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AkmyanbHocmb uccredosaHus obycrogneHa mem, ymo 0nisi obecneyeHus 6e3onacHoll skchiayamauyuu mpybonposodHbIx cemell Ha
meppUMOopUSIX ¢ akKmMUBHO NPoMeKaoWUMuU npupodHbIMU npoyeccamu ece2da He0bX00UMO OpeaHU308biBamb MOHUMOPUHe Kopudopa
mpaccel mpybonpogoda. KomnnekcHbIll aHanu3 cocmosHusi mpybonpogoda npogodsim no daHHbIM pasfiuyHbix eudos OuagHOCMUKU,
260063UYECKUX U 260/102UMECKUX U3bICKaHUL, @ makxe Mamepuanos, NOy4eHHbIX C UCNOMb308aHUEM a3pOCheMKU, BKIT0Yasi Mamepua-
b1 8030YWHO20 N1a3ePHO20 CKaHuposaHus. [Tpu amom KpaliHe 8axHOU A8nsemcs UHopMayus o penbege kopudopa mpaccel, 2eoMem-
puu mpybonposoda u OQUHaMUKE USMEHEHUL COCMOsHUS NPUPOOHO-mexHUYecKol cpedsi 8 npoyecce skcninyamayuu mpybonpogoda. Uc-
nosb308aHuUe 2e0UHGOPMaLUOHHOU Modenu meppumopuu siesiemcs 3GpeKmMuUeHbIM UHCMPYMERMOM A1 OUEHKU COCMOSIHUS npupod-
HO-mexHuYecKol cucmembl mpy6onposodHol cemu, onpedenieHust 8 npocmpaHcmee nonoxeHuss deghekmos mpybonpogodos, aHanusa
NPUYUH UX BO3HUKHOBEHUS U 8blsgeHuss meHOeHyul duHamuku npoyeccos. OcobeHHocmb makol Modenu — Heobxo0uUMOCmb UCNOMb30-
8aHUS UCXOOHbIX OaHHbIX U3 pasHbIX UCMOYHUKO8 O ee co3daHusi. Imo OaHHble 8HympumpybHoU OuagHOCMUKU, Mamepuarbl 8030y -
HO20 1a3epHO20 CKaHUPOBaHUST, aapochomoCkeMKU C UCNOTb308aHUEM BECNUNOMHBIX lemamelibHbIX annapamos, Mamepuarnb! UHXe-
HEPHO-2800€3U4eCKUX U3bickaHud. [Tpu 3mom ucxoOHble OaHHbIe UMEIMm pasHbie Xapakmepucmuku, Mo2ym bbimb nomyyeHbl 3a pasHble
nepuodsl MOHUMOPUHea, 8 PasHbIX cucmemax KoopduHam U 8bICom, Mo2ym UMemb PasHyko NPOCMPaHCMBEHHYK MOYHOCMb. Xapakme-
pucmuku 2eouHghopmayuoHHol modenu onpedensomes 8 nepeyr ouepedb xapakmepucmukamu UCXOOHbIX AaHHbIX, NO3MOMy 3mom
sonpoc mpebyem omdenbHO20 8HUMaHUS.

Lenb: npoaHanuauposams 803MOXHOCMU UCNO/Ib308aHUS UCXOOHBIX OaHHbIX U3 PasiuUYHbIX UCMOYHUKO8 — Mamepuanos aspoghomo-
CbLEMKU C UCNOMb308aHUEM BECNUOMHbIX lemamenibHbIX annapamog, 8030YWH020 N1a3epHO20 CKaHUpPOBaHUs, 8HympumpybHoU dua-
2HOCMUKU, USMEPEHUL NPU UHXEHEPHO-2e00e3UYECKUX U3bICKaHUSIX — Npu pabome ¢ 2e0UHEOPMAaLUOHHOU MOOENbHO.

Memodbi: OewugbpuposaHue aspoCHUMKOB, 3KCnepUMEHMalbHbIe UCCcredogaHust 8 nonesbix ycrnoeusx Onsi onpedenieHus moyHocmu
OaHHbIX 6eCnuIoOmHbIX iemamesibHbIX annapamoe U 8030YWHO20 1a3epHO20 CKaHUPOBaHUS, 220UHGHOPMAULOHHbIE MEXHOMO2UU.
Pe3ynbmamsl. [pugodumcs aHanu3 npocmpaHCMBEHHOU MOYHOCMU UCXOOHBIX OaHHbIX, UCNOMb3YeMbIX Npu MoOenuposaHuuU penbegpa
U npochuns mpaccbi mpy6onposoda. Paboma ¢ uHcmpymeHmamu fIuHelHoU cucmembi KoopAuHam no3gosisiem Ucnoib308amsb 6 Kaye-
cmee KanubposoyHbIx moyek 06bekmbl MasucmpanbHo2o mpybonpogoda, Komopbie MOXHO dewughpuposams N0 Mamepuanam aspo-
cbemku. KoopOuHamb! U OmMemKU ebicom 06beKmos, Ucnob3yembix Ofisi Kanubposku, Mo2ym 6bimb NomyyeHb! U3 3KCnTyamayuoHHOU
doKyMeHmayuu ¢ npussskoli K KumoMempy mpacchl uiu U3 Mamepuanos 2e00e3udeckoli cheMku. [TpumeHeHue UHCmpyMeHmos fuHel-
HoU cucmembl KoopAuHam no3gonisiem makxe HanofHume Modenb OaHHbIMU O Oechekmax mpy6onpoeoda, NOMyyeHHbIMU 8 npoyecce
8HympuUmpy6Hol OuagHOCMUKU, C MOYHOCMbI0, AOCMamoyHol Onis aHanu3a NPUYUH UX 803HUKHOBEHUS. [Tpu 2e0MeXHUYECKOM MOHUMO-
DPUHe€e MagucmparbHo20 mpy6onpoeoda OCHOBHas POIlb OMBOAUMCS MEXHOM02USM 8HympUMpPY6HOU duagHOCMUKU C Uesbio onpederne-
Hus deghekmos mpybonpogoda u ducmaHyUoHHO20 30HOUpogaHus. Ocoboe sHUMaHuUe yOensemcs KOHMPOIK NNaHO80-8bICOMHO20 No-
JIOXeHUsT npu ¢hopMuposaHuU mpexmepHoU yughposoll Modennu mecmHocmu no daHHbIM 8030yWHO20 N1a3EPHO20 CKaHUPOBaHUST, KOmo-
PbIli NO380IIEM OUEHUMb B/IUSHUE 3K3026HHbIX 2€0/102U4ECKUX Npoueccos Ha mpybonposod. Mpu (hopmuposaHuL 2e0UHGHOPMAULOH-
HO20 npocmpaHcmea mpybonpogo0HO20 mpaHcnopma e npouyecce MoOenuposaHus NuHelHbIX U ninowadHbix 06bekmos mpybonposoda
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OaHHble 8HympumpybHoU OuagHOCMUKU, @ makxe anobanbHble 0aHHble 0 penbege cnedyem ucnonb308ame ¢ 60bWIOL OCMOPOXHO-
CMbI0, UNU UCNO/b308aMb UX NOCe AONOTHUMEbHOU NPOBEPKU U KOPPEKMUPOBKU.

Knroyesble crnosa:

[MpupodHo-mexHu4eckas cpeda mpy6onposodHO20 MpaHcnopma, 8HympumpybHas OuagHoCMUKa, a3pohomoCchemKa,
8030yIHOE N1A3EPHOE CKaHUPOBaHUE, 2e0UHEOPMAUUOHHHAs MOOesTb, mpexMepHasi Mooerb,

npocmparxcmeeHHasi moyHocmb, SRTM, ArcticDEM.

BeepeHune

[Ipu cTpowTensCTBE M IKCILTyaTalK TPYOOIPOBOI-
HBIX CUCTEM BOXKHCHIIIMMY 331a9aMH SBILTIOTCS U3yUCHHE
NPUPOIHBIX YCIOBHH M OIEHKAa BIHSHHS IIPOLECCOB,
IPOTEKAIOMINX B TEOJOTHUECKOH cpefie, Ha COCTOSHHE
TpyOonpoBoaa. Cpeny NPUPOIHBIX (HAKTOPOB, OKa3bIBa-
FOIIMX HauOoJIblee BIUSHAE HA IPHPOIHO-TEXHIIECKYIO
CHCTEMYy TpYOOIPOBOJHOTO TpPAaHCIOPTa, OTMEYAIOTCS:
reoMopQonorus penbeda, MPOSBICHUS SHIOTCHHBIX U
9K30TE€HHBIX Teonmormdeckux mpomecco (OIT), B Tom
9ICIIE B CICHN(UYECKUX U MHOTOJIETHEMEP3IBIX TPYHTaX
(MMI') [1-11]. Pemenue oueHOYHBIX 3aiady BIEYET 3a
c000ii moBbIIEeHNEe TPeOOBAHMI K FeOMH()OPMALIOHHOMY
obecneveHuo I paboThl ¢ MHMOPMAIHEH, MoTydaeMon
Ha MPEMPOSKTHON CTajIH, B paMKax padoT MO TEeXHUKO-
9KOHOMHYECKOMY O0OCHOBAaHWIO TPOEKTa, Ha CTammsX
MPOEKTHPOBAHHMS, CTPOMTENBCTBA, a TaKXKe B Mpolecce
BBITIOJIHEHNS KOMILIEKCa paboT 10 Te0TeXHHYECKOMY
MOHHTOPHHTY Tpybomposoma [12-21].

Wnudopmarms, noxydaemas mpu 00CITeIOBAHUAX TIPH-
POIHO-TEXHHYECKOH CHUCTEMBI TPYOOIPOBOJHOTO TpaHC-

a/a

MOpTa, HMMEET IPOCTPAHCTBEHHO-PACTIPE/CNCHHBIA Xa-
pakTep, pH STOM JaHHBIE, IONyJaeMbIe B IIpoIecce Teo-
TEXHHYECKOTO MOHHTOPHHTA, KaK MPaBHIO, NMEIOT pas3-
HBIC XapaKTePUCTHKU (Pa3Hy0 MPOCTPAHCTBEHHYIO TIPH-
BSA3KY, Pa3HbIC CHCTEMbI KOOPIUHAT M BBICOT, TOYHOCTH).
[losToMy ANt KOPPEKTHOTO aHaNMM3a Je(eKTOB W IPHIHH
MX BOSHHKHOBEHHS TPeOYeTCs COBMECTUTH pPe3yIbTaThl
o0cie10BaHlil IPUPOTHO-TEXHUYECKOH cpeibl (HazeM-
HbIe HAONIO/ICHNUS, TaHHbIC BHYTPUTPYOHOU HATHOCTHUKH,
MarepHuaibl JTUCTAHIMOHHOTO 30HIMPOBAHUS 3EMIH) B
eIMHOM T€OHH(OPMATNOHHOM TIPOCTPAHCTBE.
VBennuenne 00BEMOB M BHIOB JHATHOCTHYECKOH
MHOOPMAIMK O TEXHUYECKOM COCTOSHHH TPYOOIpPOBO/I-
HOI CHCTEMBI, & TAK)XE O COCTOSHUH TPUPOIHON CPEIbI 1
MPOTEKAIOIIMX TMPOIECCaX MPUBOIUT K HEOOXOIUMOCTH
co3nanus reonHopManuoHHbx Mojenei (ITMM) o0bex-
TOB TPYOOIPOBOIHOTO TPAHCIIOPTA I COBMCIICHHS B
SIMHOM KOOPJIHMHATHOM INPOCTPAHCTBE MATEPUAIIOB, TO-
Jy4eHHBIX B MPOIIECCE PA3TMYHBIX BHAOB HAOMIOICHUI U
M3MEPEHHUI U UX KOMIUIEKCHOTO U3y4eHns (puc. 1).

Puc. 1. IIpumep coemewyenusi OaHHbIX BHYMPUMPYOHOU OUASHOCIMUKYU U B030YUIHO0 NA3EPHO20 CKAHUPOBAHUS 6 2COUHPOD-
mayuonnotl cucmenme. Ilonosicenue nodsemnoil yacmu mpybonpoeooa HaHeceHo No OAHHbLIM GHYMPUMpPYOHOU Oua-
CHOCMUKY (KPACHBIM YGEmoM), OMMemKU 3eMaU 8 KOpUuoope mpaccvl — o OAHHLIM 8030YUIHO20 JIA3EPHO20 CKAHUDO-
6aHUs (YepHBIM Yeemom): a) Ha (oHe aspopomousobpadicenus; 6) Ha GoHe omMbIeKU pelbedhd, HOCMPOEHHOU HO

OaHHbIM 603()yum020 d3epHOocO0 CKAHUPOBAHUs

Fig. 1. Example of combining in-line inspection and aerial laser scanning data in Geographic Information System. The posi-
tion of the underground part of the pipeline is plotted by the data of in-line inspection (in red) and ground level in the
corridor of the route — according to the airborne laser scanning (in black): a) against background of aerial image;
b) against background of hill shading, built according to the aerial laser scanning data
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Hunst paboter ¢ MM nenecooOpasHo MCMONIB30BATh
reonH(POPMAIIOHHOE 00ECTICUeHHE C BO3MOXHOCTBIO
TPEXMEpHOU BU3yaIn3amuy [22—26], mo3Bostomniee ocy-
I[ECTBIIATH KOMIUIEKCHBIN aHA3 1e()eKTOB W MPUINH HX
BO3HUKHOBEHHS, & TaKxke C BO3MOKHOCTBIO MOJICIHUPOBA-
HUS W BHU3YalU3alldd PAa3BUTUS ONACHBIX HPUPOTHBIX
HPOILIECCOB BO BPEMEHH U MPOTHOZMPOBAHUS UX BIHIHHS
Ha uHppacTpykTypy TpyOomposoza [27, 28].

B mpom3BoaCcTBEHHOH IEATENHHOCTH B MPOIIECCE IKC-
IUTyaTalldil  JUIs ~ @HaiW3a  COCTOSHUS  MPUPOJIHO-
TEXHUYECKOH CPelbl, MOHUTOPHHTA MPOTEKAIINX Mpo-
IIeCCOB, AHANM3a TEOMETPUH TPyOOIpPOBOAA HACTO HC-
TOJB3YIOT aKTyalbHBIH (TeKymud) mpoduis penbeda
Tpacchl W MpoduIb TPyOOMPOBOIA, BKIIOYAIOMIErO I0-
MHMO TIpodmiIs penbeda MonokeHHe TpyOompoBoja M
XapaKTEPUCTHKH OTIEIBHBIX 3JIEMEHTOB (CEKIUi TpyOo-
npoBoJia, 00BbEKTOB HHPPACTPYKTYPHI, IEPECCUCHHUIH).

[Ipn nocrpoernn npoduns penbeda U npoduis Tpa-
Cbl TPyOOIpPOBOa HEOOXOAMMO TOHMMATh M YYHUTHIBATH
XapaKTEPUCTHKK MCXOJHBIX JAHHBIX (IETalbHOCTb, MOJ-
HOTY, JOCTOBEPHOCTb, AKTYalbHOCTh, MEPHOCTbH, TOY-
Hocth [13, 14, 29, 30]), 4T06bI, HCIOIB3YS HHCTPYMEHTSI,
BEPHO OLEHUTH COCTOSHHE MPHUPOIHO-TEXHIMIECKOH cpe-
a1, Hacrosmas paboTa MOCBSIIEHA OLEHKE TOYHOCTH
MCXOJHBIX JAHHBIX, MCIIONB3YEMBIX TIPH MOJICTUPOBAHUH
penbeda u mpodIIs TPAcChl MarHCTPAIBHBIX TPYOONpO-
BOJIOB, TS AHANIM3a UX COCTOSHUM.

OO0BEeKTOM HACTOSIIET0 WCCIEIOBAHUSA  SBIIAETCS
TPOQIITH TPACCHl MATHCTPATBLHOTO TPYOOIPOBOIA.

IIpeamMeT — TOYHOCTH MCXOMHBIX JAHHBIX, UCTIONB3Y-
eMBIX TIPH MOJICITUPOBAHAM pesibeda M MPOQUIS TPACChI
TpyOOIPOBOJIOB.

Matepuanbl u meToAbl UCCIEA0BaHUA

[poduns penbeda u mpodunb Tpaccs TpyoOOIpoBoIa
SABISAIOTCS COCTABIAIOIIMMHI T'€OMH(POPMALMOHHOTO MpO-
CTpaHCTBA TPYOOIPOBOHOTO TPAHCIIOPTa U XapakTepH-
3yI0TCSL PSIOM TeOMH(OPMAlOHHBIX CBOMCTB M mapa-
METPOB, KOTOPEIE B CBOIO OUepeIb OMPENENIOTC Xapak-
TEPUCTHKAM HCXOJHON TeONPOCTPaHCTBEHHOHW MHPOpMa-
uu (I'N) (puc. 2).

Tounocts I'Y xapakTepusyercst CpeHUMH WU CPEJ-
HUAMH KBAJ[PATHYCCKUMU TOTPEIIHOCTAMH OTOOpaXKeHHUs
HPOCTPAHCTBEHHBIX, BPEMEHHBIX U IPYTHX H3MEPSEMBIX
CBOWCTB TIPOCTPAHCTBEHHBIX mpeameros [13, 14, 29, 30].
Bompockl TOYHOCTH TIPOCTPAHCTBEHHBIX NAHHBIX TEPHO-
IMYECKH paccMaTpHBAIOTCS uccienoBatenamu [31-37]
TPY CO3JIaHUHM TEOMH(OPMAITHOHHBIX MoOJeNell 00bEeKTOB
TpyOOTIPOBOJHOTO ~TPAHCIOPTa, MPH  (HOPMUPOBAHUU
npoduIs Tpacckl WK TpoGuIs penbeda, BOMPOCH TOY-
HOCTH U BO3MOXXHOCTH COBMECTHOTO HCIIOJIb30BaHHS
JIAHHBIX U3 PA3HBIX UCTOYHMKOB OCTAIOTCA KpaifHe aKTy-
ANBHBIME ¥ TPEOYIOT IOTIOTHUTENBHOTO PACCMOTPEHHS.

B pabote paccmatpuBaroTCs MCXOIHBIC TAHHBIE IS
MOJICIIUPOBaHKA peibe(a M MpOQiIs Tpacchl Ha Tpex
y4acTKax MaTHCTPaNbHOTO TpybompoBoaa: Lu(ppoBas
Mmogenb penbeda (LIMP), moctpoeHHas mo martepuanam
BO3IYIIHOrO naszepHoro ckamupoBanus (BJIC) ¢ mpo-
CTPAHCTBEHHBIM paspemendeM g0 20 cM, opTodoTo-
CHAMKH C TIPOCTPAHCTBEHHBIM pa3pemIeHHEeM 10 6 CM,
nonyyeHHsle npu aspodorocremxe (ADC), LIMP 1o
nannbeiM SRTM [38-45], IMP mo nmanueiM ArcticDEM
[46-51], pesynbTaTsl BHYTPUTPYOHOH JHATHOCTHKH
(BTM), sxcruryaranuonHas JOKyMeHTaIus (acmopT Ma-
TUCTPAJIbHOTO TPYOOIPOBO/A).

[aHHble 0 npupoaHo- FeonpocTpaHcTBEHHan FeonHpopmaLMOHHbIe
TEXHUYECKOU cpege: MHPopmauma: mopenu:
- faHHble SRTM; - NOBEPXHOCTb 3eMnu B - npodunb penbeda;
- AaHHble BJIC; Kopuaope Tpacchbl; - npodunb
- AaHHble ADC; - opTodoTONNaAH; Tpybonposoaa;
- AaHHble BT/A; - HPOopMaLMA 06 06beKTax - MOZENN OOBEKTOB;
- JaHHble reoAe3nyecknx WMHPPaCTPYKTYpblI; - 3D mozenun 06beKToB;
U3bICKaHWN... - MONOXKEHME OCH... - MOAEeNu NPoLEeccos...

Monb3oBatenb TNC

Monb3oBatenb 'NC

Monb3oBatenb NMC

Puc. 2. Ocnosnvie cocmagsiowjue 2eOuHGoOpMayuoHHO20 NPOCMPAHCMEA MALUCHPATLHO20 MPYOONpPo8ood
Fig. 2. Main components of the Geoinformation space of main pipeline

B HacrosmeMm HccleOBaHHH PAacCMATPHBAIOTCSA BO-
TPOCH OLIEHKH TOYHOCTH MCXOJIHBIX JAHHBIX, TOCTYITHBIX
JUISE TIOCTPOCHHUS MPOGUIS perbeda i mpoduIIs TPaccsl, u
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HX MPOCTPAaHCTBCHHAA TOYHOCTH IIO BBICOTE. OI.IGHKa
HpOCTpaHCTBCHHOﬁ TOYHOCTHU OCYHICCTBJIAIACH C MMPUME-
HCHUEM JAaHHBIX BO3AYIIHOIO JIA3CPHOT'0 CKAHWPOBAHUA
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KOPHJIOpa TPACChl, HA OCHOBAHWH KOTOPBIX ObLIa MONY-
4yeHa mudpoBas Mojenb penbeda ¢ MpocTpaHCTBEHHBIM
paspemenreM 20 cM 1 TOYHOCTBIO 10 BbicoTe 10 cM.

Jlnist 00pabOTKY M aHATM3a TIPOCTPAHCTBEHHBIX JTAHHBIX
HCTIONB30BANOCh  HporpaMMHoe  obecmeueHne  ArcGIS
(ESRI). JTnst npuBsizku rannbix BT]I HCMONB30BATNCH HH-
crpymenthl ArcGIS Pipeline Referencing (ESRI).

Jlnst mocTpoeHus mpodmist penbeda NCoab30BaHCH:
® [OBEPXHOCTH, MOCTpOeHHAs M0 naHHeIM SRTM (nan-

HBIC JIOCTATOYHBIE [0 TOYHOCTH JUTs1 OOIIEro aHammsa

MECTHOCTH Ha TIPEATPOCKTHOM CTA[UH, a TAKXKe MpH

BBITIONHEHAN PabOT 10 TEXHUKO-3KOHOMHYECKOMY

000CHOBAHHIO TIPOCKTA);
® [OBEPXHOCTh, MOCTPOEHHAS MO JaHHBIM ArcticDEM

(s moJAPHBIX o0nacTei);
® T[OBEPXHOCTb, MOCTpOCHHAs 10 JaHHBIM BJIC

(Hambosee TOYHBIC JJAHHBIE, B HAIIEM HCCIICIOBAHIH

SBIISIOTCS 3TANIOHOM );
® TIOBEPXHOCTh, MOcTpoeHHas o AaHHeM ADC mero-

JIOM (pOTOTpaMMETPHUH;

LInpuHa TpaHLwen

® [IOBEPXHOCTb, TIOCTPOCHHAS [0 TOPH30HTANSIM TOIO-
rpauyecKon KapTh;
o 1po)uib, MOCTPOCHHBI MO AAHHBIM I€0/Ie3HMYECKUX

U3BICKaHMUIL.

[lpn moctpoeHnn mpodmis Tpacckl TPyOOMpPoBOIa
JaHHBIE pernbeda MOMONHAIOT MHPOPMAIMEH O MojosKe-
HAM TpyOompoBoia M 00beKTaM HH(PPACTPYKTYpHI, a
TaKKe O MEPEceYeHHsIX ¢ JPYTUMH TeorpadhuyecKuMu
oObekTaMU. 31ech B KauecTBE OCHOBHOTO HMCTOYHHKA
JaHHBIX BBICTYMAKOT MaTepHajibl BHYTPUTPYOHOU maua-
THOCTHKHY, KOTOpBIC TNPEIOCTABIAIOT HAM JaHHBIC IO
HIKHEH 0TMeTKe TpyOoIpoBoja (CeKIuy TpyOompoBoa).
Bericora moBepxHocTH 3emiu (o paHHeIM BTJI) Moxer
OBITh TOJTy4eHA TYTEM CJIOKEHHS BBICOTHOIM OTMETKH HU-
3a CEKIMH, JuaMeTpa TpyOOmpoBoja W TIYOMHBI IPO-
KIaJKH (3a10KeHns) Tpydonposoza (puc. 3).

Juametp ¥ riyOuHa TPOKITAIKU (3aI0XKeHHs) TpyOo-
NpoBoJa OBUTM HAMH TIOJIYYEHBI W3 MAcHopTa Tpybompo-
BOJIA VTS KAXKIOTO PACCMATPHBAEMOT0 YYACTKA.
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Puc. 3. I'nyouna 3anoscenus mpybonposooa Ha cxeme
Fig. 3. Depth of pipeline in diagram

Pe3yn bTaTbl UCCNeAOBaHUA

OrneHka MPOCTPAHCTBEHHOH TOYHOCTH HCXOJHBIX
JIaHHBIX ObLa TPOBE/ICHA HAMH HA TPEX TECTOBBIX Y4acT-
Kax: pAIOM ¢ Kamepoil mycka (y4acTok 1), Ha yIancHuu
Oonee 50 kM OT Kamephl mycka (Y4acTok 2) U pAIOM C
KaMepoil mpuema CHapsga BHyTPUTPYOHOH JUarHOCTUKU
(ydacrok 3).

TecToBble YYaCTKM pACIONIONEHBl Ha IOro-3amaje
Sxyrun, Ha Cubupckoii mwiardgopme, penbed MmIocKorop-
HBI. YUYacTK MMEIOT CXOXHUH penbed) W YCIOBUS MPO-
KKk TpyOONpoBOAa, Tepenaj BhICOT HAa y4acTKax OT
220 no 410 M Hax ypoBHeM Mops. Paccrosnue mexny

OcHoBaHuWe TpaHLieu
(ecnu Heobxoaumo)

ydacTkamu okojio 100 kM, y4acTKu pacroioXeHbl Ha O]
Ho#l mmupote (60° c.u1.), TpyOOIpoBOA NPOCTHUPAETC C
3amajia Ha BOCTOK.

Yyactok 1

Ha nepsom yuactke ObTa IpOBeIEHA OLEHKA MpO-
CTPAHCTBEHHOH TOYHOCTH TIpodmis penbeda, TOCTPOCH-
Horo 1o aauHbM BT/I.

Jl1s TOoro 9TOOBI NMOMYYHTH 3HAYEHHE BBICOTHI I0-
BEPXHOCTH 3eMJIM K OTMETKE HH3a CEeKIMH, MBI 100aBHIH
JMaMeTp MarkcTpaibHOro TPyOOIPOBO/a HA ITOM y4acT-
Ke i ryOuHy 3anoxeHus (puc. 3).
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Zn3 = ZuT + DMT + h3an,

rae Zpz — OTMETKA TOBEPXHOCTH 3eMIH; Zyr — OTMETKA
HHU3a TpyOBL; Dyr— AMameTp MarucTpaisHoro Tpyoompo-
BOAa; N3a— TyOKHA 3aNI0KEHHUS.

Takxe Ha mepBOM y4acTke OBLTH MOCTPOEHBI PO -
T penbeda mo rno0aTbHBIM TaHHBIM 0 pebede SRTM u
ArcticDEM.
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HoMep casuwn Ha y4acTEe Tpects
Section number on the pipeline site

= = Huz Tpyln no BT
The bottom of the pipe by ILI

—— Brcota semnn no gasHes SAETM
Grownd helght by SRETH data

—— BwcoTa zemnm no BT
Ground height by ILI

Bhicota 3euMnu no BIG
Ground height by ALS

— Bmcota damama no ArclicDEM
Ground helgh by ArcticDERM

Puc. 4. Jlannvie o nonoscenuu mpyosi 8 COOMEEemMcmauu ¢ OGHHLIMU 6HYMPUMPYOHOU OUASHOCMUKU U 3eMHOU NOBEPXHOCIU
6 coomeemcmeuu ¢ BT/, 6030yuwnvim nazepuvim ckanuposarnuem, SRTM u danuvimu ArcticDEM na yuacmre 1

Fig. 4. Data about position of the pipe according to in-line inspection (ILI) data and the earth's surface according to ILI,
aerial laser scanning, SRTM and ArcticDEM data on site 1

Tounocts Mozenu penbeda, CO3TaHHOM Ha OCHOBE
nanueix BT/, cocraBmna 6=6,9 M (tabn. 1). Tounocts
Mozenu penbeda mo maHHBIM SRTM 6=5,9 M u s
ArcticDEM 6=3,5 m.

Tabnuya 1. Cmamucmuyueckue OanHvle MoOenell penveda
Ha yuacmxe [

Table 1.  Statistical data of relief models on site 1
I/ICTO‘IHHK JAHHBIX
C o penbede
Tméct;g:;zgrg ftgHHl’Ie Source of relief data
BT/l | SRT | ArcticD

ILI M EM
20 20 20

KonunuectBo KOHTPOJIBHBIX TOYCK, IIT.
Number of control points, pcs.
Cpennsist pasHuna BeicoT Ah, m
Average height difference Ah, m
CTaHZ[apTHOC OTKJIOHCHUE G, M
Standard deviation 6, m

HawubGonpmast paszuuna BICOT ANpma, M
Greatest height difference is Ahmax, M

6,9 58 35

6,9 59 35

72 8,2 3,8

penbeda He MeHee 16 M [14]. CornacHo JJaHHBIM HAIIUX
UCCNeI0BaHN, MPHUBEACHHBIM B TalOnm. 1, (axtuueckue
3HAYEHUS OKA3aIUCh TOUHee (puc. 7).

YyacTok 2

Ha BropoM ywacTke Takxke OblTa mpoBeAeHa OLCHKA
TPOCTPAHCTBEHHOH TOYHOCTH MOJENH penbeda, ImocTpo-
eHHoii o janHbM BT]I, a Taxke mozeneii pembeda mo
nauueiM SRTM 1 ArcticDEM (puc. 5).

Oco0EHHOCTEIO BTOPOTO YYACTKA SABISETCS TO, YTO OH
pacrmonarancs Ha CyIIeCTBEHHOM PAcCTOSHAH OT KaMephl
TycKa/Iprema, Ha paccTosHun okoio 100 km.

TounocTs Monemn penseda mo nanusiM BT/[ cocra-
Buia 6=8,4 M, mo gaHHeiM SRTM 0=6,1 M u ArcticDEM
0=4,0 M (tabm. 2).

Tabnuya 2. Cmamucmuueckue OanHble Mooenell penvega
Ha yuacmie 2

Anamaz npoduns, noctpoeHHoro 1o AaHHeIM BTJ]
TOKa3all, YTO OH B LIEIOM OTpaXkaeT M3MEHEHUs penbeda,
HO HAXOAHMTCS BBINIE MOBEPXHOCTH 3€MIH 10 JaHHBIM
BJIC 6oxee uem Ha 6 M. Takum 00pa3oM, MBI BUIHM CY-
IECTBEHHOE PACXOXJICHHE B JIAHHBIX, MOTYYECHHBIX B
npouecce BJIC u BT/L.

3HaveHns TIOOATBHBIX HaHHEIX 0 penbede (SRTM,
ArcticDEM) okazanuch fgaxe Ommke K JaHHBIM, MOTY-
yeHHpM B nporiecce BJIC, wem k mannasiM BT]I. TIpoekt
SRTM npenycMarpuBaeT INOIPEIIHOCTb 1O BBICOTE LA
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Table 2. Statistical data of relief models on site 2
I/ICTO'{HI/IK JAaHHBIX O
C penbede
Tamg;g:gzzrz ;:Hm’le Source of relief data
BT | SR | Arctic
ILI TM | DEM
KOJ‘II/I’-{&CTBO KOHTpOJ'ILHLIX TOYECK, IIT. 34 34 34

Number of control points, pcs.

Cpenusist pa3Huna BeicoT Ah, M

Average height difference Ah, m 82 6.9 40

CraHIapTHOE OTKIIOHEHHUE G, M

Standard deviation 6, m 8.2 .2 4.0

10,
2

Hawubonpmast pasauna BEICOT ANpax, M
Greatest height difference is Ahpmax, M

10,4 4.8
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Puc. 5. Jlannvie 0 nonosicenusx mpyovi u NOGEPXHOCMU 3eMIU HA YUacmKe 2
Fig. 5. Data about positions of pipe and ground surface on site 2
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Puc. 6. [lannvie o nonosicenusx mpyovi u HOGEPXHOCU 3eMAU HA yyacmke 3
Fig. 6. Data about positions of pipe and ground surface on site 3

Tabnuua 3. Cmamucmuueckue OanHble Mooenell penveqha
Ha yuacmxe 3

Table 3. Statistical data of relief models on site 3

Hcrounuk JTAHHBIX
c o penbede
Tanéct;ﬁ:;zgrz igHHHe Source of relief data
BT | SR | Arctic
ILI TM | DEM
KomnnaecTBo KOHTPOJIBHBIX TOYECK, IIT.
Number of control points, pcs. 20 20 20
Cpennsist pasHuna BoicoT Ah, M
Average height difference Ah, m 14,3 18 4.2
CTaHHapTHOB OTKJIOHCHHUEC G, M
Standard deviation 6, m 14,6 21 42
Hawubonpmast pasuuna BICOT ANpay, M
. . ; 1 4.7
Greatest height difference is Ahpma, M 86 | 39 '

Yyacrok 3

Ha Ttperbem yuacTke ObLna TpOBeieHa ONEHKA MPO-
CTPAHCTBEHHOM TOYHOCTH MOJENH penbeda, MOCTPOCH-
HoW mo maHHbIM BT]I, a Takke Mojened penbeda 1o
nanHeIM SRTM u ArcticDEM. Pe3ynbTaThl puBe/icHb B
Tab1. 3 u Ha puc. 6.

O6cyxaeHune

[Ipn co3gaHuu reoMH(pOPMAIMOHHBIX MoJenel 00b-
€KTOB TPyOOIPOBOJHOTO TPAHCIOPTA, MOBBILEHMSI HX
MPOCTPAHCTBEHHONW TOYHOCTH IEIeCO00pPa3HO HCIONB30-
BaTh MHCTPYMEHTHI PalOThl C JIMHEHHBIMH CHCTEMaMH
koopauHat (JICK). Hcmons3oBamme JICK mo3Bomser
IPUMEHATH B KaueCTBE KalTHOPOBOYHBIX TOUECK OOBEKTHI
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MarucTpalbHOro TPyOONpPOBOAA, KOTOPHIE MOXKHO [e-
I PHUPOBATH TI0 MATEPHANAM adPOCHEMKH. JTO MOTYT
OBITb: 3a[BIDKKH, BAaHTY3Bl, KaMephl IMycka W mpuéMa
CPEeICTB OYHCTKM M IMArHOCTHKH H T. I., OOHAPYXUTH
KOTOPBIE MOXKHO C UCTIONIb30BaHUEM METO0B BU3YaIbHO-
ro nemu¢puposanus [1-3, 52-56]. Koopaunatsr u oT1-
METKH BEICOT 00BEKTOB, HCIIONB3YEMBIX IS KATHOPOBKH,
MOTYT OBITH TOTYYCHB! U3 SKCILUTYaTallMOHHON JOKYMEH-
TAllM{ MK MAaTEpPUANoB Te0e3NYECKON CheMKH (HCIOT-
HUTENbHBIE CHEMKH/MOHUTOPHHT/HHKEHEPHO-
re0Ie3M4EeCKUe U3BICKAHUS).

Ha yuactke 2 Obimi mpoBeIeHBI paboOThI MO KOPPEK-
THPOBKE 3HAYCHMH, MONYYEHHBIX CPEACTBAMH BHYT-
puTpyOHOH JMarHOCTUKH. Pe3ynbTaThl MHpUBENCHHl B
Ta011. 4 1 Ha puc. 7.

AHanmu3 pe3ynbTaToB KOPPEKTUPOBKH JAHHBIX KJIaccuye-
CKUMH Te0Ie3NICCKIMH METOZIAMH TIOKA3a)T YTy HdIICHHE TOY-
HOCTH IO pernbeda, ToCTpoeHHOro 1o JaHHeM BT,

[Ipumenenne unctpymento JICK mosBonser Taxxke
HAIOJHUTb MOJIEb TaHHBIMU 0 AedeKTax TpyOoonpoBoa,
TIOJTyYEHHBIMHU B IIpoLiecce BHYTPUTPYOHOI AMArHOCTHKH,
C TOYHOCTBIO, JOCTATOYHOHN IS aHANK3a IPHIKNH HX BO3-
HUKHOBEHHS.

L]
&
=]

I-I

Taonuya 4. Cmamucmuueckue Oanmuvie Mooenu penvea
nocie KOppeKmuposKu

Table 4.  Statistical data of the relief model after adjust-
ment
M cTOYHMK JAaHHBIX O
penbede
CTaTUCTHYECKUE IAHHBIE Source of relief data
Statistical data BT
EI,E)II (Kopp.)_/ ILI
(updating)
KomuuecTBo KOHTPOJIBHBIX TOYECK, IIT.
. 20 20
Number of control points, pcs.
Cpenmsist pa3uuia Beicot Ah, Mm 8.4 11
Average height difference Ah, m ' '
CraH1apTHOE OTKJIOHEHUE G, M 84 13
Standard deviation 6, m ! !
HauGonbuas pasauia BbICOT ANpay, M 104 30
Greatest height difference is Ahmax, M ' '

IMomumo storo, JICK mo3BonseT MOMONHHTL MOZAETD
uHdopmaimennt 00 o0beKTax, ONMUCAHHE TIONOXEHUS KO-
TOPBIX TIPUBEACHO B IKCIUTYaTAIIMOHHON JOKYMEHTAINH C
TPUBSA3KON K KWJIOMETpPY Tpacchl, 0€3 yKa3aHWs reorpa-
(MYECKOTO TIONOXEHUS WM TPUBEICHHOTO HA CXeMe
HPUOTH3UTEIBHO.
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= = Hnz TpyGta no BTN
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= = Hus Tpylo no BTO (kopp.)
The bottom of the pipe by ILI{corr.)

—— BwicoTa 3smnu no BTH
Ground height by 1L

— BoicoTa sennu no BT (kopp.)
Ground height by ILI{CArT. )

BricoTta semny no BNC
Ground height by ALS

Puc. 7. IIpogpunu nonoosicenus mpyovl no OAHHLIM GHYMPUMPYOHOU OUASHOCMUKU, NOBEPXHOCMU 3eMAU NO OAHHLIM GHYNI-
pumpy6HOL7 OuazHoCmuKu u @030ymuoeo JA3€PHO20 CKAHUPOBAHUS, d MAKIHCE CKOPPEKMUPOBAHHbIE 3HAYEHUS NOJIO-
HCEeHUA mpy6b1 6 npoyecce noJjiesvlx 2e00e3udecKUx U3bICKAHUL Ha ydacmke 2

Fig. 7. Sections of position of pipe according to in-line inspection data, ground surface according to in-line diagnostics and
aerial laser scanning, as well as corrected values of pipe position during field geodetic surveys on site 2

3aknroyeHue

[Ipn ¢popmupoBaHuE TeOMH(POPMAIMOHHOTO MpO-
CTpaHCTBa TPYOONPOBOZHOTO TPAHCIOPTa B MpOLECCE
MOJIE/IMPOBAHAA JMHEHHBIX W IUIOMIAJHBIX OOBEKTOB
TpyOOIpPOBO/a JJaHHBIC BHYTPUTPYOHO! TMArHOCTHKH, a
TaKke TI00aNbHbIE TaHHBIE O penbed)e CIeAyeT UCTIONb-
30BaTh ¢ OOJBIION OCTOPOKHOCTBIO, MITH HCIONB30BATH
HX [OCIE JONOIHUTENbHON NPOBEPKU 1 KOPPEKTUPOBKH.

174

ITpy reoTeXHUUECKOM MOHUTOPUHIE MAruCTPaNbHOIO
TpyOOIPOBOIa OCHOBHAS POIb OTBOJUTCS TEXHONOTUAM
BHYTPUTPYOHOM! IMarHOCTUKH C LENBIO ONPEIeacHHS Je-
(exToB TpybOmpoBOJa M AMCTAHIMOHHOTO 30HAMPOBA-
HUs (M1 HAaOMOZIEHUs 3a NPUPORHBIMU IIPOLECCAMH B
Kopuzope Tpaccsl). [Ipu KOMIIEKCHOM aHaNu3e pe3ylb-
TAaTOB TEOTEXHUYECKOTO MOHHTOPUHIra TpedyeTcs Tpej-
BAPUTENBHO MPOBECTH TEOAC3MICCKUHA KOHTPOIb Pe3yib-
TaTOB HAOIIOAECHUH.



V13BecTnst TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. MHXMHMPKHI reopecypcos. 2022. T. 333. Ne 4. 168-180
[Honrononos [1.B. 1 ap. AHann3 TO4HOCTI MCXOAHBIX AaHHBIX, UCMONb3yeMbIX MPY MOAENMPOBaHUK penbeda 1 npocuns Tpaccs! ...

VCTaHOBNEHO, YTO MPU PACTIONOKEHUU TPYOOIIPOBO-

0B B 30HAX CO CJIOKHBIMU TIPHPOIHEIMH YCIOBUAMH aK-
TyaJbHOH SBIAETCS 3aJada aHaun3a JAHHBIX 00CIeIoBa-
HUH OOBEKTOB TPYOOIPOBOJHOM CETH, TONYYCHHBIX 32
HECKOJIbKO LIUKIIOB HAOMIOASHHU, 1 KOHTPOJIS AUHAMU-
KM TPOTEKAHWs TPOLECCOB U OICHKH 3(PPEKTHBHOCTH
KOMIICHCHPYIOMUX Meponpustuid. Ilpum 3ToM o0coboe
BHUMaHue yaenstor Bausgauio O[Tl Ha TpyOompoBox u
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The relevance of the research is caused by fact that in order to ensure the safe operation of pipeline networks in areas with active natural
processes, it is always necessary to organize monitoring of the pipeline route corridor. Comprehensive analysis of the condition of the
pipeline is carried out according to various types of diagnostics, geodetic and geological surveys, as well as materials obtained using aerial
photography, including aerial laser scanning materials. At the same time, information about relief in the route corridor, geometry of pipeline
and dynamics of changes in state of natural and technical environment during operation of the pipeline is extremely important. The use of
geographic information model of territory is effective tool for assessing state of natural and technical system of pipeline network, determin-
ing position of pipeline defects in space, analyzing the causes of their occurrence and identify trends in dynamics of natural processes. The
peculiarity of such model need to use source data from different sources for create it. These are the data of in-line inspection, materials of
aerial laser scanning, aerial photography using unmanned aerial vehicles, materials of engineering and geodetic surveys. Initial data have
different characteristics, can be obtained on different monitoring phase, in different coordinate systems and heights, and may have differ-
ent spatial accuracy at same time. The characteristics of geographic information model are determined primarily by accuracy of source da-
ta, so this issue requires special attention.

The purpose of the research was to analyze the possibilities of using initial data from various sources when creating geoinformation mo-
dels: aerial photography materials using unmanned aerial vehicles, aerial laser scanning, integrated diagnostics, measurements during
engineering and geodetic surveys.

Methods: decoding of aerial photographs, experimental research of accuracy of unmanned aerial vehicles and aerial laser scanning data,
geoinformation technologies.

Results. The article provides an analysis of the spatial accuracy of the initial data used in modeling the relief and profile of the pipeline
route. Working with the tools of the linear coordinate system allows you to use as calibration points, objects of the main pipeline, which can
be discerned from aerial survey materials. Coordinates and elevation marks of objects used for calibration can be obtained from operation-
al documentation with reference to the kilometer of the route or geodetic survey materials. The use of linear coordinate system tools also
makes it possible to fill the model with data on pipeline defects obtained in the in-line inspections, with accuracy sufficient to analyze the
causes of their occurrence. In geotechnical monitoring of main pipeline, main role assigned to the technologies of the in-line inspection in
order to determine pipeline defects and remote sensing. Special attention is paid to the control of the planned altitude position during the
formation of a three-dimensional digital terrain model based on aerial laser scanning data, which allows us to assess the impact of exoge-
nous geological processes on the pipeline. Smart pigging data, as well as global terrain data, should be used with great care, when form-
ing the geoinformation space of pipeline transport in the process of modeling linear and areal pipeline objects, or they should be used after
additional verification and correction.

Key words:
Natural and technical environment of pipeline transport, in-line diagnostics, aerial surveys, aerial laser scanning,
in-line diagnostics, aerial laser scanning, geoinformation model, three-dimensional model, spatial accuracy, SRTM, ArcticDEM.
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