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Monitoring and Emergency Prevention onee 150 et xxene3nnie noporu Poc-
in Areas with Increased Axial Load cuM GYHKLMOHUPOBATH KaK eIMHBII
_ (TeKCT CTarbit Ha aHIN. 83. — LEHTPATM30BaHHbII MEXaHNU3M, OPU-

English text of the article — p. 201) .
€HTUPOBAHHbBII Ha 9KOHOMUYECKYIO 3 deK-

B cTaTbe onnchIBaeTcs CyLLHOCTh THUBHOCTb BCEIro KOMILJIEKCAa B MHTEpPECAX Io-

npo6s1emMbl BO3HUKHOBEHUS Ype3BbldariHbix  CYLAapCTBa.
CUTyaunii Ha y4acTKax C MOBbILUEeHHO ITpu dopmuposanuu OAO «PXK/I» u ero
WHTeHCUBHOCTbIO MMepeBo304YHOro 1ocjacayollemM pe(I)OpMI/IpOBaHI/II/I TIPOU3OILI-
npouecca. lMokazaHbl METOAbI 1y cyl1ieCTBEHHBIE M3MEHEHMS B SKOHOMUYE-
U TeXHUECKMe PeLUeHNs B O6NacT! . i vionenn byHkiMoHnposanus. Ceituac

MOHUTOPUHIa Xes1e3HO[0POXHOro
3TO MHGMPACTPYKTYpPHasi KOMITAHUSI, 3aMHTe-
nyTM Ha OCHOBE a3POKOCMUYECKNX

TexHonorwii. lpusoasTcs pesynsrare  PCCOBAHHAL TIPEKIC BCCTO B IMOTYHCHIN
OrbITHOV 3KCMIyaTaLuum BaroHoB ¢ ocesoyi MAaKCAMaJIbHOW BBIPDYYKH 3a UCIIOJIb30BaHUE
Harpy3skosi 27 TOHH/OCb, KOTOpPasi CBOEil MHOPACTPYKTYpbl NEPEBO3UUKAMU —
COrnpoBoXXAanach oTcyexnsaHnemM BiafeJbllaMU U apeHIaTOpaMU BaroHOB.
ANHaAMUKN reomeTpuieckux napaMmeTpoB  Taxxe OAO «PZKJ1» 3auHTEpecoBaHO U MaK-
nyTi u npuneratoLnx TEPPUTOPUN ¢y ia 1o CHUBUTB 3aTPAThl Ha COAEPXKAHUE
C NPUMEeHeHNeM Tes1eCbEMKHU C MOMOLLbIO
WHGPACTPYKTYPHI TIPY MOBBIIIIEHUN YPOBHS
6ecnunoTHUKa (KBagpokonrepa-a4poHa). .
06e30macHOCT ¥ 3(POEKTUBHOCTU €€ UCITOJIb-
30BaHuA [1].
Bwmecte ¢ TeM oTpacib CTOMT Ha Topore
. 0YepeHOrO MOBHIIIIEHMSI BATOHHOM HATPY3KHU
asportesiecbeMkKka, MOHUTOPWHT, 27 C
ypessbiaditbie cutyaums, 1O ToHH/0Cch. Co31aHbl CriellMaJbHbIE
Bo3aeiicTBMe Ha MyTb.  KOHCTPYKIIMHM BarOHOB, OPUEHTHPOBAaHHbIC

I |12 OKCTLTYATALMIO C TAKO# Harpy3koii. Onpe-

Knioyesble ciosa: xene3Hasi opora,
MOBbILLIEHHAas OceBasi Harpy3kKa,
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Puc. 1. MepcrneKTnBHbIE MOSINIrOHbI TSXK€JIOBECHOI0 ABUXEHNS.

Matepuassl JUCTAHIIMOHHOTO 30HIUPOBAHMS (PaJHOTOKAIIMOHHAS H/IUIH TEICBU3HOHHAS ChEMKA),
NO3BOJISIIOIINE OLCHUTH T€OMETPUUCCKUE TTapaMeTpPhI ITyTH B KOMILIEKCE (B TOM YHCIIe HAJIMYUe
JUIMHHBIX HEPOBHOCTEH) C TEOMETPUUCCKUMH HapamMeTpamMu 00bekToB uHdppacTpykrypsl, UCCO n

TIPUIIETAIONIUMU TEPPUTOPUIMHU

JlaHHBIC BarOHOB-ITyTEU3MEPUTEIICH C MIPUBSI3KOM K II100aJIbHBIM CHCTEMaM
KoopauHat ¢ nomoiipko annaparypst [JIOHACC/GPS

KoHTposbHBIE TOUKH HATYPHBIX H3MEPEHHUIT
TeOMETPUUYECKUX MaPAMETPOB MyTH C IOMOIIBIO
BBICOKOTOYHOH I'¢0Ie3UYECKOM CIyTHUKOBOMH
annapaTypsl

Puc. 2. TexHonornyeckas cxema MOHUTOPUHra.

JleJIEHbI OMbITHBIE MOJUIOHbI, HA KOTOPBIX
OyIeT MPOBOAMTLCS MOJOIbITHAS KCILTyaTa-
1[Ms1 COCTAaBOB M3 BAarOHOB C MOBBILIEHHOM
0CeBOI Harpy3Koii (puc. 1).

B pelieHnu noctaBieHHOM 3aa41 BAXKHOE
MECTO 3aHUMAaIOT TEXHOJOTMU MOHUTOPUHIA
TEOMETPUYECKUX TAPAMETPOB KEJIE3HOJOPOXK-
HOTO ITyTH KaK KITI0YeBOI MH(GPACTPYKTYPHOM
CcOCTaBJIsIIONIEl, HA KOTOPYIO MPUXOJUTCS
OCHOBHOE BozzeiicTBue. M B 3TOM KOHTEKCTe
npeaiaraeTcs JOMOJHUTH CYIIECTBYIOILYIO
CUCTEMY MTOI0OHOTO MOHUTOPMHTA METOIAMU
JI00AJIBHOTO KOCMUYECKOTO KOHTPOJIS (ara-
parypoii [JTOHACC/GPS u cuctemamu oopa-
OOTKM JJaHHBIX AUCTAHLIMOHHOTO 30HAUPOBa-
HUS), KOTOPBIE TTO3BOJISIOT |2, 3]:

— 0XBaTbIBaTh UBMEPEHUSIMU FEOMETPUYE-
CKMX IMapaMeTPOB ITyTU BEChb OIbITHbIN MO~
TOH B €IMHON CUCTEME KOOPAMHAT;
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— OIEePaTUBHO OTCJIEXUBATb COCTOSIHUE HE
TOJIbKO Ha BBIOPAHHBIX KOHTPOJIbHBIX TOUYKAX,
HO U Ha BCEM y4YacTKe;

— OTCJIeXXUBaTh 00BEMHBIE NeopMalni,
UMeETOIINe MPOTSIKEHHBIN XapakTep v (haKTh-
YEeCKU MEHSIOUINE TeOMETPUIO MYTU BCETO
MOJIUTOHA.

C y4€TOM TOTO, UTO OTILITHBIE TTOJTUTOHBI
00pallleHNS COCTAaBOB U3 BATOHOB C ITOBBIIIEH-
HBIMU OCEBBIMU HArpy3KaMu MPeICTaBISIOT
CcO0O0Wi 3aMKHYTbIE€ MapIIPYThI, CIENYET UC-
MOJIb30BaTh MAKCUMAJIBHO aBTOMATU3UPOBAH -
HBIC CIIOCOOBI U3MepeHuil [4—9], KoTophie
(opMUPYIOT TPU TEXHOJIOTUYECKUX YPOBHSI:

1. KOHTpObHBIE YyYaCTKU U3MEPEHUN
TE€OMETPUYECKUX [TAPAMETPOB BEICOKOTOYHOMN
reoIe3U4eCKOM anIaparypou.

2. JlaHHBIE BarOHOB-ITyTeU3MepUTEIIeH
C MPUBS3KOM K IT00ATBbHBIM CUCTEMAM KOOP-

Xene3Hoe M. M., Nee3Hep B. O., MoHomapér B. M. MoHuTOpuHr n npeaynpexaeHue YC Ha yyacTkax
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Puc. 3. Usob6paxenne ns kocmoca Kosgopckoro rokK.

Puc. 4. Ksagpokontep ¢ TesieBU3NOHHOV KaMepOi.

JIUHAT ¢ rmomortbio anmaparypsl [JTIOHACC/
GPS.

3. Matepuanbl a3pOKOCMUYECKOTO M-
CTAHLIMOHHOI'O 30HAMPOBaHUS (pagnoIOKa-
LIMOHHAsI W/UIM TeJeBU3MOHHAsI ChEMKA),
IMO3BOJISIOIINE OLICHUTh F€OMETPUICCKIE
IapaMeTpbl ITyTU B KOMILIEKCE (B TOM YKCIIe
HaJlM4ue JUIMHHBIX HEPOBHOCTEI) C T€OMET-
pUYECKUMU MapaMeTpaMy 00beKTOB MHDpa-
ctpyktypbl, UCCO u nipusieraloliuMy Teppu-
TopusIMU (00bEMHBIE MeopMaIiim).

[IpennoxeHHast TEXHOJOTMYECKasl cxema
MOHUTOPHMHTA (PUC. 2) TIO3BOJIUT OXBAaThIBaTh
M3MEPEHUSIMU BECh OIBITHBIN MOJIUIOH TsI-
JKEJIOBECHOTO IBMKeHMsI. B KauecTBe mpu-
Mepa Ha puc. 3 MpuBeAEH (hparMeHT KOCMU-
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yeckoro cHuMka KoBmopckoro ropHo-o000-
TaTUTEIbHOTO KOMOMHATA C MOMbE3THBIMU
MYyTSIMU.

B 2014—2016 roasr Ha yuactke Komop—
MypmMmanHck OKTSOPBCKOI KeJIe3HO Toporu
TIPOBOIMIIACH OTTBITHAS OKCIUTyaTaIl1sI BATOHOB
C OceBoIt Harpy3Koii 27 ToHH/och. OIbITa Ta-
KOT'0O pojia paHbIIIe Ha CETU XKEJIE3HBIX TOPOT
Poccuu He ObLIIO, BO3AeiCTBUE TTOJOOHBIX
Harpy3oK Ha BepXHee CTPOSHHUE ITyTHU U 3eMJISI-
HOE TIOJIOTHO He m3ydanochk. [Ipeacrosuio
OMpeaenTh, KaK BarOHBI C MOBBIIICHHON
0CEeBOI HAarpy3Koi OyIyT BIUSATH HA HAKOTLIE-
HUe nedopmalii 1 HaTpsKEHHO-AePOpMHU-
pPOBaHHOE COCTOSIHME IIyTH, alipoOMpoOBaTh
pa3paboTaHHbIE TEXHOJOTUU TI00aTbHOTO

XenesHoe M. M., lNeB3Hep B. O., [loHomapées B. M. MoHUTOpUHTr 1 npeaynpexaeHue YC Ha yyacTkax

C NOBbILLIEHHOW OCEBOW Harpy3Kkom



Ta0imuna 1

ITapametpsi chémku s BILI kuraiickoii komnannu DJI Phantom 3

Beicota chéMku (M) IMpotsixénHoctb u3mepsi- | [IpocrpancTBeHHOE pa3- | TouHOCTh U3MEPEHUSI Ieo-
€MBIX JUIMHHBIX HEPOBHO- | pelieHune (MM) METPUYECKUX apaMeTpOB
creii (M) ITyTH B TUTaHE (MM)

5 10,7 2,6 0,3

10 21,4 5,2 0,5

25 53,6 13,1 1,3

50 107,2 26,2 2,6

100 214,4 52,4 5,2

250 536,1 130,9 13,1

500 1072,3 261,8 26,2

1000 2144,7 52,4

oL £

Cnémka 25.05.2015
yuactok Kosnop-TIunosepo 25 km 1 nk

ok

Cnémka 14.09.2014 o
yuactok Kosnop-Ilunosepo 25 km 1 m o

=

CpaBHeHne HU(PPOBBIX MOAETEH MyTH

i 2015 —
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Puc. 5. PocT HaTypHOIi HEpOBHOCTM 3a nepuos c ceHTs6ps 2014 roaa no maii
2015 roga Ha 25-m km yyactka Kosgop—IuHo3epo.

MOHMTOPUHIA U MaTeMaTUYECKOTO MOJEIU-
poBaHusl.

B kauecTBe ornepaTtMBHOTO 1 HU3KO3aTpaT-
HOTO CIoco0a MOHUTOPUHTA FEOMETPUUECKUX
napamMeTpoB XKeJe3HOJAO0POXHOro MyTU Ha
yJyacTKax TSXKeJ0BECHOI0 ABUXKEHUSI TpUMe-
HWJIM CbEMKHU € OECITUIOTHOTO JIETaTeIbHOTO
arnmmapata (BI1JI) — kBagpoxomnrepa-apoHa
(puc. 4).

TeneBuznonnble cHUMKM ¢ BITJI mo3Bo-
JISIIOT C BBICOKOU TOYHOCTBIO 1 OTIepaTUBHO-
CTbIO BBISIBJISITh UBMEHEHUE TEOMETPUUYECKUX
napamMeTpoB MyTU OAHOMOMEHTHO Ha y4acT-
K€ 10 HECKOJIbKUX COTeH MeTpoB. B Tom
yuclie onpenesiTh AMHAMUKY TJIMHHbBIX He-
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POBHOCTEH MO MaTeprUaiaM NEPUOIUYECKON
CbEMKMU.

TexHosorus onpeneaeHus JUIMHHbIX HEPOB-
HOCTE B IUTaHE 3aKJTI0YAETCS B CJIEMYIOIIEM:

1. Onepatop HampasisgeT BITJI B meHTp
KCCJIENYEMOTO YYacTKa XKeJIe3HOIOPOXKHOTO
MyTU U YCTAHABJIMBAET ChEMKY B 3aBUCUMOCTU
OT TpeOdyeMOll TOYHOCTU U3MEPEHUI U MPO-
TSDKEHHOCTH M3MEPSIEMBIX TIMHHBIX HEpOB-
HocTeit (Tabuma 1).

2. Mocne mpoBeneHus cbémku BITI epe-
Ta€T CHUMOK Ha IyJIET OllepaTopa, KOTOPbIA
3aTeM 00pabaTbiBaeTCs IJIs1 PaClO3HABAHUS
KEJIE3HOIOPOXKHOTO MyTU U ONIPEEICHUS €r0
TEOMETPUYECKUX MapaMeTPOB B IUIAHE.

Xene3Hoe M. M., Nee3Hep B. O., MoHomapér B. M. MoHuTOpuHr n npeaynpexaeHue YC Ha yyacTkax
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Pacrioznannas rosoBka peiibca \

Puc. 7. Pacno3HaBaHune rosoBku pesibca rno meroay Xoka.
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CCTATOMHAA OCR/IKA HAKOMIEHH EM C Ha¥ana HABNIOAEHNA, MM

26 KM K 6

20kmnK 1 25 kmnK 10

A8 KM NK 5 48wk 8

= 32 peck neproa

Puc. 8. YTo4HEeHMe KOHTPOJIbHbIX TOYEK HUBEJIMPOBKOI AJ151 ANCTAaHLNOHHOIO 30HANPOBAaHUS.

Hcxons u3 mapamMeTpoB, pUBEAEHHBIX
B TabJule, IS COBPEMEHHBIX CEPUIHBIX
armnapaToB ONTUMAaJIbHbIE BBICOTHI ChEMKU
MPY BBISIBJICHUU JUTMHHBIX HEPOBHOCTEM ITyTH
cocTaBisiioT 25—100 MeTpoB, MpU KOTOPBIX
BO3MOXHO UX OIpeeIeHIE B IJIaHE C TOYHO-
CTblO 1—5 MM.

J11s1 BBISIBJICHUSI UBMEHEHU A TeOMeTprye-
CKUX ITapaMeTPOB ITyTH BO BPEMEHH LIEJIECO-
00pa3HO MPOBOIUTD MEPUOTNIECKYIO CHEMKY
MOTEeHIIMAJbHO OMacHbIX yyacTkoB. ITocie
B3aMMHOI1 MPUBS3KU CHUMKOB 10 KOHTYPHBIM
TOYKaM M pacrno3HaBaHUs 00bEeKTa MOXHO
C MUUIMMETPOBOM TOUHOCTBIO (DMKCUPOBAThH
M3MEHEHHUSI TeOMETPUUECKUX MapaMeTpoB
nyty B riaHe [11, 12].

B xoze vccnenoBaHuit HA OCHOBAaHUM Ma-
TEpUAJIOB TEJIEBU3MOHHOI ChEMKU C TIPOBEP-
KO BBICOKOTOYHBIMM F€0/Ie3MUECKUMU U3Me-
PEeHUSIMU U TIPUBSI3KOM K €JIMHOI cucTeMe
KOOPJIMHAT BIIEPBbIE ObLTY MOJTyUeHbI YUCIICH -
HbIE TTapaMeTPhbl JVIMHHBIX HEPOBHOCTEM ITyTH
(00BEMHBIX IehopMaliuii) — CM. puc. 5.

AspocbeéMouHoe obopynosanue bBITJI naér
BO3MOXHOCTh BECTH ChEMKY TapasjiebHO
JKEJIE3HOIOPOKHOMY ITyTH Ha BBICOTE TOJIOBKU
peJibca, 4TO MO3BOJISIET BBISIBJISITH OTHOCH -
TeJIbHBIE TPOCAIKM MyTH (puc. 6).

TexHoorus onpeeeHus BEpTUKATbHBIX
HEpPOBHOCTEM IMOBTOPSIET TEXHOJIOTUIO OIIpe-
JleJIeHUsI HEpOBHOCTe! B IulaHe. Benércs
ChEMKA TapajuleibHO KeJIe3HOTOPOKHOMY
ITyTY Ha BBICOTE FOJIOBKU peJibca. 3aTeM JIMHUS
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TOJIOBKU pejibca pacno3Haércs [11] mo meTo-
ny Xoka (puc. 7).

[IpuMeHeHre METOIOB IJI00AIbHOTO a3P0-
KOCMWYECKOT0O MOHMTOPWHTA TO3BOJISIET HE
TOJIBKO OTCJIEXKMBATh TeOMETPUIECKHE TTapa-
METpHI IyTH Ha BcéM yuacTke KoBnop—Myp-
MaHCK, HO M BBISIBJISITh OOBEKTHI, TIPEICTAB-
JISTIONIME TTOTEHIIMATBHYO YTPO3Y IS XKeJle3-
Hoii goporu [13, 14] (Bogo€Mbl, BOZHUKAIO-
LMe 3a1py/bl, TPOBOJUMbIE METMOPATUBHbBIE
W CTPOUTENIbHBIE pa0OThI, MEHSTIOIIMICS Xa-
pakTep BOJOCTOKOB, OBparooopasyloiiue
MPOLECCH U T.I.), TEM CaMbIM ITOKa3bIBast
3aBUCUMOCTb COCTOSIHUSI TTYTU OT COCTOSTHUSI
MPpUJIETAIOIIEH TEPPUTOPUH.

O0bEMHBIE AeOopMaLIU MOTYT ObITh CBSI-
3aHbI ¢ 1eOpMaLUSIMU 3eMJISTHOTO TTOJIOTHA,
MPUYEM ITapaMeTPbl HEPOBHOCTE MEHSIIOTCS
C POCTOM MPOIYILIIEHHOTo TOHHaXa. OueBuI-
HO, YTO KOHTPOJIb ITapaMeTPOB JUIMHHBIX He-
POBHOCTEM CITOCOOEH CIYXUTh Ba*KHBIM
CPEICTBOM TUArHOCTMKM COCTOSTHUSI 3eMIISI-
HOTO ITOJIOTHA, KOTJa OHO HaXOIUTCS MOJ
BO3JIEIICTBMEM BaroHOB C IMOBBIIIIEHHOM OCe-
BOW Harpy3Koi 1 TSDKEJTOBECHBIX ITOE3/10B.

TexHoIOrMY AMCTAHIIMOHHOTO 30HAMPO-
BaHUsI TIOMOTAET BBISIBJISITh OCAJIKH 3KeJIe3HO-
JTIOPOXKHOTO ITyTH C MOCISAYIOIIUM YTOYHEH -
€M KOHTPOJIbHBIX TOYEK HMBEJIUPOBKOM
(puc. 8). I'1pu 3TOM MOSIBASIETCSI BOBMOXHOCTD
ITOCTPOUTH 3aBUCUMOCTb OCAIKM BCETO y4acT-
Ka OT MPOITyIIEHHOTO TOHHAXa W BBIATH Ha
5KOHOMUYECKUE IMapaMeTphl 9KCIUTyaTallky.

Xene3Hoe M. M., Nee3Hep B. O., MoHomapér B. M. MoHuTOpuHr n npeaynpexaeHue YC Ha yyacTkax
C NOBLILLEHHOW OCEBOI Harpy3Kou




BbIBOAbl

IMpoBenéHHble HAOAIONEHUS U pe3yabTa-
Thl UCCJICIOBAHUIA COCTOSIHUS XEJIEe3HOI0-
POKHOTO ITyTU IPU MOBBIIIEHHBIX OCEBBIX
Harpy3kax ¢ IpUMEHEHHEM METOIO0B TIJIO-
0aJlbHOr0 CIIYTHUKOBOIO MOHUTOPUHIA
MO3BOJIMJIM CleNaTh clieaylolue 00001ie-
HUSL:

1. I1pu BBeneHUU B oOpalleHue HOBOTO
MOABUXHOTO COCTaBa C IMOBBIIIEHHBIMU
OCEBBIMU Harpys3kaMu HEOOXOAMMO €ro
OLIEHMBATb HE TOJIBKO ITOKA3aTeIIMU IIPOY-
HOCTHU 3JIEMEHTOB BEPXHEro CTPOCHMSI, HO
¥ 1e(OPMATUBHOCTH IIYTU B LIEJIOM.

2. YBeIm4eHMe OCEBBIX HAIPY30K IIPUBO-
JIUT K pOCTy AedopMariuii myTu, 0COOEHHO
Ha YBJIAXXHEHHBIX TPYHTaX (BBISIBJICHO aHa-
JIN30M JTaHHBIX KOCMUYECKOIO MOHUTOPUH -
ra npujeramumux TePPUTOPUI U 0CagoK
MyTH).

3. O6pallleHMe BaroHOB C MOBBIILIEHHbI-
MU OCEBBIMHM Harpy3kKaMu LIeJIeco00pa3Ho
OCYIIECTBJISATh Ha 3aMKHYTBIX MapIIpyTax
B CIIELIMAJIM3UPOBAHHBIX BEPTYIIKAX JIJISI
BO3MOXHOCTHU IePUOJAUYECKOTO aHaIu3a
COCTOSIHMSI ITyTHU U TIPUJIETAIOIIUX TEPPUTO-
puii 10 MaTepuagaM JaHHBIX IUCTAHIIMOH -
HOTO 30HAMPOBAHUSI.

4. PazpaboTaHHBIE CUCTEMbl MOHMTO-
pMHTa MOTEHIIMAJIbHO OMACHBIX YY4aCTKOB
JKeJIE3HOIOPOKHOTO ITyTH C UCITOIb30BaHM -
em BITJI (kBagpoKomnTepOB-APOHOB) SIBJISI-
10TCs1 3 GEKTUBHBIMUA U MaJIO3aTPATHBIMU
CpeACTBAMMU BbISIBJIEHUSI OOBEMHBIX 1eop-
Maumii. Aspochb€MKa ¢ MaJibIX BBICOT 00ec-
MeYMBaeT OIepaTUBHBIC JaHHBIE O COCTOSI -
HUM IIyTU U AMHAMUKE U3MEHEHMI €T0 reo-
METPUYECKUX apaMeTPOB KaK B TOPM30H-
TaJIbHOM IJIOCKOCTH, TaK Y BEPTUKAJIbHOIA.
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ABSTRACT

The article describes the essence of the
problem of emergencies in areas with increased
intensity of the transportation process. Methods
and technical solutions in the field of rail track
monitoring based on aerospace technologies are

shown. The results of the experimental operation
of cars with an axial load of 27 tf / axis are
presented, which included tracking the dynamics
of the geometric parameters of the track and
adjacent territories using tele-shooting using a
drone (quadrocopter-drone).

Keywords: railway, increased axial load, aerial survey, monitoring, emergency situations, impact on the

track.

Background. For more than 150 years, Russia’s
railways have functioned as a single centralized
mechanism aimed at the economic efficiency of the
entire complex in the interests of the state.

During the formation of JSC Russian Railways and
its subsequent reforming, there have been significant
changes in the economic model of functioning. Now
itis an infrastructure company, interested primarily in
obtaining the maximum revenue for the use of its
infrastructure by carriers — owners and tenants of
cars. Also, JSC Russian Railways is interested in a
maximal reduction of the cost of maintaining the
infrastructure with an increase in the level of safety
and efficiency of its use [1].

Objective. The objective of the authors is to
consider the issues of monitoring and emergency
prevention in areas with increased axial load.

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

Results. At the same time, the industry is on the
verge of another increase in carload load up to 27 tons
per axle. Special railcar structures designed for
operation with such a load are created. Experimental
polygons have been determined on which the
experimental operation of trains consisting of cars
with increased axial load will be carried out (Pic. 1).

In the solution of the problem, an important place
is occupied by technologies for monitoring the
geometric parameters of the railway track as a key
infrastructure component, which accounts for the
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main impact. In this context, it is proposed to
complement the existing system of such monitoring
with global space monitoring methods (GLONASS /
GPS and remote sensing data processing systems)
that allow to [2, 3]:

—cover the entire experimental polygon in a single
coordinate system by measuring the geometric
parameters of the track;

— promptly monitor the status not only at selected
control points, but also throughout the section;

— to track volumetric deformations, which have
an extended character and actually change the
geometry of the track of the entire polygon.

Taking into account the fact that experimental
polygons of trains consisting of cars with increased
axial loads are closed routes, the most automated
measuring methods should be used [4-9], which form
three technological levels:

1. Control areas for measuring geometric
parameters by high-precision geodetic equipment.

2. Data of track measuring cars with reference to
global coordinate systems with the help of GLONASS
/ GPS equipment.

3. Materials of aerospace remote sensing (radar
and / or television shooting), which allow to evaluate
the geometric parameters of the track in the complex
(including the presence of long irregularities) with the
geometric parameters of the infrastructure objects,
ISSS and adjacent areas (volumetric deformations).

The proposed technological scheme of monitoring
(Pic. 2) will allow covering the whole experimental

—Mur

4. Shakhterskaya—Kadala 333
and other sections

Pic. 1. Promising polygons of heavy traffic.
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Materials of remote sensing (radar and / or television shooting), which allow to estimate track
geometric parameters in a complex (including the presence of long irregularities) with geometric
parameters of the infrastructure, ISSS and adjacent territories (volume deformations)

Data of track measuring cars with reference to global coordinate systems using
GLONASS / GPS

Control points for full-scale measurements of track
geometric parameters using high-precision geodesic
satellite equipment

Pic. 2. Technological scheme of monitoring.

Pic. 3. An image from space of Kovdor Mining and Processing Combine.

Table 1
The shooting parameters for the UAV of the Chinese company DJI Phantom 3
Height of survey (m) Length of measured long | Spatial resolution (mm) | Accuracy of measurement of
irregularities (m) geometric parameters of track in
plan (mm)

5 10,7 2,6 0,3

10 21,4 5,2 0,5

25 53,6 13,1 1,3

50 107,2 26,2 2,6

100 214,4 52,4 5,2

250 536,1 130,9 13,1

500 1072,3 261,8 26,2

1000 2144,7 523,6 52,4

range of heavy traffic with measurements. As an
example, Pic. 3 shows a fragment of the space image
of the Kovdor Mining and Processing Combine with
access roads.

In 2014-2016 on Kovdor-Murmansk section of
the October Railway, the experimental operation
of cars with an axial load of 27 tf / axle was carried
out. Experiments of this kind were not performed
on the Russian rail network before, the impact of
such loads on the track superstructure and the
roadbed was not studied. It was necessary to
determine how the cars with increased axial load
will influence the accumulation of deformations
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and the stress-strain state of the track, to test the
developed technologies of global monitoring and
mathematical modeling.

As an operational and low-cost way to monitor
the geometric parameters of the railway track in
areas of heavy traffic, surveys were taken from an
unmanned aerial vehicle (UAV) — a quadrocopter-
drone (Pic. 4).

TV pictures with UAV allow to detect the change
in geometric parameters of the track with a high
accuracy and speed at a point to several hundred
meters. Including the dynamics of long irregularities
based on the materials of periodic survey.
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Pic. 5. The growth of the natural unevenness for the period from September 2014 to May 2015
at the 25" km of the Kovdor—Pinozero section.

The technology for determining long irregularities
in the plan is as follows:

1. The operator directs the UAV to the center of the
studied section of the railway track and sets the survey,
depending on the required measurementaccuracy and
the length of the measured long irregularities (Table 1).

2. After the survey, the UAV transmits a snapshot to
the operator’s console, which is then processed to
recognize the railway track and determine its geometric
parameters in the plan.

Based on the parameters given in the table, for
modern serial devices, the optimal survey heights when
detecting long irregularities of the track are 25-100
meters, at which their determination in the plan is
possible with an accuracy of 1-5 mm.

To detect changes in the geometric parameters of
the track in time, it is advisable to periodically survey
potentially hazardous areas. After the images are linked
to each other by contour points and the object is
recognized, itis possible to fix the changes in geometric
parameters of the track in plan with millimeter accuracy
[11,12].

In the course of research based on the materials of
television shooting with the verification of high-precision
geodetic measurements and binding to a single
coordinate system, the numerical parameters of long
irregularities of the track(volume deformations) were first
obtained - see Pic. 5.

The aerial shooting equipment of the UAV makes it
possible to survey parallel to the railway track at the height
of the railhead, which allows us to detect relative
depressions of the track (Pic. 6).

The technology of determining vertical irregularities
repeats the technology of determining the unevenness
inthe plan. The survey is conducted parallel to the railway
track at the height of the railhead. Then the line of the rail
head is recognized [11] by the Hock method (Pic. 7).

The application of global aerospace monitoring
methods allows not only to track the geometric
parameters of the track in the entire section Kovdor-
Murmansk, but also to identify objects posing a
potential threat to the railway [13, 14] (water bodies,
emerging dams, reclamation and construction works,,
gully-forming processes, etc.), thereby showing the
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Pic. 6. Relative
depressions
of the track at the 25t
km of the Kovdor—
Pinozero section.
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Pic. 7. Recognition of the railhead by the Hock method.
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Pic. 8. Refinement of control points by leveling for remote sensing.

dependence of the state of the track on the state ofthe ~ tonnage. Obviously, monitoring the parameters of
adjacent territory. long irregularities can serve as an important means

Volume deformations can be associated with  of diagnosing the state of the roadbed when it is
deformations of the roadbed, the parameters of the  under the influence of cars with increased axial load
irregularities changing with the growth of the handled  and heavy trains.
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Remote sensing technology helps to identify the
depressions of the railway track with the subsequent
refinement of control points by leveling ( Pic. 8). At the
same time, it becomes possible to construct the
dependence of the entire section’s depression on the
handled tonnage and reach the economic parameters
of operation.

Conclusions. The conducted observations and
the results of research of the state of the railway track
under increased axial loads using global satellite
monitoring methods made it possible to make the
following generalizations:

1. When introducing a new rolling stock with
increased axial loads, itis necessary to evaluate it not
only by the strength indicators of the track
superstructure elements, but also by the deformability
of the track as a whole.

2. Theincrease in axial loads leads to an increase
in the deformations of the track, especially on humid
soils (revealed by the analysis of space monitoring
data of adjacent territories and depressions of the
track).

3. It is advisable to use cars with increased axial
loads on closed routes in specialized turntables for
the possibility of periodic analysis of the state of the
track and adjacent territories based on remote
sensing data.

4. The developed monitoring systems for
potentially hazardous sections of the railway track
using the UAV (quadrocopter-drones) are effective
and low-cost means of detecting volumetric
deformations. Aerial photography from low altitudes
provides operational data on the state ofthe track and
the dynamics of changes in its geometric parameters
both in the horizontal plane and in the vertical plane.
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