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AHHOTanus. B HacTosiIee BpeMsi HCTIONB30BaHUE CPEJICTB AUCTAHIIUOHHBIX HCCIEI0BAHINH TEPPUTOPUI
MOJy4aeT Bce OoJbliee paclpocTpaHeHHe, 0OCOOCHHO B CBS3M C Pa3BUTHEM OECIIMJIOTHBIX JIETATEIbHBIX
anmapatoB (BIIJIA) u texHonorum Bo3aymHoro mnasepHoro ckanupoBanus (BJIC). HocrymHOoCTh UM
3G PEKTHBHOCTh TEXHOJIOTHI a9POKOCMHUECKUX HCCIEOBaHUM MO3BOJISIET MCIIONB30BATh MX BO MHOTHX
HaTpaBICHUSX  JACATENPHOCTH  KOMIAHWH,  3aHUMAIOIIUXCS  TPAaHCIOPTHPOBKOM  raza  WiH
HePTENpOAYKTOB. OTO M HHPOPMALMOHHOE O0ECHeYeHHE MPOMBIIUIEHHOH M 3KOJOrMYECKOH
0e3omacHOCTH, 3a1a4yd 0E30HacHOCTH M OXpaHbl OOBEKTOB TPYOONPOBOAHOTO TPAHCIOPTA, & TaKXKe
3aJ]auu, CBSA3aHHBIE C T€OTEXHUUYECKUM MOHUTOPHHIOM HMPUPOJHO-TEXHHUECKON Cpeibl TPYOOPOBOAHBIX
cucreM. Takue nccienoBaHusi 0COOEHHO Ba)KHBI B CITydasix, KOrZa TpyOOIPOBOJ MPOXOAMUT B CJIOKHBIX
MPUPOAHO-KIMMATHYECKUX YCIOBUAX. MOHUTOPHUHI TEKYILETO COCTOSHHS TPYOONPOBOAA M KOHTPOJIb
JMHAMHUKH OMAacHBIX Teonormyeckux mponeccos (OI'TI) — Hambonee BakHBIE 337audl T€OTEXHHYECKOTO
MoHuTOopuHra. Cpa3y mociie 3aBepIUeHHs CTPOUTENbCTBA C HAYAIOM JKCIUTyaTallMu TPyOONpOBOAHAsS
crcTeMa OKa3blBaeT CYIECTBEHHOE BIMSHUE HA AMHAMUKY NPUPOIHBIX IIPOLIECCOB B KOPUIOPE TPACCHI, B
CBOIO OuYepellb W MPUPOAHBIC MPOIECCHl OKAa3bIBAIOT CBOE BIMSHHE Ha TPyOONpoBOJbl. [loaTomy mpu
OpTraHu3alii MOHUTOPHUHTA HEOOXOIUMO PYKOBOACTBOBATHCS MPUHIIUIIOM CUCTEMHOCTH: YYUTBIBAThH BCE
W3MEHEHUS B3aUMOJCHCTBYIOIMX U U3MEHSIOMINXCS BO BpEMEHN KOMIIOHEHTOB IPUPOIHO-TEXHHUYECKON
cpeabl TpyOOIIPOBOJHOTO TpaHcmopTa. KoMIuleke pa3sHOpOIHBIX CPENCTB HaOMIOJICHHUH, COOMpArOIIuii
JaHHBIE JUCTAHIMOHHOTO 30HaAMpoBanus 3emun (/[33), wucnonab3yloT mis  HHPOPMAIIMOHHOTO
obecriedeHus] pelIeHUs 3aJad  TPYOONPOBOAHOTO TPAHCIOPTa, KOTOPOE IpH HEOOXOAMMOCTH
JOTIOJTHSIETCSI TTIOJIEBBIMU T'€0JIe3NYEeCKUMH M3bIcKaHusAMH. [Ipy BbIOOpe KOMIUIEKCA TEXHUYECKUX CPENICTB
PYKOBOJICTBYIOTCS TPUHIIMIIOM Pa3yMHOW JOCTaTOYHOCTH: BBIOMPAIOT TEXHOJIOTUH TaKUM 00pa3oM,
9TOOBI 3aTpaThl Ha M3bICKAHUS OBUIM MUHHMMAJIBHBIMHU AJIS1 OOECTIEYEHHUs] COOTBETCTBUSL TPEOOBAHUSIM K
pesyiaprataMm pabor. B cTarke paccMaTpuBAIOTCS BO3MOYKHOCTH HCIOJB30BAaHHUS —TEXHOJOTHH
JVCTAHIIMOHHOTO 30HAWPOBAHUS IS JOTOJHEHHWS pe3yJbTaTOB KIACCHYECKHX T'e0Je3MUECKIX
W3MEPEHUH TMPH TEeOTEXHUYECKOM MOHHUTOPHHTE TPYOONPOBOJIOB, MPOXOAANIMX IO TEPPUTOPHSIM CO
CIIO)KHBIMH  TIPUPOJHO-KIIMMATUYECKUMH  YCIIOBHAMH. PaccMOTpeHbl HOpPMAaTHBHBIE TpeOOBaHHA K
MPOM3BOJICTBY PA0OT IO TEOTEXHUYECKOMY MOHUTOPUHTY ¥ TPEIONKECHBI TEXHUYECKHE PEIICHHS II0
nH(pOPMAITMOHHOMY O0ecTieueHuo TaHHbIMU /(33 ¢ He06X0IMMO TOYHOCTEIO.
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Abstract. The means of remote sensing of the Earth are being used more and more often for research of
territories, especially, in connection with the development of unmanned aerial vehicles (UAV) and aerial laser
scanning (ALS) technology, at the present time. Aerospace research technologies have such qualities as
accessibility and efficiency, which allows them to be used in many areas of activity of companies, engaged in
the transportation of gas or petroleum products. Technologies of remote sensing of the Earth are used for
information support of industrial and environmental safety, solving problems of safety and protection of
pipeline transport facilities, as well as tasks related to geotechnical monitoring of the natural and technical
environment of pipeline systems. Such researches play particularly important role in cases when the pipeline
passes under difficult natural and climatic conditions. Monitoring the current state of the pipeline and
monitoring the dynamics of hazardous geological processes are the most significant tasks of geotechnical
monitoring. The system has a significant impact on the dynamics of natural processes in the corridor of the
route immediately after completion of construction, at the initial stage of operation of the pipeline; in its turn,
natural processes have their effect on pipelines. Therefore, when organizing monitoring, it is necessary to be
guided by the principle of consistency: to take into account all changes, interacting and time-varying
components of the natural and technical environment of pipeline transport. A complex of heterogeneous means
of observation, collecting data of remote sensing of the Earth, is used for information support of solving
problems of pipeline transport, which, if necessary, is supplemented by field geodetic surveys. When choosing
a set of technical means, they are guided by the principle of reasonable sufficiency: they choose technologies
in such a way that the costs of research are minimal to ensure compliance with the requirements for the results
of work. The possibilities of using remote sensing technologies to supplement the results of classical geodetic
measurements during geotechnical monitoring of pipelines passing through territories with difficult natural and
climatic conditions are discussed in the article. Regulatory requirements for the production of geotechnical
monitoring works have been defined; technical solutions for the information provision of remote sensing data
with the necessary accuracy have been proposed.

Keywords: pipeline, unmanned aerial vehicles, aerial laser scanning, satellite photography, aerial
photography, measurement accuracy, dangerous natural processes
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BBenenune

BbisiBieHHEe 3HAYMTENbHBIX HM3MEHEHUI HanpsKeHHO-1e(OPMUPOBAHHOTO COCTOSHHUS
MPOTSHKEHHBIX JIMHEHHBIX COOPYXEHHUW BO3MOXHO IYTEM MHCTPYMEHTAJIBHBIX MU3MEPEHUN WU
aHaJM3a BBICOKOTOYHOW a’pOKOCMHUYECKOM MH(OpMAIM, KOTOPBIE HCIIOJIB3YIOTCS MPH BBION-
HEHUM CHUCTEMHOIO0 MOHHMTOPHHIAa TE€XHMYECKOTO COCTOSIHUSI COOPY)KEHHMH (Tr€0TeXHHYECKOIo
MoHuTOpHHra). Cpeu JIMHEHHBIX COOpPYKEHHH 0c000e MECTO 3aHUMAIOT TPYOOIPOBOIHBIE CH-
ctembl. [Ipu cTpouTenscTBE M AKCIUTyaTallMy TPyOOIPOBOAHBIX MarucTpajieil oka3bIBaeTcs Cy-
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LIIECTBEHHOE BO3/ICIICTBHE Ha OKPYKAIOILYIO Cpelly: HapyLIEHHE [TI0YBEHHOI'O [I0KPOBa, pa3orpen
TPYHTOB OT MOBEPXHOCTU TPYOBI IPU MEpeKauke YriieBOAOPOIOB, JaBICHHUE MPH JehopMalnix
JMHEWHOTO pacIIMpeHus i u3ruda. TpyOompoBoabl B CBOIO OYepeab MOABEPratoTCsS HeTaTHB-
HOMY BIIMSIHUIO HEOJArOMPHUATHBIX MPOLECCOB, KaK JUTOCHEPHBIX, TaK U TUIPOMETEOPOITIOTHYE-
ckuXx. ['eonoro-reoMophoornyeckuM MCCIeIOBaHUAM pPeabeooOpa3yronMX MPOLECCOB, TH/-
POJIOTUYECKUM HAOJIIOICHUSIM, aHAIN3y METEOPOJIOTHYECKHUX SIBICHUNH U U3MEHEHHH KIMMAaTH-
YEeCKHUX YCJOBUH yJensercsi O0NbIIoe BHUMAHHE NMPU WHIKEHEPHBIX M3BICKAHMAX, a TAKXKe MpU
MPOBEACHUHN I€OTEXHUUYECKOro MOHUTOpHUHTA [3sThKOBa, 2004; Dekavalla, 2019; Msiuuna u np.,
2020; Metternicht et al., 2020; Singhroy, 2020; Tarolli, Mudd, 2020; Yermolaev et al., 2021].

['eounpopManinoHHbIE TEXHOJOTHUH JAIOT BO3MOXKHOCTb HCIOJIb30BaTh MHTETPUPOBAH-
HbIe WH(OPMAIMOHHBIE CHCTEMBbI IIPU OPraHU3alMK KOMIUIEKCHOTO T€OTEXHUYECKOTO MOHHUTO-
pHUHTa, TTO3BOJISIONIECTO BECTH HAOIIOJIEHNE, OCYIIECTBISATh cOop nH(pOopMaIuu, 00pabOTKy U BH-
3yalu3aluio 1aHHBIX, TPOU3BOIUTH 0000OIICHNE U BBISIBICHUE TPEHOB MPOTEKAIOMIUX MPOLEC-
COB I IIPOTHO3a UX AMHAMUKH U NPUHATHUSA yIpaBleHUYecKuX pemenuil [L{setkos, 2012]. Pas-
BUTHE CHEMOYHBIX TEXHOJOTUH C HCIOJIBb30BaHUEM OCCIMIOTHBIX JIETATEIbHBIX AamlapaToB
(BILJTA) u Bo3aymiHoro nazepHoro ckanupoBaHus (BJIC) mo3Bossier co3naTh TpexmMepHbIe MO-
Jien, 00ecrednBaeT JOCTYMHOCTh U 3()()EeKTHBHOCTh MOHUTOPHHTA W BBICOKOTOYHOTO KapTo-
rpadupoBaHMs MPOTSHDKEHHBIX JUHEHHBIX 00bekToB (puc. 1). ['eomaHHble cHCTeMaTU3UPYIOTCA
Ha OCHOBE MPOCTPaHCTBEHHO-BpeMeHHO# nHpopmanuu [Craglia et al., 2017; Galton, 2017; Ca-
BuHbIX, 2018; Guo, 2018; Di Maio et al., 2018; Guan et al., 2020]. IlpeacTaBieHue 3HaHU B
paMKax UCKYCCTBEHHOTO HHTEJUIEKTA HCIIOIB3YETCSl B CHMBOIMYECKOH (hopMe, YTOOBI HX MOXKHO
ObUIO XpaHUTh U 00pabaThIBaTh Ha KoMIbloTepe. [IpocTpaHCTBEHHO-BpEMEHHBIE IaHHbIE, TIPE-
Ha3HAuYEHHbIC JJIS BbIABJICHUS HEOOJbIIMX JedopMalMil MPU M€OTEXHUYECKOM MOHHUTOPHHIE,
JIOJDKHBI 00€CTIeunBaThCS BRICOKOTOYHBIMH M3MEpEeHUsIMU [ ABpyHEB U 1ip., 2020]. Heobxomumast
TOYHOCTh H3MEPEHUH OINpenessieTcss COOTBETCTBYIOIIMMHU IPOM3BOACTBEHHBIMHU 3ajJjauyaMH.
B cTarbe mpuBOAWTCS ONMHMCAaHWE METOJIOB T€OTEXHWYECKOTO MOHHTOPHUHIA CHCTEM TpyOorpo-
BOJIHOT'O TPaHCIIOpTa M TpeOOBaHUN K MX MPOBEIECHUIO, KaK COJIEPKAIINXCS B HOPMAaTUBHBIX J10-
KyMEHTaX, TaK 1 HAy4HO 0OOCHOBaHHBIX B IIPOIECCE ITPOBEIEHHOTO UCCIIEI0BAaHUS.

Puc. 1. Tpexmepnas uudpoBas Moienb, moctpoeHHas 1mo nanasiM BJIC 1 kocMuYeckoro CHUMKa
Fig. 1. Three-dimensional digital model built according to ALS data and a satellite image
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O0beKTHI U METOABbI UCCJICAOBAHUSA

[Tpu oprarmM3anuy a3pOKOCMHYECKUX HUCCIIEIOBAHUN HEOOXOIUMO MPOAHATTU3UPOBATH MPO-
W3BOJICTBEHHBIE 3a/1a4d, TPeOOBaHUS HOPMATHBHOM JOKYMEHTAIIMA U C YYETOM 3TUX TpeOOBaHMIA
1oJ00paTh TEXHOJIOTHUIO MTPOBEIEHHUs PadoT, KOTOpas 00eCHeYnT HeOOXOUMBIN pe3yIbTaT ¢ MUHU-
MaJIbHBIMH 3aTpaTaMHu.

B Hacrosiiiem nccien0BaHui Mbl PACCMOTPENN HECKOJIBKO HanboJiee paciipoCTpaHeHHbIX Mpo-
W3BOJICTBEHHBIX 33J1a4, BOSHUKAIOIIMX B TPOIECCE TEOTEXHUIECCKOTO MOHUTOPHHTA TPYOOIPOBOIHBIX
CHCTEM U KOTOPBIE MOTYT OBITh S(PPEKTUBHO PEIICHBI C UCIIOIH30BAHUEM COBPEMEHHBIX TEXHOJIOTHIA
JIMCTAHIIMOHHOTO 30HAMpoBaHusa 3eman [Mapkenos, [{Betkos, 2015]. B kauectBe Marepuana i uc-
CIICIOBAaHMSI UCIIONb30BAIMCh HOopMatuBHBIE AokymMeHThl [['OCT 31385-2016; PJI 03-606-03; PJI-
23.040.00-KTH-0034-20; CII 365.1325800.2017; CII122.13330; CI1305.1325800; CII 25.13330;
OP 13.01-60.30.00-KTH-002-3-02], myOnukarmy w3 OTKPBITBIX McTouHMKOB [Kaprmk u ap., 2014;
Amnmkaea, Mapriomies, 2020; Jlonrononos, 2020; Honromomnos u ap., 2019; 2020; 2021; 2022], a Taxke
PE3yABTaThl UCCICIOBAHKI TTPUPOTHO-TEXHIICCKOW CPEIIbl TPYOOIIPOBO/IA, IMTOTYYCHHBIC Pa3IMUHBIMU
CpeICcTBaMH MPU MOHUTOPUHIE€ MarkCTpaibHOro TpyodonpoBoaa «Bocrounas Cubups — Tuxuii okean»
[babopsikun, 2017; ABpyHes u ap., 2020].

Jlns o6ocHOBaHUS HEOOXOAMMOW TOYHOCTH M3MEPEHUH MPH HUCHOIB30BAaHUM TEXHOJIOTHIA
JICTAHIIMOHHOTO 30HIMPOBAHUS 3EMJIH JJIsi 0OSCTICUCHHUSI TCOTEXHMIECKOTO MOHUTOPUHTA HA TPY-
OOIPOBOTHOM TPAHCIIOPTE AHATU3UPOBATUCH MaTepualibl adpodorockeMin (ADC) ¢ OeCUIOTHBIX
JieTaTesbHBIX alapaToB, KOTOPbIE MPU MOMOIIHM METOJ0B (hOTOrpaMMeTpuyeckoil 00paboTku uc-
MOJIb30BAIUCH IS TIOTY4YEHUS TPEXMEPHBIX IIU(PPOBBIX MOZEsel B eIMHOM HH()OPMAIIMOHHOM TIPO-
crpanctBe otpacieBoit ['MC. Jlannbie nudpoBoii a’3podoTocheMKH OBbLTH JIOMOTHEHbI JaHHBIMU
BO3JIYIITHOT'O JIA3€PHOTO CKAaHUPOBAHUS, JJISl TIOJYYIEHUs O0Jiee TOYHOM U(POBON MOJIEIA MECTHO-
CTH, KPOME TOTO, IIPOBEJICHO €€ CPAaBHEHUE C MPOSKTHBHIMH JTAHHBIMH.

Pe3yJ’leaTbI U UX oﬁcy)wlelme

B cymecTByromeln HOpMaTUBHOM JOKYMEHTALMM HE BCETAA PEKOMEHIYETCsl NCTIOIb30BAaHUE
CPEZACTB a3POMOHUTOPHUHIA. BMecTe ¢ TeM ypOBEHb TEXHMUYECKHUX CPEACTB, UX JIOCTYITHOCTb U pas-
paboTaHHOE porpaMMHOE OOecIieYeHHEe MO3BOJISET YCIEIHO peliaTh 3a/1a4l MOHUTOPHHIa UMEH-
HO C HCIOJIB30BaHUEM CPEICTB JUCTAHLIIMOHHOIO 30HAMPOBAHUSA, JOMOJHAS U, B KaKOM-TO 4acTH,
3aMelnas KJIaCCH4YeCKUe re0/1e3NIEeCKIe METO 1l U3MEPEHUH.

JInst CyIECTBEHHOM YacTH 3aJady MOHHMTOPHUHTA OOBEKTOB, 3aHMMAIOLIUX OOJBIIOE MpO-
CTPaHCTBO (CM. puC. 1), MPeANOYTUTENBHBIMU SBJISIOTCS JaHHBIE KOCMUYECKON ChEMKH, a JUIs IIPo-
TSOKEHHBIX 006eKTOB — ADC, B TOM unciie ¢ ucrnons3oBanrieM BITJIA [Yang et al., 2017; Rossi et al.,
2018; MaxwuTosa u 1p., 2020; EImeseiry et al., 2021; Hodgson, Piovan, 2021]. [Tomumo 3t0r0, Cie-
JyeT OTMETUTH OOJblIME NepcreKTuBbl mpumeHeHus Texnonoruii BJIC [donrononos, 2021], a¢-
(EeKTUBHOCTh KOTOPBIX OyJEeT BO3pacTaTh C Pa3BUTHEM CPEACTB aBTOMATU3WPOBAHHOW 0OpabOTKU
MaTepruaioB CKaHUPOBAHUsI TEPPUTOPHIL.

PaccmatpuBast 3amaun, KOTOpbIE PEIIAIOTCS C MOMOIIBI0 F€O0TEXHUYECKOTO MOHUTOPUHIA,
MO>KHO BBIIEIUTD CJIEIYIOIINE OCHOBHbIE BUJIbI paloT:

— MOHMTOPHUHT COCTOSTHUSI 00BEKTOB HH(PACTPYKTYPHI (TPyOOIIPOBOJIOB U pe3epBYapoB);

— MOHUTOPHUHT IIPOLIECCOB CTPOUTENILCTBA U PEKOHCTPYKIUH;

— BbIsIBIIeHHE U MoHUTOpUHT OI'TI B KOpHIOpE Tpacchl,

— MOHMTOPUHT OEpETOBBIX YYaCTKOB MOJIBOAHBIX EPEX0I0B MArMCTPAIIbHBIX TPYOOIPOBO/IOB;

— MOCTPOEHHE  KapT  CMEIIEHWH  3eMHOM  TIOBEPXHOCTHM  CPEICTBAMHU  pPaJapHOM
UHTEPPEPOMETPHUH.

TexHonorMM NUCTAHIIMOHHOTO 30HAMPOBAHMSA B 33/1a4aX TI'€OTEXHUYECKOrO0 MOHHUTOPHHTA
HPUXOJAT Ha CMEHY KJIACCHYECKHMM METOJaM U JIOJDKHBI 0OECTIeuMBaTh PelieHHe MPOM3BOICTBEH-
HBIX 3a7a4 (Tabn. 1). A HopmaruHas pokymentauus (I'OCT, P/, CII u np.), ucnonszyemasi Ha
HpEeIPHUITHSIX, TpeOyeT 10pabOTKHU B COOTBETCTBUU C HOBBIMU HayYHO OOOCHOBaHHBIMH METO/IaMU
HCCIIE/IOBAHMSI.
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Tabmuma 1
Table 1

HpI/IMeHeHI/IC TEXHOJIOTHI AUCTAHIITMOHHOI'O 30HAWPOBAHUWA JIs1 pCIICHUS 3a4a4
TCOTEXHUISCKOTO MOHUTOPHHTA MaruCcTpaIbHBIX HEPTEIIPOBOIOB
Application of remote sensing technologies for solving problems of geotechnical monitoring
of oil trunk pipelines

3amaun Hopmatusnsiii | Tpeboanms |  [Hupuna  [[lepmommy Mertonabt
MOHHUTOPHHTA JOKYMEHT K TOYHOCTH CHEMKH HOCTb HaOITIOISHUS
1 2 3 4 5 6
BJIC ¢ ncrionp3oBannemM
YCTPOMCTB ONpeeaCHUS
5 MM *L BosIb Thacchs BBICOTHI (YOB), nipu
Mownutopunr | P/1-23.040.00- | (2 mm*L), A P MO/I3eMHOI MPOKIIaKe
) B 30HaX CO
COCTOSIHUSA KTH-0034-20; roe L — He pexke 1| Tpacchl B KOMILIEKCE C
CIIOKHBIMHU
(medpopmanumn) | P/I-17.020.00- | paccTosiue reonormaecky P33 B IO BBICOKOTOYHBIMHU
tpyOompoBogoB | KTH-129-18 |mo penepnoro re0Ie3NIeCKIMH METOJaMH
MU YCIOBHSAMHU
ITyHKTa B KM KOHTPOJIS TTOJIOKEHUS
MapoK Ha 00BEKTax
undpactpykrypsl 1 HJIIC
I'OCT 31385-
MonuTopuHT 2016;
COCTOSIHUSA CII 365. Tlo 5 My PesepByapnsbie| 1-2 paza Hazemnoe nazepHoe
(medopmanmm) | 1325800.2017, MapKu B I'OJT CKaHHPOBaHUE
pe3epByapoB P/1 03-606-
2003
PerysmsipH Hudposas AOC u METOZIBI
Lt (hoTorpammeTprudecKoi
Perynsaphsiit CII 00paboOTKN B KOMITIEKCE C
. Ha MOHUTOPH
MOHUTOPUHT 305.1325800; o5 e TEeDDITODIIO L He reoIe3NYECKUM METOIaMU
crpoutensubix U | CIT 22.13330; c E))EITenIIZCTBa ke uinn BJIC coBmecTHO ¢
pemonTHbIX pador | CII25.13330 P lp mudposoit AOC B
pasa B KOMILIEKCE C
MecsIl
re0JIe3NIeCKIM METOIaMHU
P/1-23.040.00-
BrisiBnenue u KTH-0034-20; Ha
monutopunr OI'TI: PI[—91.200.0Q— Cpennue [Hupura Y4acTKax BJIC coBmectHO ¢
3po3us, KapCcT KTH-005-15; norpemnoctr| o™ pmeiinoit ndpposoit ADC. [Jns
p » KapcT, I'KHWHII-02- P CHEMKH U Hop e
OTIOJI3HEBBIE U MOJIOKCHUS . | wactm macmTaba 1: 500
033-82 KaMepaIbHOU )
OCHITTHBIS 00BEKTOB TpYyOOIPO | XapaKTEPUCTHKH CHEMKH:
Wuctpykiust mo 00paboTku
CKIIOHOBBIC nemudpupon BOJa |pasperieHue (HOTOCHUMKOB
Tomnorpapuyeck nmaaabix BJIC .
MIPOLIECCHI, . anus 0,75 MM ¢ MMI' | ma mectHOCTH OT 57 CM;
0i1 cheMKe B He MeHee 150 m
cyddosus, B MacIrade u OI'Tl — IJIOTHOCTh TOYEK
MacmTadax (75 M BrpaBo u
COUQIFOKIIUS ¥ JIP. _ TUTaHa WITH 1 pa3 B | ja3epHOr0 OTPAXKCHUS OT
1: 5000, BJICBO OT OCH )
Kaprorpaduposanu 1- 2 000 40 cm yBOrpOBOza) TO/I. 5-9 Touek Ha M
e B MaciuTabe 1: 500 N ' TPyOOHpOBOLL
1:1 000 u
1: 500
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Beal'y

1574

Oxonuanue ta0m. 1

1 2 3 4 5 6
BhIsIBICHNE 1 Cpemnne BJIC coBmecTHO C
) MIOTPEITHOCTH mugposoit ADC.
MoaHIgzziﬂiz OC?_[ nonoxkeHus | Kopunop Jma M 1: 1000:
OIIJ'IOJ'ISH,GBI)II)C H’ P/1-23.040.00-| oObexTOB Tpacchl pasperiieHre (POTOCHUMKOB
OCITHLLS CKIOHOBALC KTH-0034-20;| 0,75vMmB | MT B 30HE Ha MecTHOCTH OT 7—10 cM;
DOLECCLL P/1-23.040.00-| macmrabe CIOXHBIX | 1-2 pasa| IIOTHOCTH TOYEK JIA3ePHOrO
c P (pgomﬂ’ KTH-124-20; | kapThl, 4T0 | OPUPOIHO- B I'OJI OTpPayKeHUS OT
connt (ﬁlmoxc st ’H T'KHWHII-02- | cocraBusieT | KIMMaTh4 3-5 Touek Ha M?. st
KanTorna (blnl osagﬁ é 033-82 75 cm s ECKUX M 1: 2000: pa3perieHue — OT|
R Mgcm$a6e Il) 1000 M 1:1000 u | ycnoBuit 10-15 cM; II0THOCTD TOUEK
1_2000' ' 1,5 ™ ans JIa3epHOTO OTPAKEHHUS OT
' M 1:2000 2-3 Touek Ha M
I'eonpuBszanHbIE
Cpenuue Kopunop KOCMHYECKIE CHUMKH C
MOTPEUIHOCTH|  TPACChI pazperreHreM 50 cM W/
Kaprorpaduposanss 0,75 MM B | Mmarucrpaib MaTepUalIbl AAPOCHEMKU C
P Kp HHII;)IX P/1-23.040.00- | macmrabe HOTO paspeleHreM CHUMKOB 20
- OSIBJ'II)CYHI/Iﬂ O & KTH-0034-20; | xaptsl, uto | HedTempoBo| 1-2 paza cm. [orpemmoctu
Mfcmm@x_ 1- 5000 P/1-23.040.00- | cocraBnsier | [na B 30HE B TOJ TIOJIOYKEHUST TOUKH IS
ul: 10' 0(')0 KTH-124-20 | 3,75 m mis CIIOJKHBIX ADPCBM 1: 5000 u
' M 1:5000 u | mpupoaHO- 1: 10 000 cocraBsiroT
7.5M Il | KIAMaTHYEC 0,4 MM Ha KapTe, 9TO
M 1:10 000 | xux ycnoBuit COOTBETCTBYET 2 1 4 M Ha
MECTHOCTH
YuacTok
MIOABOJIHOTO Iudpposas ADC yuyacTtkoB
6e i\fg:ﬁi()p;irm% nepexoja 1 paz B TIOJIBO/THBIX TIEPEXOIOB
p Y OP 13.01- MarucTpaib | KBapTaj MarvcTpaiIbHOrO
MOABOIHBIX 20 cm
60.30.00-KTH- HOTO U TIocJie HedrernpoBoa gepes
MEepexoI0B U ITydiie
MATHCTDAIEHELX 002-3-02 He()TENpOBO | [MABOJKA|  BOMHYIO MPETpay Win
He q)TeTr[p OBOLIOB Jla gepe3 BJIC, coBmemienHoe ¢
POBOA BOJHYIO m¢pposoit AOC
nperpaay
Meroyrka MOHHTOpPHHTA
CMELICHUS 36 MHOU
4 pasa B TOBEPXHOCTH 110 IAHHBIM
KOCMHYECKOI
ITocTpoenue kapt rox .
o . PaAMOJIOKAIIIOHHON
CMEIIEHHH 3eMHOI (raHHBIC
Teppuropust CHEMKH C HCTIONE30BAHIEM
MTOBEPXHOCTH - Ho2cMm O0OHOBIIA
MOHHTOPHHTA B KaU€CTBE MOCTOSIHHBIX
1 00BEKTOB FOTCS 110 OTDAKATENCH
UHDPACTPYKTYpBI Ce30HaM - (;p ac -
roxa) PACTPYKTYp

TpyOornpoBoioB. TouHOCTH
OIpeAeICHUs CMEIICHUHA 2—
4 MM — riepBBIe CM

[Mpumedanue: mpu cOCTaBICHUH TaOIUIIBI Henob3oBanuck nanueie OCT, P/, CIT [TKMHIT-02-
033-82; TOCT 31385-2016; Pl 03-606-03; P/1-17.020.00-KTH-129-18; P/I1-23.040.00-KTH-0034-20;
P/1-23.040.00-KTH-124-20; CII 365.1325800.2017; CII 22.13330; CII 305.1325800; CII 25.13330; OP
13.01-60.30.00-KTH-002-3-02]
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MOHUTOPUHT COCTOSIHUSI TPYOONPOBOJOB U pe3epByapoB — KIIOYEBas 3ajaya reo-
TEXHUYECKOro MoHHTOpuHTra. Jlns mpennpusruii Tpancmopra HedTn M HedTEempoayKTOB
pa3paboran PJ/1-23.040.00-KTH-0034-20, ycraHaBiIuMBawIIUMii HOpPMAaTHBHBIE IOKa3aTelu
IUISL MEPONPHUATHH T€OTEXHHYECKOI0 MOHHMTOPUHTA Ha MarucCTpalibHBIX TpyOompoBojaax,
obecrneunBaromux Tpancnopt Hehtu u HedrenmpoayktoB [PJ1-23.040.00-KTH-0034-20].
[IpoBoasiTcsi Takue pabOTBl B COOTBETCTBHHM C pPa3pabOTaHHBIMH TPEOOBAHUSIMHU BIOJb
Tpacchl B 30HAX CO CJIOKHBIMHU T'€OJIOTUYECKHMH YCIOBUsAMH He pexe 1 paza B rox [PJI-
17.020.00-KTH-129-18]. IIpu mpousBoacTBe paboT Ha Tpaccax € MOJ3EMHOW MPOKIAIKON
ucnoas3yercs BJIC ¢ npumenennem yctpoiicTB onpeneneHus BoicoThl (YOB) [babopsikuH,
2017]. BJIC 0OBIYHO BBIMOJHSACTCS B KOMILIEKCE C BHICOKOTOYHBIMHM I'€0JIC3HYSCKUMU Me-
TOJaMH, UCIIOJIb3YEMbIMH ISl KOHTPOJIS MOJI0KEHUSI MapOK Ha 00BbeKTax UHGPACTPYKTYPHL,
U Ha3zeMHbIM  JaszepHblM  ckaHupoBanuem (HJIC) [TOCT  31385-2016; CII
365.1325800.2017; PJ] 03-606-2003].

Jns obecrneyeHus TOYHOCTU HAOIIOJIEHUH, PEKOMEHyeTcsl pa3BUBaTh CEeTH pede-
pennHbIXx cranuui [Kapnuk u ap., 2014]. CpenHue KBagpaTHYECKHUE OIMMOKM U3MEpPCHUM
00BEeKTOB HHPPACTPYKTYPHI JOJDKHBI OBITh HE XyKe ToYHOCTH HuBenupoBanus 1l kiacca u
Il kmacca ms Tovek 3alieMieHUs TPyOOIpoBoOaa, 4TO COOTBETCTBYeT 5 MM X L (2 mm x L),
rae L — paccrostHMe 70 pernepHOro myHKTa B KM. MOHHUTOPHUHT AedopMainuil pezepByapoB
npousBoautcs 1-2 pasa B rox Mmetoaom HJIC Ha Bceit TeppuTopuu pe3epByapHbIX MapKOB.
B cooTBeTcTBUM ¢ TpeOOBaHHMSIMU HOPMATHBHBIX JOKYMEHTOB TOYHOCTH H3MEpPEHHI HE
nomxHa npeseimath S MM [CII 365.1325800.2017].

MOHUTOPUHT CTPOUTEIbHBIX M PEMOHTHBIX PabOT OCYIIECTBISIETCS PETryIsipHO He
pexe 1 paza B MecsIl C I[EIbI0 KOHTPOJS PE3yJIbTaTOB PadOT, COMOCTABICHUS () aKTHIECKO-
ro BbIIOJNHEHHS ¢ mpoekTHeiMH  pemeHusmu  [CIT 305.1325800; CIT 22.13330;
CII 25.13330]. [nst ChbeMKH TEpPUTOPUH CTPOUTENIBCTBA MCIOJIB3YIOT KOMIUIEKCH Ha 0a3e
BIIJIA, a 3areM NOpUMEHSIOT METOJbl (OTOTpaMMETpUUECKOW 00pabOTKH MaTepuaIoB
CHEMKH JUJIS MOJTYYEHHS] TPEXMEPHBIX MU(POBBIX MOJENEH U UX CPAaBHEHHUS C MPOEKTHBIMH
JaHHBIMH B €IMHOM HH(POpManHOHHOM mpocTtpaHcTBe oTpacieBbix ['MC [[onromomnos,
2020]. Hugpposas ADC moxeT O6bITh IpoBeneHa B koMmuiekce ¢ BJIC nnsg nonyuenus Gosee
TouHOU 1UdpoBoit Monenu MmectHOCTH (puc. 2, 3) [AHTHNOB U Ap., 2012]. Hudpoas ADC
B KOMIUIEKCE C T'€0JIe3UUYEeCKUMHU MeToAaMu U (oTtorpaMmeTpuyeckoil o0paboTkoil [ABpy-
HeB U 1p., 2020; Honromonos, 2020] unu BJIC coBmecTHO ¢ nudposoit ADOC B KoMIIeKce
C reojIe3NYeCKUM METOJaMU Ha BCEU TEPPUTOPHUM CTPOUTENbHBIX padOT MO3BOJAIOT MOJIY-
YUTh BBICOKOTOYHBIE MOJIETIM MECTHOCTH.

Texnonoruu BeisgBieHUss 1 MoHUTOpHHTa OI'TI panee yxe ObUIM ONMHCAHBI PSIAOM aB-
topoB [Tziavou et al., 2018; doaromnosnos u ap., 2021; Kapnuk u np., 2021]. I[Ipu kapro-
rpa¢pupoBanuu KpynHbsix npossiaeHuit OI'Tl B OGonee menkux wmacmrabax (1: 5000 u
1: 10 000) momycTUMO HCIOIB30BaTh OPTOGOTOIIAHBI, TOTYYeHHBIE 10 Pe3yIbTaTaM a’po-
ChEMKHM MM KOCMHYECKOM CHEMKH CBEPXBBICOKOTO MPOCTPAHCTBEHHOTO pa3peuieHust

(0,5 m) [P/1-23.040.00-KTH-0034-20; P/1-23.040.00-KTH-124-20; 'KIMHII-02-033-82].

345



PernoHanbHble reocuctemsl. 2022. T. 46, Ne 3 (339-355)
Regional geosystems. 2022. Vol. 46, No. 3 (339-355)

Puc. 2. TpexmepHas nngpoBasi MOJENb ydacTka PeKOHCTPYKIIUH Ta30pacIipeIeIuTeIbHON CTaHIINH,
MOCTPOEHHAS 110 JaHHBIM [ (poBoii aspodoTockemku ¢ ucnonszoBannem BITJIA
Fig. 2. Three-dimensional digital model of the reconstruction site of the gas distribution station,
built according to digital aerial photography using a UAV

Puc. 3. TekctypupoBanHas udpoBast MOJIeNIb MECTHOCTH YIaCTKa PEKOHCTPYKLMH
rasopacrnpeeIuTeIbHON CTaHIIUN
Fig. 3. Textured digital terrain model of the reconstruction site gas distribution station

[Tpu BeIMOTHEHUH PAOOT MO TEOTEXHUIECKOMY MOHUTOPHHTY BBISBIISIOT CIEAYIONIUE K-

30r€HHBIE TIPOIIECCHI, OKA3bIBAIOIINE BIMSIHUE Ha 00BEKTHI TPYyOOIpoBoa:

— OTIOJI3HEBBIE, 00pa3yOIMeCs B 30HAX PACIPOCTPAHEHUS JIETKO BBHIBETPUBAEMBIX ITOITYC-
KaJbHBIX WM TJMHHUCTBIX TPYHTOB Ha HAKJIOHHBIX TOBEPXHOCTIX KpyTH3HO# 0T 10° (puc. 4);

— KapCTOBBIE, KOTOPBIE MPOUCXOAT B 30HAX PACIIPOCTPAHEHHS CKAIBHBIX TPYHTOB KapOo-
HATHOTO, THIICOBOTO, COJITHOTO, CYIb(aTHOro cocTasa (puc. 5);

— OCBINTHBIE, KOTOPHIE XapaKTEPHBI A7 HE 3apOCIIMX PACTUTEIHHOCTHIO HAKIOHHBIX TIO-
BEpXHOCTEW KpyTH3HOU OT 20° 10 50°;

— 00BaJbl, MPOUCXOASIINE HA HE 3aPOCIINX PACTUTEIFHOCTHIO HAKIOHHBIX MOBEPXHOCTIX
KpyTHu3HO# Oosee 50°;
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— cy¢¢do3uoHHBIE, KOTOPbIE BO3HHUKAIOT B 30HAX HM30BITOYHOTO HACHIIIEHUS TPYHTOBBIMU
BOJaMHU JIECCOBBIX, TNIMHUCTBIX, IECYAHUCTHIX, KAPOOHATHBIX PACTBOPUMBIX I'PYHTOB,;

— 0CaJIKU TPYHTa, MPOUCXOMAILINE B 30HAX Pa3pbIXJICHUS MPHU MPOBEICHUU 3eMIISHBIX pa-
00T;

— TOJTOIUICHUSI B MECTax, 0OYCIOBIECHHBIX MMOJIBEMOM YPOBHS TPYHTOBBIX BOJ IPH IEpe-
KPBITHH, & TAK)KE 3aTPyIHEHUH MOJ3EMHOI0 MJIM [IOBEPXHOCTHOTO CTOKA;

— OSPO3HOHHBIE, XapaKTEPHbIE JJIS 30H PACIPOCTPAHECHUS PHIXJIBIX TPYHTOB M MECT IEPEXO0-
JIOB Yepe3 MOCTOSHHbBIE BOJOTOKH HA HAKJIOHHBIX MTOBEPXHOCTSIX KPYTU3HOM OT 3°;

— (opMUpOBaHHS KYpyMOB, DAacIlOJIO)KEHHBIX B 30HAX pPaclIpOCTPAaHEHHS CKaJbHBIX M
KPYITHOOOJIOMOUHBIX TPYHTOB Ha HAKJIOHHBIX HE3aJCPHOBAHHBIX MOBEPXHOCTAX B YCIOBHUSX
BO3ICUCTBUS OOJIBIIMX TEPENaoB AHEBHBIX U HOYHBIX TEMIIEPATyp, a TAK)Ke HEPaBHOMEPHOTO
HarpeBaHus U OXJIAXKIACHMUS,

— IMy4YUHOOOpa30BaHMsl, CBOWUCTBEHHOTO 30HAM MPOMEP3aHHUs BIAXKHBIX TPYHTOB U MHUIPH-
pyroiieit Bojibl ¢ 00pa3oBaHUEM KPUCTAIUIOB U JIMH3 JIb/A;

— HayezieoOpa3oBaHUs B Pycliax BOJOTOKOB, IO OOPTaM PEYHBIX TOJWH B 30HAX PacCIpo-
ctpanenuss MMI';

— TEepMOKapcTa B 30HAX PACIPOCTPAHEHUs 3aJIekKeH JibJja U CHUIbHOJIBAUCTBIX T'PYHTOB B
BEpPXHEW 4acTU MHOTOJIETHEMEP3JION TOJIIIIN;

— CcOoNUDITIOKINKI, KOTOpas MPOUCXOJUT HA HAKIOHHBIX TMOBEPXHOCTSIX B 30HAX pacripo-
cTpaHeHus pbixjablx MMI' (rnuH, CyriiMHKOB);

— ceJeBble, KOTOPbIE IMPOUCXOAST MPU BBIHOCE I'PA3EKaMEHHOI0 Marepuaia, B T. 4. OMOJ3-
HEBBIX MAcC, BOJHBIMH MTOTOKAMU NMPHU CUIIbHBIX NaBojakax (puc. 6) (FO.b. Bunorpanos Bbiaenm
HAHOCOBOJIHEIE, TPA3EBLIE U IPsI3eKaMeHHbIE cenu [Bunorpamos, 1980]).

589
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Puc. 4. CelicMmorenHbIi onoy3eHsb Ha UPPOBOit MoJienu penbeda: 1 — OpoBKa cpbiBa IPEBHETO OTIOI3HS;
2 — OpoBKa CphIBa OIOJI3HS BTOPOH reHepalluy JUIMTEIbHON cTa0mIn3anuu; 3 — OpOBKa CpbIBa TPEThEH
réeLepanmmn BpeMeHHOﬁ CTaGI/IJ'II/ISaLII/II/I; 4 — HaIlpaBJICHUC JBUKCHUSA OIIOJI3HCBBIX MAaCC
Fig. 4. Seismogenic landslide on a digital relief model: 1 — edge bench of the disruption of an ancient
landslide; 2 — edge bench of the disruption of the landslide of the second generation of long-term
stabilization; 3 — edge bench of the disruption of the third generation of temporary stabilization;

4 — direction of movement of landslide masses
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Puc. 5. [IposiBiieHHs1 KapCTOBBIX U I'PABUTAIIMOHHBIX CKJIOHOBBIX MTPOLIECCOB Ha uH(prBOI‘z’I MOJEIHU
penbeda: 1 — kapcToBast BOPOHKA; 2 — OCBITb; 3 — OTMOJ3EHb
Fig. 5. Displays of karst and gravitational slope processes on the digital relief model: 1 — karst funnels;
2 —scree; 3 —landslide

50 100 150 200 250m

Puc. 6. Cenepoii 0acceitd Ha 1udpoBoit Moaeu peibeda: 1 — KOHyC BbIHOCA,
YaCTHYHO NepepadOTaHHbIN PEKOM; 2 — pyCiIo
Fig. 6 Mudflow basin on a digital elevation model:
1 — alluvial fan, partially reworked by the river; 2 — channel

348



9| PervonanbHble reocnctembl. 2022. T. 46, Ne 3 (339-355)
74 Regional geosystems. 2022. Vol. 46, No. 3 (339-355)

st kpynabix MacmtaboB (M 1:2000 u kpynHee) Haubosnee 3QpGEeKTUBHBIM OYAET Mpo-
Benenue BJIC teppuropuu co CIONKHBIMU MPUPOAHBIMU YCIOBUSAMH I MOJTYYSHUS TPEXMep-
HOU nudpoBol Moenn MecTHOCTH U mocienyromiero nemmdpuposanust OI'TL. s Gonee yBe-
penHoro aemudpupoanus padotsl mo BJIC moryt 0bITh gononHeHs! 1udpoBoit ADC [ Lonro-
noJsos, 2021].

s macmtaba 1:500 ¢hoToOCHUMKHM JAOHKHBI UMETh pa3pelieHue oT 5—7 CM Ha MECTHO-
CTH; TJIOTHOCTH TOYEK JIa3ePHOr0 OTPaXKeHHs — OT 5-9 Touek Ha M. LIupHHA MOTOCH CHEMKH H
KamepaiibHOH 00paboTku MatepuaioB BJIC nomxHa coctaBiate He MmeHee 150 M (He meHee 75 M
BIIPABO U BIIEBO OT OCU TpyOompoBoja). JlomyckaroTcs cpeiHue MOrPEeIHOCTH TOI0XKEHUS 00b-
extoB aemmdpupoBanus 0,75 mm B Macmtade riana win 40 cm. Ha ydacTkax JTuHEWHON YacTu
TpyOOIpoBOJa, TAE PACIPOCTPAaHEHBI MHOTOJeTHHE MEp3nble TpyHTH (MMI') U SK30TreHHBIE
reosornueckue mpomecchl (DI'TI), paboTel pexomeHmyercs mpoBoauth 1 pa3 B rox [PJ-
23.040.00-KTH-0034-20; P/1-91.200.00-KTH-005-15; TKMHII1-02-033-82].

Monutopunr B macmrade 1:1000 ¢ ucnons3oanuem BJIC coBmecTHO ¢ upposoit ADC
B KOPHIOpE Tpacchl MAarucTpajJbHOrO HE(PTENpoBOAa B 30HE CIOXKHBIX MPUPOIHO-
KIIMMATHYECKUX YCIOBHI OOecreunBaeTcsi mpH MOJy4eHUH (POTOCHUMKOB C pa3pelieHHeM Ha
MecTHOCTH OoT 7—10 cM, TIIOTHOCTH TOYEK JIa3ePHOTO OTPAKEHMS — OT 3—5 Touek Ha M2. [y
Mmacmraba 1:2000 gomyckaeTcs ucrnonb3oBaHue (OTOCHUMKOB C pa3pelieHueM Ha MECTHOCTH OT
10-15 cM, IIOTHOCTH TOYEK JIA3ePHOTO OTPAKEHUs — OT 2—3 Todek Ha M2 CpeaHHe TOrpemHo-
CTH TIOJIOKEHHUS O0BEKTOB e (PUPOBAHUS TOJDKHBI OBITH HE Ootiee 0,75 MM B MaciiTade 1uia-
Ha WX KapThl, 9To coctaisier 75 cm it M 1:1000 u 1,5 m s M 1:2000 na mectHocTu. Che-
MOYHBIE pabOThI peKOMEHIyeTCs poBoaAnuTh 1-2 pasa B rox [P/1-23.040.00-KTH-124-20].

KaprorpadupoBanue u monutropunr B Macimradax: 1:5000 u 1:10000 xpymHBIX MpOSB-
nenud OI'TI B kopumope Tpacchl MarucCTpaabHOTO HE(TENPOBOAAa HA YYACTKAX CO CIOKHBIMHU
MPUPOAHBIMU YCIOBUSIMU MOHO OCYILECTBJISATH MO JAaHHBIM T€ONMPUBI3AHHBIX KOCMUYECKHX
CHHMKOB C IPOCTpPaHCTBEHHBIM paspemeHueM 50 cm mwimm MatepuanoB ADC ¢ paszpernieHnemMm
cHUMKOB He MeHee 20 cM. [TorpemHocT MOI0KEHHUS TOUEK MPHU adpodOTOCHEMKE B MaciITabax
1:5000 u 1:10000 mpumMepHO OAMHAKOBHI U cocTaBstOT 0,4 MM Ha KapTe, YTO COOTBETCTBYET 2 U
4 MeTpaM Ha MECTHOCTH COOTBETCTBEHHO. llomyueHHBIE MaTepuaibl AOHKHBI UMETh CpEIHUE
MOTPEIIHOCTH ToJokeHus: touek 0,75 MM B Macmitabe co3gaBaeMoOW KapTbl, YTO COCTaBIISET
3,75 ™ mist M 1:5000 u 7,5 m gt M 1:10000. PaGoTsl mpoBOIAT ¢ MEPUOAUIHOCTHIO 1-2 pa3a B
roxa [P/1-23.040.00-KTH-0034-20; P/1-23.040.00-KTH-124-20].

MOHUTOPUHT OEpEeroBBIX Y4aCTKOB MOJBOJHBIX MEPEXOJI0OB MATUCTPAIBHBIX TPYOOIPO-
BOJIOB TIPOM3BOJUTCS C IIETBIO OINPENEIICHUS: pa3MbIBOB OEPETOB, Pa3BUTHS OBPAroB, Pa3BHTHUS
OTIOJI3HEH, HATMYMS POBAJIOB U My4YEHHS TPYHTA, HAIUYUS APEBECHOM MM KYCTapHUKOBOM pac-
TUTEIBHOCTH MO ocH HedTenpoBoaa. [ 3TUX 1enel, Kak MpaBuio, UCIOIb3YIOT TEXHOJIOTHUIO
aspodorocheMku unu (pexe) texnonoruo BJIC, coBmemennyio ¢ mudposoit ADC, koTopsie
MIPOM3BOJIAT HAa y4acTKe MOJBOJHOIO MEPexo]a MarucTpajJbHOr0 HEPTENPOBOJA Yepe3 BOIHYIO
Mperpaay ¢ MepuoAUYHOCTHIO 1 pa3 B KBapTal U MOCJe MPOXO0XKIeHUS MaBOAKOB. CHEMKHU JOMXK-
HBI 00ecreunBaTh TOYHOCTh 20 CM B COOTBETCTBHH C TPEOOBAHUSAMH OTPACIEBBIX PETIIAMEHTOB
[OP 13.01-60.30.00-KTH-002-3-02].

ITocTpoeHne KapT CMEIIEHU 36MHOW IMOBEPXHOCTH MPOU3BOJUTCS, KaK MPaBHIIO, C IO-
MOIIBIO palapHON MHTEPPEPOMETPUU Ha Yy4acTKax TPYOONPOBOJOB, MOJIBEPKEHHBIX BO3JCH-
CTBUIO MPOSIBJIICHUH MPOIIECCOB, 00YCIOBICHHBIX CIOXKHBIMH MPUPOIHO-KITUMATHICCKHMH YCIIO-
BUAMHU. J1Ji1 00bEKTOB TPYOOIPOBOHOTO TPAHCTIOPTA MEPCIIEKTUBHBIM MPEACTABIISETCS UCTIOb-
30BaHUE B KaueCTBE MOCTOSHHBIX oTpaxaresneil YOB, cBs3aHHBIX ¢ 371€eMEHTaMu UHPPACTPYKTY-
pBI TpyOOMpoOBOIa, AOPAOOTAaHHBIX TOJ BHIMOJHEHHE 3a7a4 pajapHoi uHTepdepomerpun. Mo-
HUTOPUHT CMEIICHHSI 3E€MHOW IOBEPXHOCTH MO JAaHHBIM KOCMHYECKOW pPaJMOIOKAIIMOHHON
ChEMKH TpeOyeTcsi MPOBOJAUTH 4 pa3a B OJl B CBSI3U C TEM, YTO CMEIIEHUS MOXHO OOHAPYKHTh
P aHAJIM3e MAaTEPHAJIOB ChEMOK, BBITIOJHEHHBIX B Pa3HbIe CE30HHBI roja. HopMaTHBHBIX JIOKY-
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MEHTOB C TPEOOBAaHUAMU IO TOYHOCTU K JIaHHBIM PaJlapHbIX ChEMOK I10KAa HET, IO3TOMY OHU
IpeJICTaBJICHbI B TA0JIMIIE HA OCHOBAHUU PE3YyJIbTAaTOB MIPOBEICHHBIX HCCIEAOBAHUN.

JlaHHBI BUJ CHEMKH XapaKTepHu3yeTcs Hamboyiee aKTUBHBIM PAa3BHTHEM, PACHIMPSIO-
HIUMCSI B MOCJIEIHUE TOAbl UCIIOIb30BAaHUEM B PA3IMUHBIX O0JIACTAX HAYKU U MPAKTHKE padoT,
HO KpaifHe peIKo MPUMEHSIEMBbIM B He()TEra30BOi reoJoruy. Y HUKAJIbHOCTh PaAHOIOKAIIHOHHON
ChEMKH 3aKJIFOYAaeTCs] B BBICOUYAWIIEH TOYHOCTH HM3MEPEHHH M3MEHEHHH pernbeda 3eMHOM To-
BEPXHOCTH 32 ONpeeNICHHbIN nepruoa. OCHOBHBIE PE3YJIbTaThl, [I0JIy4EHHbIE OJ1arofaps UCIOJb-
30BaHUIO Pa/IMOJIOKAlMOHHON MHTEP(HEPOMETPUH, CBOJMUIUCH K U3yYEHUIO MPOCEAAHMS 3eMHOU
nosepxuoctu [Fielding et al., 1998; Bernardi et al., 2021]. Bo3M0OXHOCTH paJr0JIOKAIIMOHHBIX
ChEMOK, OILICHEHHbIE MO pe3yJbTaTaM IMPOBEIEHHBIX pabOT, MO3BOJSIOT HCIONb30BaTh UX MPHU
OLICHKE BO3JICHCTBUS TEKTOHMYECKUX U AHTPOIOIEHHBIX IIPOLIECCOB HA PE3EpBYapbl U JIpYyrue
00BEKThl MOHUTOPHHTA.

3akjouenue

MOHHTOPHUHT COCTOSIHUSA TPYOOIIPOBOAOB M MPOTEKAIOIIUX MPUPOJHBIX MPOIECCOB B KO-
pUIOpEe TPACChl — KIIFOYEBas 3a7a4a re0TeXHHUECKOro MoHUuTOopuHra. [IpoBosTes Takue paboThl
B COOTBETCTBHH C pa3pabOTaHHBIMH TpeOOoBaHUSIMH He pexe 1 pasa B roa. [Ipu npoBenenuu pa-
00T 1O TeOTEeXHUYECKOMY MOHUTOPHHTY HCIOJB3YIOT, KaK MPaBHIIO, HauOOJIee COBPEMCHHBIC
METO/Ibl ChEMKHU U IUarHOCTUPOBAHUS TPYOOIIPOBOIOB.

Ha ocHoBanum npoBeACHHBIX MCCIECIOBAHUN PEKOMEHAYETCS MPHU MPOU3BOJCTBE padOT
M0 TE€OTEXHUYECKOMY MOHHUTOPUHTY Ha TPYyOONpPOBOIHOM TpaHcHopTe Hucmoib3oBaTh BJIC ¢
npumenenueMm YOB. BJIC cnenyer BBINOIHATH B KOMIUJIEKCE C BBICOKOTOUHBIMU T€0AC3UYECKH-
MU METOJIaMH, IS KOHTPOJIS MOJIOKEHUSI MapOK Ha 00beKTax MH(PACTPYKTYpPHI 11e1eco00pa3Ho
JOTIOTHUTENBHO ucrnonb3oBaTh MeTosl HJIC. [udpoByto a’podoTocheMKy 00s3aTElNbHO BbI-
noJHATE ¢ ucnosnb3oBanueM BIUIA. JlanbHelimue pa®oThl 10 HAYYHOMY OOOCHOBAHMIO IMOBBI-
[ICHHs] KaueCTBA T€0TEXHUYECKOT0 MOHUTOPUHTA CIIEyeT HAMPAaBUTh 10 MYTH Pa3padOTKU Me-
TOZOB HCIIOJB30BaHUS paJlapHON HHTEPPEPOMETPUU U CO3JAHUSA C ATON IEIbI0 TOCTYITHOTO
MPOrPaMMHOTO OOECTIeUeHUsI.
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