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B cTatbe npuBoANTCS CPaBHUTEJIbHbINA
aHanu3 pakTopoB NPUPOAHO-
TeXHOreHHOro xapakrepa, npuBoasILLNX
K BO3HUKHOBEHMUIO YPE3BbI4alHbIX
cuTyaumnii Ha xes1e3HO4O0POXXHOM
TpaHcrnoprte. PaccmarpuBaiorcs
BOIMpPOChbl UHPOPMALIMOHHO-
TEexXHOJIOrn4eckoro obecrne4yeHus
MOHUTOPUHra u c6opa gaHHbIX

O COCTOSIHUM MOTEHLNasIbHO OMNacCHbIX
Yy4acTKOB XXeJ1Ie3HO[40POXXHOro nyTu

C UCIMOJIb30BaHNEeM a3pPOKOCMUYEeCKNX
TeXHOJIOIrni.

KnroyeBsbie cnoBa: asapoKOCMUYECKNIA
MOHUTOPUHT, XE/1€3HOA0POXHbIV MyTb,
6e30MnacHOCTb, Ype3BblHariHble CUTYaLuu,
TEXHOJ1I0rMy KOHTPOJIS.
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BESOINACHOCITE

AspokocmMunyeckue
MeToAbl MOHUTOPUHrA
ype3Bbl4aHbIX CUTYaLUU

2Kenesnoe Maxcum Maxcumosuu — kanouoam
MeXHU4ecKux Hayk, OOueHm, 3amecmument
HA4anbHUKA YNPaeneHus Hay4HO-Uccaedo8amenbCKoll
pabomsi Poccuiickoeo yHusepcumema mpancnopma
(MHHT), Mockea, Poccus.

Ilonomapée Baasenmun Muxatiaoéuu — dokmop
MexHu4ecKux HayK, npogheccop, 3a6edyousuil
Kaghedpoii ynpasnenus 6e30nacHOCMblo 6 mexHocgepe
Poccuiickoeo ynugepcumema mpancnopma (MUHUT),
Mockea, Poccus.

OecrnieyeHWe YCTOWUYMBOCTU Tepe-

BO30YHOTO MpOIecca U Mpeao-

TBpallleHWEe YPE3BBIUYANHBIX CUTY-
anuit (UC) sBasieTcs aKkTyanbHOU 3amadeit
IUIS1 XKEJEe3HONOPOXKHOTO TpaHCHOpPTa.
M HHOBAIIMOHHBIE TEXHUYECKNE PEIICHMUS,
MpUMEHsIeMble [UUISI 3alad MOHUTOPUHTA
MPOTSXKEHHBIX YIACTKOB XEJIE3HOAOPOXK-
HOTO TyTU, MO3BOJISIIOT TOCTUYDh MaKCH-
MaJIbHOTO MHTETrpUpoBaHHOTO 3 deKTa 1st
0e30TMacHOCTU JBUKEHUS MOE3M0B U TIpe-
nynpexneHus YC.

AKTYaqTbHOCTh MOHUTOPUHTA XEJIe3HO-
JIOPOXHOTO MYTU, MOTEHIMATBLHO OTMMACHBIX
O0BEKTOB U SIBJIEHUN HAa MPUIETAOIUX
K HEMY TEPPUTOPUSIX OIPeaesIeTcss He00-
XOAMMOCTBIO pealn3aluy MOBBIIIEHHBIX
TpeOoBaHU K 0€30MaCHOCTHU ABUXEHMUS
1, B YaCTHOCTHU, K TEOMETPUUECKUM Iapa-
METpaM YCTPOUCTB MYTU OOJBILIOW MPO-
TSKEHHOCTU Ha CTPOSIIIUXCS U (PyHKIINO-
HUPYIOUIUX TPY30HATIPSKEHHBIX MAaTUCTpPa-
JISIX, a TakXkKe MpeaynpexXAeHUs] TeXHOTEeH-
HBIX KaTacTpod 1 MacIITaOHBIX HETATUBHBIX
MOCEACTBUN MPUPOAHBIX SIBJIEeHUM [1].

Bo3HukHOBeHUE TPUPOTHO-TEXHOTEH-
HBIX YPE3BbIYANHBIX CUTYaLIM HA KEJIE3HO-
JIOPOXHOM TPAHCIIOPTE OOYCIOBJIEHO PSIAOM



Ta0imuna 1

YC o xapakrepy 1 BULY Komuectso YC [Toru6ao TToctpanano
MCTOIHMKOB BOSHUKHOBEHUS | 9()16 2015 % 2016 2015 2016 2015
TexHOTEHHBIE 177 179 -1,12% | 708 656 3970 1629
IpupoaHbie 54 45 20,00% |3 43 126465 18114
Buosoro-counanbHbie 67 33 103,03 % |75 0 503 1041
HUTOIO: 298 257 15,95% | 786 699 130938 20784
Ta6iamua 2
YC o xapakrtepy 1 BU1y UCTOYHUKOB Konuuectso HC TToru6so TTocrpanano
e — 2016 2015 % 2016 2015|2016 |2015
3emieTpsiCeHUsI, U3BePXKEHUE BYJTKAHOB 0 0 0,00 % 0 0 0 0
OrnacHble Te0JIOTUUECKUE SIBICHUST 2 0 +2 0 0 0 0
[loBbIlIIeHUE YPOBHS TPYHTOBBIX BOIT 0 3 -100,00% |0 0 0 1742
Bypu, yparaHsl, cMepuu, IIKBaJIbI, 6 4 50,00 % 0 1 383 1229
CUJIbHBIC METETH
CuJIbHBIN 10XK/b, CUJIbHBII CHEToMa/l, 21 11 90,91 % 3 1 78818 | 8989
KPYITHBII Ipajt
CHeXHBbIE JIJABUHBI 0 0 0,00 % 0 0 0 0
3aMOpPO3KH, 3aCyXa, CyXOBEM, MbLIbHBIE 7 16 -56,25 % 0 0 0 0
oypu
Mopckue onacHble TUAPOJIOTUIeCKUE 0 0 0,00 % 0 0 0 0
SIBJICHUSI
OTpbIB MPUOPEXKHBIX JIBIOB 1 0 +1 0 0 40 0
OrnacHble TMAPOJIOTMYECKUE SIBICHUST 15 4 275,00% |0 0 47224 |0
KpymnHble mprpoaHbIe MOXaphbl 2 7 -71,43% |0 41 0 6154

(bakTOpOB, BNUSIHME KOTOPHIX CO BpeMEHEM
Bce ycunuBaeTcs. bonbiast yacTe Hammx
JKEJIE3HBIX JOPOT MTOCTPOeHA U (DYHKITMOHM -
PYET B CJIOKHBIX TPUPOTHO-KINMATUYECKUX
yCJIOBUSIX (paBHUHHBIE TEPPUTOPUU U HU3-
MEHHOCTHU € TIPe00IafaHeM YBIaXKHEHHBIX
rpyHTOB). MHTeHCUUKAIINS TEPEBO30YHO-
TO TIpoliecca U TOBBIIIEHUE OCEBBIX HATPY-
30K MPUBOIWIN U TIPUBOASIT K HEOOpaTu-
MBIM QU3UKO-XUMUIECKUM TIpOIleccaM
B 3€MJISSHOM ITOJIOTHE, KOTOPBIE MEHSIOT
XapakTep MOBEACHUS XKeIe3HOI0POXHOTO
MYTU U PacCIIUPSIIOT 30HY pUCKa.

NMOTPEBHOCTb KOHTPOJIUPOBATb
PUCKU

PaccMoTpuM cpaBHUTEIBbHYIO XapaKTe-
PUCTUKY UPE3BbIYAMHBIX CUTyallMid HA TeP-
putopuu Poccuiickoit @enepanym B 2015—
2016 romax, MCITOJb3ys JaHHbIE ODUILINAITb-
HO omy0JauMKoBaHHBIX MaTtepuanoB MUC
(Tabauma 1).

Wcxonst 3 mpuBenEHHBIX TaHHBIX,
BITOJTHE 3aKOHOMEPHBIM SBIISIETCS OTIPEJIe-
JICHWE IPUOPUTETHOTO HAaTIpaBICHUS HAyd-
HO-TeXHUYEeCKOU megrenbHocTu MUC
Poccuu B 2017 rony: «HayuHoe obecrieue-
HHUE pa3BUTUSI CUCTEMbl MOHUTOPUHTA
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M TIPOTHO3MPOBAHUS MACIITa0OHBIX UPE3BHI-
YalHBIX CUTyallMliA U YMEHBILIECHNS OMaCHO-
ctu OeacTBuii». CorjlacHO opULIMAIbHON
CTaTUCTUKU (Tabauua 2) ciaeayeT BHIBOI,
YyTO Ha TeppuTtopuu Poccuu npeobiagaet
BOJHBIN (haKTOp pUCKa.

AHanm3 ¢hakTOpOB MPUPOTHO-TEXHOTECH-
HOTO XapakTepa, IPUBOISAIINX K BOSHUKHO-
BeHuo YC Ha XeJle3HOOOPOXHOM TpaHC-
nopTe, 3acTaBjsieT BMeCTe C TeM yTBep-
XIaTh, YTO CEPbE3HBIM (PaKTOpPOM pucka
BO3HMKHOBEHMS YPE3BBIUYANHON CUTyallUN
SIBJISIETCSI M CaM 3KeJIe3HOTOPOXKHBIN ITyTh —
KaK OTTOopracMasi aHTPONOTCHHAs J4acTh
9KocucTeMbl [2]. Y yeM clloxXHee KiTuMaTh-
YyecKMe yCJIOBUS, TeM CUJbHEe Mpupoaa
bopeTcst ¢ «<BUPYCOM» M TPOSIBIISIET CBOM
«AMMYHUTET». BO3HMKHOBEeHHE 3TOTO (-
dexTa 00BICHSACTCS MPOCTO: IIPU CTPOU-
TEJILCTBE U SKCILTyaTalluM ITyTH BO3HUKACT
HapyllleHUe eCTeCTBEHHOM cpeanl [3], cro-
COOHOE MPOBOLIMPOBATh U YCYTYOISITh IPU-
poanbie YC (puc. 1).

CornacHo knaccugukauuu [3], npenyio-
xenHoit ®. I1. CaBapenckum (1941)
u W. B. [TonnoBeiM (1951), MOXHO crpynmnu-
pOBATh U CBSI3aTh PSII I€OJTOTUUECKUX TIPO-
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W3menenue /L W3bsTue 3emens — 0TBOJ J\ DKOJOTHYECKOE
nangmadra 3eMeJTb MO ITYyTEBYIO 3arpsA3HEHUE
\,7 HHPaACTPYKTYypy ~‘/ 1 3apa)XCHUE 3eMeThb
T I T I
] [
YHuuToxeHue CTpouTenscTBo W3bsaTue 3emens
MJI0JOPOJHOTO CIIO0S W 9KCIUTyaTalus u3
TTOYBKI, HAPYIIICHHE JKEJIE3HO/I0POKHOTO MYTH CEIIbCKOXO03SICTBEHHOTO
3eMEeJBHBIX YOI ¥ MH)KEHEPHBIX COOPYKEHUI 000poTa U NHOTO
(MOCTBI, TOHHEJH U JIp.) HCIIOJIb30BAHUS
T I
] [ ] [
Boanas /L Hapymenue J\ 3aroruieHue,
U BETPOBas THJIPOT€OJIOTUICCKUX ITOJITOTIJICHUE
apo3us \r YCIIOBHH MECTHOCTH ‘l/ 1 3a001aYrBaHUC

Puc. 1. HeratuBHbie akosioru4yeckume rnocsencTeus CTPOUTEJIbCTBA U 3KCrlyataynun >xes1Ie3HOA4OPOXXHOIro nyTu.

[TPOLIECCBI ABJIEHUA
4
1. esiTenbHOCTh NOBEPXHOCTHBIX BOJ, [HommbIB 11 0OpyIIeHHE OeperoB
(Mopeii, 03ep, peK) U BpEMEHHBIX (mopeii, 03ep, pek), pa3MbIB
TTOTOKOB CKJIOHOB, CEJH
- J -
4 1\ 4
2. JleATeNbHOCTh TOBEPXHOCTHBIX 3abosiaunBaHUE TEPPUTOPHIA,
1 TIOJI3€MHBIX BOJ{ MIPOCa0YHbIE SBICHHS, KAPCT
- J -
4 N\ 4
3. JleATenbHOCTb MOI3EMHBIX, OnonsHu
MIOBEPXHOCTHBIX BOJ Ha CKJIOHAX
- J -
s N\ s
4. JlesiTenbHOCTD OA3EMHBIX BOJL Cyhdo3ust, IbIBYyHBI
(. J (.
N\ 4
5. Ilpomep3aHue u OTTauBaHUE Mopo3Hoe mydeHHe TPyHTOB,
BEYHAast MEp3JI0Ta
. J .
s N\ s
6. BoiBeTpuBanue OO0BaJIbI, OCHINH
(. J (.
e N\ e
7. BHyTpeHHHe CHIIbI 3eMIn CelicMuuecKye SIBIEHUS
: \ \/
(
8. CtpoutensctBo | KATAJIM3ATOP ITonzemHBIe (3eMIITHOE MOJIOTHO)
1 9KCILTyaTarys WHTUBUTOP 1 NTOBEPXHOCTHBIE iedopMannm
K. IyTH (BepxHEe CTPOCHHE TTYTH)
g g

Puc. 2. OcHoBHble npupoaHbie pakTopbl 3apoxaeHns YC Ha xene3HoA0POXHOM TpaHCropTe.
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ADPOKOCMHYECKHE CHUMKH JKEJIC3HOJOPOXKHOI HHPPACTPYKTYPBI
1 HOTCHIUAIBHO OIIACHBIX 0OBEKTOB B CTAOMILHOM COCTOSIHHI

v

Uroroserit

IToaroToBUTENHLHBIN

Hndopmarmonnas CHCTEMa a9pOKOCMUYECKOI0
MOHHUTOPHHIA MOTEHIUATBEHO OMACHBIX
Y4YacCTKOB ITyTH

OnepaTuBHbIH

SIBJICHUH

IIpenBapurenbHbIi

HW306paxenus ¢ KIaccupuKamen MoBpeKIeHHI 00bEKTOB
HHOPACTPYKTYPBI

AdpOKOCMHYECKHE CHUMKH Pa3BHTHS UPE3BBIYAHBIX CHTYaIHil, TMHAMHKI
M3MEHECHHI IIOTCHIHAIBHO OIMACHBIX 00BEKTOB U UX BO3ICHCTBHUS
Ha 5KEJIE3HOL0POKHYI0 HH(PACTPYKTYpy

M300paxenne 00beKTOB HHOPACTPYKTYPBI B COCTOSHUH
TOTOBHOCTH K HAOJIFO/ICHHIO CE30HHBIX KIMMATHYCCKUX

Puc. 3. UHpopmaymnoHHasi cucTtema a3apoKOCMNYECKOro MOHUTOPUHIA.

eccoB 1 (DM3UKO-T€OJIOTUUECKUX SIBIICHUM,
JAIINX MTOBOJ CYMTATh UX OCHOBHBIMU
npuYMHaAMU TpUpogHO-TexHOoTeHHbIX YC Ha
JKeJIE3HOOPOXKHOM TpaHcTopTe (puc. 2).

OueBUIHO, YTO TEPPUTOPUS ITPOJICTAHUS
JKeJIE3HOOPOXKHOTO MYTH MOJIBEpXKeHa He-
TaTUBHOMY BO3[EICTBUIO BCETO U3BECTHOTO
crnekTpa GU3MKO-TeoJOTUYECKUX SIBJICHUMA,
TIPOBOLUPYIOIINX BO3HUKHOBECHUE UPE3BHI-
yaliHbIX cutyauuit. [Ipu aTom cienyer oT-
METUTb MpeBaIupylollee 3HaYeHe BOZHOTO
(bakTOpa BO3/mEICTBUS HA XENE3HOIOPOXK-
HYI0 MH(PPACTPYKTypy, B YaCTHOCTH, yda-
CTUBINIMIECS Ha TeppuUTOpUN Poccum HaBox -
HEHUSI, COTIPSIKEHHBIE C CepPbE3HBIMU MaTe-
PUAJIbHBIMU TTOTEPSIMU U YEJTOBEYECKUMU
KepTBaMU.

Oco0yi0o omacHOCTh Cpeau ObIcTpopas-
BuBatomuxcss YC s kKeJe3HOA0POKHOMU
MHOPACTPYKTYPHI IIPEICTABISIOT CE30HHBIC
U JIMBHEBbBIC BOJBI.

st 60pbOBI C BO3MOXHBIMU HEraTUB-
HBIMH TIOCJICACTBUSIMU IIPUBJICKAIOTCI KO-
JloccaJibHble MaTepualbHbIe, TEXHUUYECKUE
U 4YejioBeYecKue pecypchl. PanimonanbHoOe
MJaHUupOBaHUe, pacipeaeieHue u apdex-
TUBHOE HCIT0JIb30BaHUE MMEIOIIErocs Mo-
TeHIIMaJia IMO3BOJSIEeT CHU3UTH yIIepo,
MPUYMHSIEMBIH XKeJIe3HOA0POXKHO nHdpa-
CTPYKType, MUHUMU3UPOBATh OMAaCHOCTh
IUTSL JIIOJe ¥ TTOBBICUTH 9KOHOMHUYECKYIO
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9(pHEKTUBHOCTb MTPOBOJAMMBIX MEPOTIPUSI-
TUMA.

CrenoBaTeIbHO, CUCTEMEI OTICPATUBHO-
ro MOHUTOpPUHTA JOJXKHBI 0OecrneyrnBaTh
peruoHaabHble IMPEKIIUU UHDPACTPYKTYPbI
U JIUHEWHbIE MPEeANpPUsITUSI HEOOXOAUMOT
WHGOpMalLeil 0 COCTOSHUU XeTe3HOI0-
POXHOTO YT W MpUJIETAIOUIE TEPPUTO-
puM, a TakxXe 00bEKTOB, MPEACTaBISIOLINX
OITACHOCTb BHE 3aBUCUMOCTHU OT CTEIIEHU UX
yAaJIEHUS OT TTOJIOCHI OTBOJIA.

COBMELLEHHbIE TEXHOJIOTMU

CucremMa MOHUTOPUHTA Ha BCEX ATarax
JIOJIKHA obecrneynBaTh MH(POPMAIIMOHHYIO
TOJIePKKY PUHUMAEMbIX PEIIEHU I 1 TIpe-
JTIOCTaBJISITh JAHHBIE 00 N3MEHEHMSIX COCTOS -
HUS 00bEKTOB MH(MPACTPYKTYPHI U TTOTEH-
1IMaJbHO OMAaCHBIX 00BEKTOB. B mepByio
oyepesb O TeX 3HAUYCHUSIX, KOTOPbIE SIBIISI-
I0TCS KPUTUIECKUMU [JIsT O€30MacHOCTH
(yHKIIMOHUPOBAHUS KETE3HOTOPOKHOTO
TpaHCIopTa.

To ecTb peub UAET O TOM, YTOOBI CUCTEMA
MOHUTOPUWHTA OLIEHWBAJa OTKJIOHEHUST OT
HEKUX 3TAJIOHHBIX 3HAYEHU I TIO PSITy OTIpe-
NeNEHHBIX KpuTepueB. [1pu Hanmuuu aspo-
KOCMUYECKOTO KOHTPOJISI B POJTU 3TaJIOHHBIX
3HAUYEeHUH BHICTYITAIOT CHUMKWU KeJI€3HOI0-
poxHoro nytu (puc. 3).

[Tpuuém rpu mocTpoeHUM MOHUTOPUHTA
Ha OCHOBE TaKMX TEXHOJOTUUECKUX UHCTPY-
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Tabamna 3

KittoueBbie TeXHOIOTUYECKUE
pobJieMbl MOHUTOPUHTA
JKEJIE3HOOPOXHOTO MYTH

OCHOBHBIE MPUYUHBI HEIOCTATOYHOM 3(1)(1)CKTI/IBHOCTI/I MOHUTOPUHTA MOTEH-
IMaJIbHO OIMAaCHBIX y4aCTKOB U pe€aiu3alilii BOSMOXHBIX MEP 10 06€30MacHOCTH
JBVZKCHU S

OTcyTCcTBME B MacilTabax

CeTU MHTerpaluy MoKazaHuit
MyTEN3MEPUTEbHBIX U JIUATHO-
CTUYECKHX CPEJICTB B €AMHOM
CHCTEMe KOOPIMHAT

* HeBO3MOXHOCTB BBISIBJICHHUSI LIEJIOTO Psijia TEOMETPUUECKUX MTapaMeTPOB
PeJbCOBOM KOJIEH.

* Bbicokast OrpeHoCTh KOOPANHATHOM MIPUBSI3KK 1e(PEKTOB IyTU B TIUKE-
TaXHOI cucTeMe KOOPIMHAT.

* HeBO3MOXHOCTb BeIeHUST HEMTPEPBIBHOM «MCTOPUM COCTOSTHUST (O0JIe3HM)»
KaXII0ro KMJIOMETPa XKeJe3HOI0POKHOTO IMYyTH C HENPEPbIBHOM aKTyalIn3alu-
eii nHGOopMalIMK B €IMHOM TI00aJIbHOM CUCTEME KOOPIMHAT.

OTCYTCTBHME €IMHOM CUCTE-

MBI KOHTPOJISI COOTBETCTBUS
TPOEKTHBIM U MACTTOPTHBIM
JTAHHBIM XeJIe3HOIOPOXKHOTO
TyTH (B TOM YHUCIIe Ha OOJIBLINX
TPOTSKEHHBIX Y4acTKax)

* HeBO3MOXHOCTb OIpe/ie/IeHH st U KOHTPOJISI ¢ HEOOXOIMMOM TOYHOCTHIO
TIPOEKTHBIX TAPAMETPOB MYTH Ha GOJIBIINX MTPOTSIKEHHBIX yIacTKaX, B IIEPBYIO
ouepesib BHICOKOCKOPOCTHBIX MariCTpasei.

* HeBO3MOXHOCTb OTCIIEXKMBAHWS B3AUMHOTO BIMSIHUS MTPU NU3MEHEHNH
COCTOSTHUSI KEeJIE3HOJOPOKHOTO TIyTH Ha APYrre 00beKThI KeJIe3HOIOPOKHOTO
TPAHCTIOPTa ¥ UCKYCCTBEHHBIE COOPYKEHUS (B IEPBYIO 0OUYepe/ib rabapuTHbIC
rapameTphl).

OTCyTCTBHME TEXHOJIOTUI
KOMILJIEKCHOTO MOHUTOPUH-
ra KeJIe3HOI0POXHOTO MyTH
IUTSI OTCJIEXKUBAHMST OTIACHBIX
TPUPOJHO-TEXHOTCHHBIX SIBJIE-
Huit u YC

* HeBO3MOXHOCTH KOHTPOJISI COOBITHI Ha TPOTSIKEHHBIX TEPPUTOPUSIX, TTPU-
JICTAIONINX K XeJIE3HOTOPOKHOMY ITyTH (JIO JIECSTKOB KUJIOMETPOB yIaJTeHMUSI)
U OKAa3bIBAIOIIMX HA HETO HEMOCPEICTBEHHOE BIMsIHUE (OTMOI3HM, JIABUHBI,
ITOpMA U T.JI.).

* MOHUTOPHMHT MOTEHIIMATBLHO OMACHBIX YYACTKOB XKeJIe3HOAOPOKHOTO MyTH
HOCHT JIOKQJIbHBII XapakTep, pe3yIbTaThl HE MHTErPUPYIOTCS] B KOMIUIEKCHYIO
CUCTEMY.

Al B

OCHOBHBIE TEXHOJIOI'MYECKUE ITPOBJIEMbI

JlicKpeTHOCTH NoydaeMoit HHQOPMAIUK O My TH

OTHOCHTEJILHOCTH H3MEPCHNUI B O/IBIKHBIX CHCTEMaX KOOPAHHAT

Pa3HopoaHOCTD NIPOCTPAHCTBEHHON HH(pOPMAIUH

HHTerpupoBaHHas OIICHKA COCTOSHUS ITyTH CyMMUPOBAHUEM H3MCPEHHUI JTOKAIBHBIX 1e()CKTOB
KoHTpo/1b M0102KeHHSl YTAIOHOB-PAb0YNX PENEePOB CIOKEH U 3aTpaTeH

........... % TS————
| OTcyTteTBHe euHOI KOOpAMHATHO# M MHpOPMALHOHHOM

CpenabIl, HHTCFppr}OH.Ieﬁ BECb MAaCCHUB JaHHBIX O COCTOSAHUH JKCIC3HOAOPOKHOTO IIyTH

- 2-ii YypOoBeHb
,-” lloABUKHbBIE TPAHCIOPTHBIE 00HEKTHI
~ ¥ MalIMHBI JUIsl 321249 MOHHTOPHMHTA,
CO/IePKAHUS KeJTEe3HOAOPOKHOIO Iy TH

1. Baronsbi-
NMyTen3MepHTeTn
2. IlyTreBble MAIIMHBI 1
MeXaHH3MBI

Ny
N

0 1-ii ypoBeHnb
.

/- Komnuieke l([}[(l)paCprKTngLlX
/) TEeXHHYECKHX pelleHni

1. Penepusble ceTn 1

2. CnennajibHble TEXHUYECKHE
penieHust (IaTYHKH ONOJI3HEBOI
ONACHOCTH U Jp.) 1

3. Cnennaan3upoBaHHbIe I

ABTOMATH3MPOBAHHbIE CHCTEMBbI [

(ACY-II u 1p.)
4. HarypHble 0CMOTPBI |_

A

\

— Bepxuee crpoenne
' myTH
1

1

!
< 3emuIsiHOe N0JIOTHO

OcHoBaHue —
30HA BJIUSTHUS HA
reoJI0rHYEeCKYI0
cpeny

Cpencrsa
ABTOMATH3HPOBAHHOIO
MOHHTOPUHTA H
00CaTyKHBAHHS NOTY4aI0T
HenoJIHYI0 HHpOpMaLHIO 0
COCTOSIHUH NYTH U KaK
¢J1eCTBHE HEBO3MOKHOCTh
JAOCTHIKEHHS
ONTHMAJILHOIO POEKTHOI'0
M0JI0KEHUS] U COCTOSTHHSI
nyTH

HndpacrpykrypHsie
TeXHUYecKHe peenus
HOCSIT JIOKAJIbHbIIH
XapaKTep NPHMeHeHHs],
HMEIOT HU3KMIi ypoBeHb
HHGPOPMALHOHHOTO
B3aMMO/IeHCTBHS
BCJIeCTBHE PA3HOPOAHOCTH
BH/10B HHpOpPMaLHH

Puc. 4. OcHOBHbIE TeXHOOrM4Yeckme rnpo6sieMsl MOHUTOPUHIa NyTy u npeaynpexaeHus 4YC.
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Puc. 5. MogepHumusupoBaHHasi cucTemMa MOHUTOPUHIa NnyTu u npeaynpexaexsus YC.

MEHTOB, KaK CIYTHUKOBBIE CUCTEMBbI TU-
CTAaHIIMOHHOTO 30HIMPOBAHUS, BOSHUKAET
HEO0OXOAUMOCTh 3aMycka 3aKOHUYEHHOTO
TEXHOJOTUYECKOTO IMKJA, C 3aJaHHBIMU
mapamMeTpaM¥ U3MEpPeHU, TMKIUYHOCTH
¥ 4acTOTHI TTOJy4eHUsI MHMOpMAINK, CXe-
MaMU KOMMYHUKAIIMOHHOTO B3aUMOJIEICT-
BUS.

Kocmuueckue TexHOIOTMN 3apeKOMEH-
noBanu ce0st 9pPeKTUBHBIM MHCTPYMEHTOM
MOHUTOPUWHTA, B TIEPBYIO OUEPEIb IJIsT KPYyTI-
HBIX TEPPUTOPUATBHBIX OOBEKTOB U SIBJIC-
HUI, a TAKXKe NX KOMILJIEKCHOT'O B3aMOIE-
CTBUS C OKPYKalOLIel cpenoil Ha OOJbIINX
mpocTpaHcTBax. Mcxomst U3 3Toro, cieayet
OTMETUTh, YTO KOCMUUYECKNE CHUCTEMBbI HE
MOTYT CTOJIb ke 29((HEKTUBHO PEUIUTh BCEX
3a/1a4 MOHUTOPUHTA 00bEKTOB MH(MPACTPYK-
TYpBI TIPY OLIEHKE CUTYaIIUU Ha JIOKAJTIbHOM
o6bekTe. X mpuMeHeHue 1eaecooopasHo

® MWP TPAHCIOPTA, Tom 15, N2 4, C. 214-227 (2017)

B paMKaX MacuITabHOTO M KOMILIEKCHOTO
MOHUTOPUHTA.

[pencrasnenHast KapTHA MOATBEPKIAET
Te3UC 0 HEOOXOIMMOCTH CO3IaHMs TTI00aTbHOMN
CHCTEMBI TIPEAYTIPEKICHNST U TIPEI0TBpAalle-
HUst YC ¢ TOMOIIBIO CPENICTB a39POKOCMUYEC-
KOTO MOHUTOPUHTA XeJIE3HOIOPOXKHOTO ITyTH
U TIPUJIETAIONINX TEPPUTOPUIA 15T OTCIIEKMBA-
HUS (paKTOPOB BOBHUKHOBEHUS TTPUPOTHO-
TEXHOT€HHBIX UpEe3BBIYATHBIX CUTYaruii [4, 5].

Takas nocTaHoOBKa 33124 TPEOYET €NUHO-
TO HayYHO-TEXHOJOTUYECKOTO MoIxo/a (3a1a-
ya MTHTEPOTIepabeTbHOCTH ) K BOTIPOCaM MOHU-
TOPUHTA TIOTEHIINAJTBHO OTIACHBIX YYaCTKOB
KeJIe3HOTOPOXXHOTO Tyt [6—10] 1 npexne
BCETO K KJTIOYEBBIM TEXHOJIOTMIECKIM TTPO0IIe-
MaM: YHU(PUKAIIUU METOI0B U3MEPEHUIA,
¢bopmam mpenocTtaBieHuss nHbOpPMALINHA,
HOPMAaTUBHBIM TPEOOBAHUSIM K TIOJTHOTE U TOU-
HOCTHU TaHHBIX (Tabumia 3).
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Puc. 6. Uepapxunyeckasi CTPyKTypa peluaeMbiXx 3a8a4 U NepcrneKTUBHOM TeXHOI0rnn MoHuTopuHra 4YC.

CymecTBymolas cucreMa nHGOpMaIm-
OHHO-TEXHOJIOTUYECKOTO O0ecTeuyeHms
MOHUTOPUHTA MyTHU U npeaynpexaeHus YC
BKJIIOYAET IBA YPOBHS: KOMIUIEKC JIOKAJb-
HBIX THOPACTPYKTYPHBIX TEXHUYECKUX pe-
IIEHUI (peTnepHbIe CeTH, MyTeBbIe M1a0I0-
HBI, TeOJIe3nUecKast anmaparypa u ap.) u TaK
Ha3bIBa€Mbl€ CPEJCTBA CIJIOIIHOTO KOHT-
posst (U3 KOTOPBIX BarOH-TTyTEU3MEPUTEIb
SIBJISIETCST HAaMOoJiee SIPKUM TIPEeICTaBUTEIeM
U OCYIIECTBISIET TIEPUOINYECKUE U3MEepe-

HUSI TEOMETPUUECKUX MAapaMeTPOB PEIbCO-
Boit kosen) [11, 12]. TTpu aTOM Bce ynmomu-
HaeMbIe CPEeICTBA IAIOT JUCKPETHYIO U pa3-
HOPOJHYIO KapTUHY, HE MO3BOJSIIONIYIO
B MPUHIIMIIE BBICTPAUBATH aJeKBATHYIO
MPOCTPAHCTBEHHYIO MOJEb COCTOSTHUS
JKeJIe3HOOPOXKHOTO MyTH (puc. 4).

J1st petiieHusI peICcTaBIeHHBIX TEXHOJIO-
TUYECKUX TTPO0IIeM XelaTeTbHO TPUMEeHEeHNE
CPE/ICTB II00ATbHOTO KOHTPOJISI — KOCMUYE-
CKUX, aBUAIIMOHHBIX M HA3eMHBIX IMCTAHIIN -
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OHHOTO 30HIMPOBAHUS C BHICOKOTOUHOM
npussizKoii anmaparypoit [JTOHACC/GPS
[12, 13]. UHTerpupys pe3yabTaThl UCCIEI0-
BaHW, MBI TIPEIJIOXWIA MOJEPHU3UPOBAH -
HYIO CTPYKTYPHYIO CXeMY CUCTEMBI MOHUTO-
pUMHTa MPOTSKEHHBIX AeopManuii xees3-
HOJIOPOKHOTO TYTH, MPeIycMaTPUBAIOIIYIO
YeThIpe OCHOBHBIX YPOBHS (puUcC. 5).

C omopoit Ha OCHOBHBIE METO/IbI OLIEHKH
onepatuBHoIi o6ctaHoBKU pu YC moctpoe-
Ha uepapxuueckas CTPYKTypa pelraeMbIX
3a/1a4 ¥ TIEPCIIeKTUBHOM TEXHOJIOTUY MOHM -
topunra YC (puc. 6).

Bo3HUKaOT 1 Ipyryue TeXHOJIOTUYEeCKUe
BO3MOXXHOCTH ISl OLIEHKH COCTOSTHUS Ty TH
u nipenynpexaeHus YC B koMIiekce ¢ 00b-
ekTaMu nHDpacTpykTypsl [14, 15]:

1. O1eHKa MpOCTPAHCTBEHHOTO ITOJIO-
KEHUS U TeOMETPUYECKUX MapaMeTpOB
JKEJIe3HOJOPOXHOTO MYTU B KOMILJIEKCE
C MCKYCCTBEHHBIMU COOPYXEHUSIMU B Ma-
KPOTEPPUTOPUATILHOM MacuiTabe (cMmelie-
HUe HachINeil, mpubJnxKXeHne/yaajieHue
NCCOwuT.a.).

2. AmanTUBHOE yIpaBJIeHne MOHUTOPUH-
TOM M TEKYIIUM OOCIYyXWBaHUEM TMYTHU
(ynpamjieHUE 4acTOTOM KOHTPOJIS TPYU MOHU-
TOPUHTE, MEHbIIIee BpeMsl ISl YCTPaHEHUS
nedexToB 3a cCUET MpSIMOU Tepenadyu co
CPENCTB KOHTPOJIST HA ITyTeBbIe MalIMHBI MH-
(opmaru, yrpaBieHre CKOPOCTHIO pabOThHI
ITyTEBBIX MAIIMH BO BPEMsI PEMOHTOB U T.1I.).

3. BoisiBiieHME 2MIUIIEHTPOB MOTEHIIN A b-
HO OMAaCHBIX SIBJICHUI Ha OOIBIINX TII0IIA-
JISIX, TIPWJIETAIONINX K JKeJIE3HOTOPOXKHOMY
nytu (obpa3zoBaHUEe BOAOEMOB, CKOPOCTh
pocTa 0BparoB B CTOPOHY Tpacchl, 00BOIHE -
HUe U 3a00J1auMBaHue MOYB U T.11.).
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AEROSPACE EMERGENCY MONITORING METHODS

Zheleznov, Maxim M., Russian University of Transport (MIIT), Moscow, Russia.
Ponomarev, Valentine M., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

The article provides a comparative analysis of
natural and man-made factors that lead to the
occurrence of emergency situations on railway

transport. The issues of information and technological
support of monitoring and data collection about the
state of potentially dangerous sections of the railway
track using aerospace technologies are considered.

Keywords: aerospace monitoring, railway track, safety, emergency situations, control technologies.

Background. Ensuring stability of a transportation
process and prevention of emergency situations (ES)
isanurgenttask for rail transport. Innovative technical
solutions used for monitoring of long sections of the
railway track make it possible to achieve the maximum
integrated effect for train traffic safety and prevention
of ES.

The urgency of monitoring of a railway track,
potentially dangerous objects and phenomena on the
adjacent territories is determined by the need to
implement increased requirements for traffic safety
and, in particular, to geometric parameters of long-
distance track arrangements on the being constructed
and functioning heavy main lines, as well as prevention
of man-made disasters and large-scale negative
consequences of natural phenomena [1].

The occurrence of natural and man-made
emergencies on a railway transport is due to a number
of factors, the influence of which is increasingly
intensified with time. Most of the railways are builtand
operate in difficult climatic conditions (plains and
lowlands with a predominance of moistened soils).
The intensification of the transportation process and
the increase in axle loads led and lead to irreversible
physical and chemical processes in the roadbed,
which change the nature of the behavior of the railway
track and expand the risk zone.

Objective. The objective of the authors is to
consider aerospace emergency monitoring methods.

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

Results.

Need to control risks

Let’s consider the comparative characteristics of
emergencies in the territory of the Russian Federation
in 2015-2016, using the data of officially published
materials of the Ministry of Emergency Situations of
Russia (Table 1).

Based on the above data, it is quite natural to
determine the priority direction of the scientific and
technical activities of the Ministry of Emergencies of
Russia in 2017: «Scientific support for development
of a system for monitoring and forecasting of large-
scale emergencies and disaster risk reduction».
According to the statistics (Table 2), it follows that
the water risk factor prevails on the territory of
Russia.

Analysis of natural and man-made factors that
lead to emergencies on railway transport, however,
also suggests that the railway track itself is a serious
risk factor for an emergency situation — as an
anthropogenic part of the ecosystem that is torn away
[2]. And the more complex the climatic conditions are,
the stronger the nature struggles with the «virus» and
manifests its «immunity». The appearance of this
effect is explained simply: during construction and
operation of the track there is a disturbance of the

Table 1
ES by nature Number of ES Died Injured
and kind of sources
of occurrence 2016 2015 | % 2016 2015 2016 2015
Technogenic 177 179 -1,12 % 708 656 3970 1629
Natural 54 45 20,00 % 3 43 126465 18114
Biological-social 67 33 103,03% |75 0 503 1041
Total 298 257 15,95 % 786 699 130938 20784
/L Seizure of lands — allotment J\ Ecological pollution
Change of landscape of land for track and contamination
\r infrastructure ~‘/ of lands
p—  — p— —
Destruction Construction and operation Seizure of lands
of fertile soil, breach of a railway track and zure ¢
. . . from agricultural
of agriculturally used engineering structures
> and other use
lands (bridges, tunnels, etc.)
— — —  E— — ¥
Water and wind erosion /L VlOlathIl. qf hydrogeolpglcal J\ Flood, 1mp0unf1ment
\l_ conditions of terrain _‘/ and swamping

Pic. 1. Negative ecological consequences of construction and operation
of a railway track.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 4, pp. 214227 (2017)

Zheleznov, Maxim M., Ponomarev, Valentine M. Aerospace Emergency Monitoring Methods




Table 2

ES by nature and kind of sources Number of ES Died Injured
of occurrence
2016 2015 % 2016 2015 2016 2015
Earthquakes, volcanic eruption 0 0 0,00% |0 0 0 0
Dangerous geological phenomena 2 0 +2 0 0 0 0
Increased groundwater 0 3 -100,00 |0 0 0 1742
%
Storms, hurricanes, tornados, squalls, | 6 4 50,00% |0 1 383 1229
strong snowstorms
Heavy rain, heavy snow, large hail 21 11 90,91% |3 1 78818 8989
Snow avalanches 0 0 0,00 % 0 0 0 0
Frost, drought, dry winds, dust storms | 7 16 -56,25% |0 0 0 0
Marine hazardous hydrological 0 0 0,00 % 0 0 0 0
phenomena
Separation of coastal ice 1 0 +1 0 0 40 0
Dangerous hydrological phenomena | 15 4 275,00 % | 0 0 47224 0
Major natural fires 2 7 -71,43% |0 41 0 6154
/ PROCESSES \ / PHENOMENA \
e

4 . N
1. The activity of surface waters (seas,
lakes, rivers) and temporary flows

Washing and collapse of the

coasts (seas, lakes, rivers),

J

erosion of slopes

N

2. The activity of surface and

Swamping of territories,

groundwater
- J

subsidence, karst

( R
3. The activity of underground, surface

Landslides

waters on slopes

4. The activity of groundwater

Suffosia, quicksand

J

Frosty ground float, permafrost

6. Weathering

Collapses, screes

A\
[ 5. Freezing and thawing
[ 7. The internal forces of the Earth

Seismic phenomena

N/

8. Construction and [ cATALYST

operation of a INHIBITOR
railway track

K y

[ NE—

Underground (roadbed) and surface

Pic. 2. The main natural factors of the emergence of ES on railway transport.

natural environment [3], which can provoke and
aggravate natural emergencies (Pic. 1).

According to the classification [3] proposed by
F. P. Savarensky (1941) and I. V. Popov (1951), it is
possible to group and associate a number of
geological processes and physico-geological
phenomena, which give reason to consider them as
main causes of natural and technogenic emergencies
in railway transport (Pic. 2).

deformations (track superstructure)

It is obvious that the territory of the railway track
is subject to the negative impact of the entire known
spectrum of physical and geological phenomena
provoking the occurrence of emergency situations.
At the same time, one should note the prevailing
importance of a water impact factor on railway
infrastructure, in particular, the floods that have
become frequent in Russia, entailing serious material
losses and human casualties.
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Acrospace images of railway infrastructure
and potentially dangerous objects in a stable state

v

Final

Preparatory

Information system of acrospace monitoring
of potentially dangerous track sections

Preparatory

Images with the classification of damage
to infrastructure objects

Aerospace images of development of emergencies, the dynamics of changes
in potentially dangerous objects and their impact on railway infrastructure

Image of infrastructure objects in a state of readiness
for the season of passage of seasonal climatic phenomena

Pic. 3. Information system of aerospace monitoring.

Table 3

Key technological problems
of monitoring of a railway track

The main reasons for insufficient effectiveness
of monitoring of potentially hazardous areas
and implementing possible measures for traffic safety

Absence in the scales of the

network of integration of readings
of track-measuring and diagnostic
tools in a single coordinate system

gauge.

system.

» Impossibility of revealing a number of geometric parameters of the track
» High error in the coordinate binding of track defects in the coordinate
» Impossibility of maintaining a continuous «history of the state (disease)»

of each kilometer of the railway track with continuous updating of information
in a single global coordinate system.

Absence of a single system for
monitoring the compliance with
the design and passport data of the
railway track (including on large
extended sections)

lines.

» Impossibility to determine and control with the required accuracy of the
design parameters of the track on large extended sections, primarily high-speed

 Impossibility of monitoring of mutual influence when changing the state of
the railway track on other railway transport facilities and artificial structures
(primarily dimensions).

Absence of technologies for
comprehensive monitoring of

the railway track for monitoring
dangerous natural and man-made
disasters and emergencies.

« Impossibility of monitoring events on long areas adjacent to the railway track
(up to tens of kilometers of remoteness) and exerting direct influence on it
(landslides, avalanches, storms, etc.).

* Monitoring of potentially dangerous sections of the railway track is of a local
nature, the results are not integrated into the complex system.

Especially dangerous among the rapidly
developing emergency situations for the railway
infrastructure are seasonal and storm water.

To combat the possible negative consequences,
enormous material, technical and human resources
are attracted. Rational planning, distribution and
effective use of the existing potential allows to
reduce the damage caused to the railway
infrastructure, minimize the danger to people and
increase the economic efficiency of the activities
carried out.

Therefore, operational monitoring systems should
provide the regional infrastructure directorates and
line enterprises with the necessary information about
the state of the railway track and the adjacent territory,
as well as objects that pose a danger, regardless of
the degree of their remoteness from the right-of-way.

Combined technologies

The monitoring system at all stages should provide
information support for the decisions made and
provide data on changes in the state of the
infrastructure and potentially hazardous facilities. First
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ofall, those values that are critical for the safety of the
functioning of the railway transport.

Thatis, itis about the monitoring system assessing
deviations from certain reference values for a number
of certain criteria. In the presence of aerospace
control the reference values are the images of the
railway track (Pic. 3).

Moreover, when building monitoring on the basis
of such technological tools as satellite remote sensing
systems, it becomes necessary to run a complete
technological cycle, with the specified measurement
parameters, cyclicity and frequency of information
acquisition, communication interaction schemes.

Space technologies have proven to be an effective
monitoring tool, primarily for large territorial objects and
phenomena, as well as their integrated interaction with
the environment in large areas. Proceeding from this, it
should be noted that space systems can not as
effectively solve all tasks of monitoring infrastructure
objects when assessing the situation at a local facility.
Application of them is expedient nevertheless within the
framework of large-scale and complex monitoring.
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MAIN TECHNOLOGICAL PROBLEMS
1. Discreteness of the received information about the track
2. Relativity of measurements in mobile coordinate systems
3. Diversity of spatial information
4. Integrated estimation of the track state by summing up measurements of local defects
5. Control of the position of standards-working benchmarks is complicated and costly

1. Track-measuring cars
2. Track machines and

The means of automated 1
monitoring and maintenance |

2" Jevel
" Moblle transport objects and machines

- I . mechanisms receive incomplete i
L or monitoring tasks, railway trac information about the state !
B maintenance < I of the track and, 1
/ 1. Reference networks as a consequence, i
S 2. Special technical solutions thg mf‘p‘)SSlblhtY .
/ e T ~~< (sensors of landslide hazard, etc.) of achleymg th? pptlmal '
' LT 3. Specialized automated systems design position 1
' o B (ACS-P, etc.) and track state :
H 7 1 le_vel 4. Field inspections !
! K A complex of infrastructure e e e i .
: / technical solutions —_ i i 1
! /
\ ’ T b
‘\‘ :‘ < 7 Track superstructur I Infrastructural technical !
A 1 . solutions are of a local 1
SN ," I nature, have a low level y
N \\ — Roadbed + of information interaction .
RN 2 - due to the heterogeneit; 1
AN Wz Foundation — | erogeneity ]
Xy 9 . of the types of information
zone of influence on - 1
geological ' 1
environment 1 :
— e o
Pic. 4. The main technological problems of monitoring of the track and preventing emergencies.
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Pic. 5. Upgraded track monitoring and emergencies preventing system.
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Pic. 6. Hierarchical structure of the tasks to be solved and a promising technology for monitoring emergency
situations have been constructed.

The presented picture confirms the thesis about
the need to create a global system for preventing
emergencies by means of aerospace monitoring of
the railway track and adjacent territories to track the
factors of the occurrence of natural and man-made
emergencies [4, 5].

Such a statement of the problem requires a single
scientific and technological approach (the task of
interoperability) to the monitoring of potentially
hazardous sections of the railway track [6-10] and,
above all, to key technological problems: unification
of measurement methods, forms of information
provision, regulatory requirements for the
completeness and accuracy of data Table 3).
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The existing system of information and technological
support of track monitoring and emergency prevention
includes two levels: a set of local infrastructural technical
solutions (reference networks, track templates,
geodetic equipment, etc.) and so-called means of
continuous control (of which the track-measuring car is
the brightest representative and performs periodic
measurements of the geometric parameters ofthe track
gauge) [11, 12]. At the same time, all the mentioned
means give a discrete and heterogeneous picture that
does not allow in principle to build an adequate spatial
model of the state of the railway track (Pic. 4).

To solve the presented technological problems it
is desirable to use the means of global control -
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space, aviation and ground remote sensing with high-
precision binding by GLONASS / GPS equipment [12,
13]. Integrating the results of the research, we
proposed a modernized structural diagram of the
railway deformation monitoring system, which
includes four main levels (Pic. 5).

Based on the basic methods of assessing the
operational situation in the emergency, a hierarchical
structure of the tasks to be solved and a promising
technology for monitoring emergency situations have
been constructed (Pic. 6).

Conclusions.

There are other technological opportunities for
assessing the state of the track and preventing
emergencies in conjunction with infrastructure
objects [14, 15]:

1. Assessment of the spatial position and
geometric parameters of the railway track in
combination with artificial structures on a
macroterritorial scale (displacement of embankments,
approaching / removing the ISSS, etc.).

2. Adaptive management of monitoring and
routine maintenance of the track (management of
control frequency during monitoring, less time to
eliminate defects due to direct transmission of
information from control equipment to track machines,
control of the speed of work of track machines during
repairs, etc.).

3. Identification of epicenters of potentially
dangerous phenomena in large areas adjacent to the
railway track (formation of water bodies, speed of
ravine growth towards the track, watering and
swamping of soils, etc.).
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