJISIOIINIA
cakoHoMuth ®OT.

Amypckast obnactb (BMecTe ¢ Pecniyonu-
Koil SIKyTueil) nuaupyer B rpymie cyobek-
TOB, IS KOTOPBIX ITOKa3aTeJb TEKYy4eCTU
CYILIECTBEHHO MPEBBIIIACT PACYETHBINA. XOTS
npu GUKCHUPYEMOM yYPOBHE 3apabOTHBIX
IUIAT B 3TOM I'PYIIIE YPOBEHb TEKY4eCTHU
JIOJKEH ObLT OBITH TOPa3I10 HUXE.

[TpumeHsaTh hopmyiy (4) K TaAKMM CyOb-
ekraM P®, 0cobeHHO K «JInaepaM» IepBOit
IPYIIIBI, CJIEAYET BEChbMa OCTOPOXKHO, a Bellb
OOJIBIIIMHCTBO U3 HUX UMEIOT BBICOKYIO TE-
KydecTb nepcoHana. Ho oGycioBieHa ata
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TEKY4YeCTb CKOpPEe BCEro He 3apIUIaTHbIMU
npuunHamMu. M naxke eciu TeKydecThb B Ta-
KHX PETMOHAX UMEET IMPpUEeMJIEeMbIi moKasa-
TeJib, CJIeyeT 00paTUTh BHUMaHWe Ha BHY-
TpeHHWE W BHEIIHUE (PaKTOPbI, KOTOPbHIE
«OTPBIBAIOT» UX OT TPEHIA U B Oymyliem
MOTYT YCYTYOUTb MPOOJIEMBIL.

CyobekTel P®, BXxOAsSIINe B TPEThHIO
TPYTITY, UMEIOT peajbHbIe TT0Ka3aTeu TeKY-
YECTU, CYLIECTBEHHO OTCTAIOIIME OT pacyeT-
HBIX 3HAYEHU . DTO HE TOBOPUT O TOM, UYTO
B CJIEAYIOIIEM TOAY B HUX MOXHO CHU3UTH
3apaboTHy0 miary. [IpyunHamMu HU3KOM
TEKYYEeCTH MOTYT OBITh (DaKTOPHI, CBSI3aHHBIC
C DKOHOMMKOI peruoHa, 0COOEHHOCTSIMU
pbiHKa Tpyna. Ho, 6e3ycioBHO, B 3TOM rpyr-
TI€ €CTh U TAKUE CYObEKTHI, B KOTOPBIX MOX-
HO HECKOJIBKO «ITPUIePKaTh» POCT 3apaboT-
HOW TuIaThl, He 00sICh KaTacTpohUIECKUX
MOCJIEICTBUM.

Takum o6pa3om, COTIaCHO PErpecCUoH-
HOMY ypaBHeHHUIO (4) moKa ToJbpKo 28 %
TEKy4eCTU OOBSICHICTCS BIUSHUEM JBYX
(hakTOpOB, UMEIOIIUX OOLIYIO «3aPIUIATHYIO»
nipupomy. JlaibHe e uccie1oBaHus OyayT
3aKJII0YaThCSI B MOUCKE AOIMOJHUTEIbHBIX
BHYTpeHHUX (B LIJIN) 1 BHemIHUX (haKTOpOB
(ypoBeHb 6€3paboTHIIbI TOKA HE CMOT CTaTh
TaKOBbIM). Bo3M0OXHO pa3jiesieHue cyonbek-
ToB P® Ha kJjractepbl Mo Ka4yeCTBEHHBIM
rnokasaresisiM (reorpaduueckoe MmojoxeHue,
MpOMBILILJIEHHOE pa3BuThe U Ap.). Ho yxe
ceifyac ¢ moMoOIIbIO ypaBHEeHUS (4) MOXHO
JlaBaTh HEKOTOpble PEKOMEHIAIUU IO
YIIPABJICHUIO TEKYYECTHIO B KAXKIOM U3 CYyOb-
eKTOB PO.

3AKJTIOMEHUE

J11s1 yripaBJieHUsI TEKYJYeCThIO TiepcoHaa
BaXXHO HAyYUTHCS OMPEICIISITh €€ KPUTUIE-
CKUIl YPOBEHb NMIPUMEHHUTEIBHO K KaXXI0Mn
MaccoBoit podeccun. [1pu aTom cieayet
y4ecTh, YTO TEKYYECTh KaJPOB OKa3hiBacT
BIIMSIHUE Ha 0E€30MMacHOCTb IBUXEHUS, 3a-
TpaThl Ha 0OydYeHUe, MepeodyYeHrue U To-
BBIIIEHWE KBaJIM(UKAIIMK TIepcoHasa, Ha
COILIMAaJIbHO-3KOHOMUUYECKYI0 00CTaHOBKY
B PETMOHE U MHOTHUE Jpyrue nokasaTelu.

J s BBISIBICHUST IPUUMH OTKJIOHEHUS
rmokasartelisi TeKy4eCTH OT CPeIHEero B OT-

NeNbHBIX cyobekTax PP, Ha OTAENBHBIX
MPENNPUATUIX B JaTbHENUIINX MCCIeI0Ba-
HUSIX TIpeAIosaraeTcs UCIOAb30BaHUE TaK
Ha3bIBAEMBbIX TAOJUIL TOXUTUS, TTPOLETYD
Kamrana—Maiiepa u perpeccuu Kokca. Ot
METOIMKHU MO3BOJISIIOT HE TOJIBKO OTIpeJe-
JISITh CPENHUIN CPOK pabOTHI MepcoHala Ha
MPEeNNPUITUA U TPOTHO3UPOBATH BO3MOXK-
HbIE YBOJbHEHUSI COTPYAHUKOB, HO U BBISIB-
JIITh (paKTOPBI, BAUSIONIME HA COMMYTCTBYIO-
IIHE TTPOLIECCHI.
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ABSTRACT

The article is devoted to the study of regional
features of social and economic relations in railway
transport, which are directly related to stability of
labor collectives, quality of human resources. A
system of factors influencing staff turnover is offered,

methods for analyzing the impact of these factors
are considered taking into account regional aspects,
approaches to modeling of functional dependencies
and the use of correlation matrices are exemplified
by the structural subdivisions of Central Directorate
of Infrastructure, a branch of JSC Russian Railways.

Keywords: railway, infrastructure directorate, subject of the Russian Federation, labor relations, regional

features, labor market, staff turnover, turnover factors.

Background. One of the key economic problems
in the sphere of labor relations in railway transport is
ensuring stability of labor collectives. An indicator that
allows to obtain a quantitative characteristic of
movement of personnel in the organization is the level
of staffturnover [6]. This is a complex result indicator,
influenced by various factors.

Objective. The objective of the authors is to
consider issues of staff turnover: management in the
light of regional peculiarities.

Methods. The authors use general scientific
methods, comparative analysis, economic evaluation,
scientific description, graph construction.

Results.

I

The level of staff turnover in the largest functional
branches of JSC Russian Railways has a significant
variance, which is due to the peculiarities of corporate
culture, the structure of personnel, its qualifications and
the level of labor remuneration. However, the regional
labor market remains a common factor that significantly
affects the level of turnover [11]. And taking into account
this significance, a balanced approach, especially strict
differentiation of market conditions, is needed to
evaluate the processes connected with it [12].

In this regard, for an objective economic
assessment of the consequences of staff turnover, it
is necessary to analyze, first of all, the data of
employees whose dismissal has brought losses to the
company.

As a result of studies that included consultations
with experts, an analysis of management reports of
JSC Russian Railways, a study of domestic and foreign
publications on the problems of turnover [9, 10], a
model was developed for the relationship between
the level of staff turnover and factors affecting this
level. From our point of view, such factors include:

S,,— average level of salary, rub.;

Ksal - ratio of average salary in JSC Russian
Railways to average salary in the region;

T, — rates of growth of salary in JSC Russian
Railways, %;

C,,,— average size of the zonal (regional)
supplement, rub./person’;

C,,.— average size of social payments, rub. /
person;

SL - level of employee satisfaction, % (measured
by sociological research);

! The zonal supplement is applied in the system of labor
remuneration of JSC Russian Railways to regulate the
value of the average salary, taking into account the level
of tension in the formation of professional staff, the
peculiarities of regional labor markets.

1., —index of employee involvement, % (measured
by sociological research);

I ...~ integral index of working conditions, units;

!, — competitiveness index of the structural
le/S/on of JSC Russian Railways (railway, regional
directorate, linear division) in the regional labor
market.

Of the parameters proposed in the model, the
most complex indicators are represented by the
derived indicators: integral index of working conditions
and competitiveness index of the structural division
of JSC Russian Railways in the regional labor market.

The integral index of working conditions is a
quantitative characteristic in the broad sense of the
word, including such factors as the work schedule,
temperature regime, climatic characteristics, labor
intensity, the degree of responsibility, harmful and
dangerous working conditions, etc.

The index of competitiveness of the structural
division of JSC Russian Railways in the regional labor
market, according to the authors, should take into
account the impact of local features of labor relations
on the level of staff turnover. For the correct definition
of the index in the region, it is necessary to know the
number of jobs in comparable professions, the
possibilities for finding jobs for railway workers from
competitors, the level of salaries, their dynamics,
working conditions at other enterprises and other
information that characterize the conjuncture of
regional labor markets.

Thus, the model of the functional dependence of
the level of turnover on the factors affecting it will look
like this:

T=1(S,, K Tewp Crom Coos, SL 1, (1)

a/ ‘sal " sal "~ zon’ in’

can, Irlm)'
1.

The results of the research, stated in previously
published works [2, 4], showed that in Central
Directorate of Infrastructure — the largest branch of
JSC Russian Railways (hereinafter — CDI), the salary
level in only 30 % of cases affects the staff turnover
level. The rest is the zone of action of other factors,
where a special economic and mathematical tool
performs its role.

The most common methods of analyzing and
forecasting labor indicators are:

1. Methods of correlation-regression analysis,
which are used to study the forms of connection,
establishing quantitative relationships between the
random variables of the process being studied. In
socio-economic forecasting, these methods are used
to construct conditional forecasts and forecasts
based on the evaluation of stable cause-effect
relationships [3].
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Table 1

Average indicators on salary and staff turnover in CDI in the context of the subjects
of the Russian Federation for 2012—2014

Regional directorates Average number | Average level of Average salary in | Average salary Average ratio of
of employees of staff turnover in CDI, rub. in the subject average salary
CDI, people CDI, % of the Russian in CDI to
Federation, rub. average salary
in the subject
of the Russian
Federation
Moscow 9272 11,24 50439 55174 0,92
Tver region 3453 7,35 31229 22187 1,41
St. Petersburg 7916 7,29 39916 36825 1,09
Leningrad region 4766 9,31 32766 29173 1,12
Novgorod region 1148 5,81 31426 23339 1,35
Pskov region 2151 5,74 27395 19650 1,40
Vologda region 3499 7,14 31884 24842 1,28
Karelia Republic 3865 6,32 38359 27223 1,41
Murmansk region 2741 5,69 50465 39930 1,27
Kaliningrad region 1649 8,47 32690 24333 1,35
Moscow region 4606 6,12 44864 35530 1,26
Vladimir region 2561 10,61 30463 20617 1,48
Ryazan region 2671 6,87 34258 21725 1,58
Kaluga region 1605 6,47 34768 25905 1,34
Oryol region 1338 6,93 34067 19015 1,79
Smolensk region 3520 6,35 35892 20373 1,77
Tula region 2211 5,93 33978 23008 1,48
Bryansk region 3871 5,27 35450 18805 1,89
Kursk region 1817 5,08 31481 21008 1,50
Nizhny Novgorod region 6950 8,24 30736 23343 1,32
Kirov region 3243 9,27 28909 19067 1,52
Tatarstan Republic 4733 11,46 27534 25854 1,07
Chuvashia Republic +Mariy El Republic 1101 11,69 26356 18973 1,39
Udmurtia Republic 2362 7,28 28696 20845 1,38
Sverdlovsk region 12349 12,86 31768 27413 1,16
Perm region 6595 9,15 29983 24546 1,22
Komi Republic 3889 7,77 46390 37303 1,25
Arkhangelsk region (without Nentsky AD) 5497 6,15 40046 29901 1,34
Yaroslavl region 3872 8,88 34211 22945 1,49
Kostroma +Ivanovo regions 2707 8,65 25763 18945 1,36
YaNAD+KhMAD 2935 9,93 58458 58812 1,00
Dagestan Republic 1210 4,92 23563 16230 1,46
Stavropol region 2101 12,82 25740 20570 1,25
Krasnodar region+Adygea Republic 9354 11,93 27108 23642 1,15
Rostov region + Kalmykia Republic 8955 11,07 27530 21566 1,28

2. Analysis of time series taking into account
seasonality.

3. Balance method of analyzing labor indicators.

In particular, using the correlation-regression
analysis, the effect of the average salary level in CDI
and the ratio of salary levels in regional directorates
of infrastructure and salary in subjects of the Russian
Federation that gravitate toward these directorates
was studied.

However, regional directorates are very
heterogeneous in their