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03MOXHOCTh TPUMEHEHUST KOOPIM-

HAaTHO-BpPEeMEHHOU nHdoOpMalnu,

TOJTy9aeMO¥ C TTOMOIIIBIO TTI00ATbHBIX
HaBUTAIIMOHHBIX CTYTHUKOBBIX CUCTEM, B Pa3-
JUYHBIX (GYHKIITMOHAIBHBIX TTPUIOXKEHUSIX
3a/1a4 TPOEKTUPOBAHUSI, CTPOUTENILCTBA, CO-
JEPKaHUsI, PEMOHTA U PEKOHCTPYKIIUU Ke-
JIE3HOMOPOXHBIX MarucTpaieil akTUBHO
mpopabaTeiBaeTCs BO BCEX rOCyAapCcTBax,
Pa3BUBAIOIINX KEJIE3HOMOPOXKHBIN TpaHC-
ropT, Bktovast [epmanutio, @pannmio, [Beit-
mapwuto, CIIIA, Kanany, Kuraii [1]. Ha ocHo-
BE OMUCAHUS KEJIE3HOMOPOKHOTO MYTH KaK
TPEXMEPHOTO MPOCTPAHCTBEHHOTO O0BEKTA
CO3MIaI0TCSl COOTBETCTBYIOININE TEXHOJIOTHUH,
TpU 3TOM B Ka4eCTBE paboyero MHCTPYMEHTa
BBIOMpPAIOTCS Yalle BCero udpoBbie MOAETN
nytu (LIMIT) 1 reonmpocTpaHCTBEeHHBIE 0a3bI
naHHbIX (I'B]1), ¢ TOMOIIBIO KOTOPBIX OLICHU -
BaeTCs TEKYIee COCTOSTHUE JTMHUMN, Dat0TCs
PEKOMEHIAIINH TTO TPEMYTTPEKIEHUIO U YCTPa-
HEHUIO HEUCIIPABHOCTEN.

Hcrnonb3oBaHMe CITyTHUKOBBIX TEXHOJIO-
TUi B 3a71a4ax HABUTAIIMY U T€0/Ie3UH TI03BO-
JISIET BBIATU HA HOBBIA KAaYECTBEHHBIN YpO-
BEeHb NpU (POPMUPOBAHUU CUCTEM BBICOKO-
TOYHOTO KOOPAMHATHOTO OOECTICUCHUST M-
HOTO TeoMH(MOPMALIMOHHOTO MPOCTPAHCTBA
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xKenesHonopoxxHoro TpaHcropra (BKC) [2].

BKC — MHOrodyHKIIMOHaIbHAST aBTOMa-
TU3UPOBAHHAS MH(MOPMALMOHHAS CUCTEMA
cbopa, 00pabOTKU, XpaHEHUS U MPEeaoCTaB-
JIEHUSI 3apEeTMCTPUPOBAHHBIM MOJIb30BATEISM
KOOPIAMHATHOU MH(OpMALUU O MECTOMOJIO-
JKEHUU CTAallMOHAPHBIX U TIOIBUKHBIX 00BbEK-
TOB 3K€JI€3HOAOPOXKHOTrO TpaHcropTa. [ias-
HbIE ee e — obecrieyeHue 6e30MacHOCTU
BBICOKOCKOPOCTHOTO ABUXKEHUSI , COKPAILIEHUE
TPYAOBBIX, MATEPUATBHBIX 3aTPAT U BPEMEHU
Ha MHXEHEPHbIe U3bICKAHUS, TPOEKTUPOBA-
HUE, CTPOUTEIBCTBO U DKCILTyaTalUIO Kele3-
HBIX 1OPOT, MpuopuTeT 3GHEKTUBHOCTHU XKe-
JIE3HOAOPOKHBIX MTACCAKUPCKUX TIEPEBO30OK.

KitoueBoit MOMEHT TeMBbI UCCTIEIOBAHUS:
ocHoBoil BKC ciyxuT cnieimajabHast perep-
Has cuctema (CPC) — BBICOKOTOYHAs reojie-
314ecKas CeThb, o0anarmnias HAbOpoM OUYEeHb
OTBETCTBEHHBIX, KO MHOTOMY OOSI3bIBAIOLIIAX
(GyHKUMI, OPUEHTUPOBAHHBIX Ha peaiun3a-
1UIO:

* MPOU3BOJCTBA BCEX ChEMOYHBIX U pa3-
OMBOYHBIX r€0Ie3NYECKUX PAOOT, BOSHUKAIO-
WX TIPU TPOEKTUPOBAHUU, CTPOUTEIHbCTBE
U TEKYILIEM COIep>KaHUU XKeJIe3HbIX TI0POT;

* OMOPHOU reone3nyecKoit CeT! Mpu Me-
JKEeBAaHWU 3eMeJb U CO3MaHUU KagacTpa Xe-
JIE3HBIX IOPOT B MIpeieiax MoJIoChl OTBOJA;

* OIO3HABATEJIbHBIX 3HAKOB MTPU A9POKOC-
MWYECKOM MOHUTOPUHTE U TUCTAHLIUOHHOM
30HAMPOBAHUU XKeJIE3HBIX JOPOT U COOPYKe-
HUIA;

* TEOMETPUYECKON OCHOBBI I pacueTa
U KOPPEKTUPOBKU OOILIETTPUHATON IS JIU-
HEWHBIX COOPYKEHUN KOOPAUHATHOMN CUCTE-
MbI MMKETaXa U BeJEHUSI aBTOMAaTU3UPOBaH-
HBIX CUCTEM MHBEHTApU3ALIMU U MaCTIOPTU3a-
187078

Ot nynkToB CPC mpoeKkTHasi reoMeTpust
OyzeT nmepenaBaThCsl HA JIEMEHTHI ITyTU JIMOO
C IMMOMOIIIbIO TPATUIIMOHHBIX U3MEPUTETbHBIX
CPENCTB, JIMOO MyTeM aBTOMATU3MPOBAHHOM
MPUBS3KU MOKA3aHUI U3MEPUTEbHBIX CUC-
T€M BBIIIPABOYHBIX MAIllMH U MEXaHU3MOB
K pabouyuM pernepam.

Korna dyukuuu CPC npeamnonaraiot 06-
CIIy>KMBaHUE XEJEe3HOJOPOXHOTO MyTU Kak
TPEXMEPHOTO MPOCTPAHCTBEHHOTO 0OBEKTA,
TO CTOUT YTOUHUTH JBa MPUHIIUIUATIbHBIX
MOMEHTA.

Bo-niepBbIx, UTO 6 Kaaccuueckom noHuma-
Huu (YOOOHOM U 6 NpoeKyul Ha 2eonpoCMpaH-
CM80 Jicene3Hbix dopoe) penep — Mo CO8OKYN-
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HOCMb mpex 8eKmopos ¢ 00uUM HA4AN0M, He
aedxcawux 6 00Hol naockocmu (Ha 00HOI npsi-
MOIL) U 835MbIX 8 ONpedeseHHOM nopsioke.

Bo-BTOpPEIX, YTO MCITOJIB3yeMBIe HBIHE
pernepHbIe TOYKY (OPUEHTUPHI TOPSIIKA) ITPH-
MEHUTEIHHO K KeJIE3HOIOPOXKHOMY ITyTH KakK
TpeXMEPHOMY TIPOCTPAHCTBEHHOMY OOBEKTY
BITOJTHE JOCTATOYHBI TSI (PYHKITUIM ITPOSKTH -
pOBaHUS, KOHTPOJISI ¥ TIPOYMX TeOMH(pOpMa-
IIMOHHBIX IIOTPEOHOCTEIA.

DopMyHpyst TaK CMBICT JIEXKAIIIUX B TTOI-
TEKCTE peIepHBIX TEXHOJIOTUIA LIeJIEBBIX ITPEI-
HazHavyeHui, Mbl BKtouaeM CPC B mpouiecchbl
OoJiee BbICOKOTO ypoBHS. U nemaeM 210, 110-
Jlaraem, paBoOMepPHO U 0OOCHOBAHHO.

DyHKIIMOHAIBHOE Ha3HAYEHUE, 3TO CTOUT
MOAYEPKHYTh 0CO00, JTODKHO COOTHOCUTBCS
C BO3MOXHOCTSIMU periepHoii cuctemsl. M oHa
I10 CTETICHW TOYHOCTH OTBEYAECT, KaK ITOATBEP-
JKIAIOT MCCIIeN0BAaHUS U JTUYHbIE HaOJo/Ie-
HUSI, TOTPEOHOCTIM TeOMH(MOPMaIIMOHHBIX
CHCTEM 3KEJIE3HBIX JOPOT. A HaCKOJIbKO 3TO
CYIIIECTBEHHO, YOEeXXIaeT cama IMpaKThKa.

HetouyHOCTM B MJIaHOBOM U BBEICOTHOM
MTOJIOKEHUH TOUYEK ITYTH, IIPUBOASIINE K IT0-
SIBJICHUIO JUIMHHBIX HEPOBHOCTEH, OTpHIIA-
TEJIbHO CKa3bIBAIOTCS Ha TIJIAaBHOCTU XOla
MMOJBWKHOTO COCTaBa IMPH BEICOKUX CKOPO-
CTSIX IBVKEHUS U IPUBOAMIT K IPEXIEBPEMEH -
HOMY pacCTpOMCTBY KOJIEW, a C HUM U K CHU-
JKeHUI0 0€30ITacHOCTHU, PUCKY KaTacTpod.
Bo3HMKHOBeHNE JIMHHBIX HEPOBHOCTEU
00YCJIOBJIEHO BBIIPABKOW KOJIEU C MPUBSI3KOI
OT COCEIHETO ITyTH M pabOTO BRIITPABOYHBIX
MAaIlIMH UCKITFOUMTEIBHO IO METOIY CTIIaKM -
BaHUS, HeoOeCIIeunBalOIIeMy ITOCTAHOBKY
ITyTH B IIPOEKTHOE ITOJI0KeHMe . [I71sT ITOBBIIIIe-
HHS TOYHOCTU OTIpeleIeHUS IJIaHOBOTO
U BBICOTHOTO TIOJIOXKEHMST 3KeJIe3HOIOPOKHO-
ro IyTH KaK pa3 U UCITOJIb3YIOT CIIeIINaIbHEIC
perepHbIe CUCTEMEI.

ITo omBITY eBpOITECKMX XKEJIe3HBIX JOPOT
[3] Ha aTame nMpoeKTUPOBAHUS U CTPOUTEb-
CTBa HOBBIX JINHUU (pOpMUPOBAaHUE TTPOCKT-
HOTO PEIICHUS OCYIIECTBIISIETCSI B KOOPIU-
HATHOW CHUCTEME CHelralbHOW pernepHOn
CHCTEMBI KeJIe3HOJOPOXKHOIO yJyacTKa, Ha
3Talle CTPOUTENhCTBA MM PEKOHCTPYKIIUH
IyTh B 3aJaHHOE TTOJIOKCHUE YCTaHaBIBAa-
eTCs OT pellepHBIX MYHKTOB. B Xome sKcmny-
aTamuy odecIieYnBaeTCs IMoIIepKaHue Iy TH
B IIPOCKTHOM BapHaHTe Ha OCHOBE KOHTPOJIS
€ro TOJOXEHMS OT ITYHKTOB PEeIIepHOM CHC-
TEeMBI.

AeHuncos A. B., Penkuk E. A. PenepHasi cuCTemMa Kak Crocoo reofie3an4eckoro ooecne4eHuns nytm




CrienmanpHas pernieptas cucrema (CPC) |
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Puc. 2. Cxema namepsieMbix napaMmeTpoB rnapHbIX MyHKTOB paboyeri cetu CPC:
d, n d,— ropusoHTanbHbie paccTosiHNUs OT pabo4nx penepos Ao paboyei rpanmn 6nvxariwero pensca; h,
u h, — npesbiLIeHNe MeXAy pabo4nmu pernepamm 1 MOBePXHOCTbIO KaTaHUsl FOJI0BOK 6/vKaliLunX pesibCoB;
h, — npesbiLeHne Mexay NapHeIMy pabo4umMm pernepamu; L — ropusoHTasbHOE PaccTosiHUE MeXAy NapHbIMU
pabo4ynmm penepamu.

PenepHast cuctema BKIoUaeT B ce0s1 orop-
Hy10 reoae3nydeckyio cetb (OI'C) u pabouyio
cetb (PC). ITpumepnas cxema ctpyktypsl CPC
npeacrasieHa Ha puc. 1. [1pu aToM oropHas
CeTb CO3JaeTCs CIYTHUKOBBIMU METOIaMU
W BKJIIOYAET TPU TUIA MyHKTOB: KapKacHbIE
(pedepeHTHBIE), pacloJOXEeHHbIE yepe3
10—50 kM; rmaBHBIE (Uepe3 2—3 KM MOoIapHo)
u psigoBbie (uepes 250—500 m). Hanee oHa
MOXET pa3BUBAThCS MPOJIOKEHUEM TPAIULIU -
OHHBIX MarucTpajbHBIX MOJUTOHOMETpUYE-
CKHX XOJIOB METOJIOM DJIEKTPOHHOI Taxeome-
TPUU WIN C MPUMEHEHUEM COBPEMEHHBIX
CITyTHUKOBBIX TeXHOJIOTUI. BTopoe nmpenmnoyu-
TUTEJIbHEE B CBSI3U ¢ 00Jiee BBICOKOI TOYHO-
CThIO B IUIaHE W MPOU3BOAUTEIBHOCTBIO U3-
MEpEHUI.

Llesrecoobpa3Ho MMETh BIOJIb MAaTUCTPAIU
CeTbh KapKaCHBIX TYHKTOB CITyTHUKOBOI CETH,
pacnojioxXeHHBbIX yepe3 30—50 KM apyr ot
npyra. OHU OyayT CIYKUTh UCXOAHBIMU TSI
ornopHoii cetu. [TocTpoeHue nociaeaHe Mox-

HO BBITIOJTHUTB JINOO TYTEM CTYIIEHUS XOIaMI
9JICKTPOHHOW TaXeOMETPUM CITYyTHUKOBOM
CETU Y3JIOBBIX ITYHKTOB, PaCITOJIOXEHHBIX
yepe3 1—5 KM, 1100 MOJTHOCTBIO HAa OCHOBE
CITYTHUKOBBIX U3MEPEHUIA.

PabGoune penepsl 3aKJIaabIBAIOTCS B TEJIO
OITOp KOHTAaKTHOM ceTH. B Xene300eTOHHBIX
ormopax KpyIJIoro CeYeHHUsT YCTpanBalOTCs
OTBEPCTUSI AMAMETPOM 7,8 MM TJIyOMHOI
25 MM, KyJa 3aIIpecCOBBIBAIOTCS METAJINYE-
CKUe BTYJIKW COOTBETCTBYIOIIIETO pa3Mepa. Bo
BTYJIKY ITPY U3MEPEHUSIX BBUHUMBAETCS CIIe-
aybHbIM peniep. [ocie mpoBeneHUs U3Me-
peHUil perepa M3BJIEKAIOTCS, a OTBEPCTUS
BTYJIOK 00pabaThIBalOTCsI KOHCUCTEHTHOM
cMa3Koi. B MeTayuimueckux ormopax KOHTaKT-
HOI CeTU OTBEPCTHE NeaeTCsI 4yTh 0OJIb-
UM — 8 MM, KyJla TTPY U3MEPEHMSIX yCTaHAB-
JIMBAETCS periep M 3aKperisaeTcsl raiikoid.
Bo3MOXHO ycTpOiCTBO IYHKTOB paboueit
CETU B 3JIEMEHTaX YCTOMYMBBIX COOPYXKEHUIA
(3maHus1, TIaTOPMBI U T. .), €CJIU OHU Ha-
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XOMISITCSI B TIO3UIIMU, YIOOHOW /1T MOHUTO-
puHTa IIyTH [4].

[TynkTsr padoueit cetn (PC) 3aknanbiBa-
10TCSI, KaK TPaBUJIO, B OTIOPAaX KOHTAKTHOM
cetn Ha 10—20 cm BbIlIe YPOBHS TOJIOBKU
penbca. Ha mpsiMbIX ydacTKax MyHKTHI pacrio-
naratorcst yepe3 100—140 M, a Ha KPUBBIX —
yepes 50—70 M. Ha 1ByXITyTHBIX 1 MHOTOITYT-
HBIX ydacTkax yHKThl PC cTaBaT mapamu
HATPOTHUB JIPYT ApYyTa, YTOObI KOHTPOJIUPYE-
Mble MYyTW HAXOAUJUCHh MEXAY HUMM.
B vcKITI0UMTETbHBIX CUTYALIUSIX IOITYCKAETCS
WCTIONb30BaHNE OIMHOYHBIX TyHKTOB PC mist
KOHTPOJIST HECKONbKUX myTeil. M3mepsiembie
PACCTOSTHUS U TIPEBBIIICHUST, a TAKKE CXeMa
pPaCTOIOXKEeHUs TTYHKTOB U TTyTEW JJIsT ABYX-
MyTHOW TMHUY MOKAa3aHbl HA PUC. 2.

B nensix cokpaiiienust 3atpart Tpyaa u Ma-
TEPUAIOB MYHKTHI OIMOPHOW Ie0Ae3UYeCKOM
CETU PEKOMEHJIyeTCsl pacroiarath B (pyHma-
MEHTaxX YCTOMYMBBIX COOPYXEHUM, HAXOMSI-
IIUXCS B TI0JIOCE OTBOAA WJIM BOJM3U HEE.
3HaunTeNnbHAs YaCTh pe(PepeHTHBIX TyHKTOB
MOXKET OBITh COBMEIIIEHA C MMyHKTaMU TOCY-
JAPCTBEHHBIX TE€OIE3NUYECKUX CETEei, NMEt0-
IIUMUCS BIOJb BCEX KEIE3HOAOPOXKHBIX Ma-
ructpanei. OcranbHble MYHKTHl KapKacHOMN
CETU MOXKHO 3aKPEIUISATh periepaMu TPyHTO-
Boro tuna. Haubonee yacto mynkrsr OI'C
pacronaratoT B (hyHIaMEHTaxX OTTSDKEK OTIop
KOHTAKTHOM CeTU, UCTIONB3YS JIJIST 9TOTO Me-
TaJUTMYECKUE 3aKJIaHbIC IETAIN.

OcHoBHas (DYHKIIUST OTTIOPHOM Teoe3mIe-
CKO CeTM — MOHUTOPUHT TMHHBIX HEPOB-
HOCTei, a OCHOBHasI (byHKILMS pabodeit ce-
T — MOHUTOPWHT KOPOTKUX HEPOBHOCTEM
TEOMETPUU XKeJe3HOA0poKHOTOo TyTH. Cy1iie-
CTBYIOT TIPOEKTHI YIPOUIEHHBIX PETIePHBIX
CHCTEM, KOTOPbIE BKITIOUYAIOT B ce0s1 cO3aHne
TOJILKO OTOPHOI reoae3udeckoi cetu. Ilpu
HaJU4YuU BTOPOTO BapvaHTa JUKBUIAIIUS
JUTMHHBIX HEPOBHOCTE! M TTOCTAHOBKA IyTH
B IIPOEKTHOE MOJIOKEHNE MOTYT OBITh BHITION -
HEHBI IByMsI COBPEMEHHBIMU MeTomaMM | 3],
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Puc. 3. @dukcaums nuHwii
TaHreHcoB pernepamu.

TpeOYIOIUMU OT UCTIOJHUTEEH BBICOKON
KBaTM(DUKAIIH:

* METOJIOM DJIEKTPOHHOU TaXeOMEeTpUH,
obecreynBaroleil TOUHOCTb B IU1aHe 10 10 MM
u 110 BeicoTe 10 20 MmM. [Tpon3BoIMTEIFHOCTD
OpuTaabl U3 YETHIPEX YeTOBeK 3—4 KM;

* C MMOMOIUIBIO KOMITJIEKTa U3 IBYX IBYX-
YAaCTOTHBIX T€0e3UUYEeCKUX MPUEMHUKOB
B PEXUME «CTOU—UIU» C TOU XK€ TOYHOCThIO
U TIPOU3BOAUTETbHOCTBIO.

IIpy HanMYMKM MOJHOUEHHOU pernepHoun
ceTr HeoOXoaMMast TSt TMKBUIAITUY JUTMHHBIX
HEpPOBHOCTEN U MOCTAHOBKY TTYTU B TIPOEKT-
HOE TIOJIOKEHWE TOYHOCTh JIOCTUTAETCS pa3-
JIMYHBIMU CIOCOOAMU, B TOM YHUCJIE HE TPEOY-
IOIIMMY BBICOKO KBaTM(PUKAIIU:

— croco0OM MepIIeHINKYISIPOB OT XOP,
CTSITMBAIOIIINX COCETHUE PeTiepa;

— CITIOCOOOM CTpeJ U3ruda oT XopA IJIMHOMN
20 M 1 Ipy aBTOMATU3WPOBAHHON pean3aliun
CIoco0a CTpet B MyTeN3MEPUTETbHBIX BATOHAX
U BBITIPABOYHBIX MalIMHaX [5].

Croco0 cTpest mpu MPUBSI3KE TOUEK CheM-
KU K pertepHBIM Yepe3 50—75 M obecrieunBaeT
MaKCUMAaJIbHYIO TOYHOCTh B3aUMHOTO TI0JIO-
JKEHUST COCETHUX TOUEK XOP/IbI TTOPSIIKA 3 MM.
HenpemeHHBIM yCIOBUEM MOCTUXEHUSI BbI-
COKOIf TOUHOCTH ChEMKM BCEMM CTIOCO0aMu
SIBJISIETCS TIEPEeXOM K KOOPAMHATHOU (hopme
pacyeTa peKOHCTPYKIIVY MYTH.

[Ipu cTpouTenbCTBE U TEKYILIEM COIepXKa-
HUU XeJIe3HOAOPOKHOTO YT MOTYT BO3HU-
KaTbh HEKOTOpbIE MPOOIeMbl, CBSI3aHHBIE
C OMTUMU3AIMEN MOJIOKEHUSI MYTU TTocie
MPOBEIEHUS TEOIE3NIECKUX ChEMOK.

B mpo1tiecce BBITTOTHEHMST TTONEBBIX T€0-
JIe3nYecKrx paboT, Kak MpaBUiio, He KOOp-
MUHUPYIOT BEPIIVHBI YIJIOB TOBOPOTA Tpac-
ChI, pellias 3a1a4y ONTUMU3ALNYT 110 MUHU-
MyMY CYMMBbI KBaJIpaTOB BETMYUH PUXTOBOK
(cmBuxkeK) myTn. AMPOKCUMAIIHST TTOTOXKe-
HUSI YT TI0 HA3BAHHOMY TTPUHITUITY TIPUBO-
AT K TOMY, YTO OTITUMAaJIbHAsI KPUBasi pac-
MmoJjiaraeTcsl MPOU3BOJIbHO OTHOCUTEIBHO
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OMCCEKTPHUCHI yIJia TOBOPOTA TPACCHI, LIEHTP
KPUBOM HE JIEXKUT Ha Hell, HapyIIaloTCs BCE
reoMeTpMyecKre rmapamMeTpbl KpUBOi, cTa-
HOBUTCSI HEOIpPEAEIeHHBIM TMOJOXEHUE Ha
Hel BceX €6 OCHOBHBIX TOYEK U pACCTOSIHUI
MEXAy HUMMU.

MHeHue crelnuajlnucToB B 3TOM ciydyae
OJHO3HAYHO: NPU peaan3aluu BbIILIEU3T0-
XKEHHOM TEXHOJIOTMU Ha MECTHOCTHM CYIIIe-
CTBEHHO 3aTPYIHSIETCS COMPsIKeHUE Iepe-
XOIHBIX KPUBBIX C KPYTOBBIMU, U B KOHEY-
HOM cuYeTe HapyllaeTcs CTaOuJIbHOCTH
XKeJIE3HOAOPOKHOTO TMOJOTHA.

Jns Toro, 4ToObI TOAOOHOTO HE MPOU-
3011110, MOTPeOyeTCsl BBeAeHUE AOMOJHU-
TeJIbHOW pernepHOl CUCTEMBbI, TJTaBHBIMU
TOYKAaMU KOTOPO# OyayT BEepLUMHBbI YIJIOB
MOBOpoOTa Tpacchl. TeM caMbiM OHa OyIeT
OTJIUYaThCSI OT TOW, MPU KOTOpOIi Oblia
MOCTpPOEHA XeJie3Hasl Jopora.

ImaBHBIE TOUKU HOJKHBI OBITh 3aKpe-
MJaeHbl HA MECTHOCTU JOJTOBPEMEHHBIMU
LIEHTpaMU U OMIO3HAaBATEJIbHBIMU 3HAKAMMU.
IToBepXHOCTb HE MOXET OBbITh HUKE YPOBHSI
3eMJISTHOTO ToJioTHA. Eciu BepiuurHa yria
HEeJIOCTYMHAa JJIs €€ 3aKpenaeHus] Ha MeCT-
HOCTH, TO BMECTO Hee 3aKJjalbiBaeTcs JABa
LIEHTpa Ha JTUHUSX TaHTeHCcOoB (puc. 3) [6].

InmaBHBIE penepHble TOYKU COXPAHSIIOT-
Cs1 Ha BeCh IMEPUOJ IKCILTyaTalluu Keae3-
HOU 1OpOru, U TUMHUU, COEAUHSIIOLINE UX,
HaBcerjga COXpaHsIOT MPOEKTHOE MOJIoXe-
HUE OCHU XeJEe3HOJOPOXKHOro MyTHU Ha
MECTHOCTH.

Ecau npu moarotroBke K peMOHTY 10PO-
' cOOJII0JAI0TCS FeOMETPUIECKUE YCIOBUS
MpOeKTa, TO XeJe3HOAOPOXKHBINA MyTh Me-
pecTtaet «0J1y>K1aTh» 10 3eMJISTHOMY MOJIOT-
HY OT OJTHOT'O pEMOHTA K Ipyromy. YcJ1oBus
MMUHUMM3ALUU BEJUYUH PUXTOBOK IpU
annpoKCcUMaluMu, HaOpUMep, KPYTOBbIX
KPUBBIX 0€3 yueTa UX OCHOBHbBIX TEOMETPU-
YyecKuX IapamMeTpoB (YyIJIOB TOBOPOTA Tpac-
Chl, PacCMoOJOXEHUS LEHTPOB KPYroBbIX
KpUBbIX Ha OMCCEKTpUCcaX YIJIOB ITOBOpPOTa
U Ip.), MOXET MPUBECTU K aCUMMETPUU
KPUBOH OTHOCUTEJBHO yIJjla TOBOPOTA, YTO
YCJIOXKHSIET MPOLECC CONMPSIXKEHUS ee C Te-
pexoaHbIMU KpuBbIMU. CriocoOeH u3me-
HUTBCS U yTOJ MMOBOPOTA TPACCHI.

IToMuMoO r1aBHBIX TOUEK pEeIepHON Cu-
CTEMBI TpeOyeTCs yCTAaHOBKA Ha MECTHOCTH
JIOMOJIHUTEIbHBIX pENepoB Ha MPSIMOJIU-
HEeMHBIX yyacTKax Tpacchl, KOTOPbIE MOKHO
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3aKpeNUTh Ha OMOpPaxX KOHTAKTHOMW CEeTH.
PacctosiHug oT HUX 10 ocu myTU 6e3 0co-
ObIX TIpO0JIEM OMpeaessieTcss MeTonoM 60-
KOBOI'O HUBEJIUPOBaHUI [6].

YacToTa yCTaHOBKU pEeNEepHbIX TOYEK Ha
3aKpYrJAeHUSIX MYyTH 3aBUCUT OT BEJITUYUHBI
pagudyca KpyroBoil KpUBOU (4eM MEHbIIe
paguyc, TEM MJIOTHEE), HO HE pexe, 4eM
Mpu neTaabHOU pa3douBKe KpuBbiX. Ha naH-
HOM dTare U MPOUCXOIUT MPUBsSI3Ka Oymy-
et KpuBoi K periepaM. CaMbIM ITPOCTHIM
CIIOCOOOM pellleHUs 3TOH 3a1auu SABISIETCS
KOOPIUHUPOBAHUE LIEHTPOB pemnepoB
U PACIIOJIOXXKEHHBIX HAIPOTHUB HUX TOYEK Ha
KPUBOU C MOCIEAYIOUIMM BBIYMCIECHUEM
TOPU3OHTAJIbHBIX PACCTOSTHUUN MEXIy HU-
MU.

IIpu cTpouTenbCTBE HOBOU XeIe3HOU
JIOPOTH PETIEPHYIO CETh HEOOXOAMMO CO3/1a-
BaTh B MPOILIECCE BOCCTAHOBJIEHUS TOPOXK-
HOM Tpacchl, KOTOpasi B X0[e MPeaNpOeKT-
HBIX U3BICKAHUI 3aKPEeTJISIeTCs B HAaType.

CroxHee co3iaBaTh PENEPHYIO CETh Ha
yXe CYIIeCTBYIOIIEH Xele3HOU nopore,
MOCKOJbKY B Mpollecce dKCIIyaTalluu
YTPauuBaIOTCS MOUTHU BCE BEPIIUHBI YTJIOB
MOBOPOTA TPACCHI U MOSBISIOTCS JOMOJTHU-
TeJIbHBIE YIJIbl HA TPOTSKEHHBIX TPSIMOJIU -
HEWHBIX yUacTKax.

ABTOpPBI PEKOMEHIAYIOT CO3l1aBaTh pe-
MEepHYI0 CETh HAa OCHOBE MH(OpMalLUH,
MOJYYEHHOU B pe3yjbTaTe MOAPOOHOU
CbhEMKU CYIIECTBYIOIIETO MYTU U MOCIeny-
IOLIETO TPACCUPOBAHUS C UCTIOJb30BAHUEM
pacyeTHBIX MPOEKTHBIX YIJIOB U PacCTOS-
HUW.

HauuHaTe paboTy NpUXOAUTCS C BOC-
CTAaHOBJIEHUSI BEPIIUH YIJIOB MOBOPOTA
Tpacchl. OTAeNbHbIE BEPIIMHBI, Ha KOTOPBIX
HE COXPAaHWJINCh 3HAKU KPEIUIEHUS, MOKHO
MOMBITATHCS HAWTU MPOMEpPaMu OT cOXpa-
HUBIIMXCS MECTHBIX MPEIMETOB COTJaCHO
abpucam UX MPUBSI3KU UK NPSIMOI 3acey-
KOW 1O MPOEKTHBIM yIJIaM U3 ABYX COCE-
HUX BEPIIUH TPACCHI.

Peuienue 3amaum BO3MOXHO U IO MaTe-
puaiaM cbeMKU (KoopauHaTtaM, GUKCUPY-
IOLIUX KPUBYIO TOYEK), HO C IPEBAPUTEb-
HO 3aKperneHHbIX Ha MECTHOCTU (B MpPO-
1ecce CbeMKM) MPSIMOJTUHEWHBIX OTPE3KOB
(MTMHUI TAaHTEHCOB), HANPaBJIEHHBIX Ha
CMEXHbIe BepIIUHbI. PaccTossHus Mexay
TOYKAMU 3aKpEeIUIEHUs MPSIMbIX TOJIXKHBI
OBbITh MAKCUMAJIbHO TOMYCTUMBIMU.

JOenucoe A. B., Penkuk E. A. PenepHasa cucTema Kak cCnoco6 reofie3n4eckoro obecrnedyeHus nytm



3aTeM HaxOIITCsI OITUMAaIbHBIE (TT0 MU~
HUMYMY CIBHUIOB) MapaMeTpPBl KPUBOU,
a TaKXKe KOOPIMHATHI BEPIIMHEI YIJIa M cCaM
yroja moBopoTa Tpacchl. Ilociie BEIHOCA
BEPIIMHEI YIJIa ITOBOPOTA B HATYPY OCTAET-
CSI PEIIUTH BOIIPOC, MOXET JIM OHA SIBJISITh-
Cs TJIaBHOU perepHoli ToYkKo# (Imo pacro-
JIOXXEHUIO0 Ha MECTHOCTM) UJIU €€ HeoOXO-
IMMO 3aMEHUTh IBYMS peliepaMu 110 JIMHU -
SIM TaHTE€HCOB [6].

Haubosee BaxkHbBIM MOMEHTOM Ha JaH-
HOM CTaAu¥M BOCCTAaHOBJIEHUS TPacChl CTa-
HOBUTCS 00OCHOBAHHBIN BBIOOD JIMHUU
TaHTEHCOB, PUKCUPYIOIINX HaITpaBICHUS
MPSIMOJMHENHBIX YIaCTKOB ITyTH, 0COOCH-
HO eCJIM OHU MO MPOEeKTy OBUIN BechbMa
MPOTSKEHHBIMH, a B pe3yJIbTaTe MHOTOUYM -
CJIEHHBIX PEKOHCTPYKIUI U PEMOHTOB
MOJIYIVJIA TOTOJHUTEIbHBIE ITOBOPOTHI,
MyCTh ¥ Ha He3HAYUTEIbHBIE YT, [103TO-
My nepen dUKcanuei IpsIMBIX Hamo 00s3a-
TEJIbHO NMPOaHaJU3UPOBATh MaTepUalbl
CBHEMOK TIepel MOCIeTHUMUA PEMOHTHBIMA
paboTtaMu, YTOOBI CIIPSIMUTh WU YMEHb-
IIUTHh YHUCJIO TTOBOPOTOB, cOOII0mas ycTa-
HOBJICHHBIE Ta0apUTHI.

Co30annas penepHas cucmema mMoxucem
n03601ums 6 0aabHeluem UCKAIOYUMb 2e00e-
3uxeckue pabomol N0 MeKyuemy co0epIcanuo
HCENe3HO00POICHO20 NYMIUL, CB005L KOHMPONLb €20
NAGHOB020 NOAONCEHUsL K NPOMEPAM PACCMOs-
Huit om penepos. OHu dice (npomepslt) 00NNCHBL
80UIMU 8 NPOEKMbL PEKOHCMPYKUUU U PEMOHMA
nymu. Ecau onpedenenvl 6bicomol penepHbix
mouekK, mo no HUM MOICHO KOHMPOAUPOBAMb
U 8bICOMHOE NOA0JICEHUE 201080K PEAbCO8, UC-
N0Ab3YSL MEXAHUYECK UL CNOCOO HUBEAUPOBAHUSL.
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REFERENCE SYSTEM AS A TECHNIQUE OF TRACK GEODETIC SUPPORT
MEASURE

T “:.T-iii;‘a .
)

Denisov, Alexander V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
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ABSTRACT

The article is devoted to the method of geodetic
support of current maintenance of railway track as-
sociated with the use of a reference system. The
authors give interpretation of concepts and functions

involved in the system, evaluate structure and con-
tent, procedure and parameters of measurementsin
the spatial environment of the object under study.
The created reference system is in some kind an
alternative to the traditional type of geodetic works.

Keywords: railway, reference systems, geoinformation, satellite technology, track control, safety, risk

prevention.

Background. The possibility of using coordi-
nate-temporal information derived from global
navigation satellite systems in different functional
applications of problems of design, construction,
maintenance, repair and reconstruction of railways
is actively worked out in all countries, developing
rail transport, including Germany, France, Switzer-
land, USA, Canada, China [1]. Based on the de-
scription of a railway track as a three-dimensional
spatial object relevant technologies are created,
while digital track model (DTM) and geospatial
database (GDB) are selected as a tool most often,
by which current state of lines is estimated, recom-
mendations are made on prevention and elimination
of faults.

The use of satellite technology in navigation and
surveying tasks allows to reach a new level of quality
in formation of high-precision coordinate support of
uniform geoinformation space of railway transport
(HCS) [2].

HCS is a multifunctional automated information
system for collecting, processing, and storage to the
registered users of coordinate information about loca-
tion of stationary and mobile objects of railway trans-
port. Its main objectives are ensuring safety of high-
speed motion, reducing labor and material costs and
time on engineering survey, design, construction and
operation of railways, the priority of efficiency of rail
passenger transportation.

Objective. The objective of the authors is to
consider reference system’s application in the context
of geodetic support of railway tracks.

Methods. The authors use general scientific and
engineering methods, comparative analysis, evalua-
tion approach, graph construction, mathematical
method.

Results. The key point of the research: founda-
tion of HCS is a special reference system (SRS) —
high-precision geodetic network, which has a set of
very important, binding functions:

— Production of all surveying and demarkation
arising during design, construction and current main-
tenance of railways;

— Geodetic control network when land surveying
and building inventory of railways within ROW;

— Identification marks in processes of aerospace
monitoring and remote sensing of railways and struc-
tures;

— The geometric basis for calculation and adjust-
ment of the standard for linear structures coordinate
system of stationing and maintaining automated
systems of inventory and certification.

From points of SRS project geometry will be
transmitted on track elements either by using tradi-
tional measuring means, or by automated binding
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indications of measuring systems of lining machines
and mechanisms to working reference marks.

When SRS functions involve maintenance of rail-
way track as a three-dimensional spatial object, it is
necessary to clarify two principal points.

Firstly, in the classical sense (convenient and in
projections on the geospace of railways) reference
mark is a set of three vectors with a common origin,
notlying in the same plane (on one line), and taken in
a certain order.

Secondly, now used reference points (bench-
marks of order) in relation to railway tracks as three-
dimensional spatial objects are sufficient for the
functions of design, control, and other geographic
information needs.

Formulating the meaning of underlying in the
subtext reference technologies intended functions,
we include SRS in the processes of a higher level. And
we are doing this, we believe, rightly and reasonably.

The functional purpose, it should be emphasized
especially, should be related to reference system
capabilities. And the degree of accuracy meets as
confirmed by research and personal observation,
needs of geographic information systems of railways.
And as far as this is essential, it assures the practice
itself.

Inaccuracies in horizontal and vertical position of
track points leading to the emergence of long irregu-
larities adversely affect smooth running of rolling stock
at high speeds and lead to premature breakdown of
the gauge, and with it safety decrease, the risk of ac-
cidents. The emergence of long irregularities due to
smoothing of the gauge with binding from the adjacent
track and the work of lining machines exclusively with
smoothing method, not ensuring statement of the track
in the design position. To improve accuracy of deter-
mining horizontal and vertical positions of the railway
track just special reference systems are used.

According to the experience of European railways
[3] during the design and construction of new lines
the formation of the design decision is made in the
coordinate system of a special reference system of
the railway section, during construction or reconstruc-
tion the track is set to a predetermined position from
reference points. During operation the maintenance
of the track is ensured as a project version based on
the control of its position from points of the reference
system.

The reference system includes a geodetic control
network (GCN) and a working network (WN). Tentative
diagram of SRS structure is shown in Pic. 1. In this
case, the support network is created by satellite
methods and includes three types of points: skeleton
(reference), located in 10-50 km; main (in 2-3 km in
pairs) and ordinary (in 250-500 m). Further, it can

Denisov, Alexander V., Ryzhik, Ekaterina A. Reference System as a Technique of Track Geodetic Support

Measure



| Special reference system (SRS) |

Geodetic control network (GCN)
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Pic. 1. Scheme of structure of special reference system.

develop via laying traditional main polygonometric
traverse by the method of electronic tacheometry or
with the use of modern satellite technologies. The
second is preferred because of higher accuracy in
the plan and in terms of measurement productivity.

It is advisable to have along the highway network
of framework points of satellite network, located
30-50 km from each other. They will serve as a base-
line for the core network. Construction of the last can
be done either by thickening strokes of electronic
tacheometry of satellite network of nodal points lo-
cated in 1-5 km, or completely on the basis of satel-
lite measurements.

Working reference marks are laid in the body of
support of contact network. In concrete pillars of
circular section holes are arranged with diameter of
7,8 mm and depth of 25 mm, where metal sleeves of
appropriate size are pressed. In the sleeve during
measurements a special reference mark is screwed.
After measurements reference marks are extracted
and holes of sleeves are processed with axle-grease.
In metal supports of contact network the hole is
slightly larger — 8 mm, where during measurements
a reference mark is set and is screwed. It is possible
to arrange points of working network in elements of
sustainable structures (buildings, platforms, etc.) if
they are in a position comfortable for monitoring the
track [4].

Points of working network (WN) are laid usually in
catenary supports 10-20 cm above the level of the
rail head. On straights sections points are located in
100-140 m, and in curves — in 50—70 m. On double-
track and multi-track sections WN points are put in
pairs opposite each other, in order that controlled
tracks are between them. In exceptional situations it
is possible to use single WN points to monitor several
ways. The measured distance and elevation, as well
as location diagram of points and tracks for a double-
track line are shown in Pic. 2.

In order to reduce labor costs and materials points
of geodetic control network are recommended to be
placed in the foundations of sustainable buildings,
located in right-of-way or near it. A significant part of
reference points can be combined with points of state
geodetic networks, available all along the railway lines.
Other points of framing network can be fixed with
reference marks of the soil type. The most often points
of GCN are located in foundations of pole guys of
contact network, using metal inserts.

The main function of geodetic control network is
monitoring of long irregularities, and the main function
of working network is monitoring of short irregularities
of railway track geometry. There are projects to sim-
plify reference systems, which include only the cre-

ation of geodetic control network. In the presence of
the second embodiment the elimination of long ir-
regularities and statement of the track in the design
position can be performed by two modern methods
[3], requiring highly skilled performers:

+ method of electronic tacheometry, providing
accuracy in terms of up to 10 mm and height up to
20 mm. Performance teams of four people is 3—4 km;

+ using a set of two dual-frequency geodetic re-
ceivers in the «stop — go» mode with the same ac-
curacy and performance.

Ifthere is a full-fledged reference network neces-
sary for elimination of long irregularities and setting
of a track in the design position accuracy is achieved
in various ways, including not requiring high skills:

— Byway of perpendiculars from chords tighten-
ing adjacent reference marks;

— Byway of bend arrows from chords with a length
of 20 m and in automated implementation of the
method of arrows in track measuring cars and lining
machines [5].

Method of arrows when binding survey points to
reference in 50-75 m ensures maximum accuracy of
relative position of neighboring points of the chord of
about 3 mm. An indispensable condition for achieving
high surveying accuracy by all means is transition to
coordinate form of calculation of track reconstruction.

During construction and current maintenance of
railway track may arise some problems associated
with optimization of way location after geodetic sur-
veys.

During execution of field surveying, as a rule, do
not coordinate vertices of angles of track rotation,
solving the optimization problem by minimizing the
sum of squares of values of realigning (shifting) of
track. Approximation of track location on the men-
tioned principle leads to the fact that the optimal curve
is located arbitrarily in the bisector angle of rotation
of the track, the center of the curve does not lie on it,
allthe geometric parameters of the curve are violated,
position on it of its all major points and the distances
between them becomes uncertain.

Expert opinion in this case is clear: during imple-
mentation of the above technologies in the terrain
pairing of transition curves with circular becomes
more difficult, and eventually the stability of the railway
bed is disrupted.

To avoid this, it is necessary to introduce addi-
tional a reference system, the main points of which
will be vertices of rotation angles of the track. Thus,
it will be different from the one in which the railway
was built.

The main points must be fixed on the ground with
long-term centers and identification marks. The sur-
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Pic. 2. Scheme of measured parameters of paired points of SRS working network:
d, and d, — horizontal distance from working reference points to active face of the nearest rail; h, and h, —excess
between working reference points and tread surface of heads of the nearest rails; h, — excess between paired
working reference marks; L —horizontal distance between paired working reference marks.
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Pic. 3. Fixing tangent lines with reference marks.

face should not be below the level of the roadbed. If
the vertex of angle is not available for its fastening on
the ground, then in place of it are put two centers on
lines of tangents (Pic. 3) [6].

The main reference points are stored for the entire
period of operation of the railway, and the lines con-
necting them permanently retain the design position
of the axis of the railway track in the area.

When preparing to repair of the railway the geo-
metric conditions of the project are met, the railway
stops «wandering» on the subgrade from one repair
to another. Conditions for minimizing the quantities of
realigning when approximating, for example, circular
curves without regard to their basic geometrical pa-
rameters (angles of track rotation, location of centers
of circular curves on bisectors of angles of rotation et
al.), may lead to an asymmetry of curve relative to the
rotation angle, which complicates its pairing with
transition curves. The angle of rotation of the track
may change.

In addition to the main points of the reference
system it is necessary to install on the ground ad-
ditional reference marks on straight sections of
the route, which can be mounted on a catenary
support. Distance from them to the axis of the track
without any problems is determined by lateral
leveling method [6].

Frequency of installation of reference points on
track curves depends on the radius of the circular
curve (the smaller is the radius, the tighter is it), but
notless than the detailed breakdown of curves. At this
stage, occurs binding of the future curve to reference
marks. The easiest way to solve this problem is coor-
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dination of centers of reference marks and arrange-
ment in front of points on the curve with subsequent
calculation of the horizontal distance between them.

During the construction of the new railway refer-
ence network must be set up in the reconstruction of
the road route, which during the pre-survey is fixed in
nature.

It is more difficult to create a reference network
on an existing railway, since during operation almost
all vertices of angles of rotation of the track are lost
and there are additional angles on long straight sec-
tions.

There can only be guided by the information ob-
tained as a result of detailed surveys of the track and
field tracing using design angles and distances.

The authors recommend to create a reference
network on the basis of information obtained as a
result of the detailed survey of the existing track and
the subsequent tracing using the calculated design
angles and distances.

It is necessary to start work with restoration of
vertexes of track rotation angles. The individual ver-
texes where fastening signs are not preserved, can
be probably found with hydraulic surveys from remain-
ing local objects according to the outline of their
binding or direct sighting on design angles from two
adjacent track vertexes.

Solution of the problem is possible using survey
materials (coordinates fixing curve of points), but with
pre-fixed on the ground (during survey) straight seg-
ments (tangents lines) directed at adjacent vertices.
Distances between points of fastening lines should
be maximally acceptable.
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Then we find the best (minimum in shifts) param-
eters of the curve, as well as coordinates of the vertex
of the angle and the angle of the track rotation. After
removal of the vertex of the rotation angle in nature it
remains to solve the question of whether it may be the
main reference point (at the location on the ground),
or it must be replaced by two reference marks on
tangent lines [6].

The most important point at this stage of track
recovery track becomes an informed choice of tan-
gentlines, fixing direction of straight sections of track,
especially if they are on the project have been very
extended, as a result of numerous reconstructions
and repairs received additional turns, even for a small
angle. Therefore, before we fix straight lines it is nec-
essary to analyze the survey materials before the
latest renovations to straighten or reduce the number
of turns, respecting the established dimensions.

Conclusion. Created reference system may allow
to exclude in future surveying services for current
maintenance of railway track, reducing control over
its planned position to measurements of distances
from reference marks. They (measurements) should
be part of projects of reconstruction and repair of the
track. If heights of reference points are determined,
then itis possible to control the high-altitude position
of rail heads, using a mechanical method of leveling.
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