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JTE®OPMAIIMOHHBI MOHUTOPUHI TEPPUTOPUI PACIIOJIOKEHUS
OTBETCTBEHHbBIX UH>)KEHEPHBIX OB BEKTOB

PaccmatpuBatoTcsi pe3yabTaThl MHOTOJETHUX HCCIIEOBAHUM OIOJ3HEBBIX MPOLIECCOB HA TEPPUTOPUU
SKCIUTyaTallid THAPOAKKYMYJIUPYIOUIEH JIIEKTPOCTAHIIUM C TOMOIIbI0 coBpeMeHHbIX TexHonorud ['HCC.
BrusiBiieHo Hanuuue ae)OpMUPOBaHMS 3€MHOW MOBEPXHOCTH KaK B IUIaHE, TaK W MO BepTukaiu. CMerieHus

OJHUX ITYHKTOB MPOUCXOAUT II0 SaMKHyTOﬁ HOCTyHaTeJ’ILHO-BOSBpaTHOﬁ TPAaCKTOPUH,
)Ipyroﬁ YaCTu IIYHKTOB CBOMCTBEHHA noctynarejibHasd HallpaBJICHHOCTb

HECKOJIBKUX MUWIJIMMECTPOB.

HC TIIpEeBbIIIAA

TOPU3OHTAJILHBIX CMEIICHHH NpH HaJWMYMK TaKKe M BO3BPATHBIX cMelleHud. HaumOomnblne aHoManuu
BEPTUKAJIBHBIX IepeMelIeHUH CBONCTBEHHB! y4acTKaM, KOTOphIE€ HOBEPKEHbl MAaKCUMAJIEHOMY TEXHOTCHHOMY
BO3/ICHCTBUIO IIPU ©XKEJHEBHOH IepeKavke OOIbIINX 0OBEMOB BOJIBI.

KarwueBbie cnoBa: 'HCC wu3MmepeHus;; THIPOAKKyMYJIHPYIOIIAsh CTaHIMs, IBWOKEHHs, Jedopmanui;

OITOJI3HHU.

Wucruryr ¢usukn 3emmm PAH  wmuoro jer
MIPOBOJIUT U3y4eHHE NePOPMAIMOHHBIX IPOIECCOB C
npuMenerrneM mpersuonabix [HCC (rmoGasnbHbie
HABHTAI[MOHHBIE CITyTHUKOBBIE CHCTEMBI) H3MEpEHUit
B KOMIUJIEKCE C TPAJAUIMOHHBIMU T'€OJE€3UUYECKUMHU U
reoU3N4ecCKUMH METOJaMU B CEHCMOAKTUBHBIX U
IUIATPOPMEHHBIX PETHOHAX Ha IUIOMIAJSX AKCILTY-
aTalMd M CTPOMTENIBCTBA KPYMHBIX HHXEHEPHBIX

00BEKTOB, B TOM UYHCJIE€ THAPOIHEPTETHUSCKUX
komiuiekcoB, ADC. llenbio KOMIUIEKCHBIX HCCIENO-
BaHUU  SIBIIACTCS  BBIIBIICHHE  KOJMYCCTBECHHBIX

XapaKkTepUCTUK (POHOBOTO JepOPMAIMOHHOTO pas3-
BUTHSI Pa3HOMACIITA0HBIX T'€OJIOTMYECKUX CTPYKTYD,
MIPOTrHO3UPOBAHNE AHOMAJIBHBIX MPOSBICHHUH, yTOY-
HEHHE WX pa3MepoB, BpEMEHHAasi OLEHKa YCTOM-
yuBOCTH U T.J. Ocoboe MECTO Takue HCCIEeIOBAHHS
3aHUMAIOT Ha TEPPUTOPHU DOKCIUIyaTallid THIPO-
akkymyaupyromux anekrpoctanimii (TADC). Buen-
peane 'ADC B KpymHBIE 3HEPrOCUCTEMBI, B TOM
YHClle B CBSI3KE C ATOMHBIMH DJIEKTPOCTAHIIMSMH,
TOBBIIIAET CTaOMIBHOCTH pPabOTBl M HAJEKHOCTh
skcrutyataiu. Haumnas ¢ 2000 r. omHuM U3
O0BEKTOB TeOfe3WYEeCKUX M TeOo(U3IUUECKHX HC-
CIIE/IOBaHUI NBWXXKEHUH W JedopManuii IpHUIIoBepx-
HOCTHBIX CIIO€B 3€MHOW KODBI SIBJISETCS TEPPUTOPHS
3aropckoi THIPOAKKYMYIUPYIOMIEH 3JEKTPOCTAHIUH
(BATADC) B 100 kM cesepree MockBbl. OHa Tipu-
ypodeHa K ceBepo-3alajHOMy CKIOHY KimHcko-
JmutpoBckoil rpaasl Bocrouno-EBponetickoi riat-
¢opmel.  Penbed mpeacTaBisOT CcOOOH  KOpEHO-
MOpEHHbIE 00pa30BaHMsI MOCKOBCKOI'O OJIEJICHEHHS C
npesbiieHnssMu - 50-80 M. Kpucrammmueckuit  GpyH-
JIAMEHT 13 MeTaMOp(UUECKUX M HHTPY3UBHBIX TTOPOJ
3aneraer Ha rayomHe 1500-2000 M, kopeHHas 4acTb
Te0JIOTMYECKOr0 paspe3a MpeACTaBIeHa MOPOJAMH
ME3030/CKOI'0 MEJIOBOI'0 BO3pacra C YepeloBaHHUEM
TOPU30HTAJILHO 3AJIETAIOIINX MECYAHBIX M TIIMHUCTHIX
CJIOEB, YETBEPTHYHBIE OTIOKEHHS aJUTIOBUAIILHOTO U
03€pHO-JIEITHUKOBOr' 0 T'eHe3HCa.

KoHCTpyKIIMM CTaHIIMK PacrioioKeHbl Ha HAKJIOH-
HOM Y4YacTKE€ MECTHOCTH C IIPEBBIIIEHHEM BEPXHEro
Oacceitna Haj HwkHUM okono 100 m. Execyrounoe
riepeMeleHre BObI U3 HIDKHETo OacceiiHa B BEpXHUI

¥ 06paTHO cocTapisier 22.7 MitH. M°. J[Hara3oH Koe-
OaHMii BOJHOTO YPOBHS HIDKHEro Obeda COCTaBisIeT
10 m. [epemernieHre OONBIIOTO KOJIMYECTBO BOJIBI HE
MOXET HE OKa3blBaTh BIUSHHUS Ha CKIOHOBBIC
MPOLIECCHl M MH)KEHEPHBIE COOPYKEHHs, PacIoio-
KeHHble Ha HHUX. HamOonee ys3BHMBIM K BO3HHKa-
IONIEMY TEXHOTEHHOMY BO3JIEHCTBHIO  SIBIISETCS
CKJIOH, TJIE PACIOJIOKEHBI HANOPHBIE TPYOOIIPOBO/BI.

Jlis MOCTOSITHHOTO KOHTpONS pa3BuThs nedop-
MAaIMOHHBIX MPOLECCOB CKIOHOB W OTBETCTBEHHBIX
COOPYKEHUH Ha TEPPUTOPUU IKCIUTyaTallUH CTAHIMH
co3JjaHa  CIelMaNbHas TeoJMHAMHYECKasi  CEeTb.
l'eonesnyeckuii MOHUTOPHHT JedopMaruii 3eMHON
MOBEPXHOCTH U HMHXEHEPHBIX  COOPYKEHHH
BBINOJHSAETCS KakK C IIOMOIIBIO  TPaJWIMOHHBIX
MeTOIOB (TOYHOE TEOMETPUUYCCKOE HUBEIHPOBAHHE,
CBETONANPHOMEPHBIC  HM3MEPEHHUs), Tak H  C
MPUMEHEHUEM CITyTHUKOBBIX TexXHONoruii. OObek-
TuBHyI0 HH(popmanuio ¢ momompio ['HCC wusme-
PEHUII MOXXHO TIONYYUTh TOJBKO TIIPU HAIWYUH
IPaMOTHO 3aKpEIUIEHHBIX IYHKTOB HaOIIIOACHHUN
TUIOBBIMH ~ KOHCTPYKIMSIMH,  00€CHEUMBAIOLIMMHU
MIPUHYANUTEIBHOE LEHTPUPOBAHHUE aHTEHH,
MPUHUMAIOIIUX CIHYTHUKOBBIE CHTHaibl. OCHOBY
HAONIONATENFHOM  CETM  COCTaBJISIIOT  OIIOPHBIE
ITYHKTHI, PACIIOJIOKEHUE KOTOPHIX OBUIO OINpPEAEIeHO
C YY4EeTOM HaWMEHbBIIEr0 BIMSHHS EKEIHEBHOU
Nepekaykh BOAHOW Macchl. Paboune  IyHKTHI
(kommuectBoM g0 32), pasMelleHl Ha  BCe
TEPPUTOPUU TOPHOTO OTBOJA, 00JEe 4acTo Ha CKIIOHE
Mexay OacceliHamu. PacCTOSHUS MEXIy ITyHKTaMH
cocraBnstor 0,3-7 kM — puc. 1. [[enunke u ap. 2003]
Bun o0bekTa uccnenoBaHus ¢ KOCMHUYECKOH BBICOTHI
TIPE/ICTaBIIeH Ha pHC. 2.

I'HCC u3mepenus Ha paccMaTpUBaeMOM OOBEKTE
BBINOJHSAIOTCS ~ PErysipHO  JBaXKAbl B IO
corpynuukamu MU®3 PAH mno goroBopeHHOCTH C
3ATADC. HUcnomesytorcs  8-12  KOMILICKTOB
nByxuactotHeIX GPSTJIOHACC npueMHHKOB (hUpM
Trimble u Javad, mpu mocienHUX MUKIAX H3MEPEHHIMA
ToJdpKO KoMIutekThl Javad Maxor. Perucrparus
CIIyTHUKOBBIX CHTHaJOB Benercss ¢ 30-CeKyHIHBIM
WHTEPBAJIOM Ha OIOPHBIX IYHKTaX HENPEepbIBHO B
TEYeHHE BCEro IMKJIa HAONIONCHUH (ITUTENbHOCTHIO
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ot 72 1o 90 yacoB), Ha pabouyux MyHKTax — 10 6, 12
win 24 dYaca B 3aBHCHMOCTH OT IPEIbABIIEMBIX
TpeOOBaHUI K TOYHOCTH OIPEIETCHUS.

Puc. 1. Cxema pacnionoxkenust mynkros ' HCC
n3MepeHuil Ha Tepputopun 3AIADC-1

Puc. 2. Kocmuueckuit caumok 2009 .
TeppUTOpHH 00bEKTa UccienoBanuii [Image ©
2011 GeoEye]

O0paboTKa HAONIOICHHUNA MPOBOAUTCS C HUCIIOJb-
30BaHMEM IPOrPaMMHOrO  KoMIulekca  Trimble
Geomatics Office Ver.1.63. Brauane Ui KakIoro
LUKJIa OIpPENeNAIOTCS TeOfe3UUecKue IapaMeTphl
OITOPHBIX IMYHKTOB, 3aTEM BBIYHCIISAETCS IOJIOKEHHE
Ka)XJIoro «pabovero» ITyHKTa OTHOCHTEIBHO OIOp-
HBIX. VI3MeHeHHe Treofe3nYecKuX MapaMeTpoB BO
BPEMEHH  ONpEJeNsIeTcsl IyTeM CpaBHEHHS UX
3HAYEHHUH B TEKYIIEM IIMKJIE OTHOCUTEIBHO 3HAYCHHUN
B HayaJbHOM IMKIe Wid B Jro0oM mpea-
LIecTByIomeM. B pe3ynbraTe HCCIIEOBaHUA TONY-
YEHO, YTO TOPHU3OHTAILHOE CMEUICHHE OIHUX
ITYHKTOB ITPOMCXOMUT 110 3aMKHYTOH MOCTYNaTeIbHO-
BO3BPATHOW TPAEKTOPHHU, HE IIPEBBHIIAS HECKOIBKUX
MUJUTUMETPOB. [[pyroif yacTu MyHKTOB CBOWCTBEHHA
TIOCTyNaTeNbHasl HAINPaBJICHHOCTh TOPH30HTAIBHBIX
cMelieHud npu  Hanumuud - QuykTyanuit.  Pe3ysb-
TUPYIOIIMH BEKTOp CMEIIEHHH MOXeT nocturats 10

76

MM H Oosee. Mexay MyHKTaMH Ha KOHIIAX TPACCHI
BOJIONPOBO/IA BBISIBJICHBI IUKINYECKHE CMEIICHUS B
HECKOJIBKO MM,  OOYCIOBJEHHBIE  HM3MEHEHHEM
HArpy30K Ha BOJONPHUEMHHUK B TEUCHUE CYTOK.

Y CTaHOBIIEHO CMEIIEHHE BEPXHEH YacTH 3JaHHs
BOJIONIPUEMHHUKA B CTOPOHY HIKHEro Obeda, mpuuem
OITyCKaHHE [0 BEPTHKAIM JOCTHraeT 5 mm/ron,
cMellleHre B IUIaHe cocrasiger 1,3 mm/roz, Torma
o0Iee OMyCKaHWE MPOMCXOMUT HA FOr0-BOCTOK CO
ckopocThio 5,4 mM/roa. BpeMmeHHOH X071 HU3MEHEHHS
KOMITOHEHT TMepeMenieHnii mynkra T-2 mpeacTaBiieH
Ha pHc. 3.
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Puc. 3. 'paduku BpeMEHHOr0 X0/1a KOMIIOHEHT
(dX — ceBep-tor, dY —Bocrok-3amaz, dH —
MOJIHATHE-0MyCKaHKe) MyHKTa T-2
3a 2002-2011 rr
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Puc. 4. 'paduku BpeMEHHOT0 X0/1a KOMIIOHEHT
(dX —cesep-tor, dY —BocTok-3amaz, dH —
MOJIHATHE-0MyCKaHke) MyHKTa 12-5
3a 2002-2011 rr

OOHapyXeHBbl ~ HampaBlIeHHblE U  CE30HHBIC
W3MEHEHHs] B TOPU3OHTAIBHBIX W BEPTHKAIBHBIX
JIBIDKEHUSIX MTyHKTOB, YCTAHOBJICHHBIX HA CEBEPHOM U
I0KHOM CKJIOHaX, OKpPYXalolIMX BOAOBOABI. Bpe-
MEHHOU XOJ] M3MEHEHHUs] KOMIIOHEHT IepeMelIeH N
nyHkTa 12-5, pacnonoxeHHBIII Ha IO)KHOM CKIIOHE,
TIpE/ICTaBIIeH Ha puc. 4.

C  uCnonb30BaHMEM  JaHHBIX  MHOTOJIETHUX
CIYTHUKOBBIX HaOJIIOJEHHH Cco3[laHa KapTa OTHO-
CUTENIBHBIX CKOPOCTEH BEPTHUKANBHBIX JBIKEHUH,
KOTOpas IpeICTaBJIeHa Ha PUC. 5.

Tepputopun, TMOIBEP)KEHHOH PEXUMHOMY TEX-
HOT'€HHOMY BO3/ICHCTBHUIO, CBOHCTBEHHO OITyCKaHHE C
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IBYMS MaKCHMyMaMH. OJWH MAaKCHMyM OITyCKa-
HUS — B paifoHe BOmONpHEMHHUKa, mIpyroi (1o
8.5MMm/roa) HabmromaeTcss Ha CKIOHE MPOTHBO-
HOJIOKHOTO Oepera.

o 1 2 3 4 5km

Puc. 5.. Kaprta ckopocTell OTHOCHUTETbHBIX
BEPTUKANBHBIX TBHYKEHUH TEPPUTOPUH
3AI'ADC-1 3a nepuoa 2000-2011 rr. mo AaHHBIM
I'HCC uzmepenuit. M3ommHuM MpoBeAeHbI Yyepes
1 mm/ron (IITPUXTTYHKTUPHBIC IHHUH OTPAXKAIOT

CMCH_ICHI/Iﬁ HE NPEBbINIACT 2 MM/FOZ[ C OpPIeHTaHPIeﬁ
Ha I0ro-BOCTOK U IOro-3arajg — CM. puc. 6.

Puc. 6. BexTopa ckopocTei ropu30HTaIbHBIX
CMEIIEHUN IIEHTPaIbHON YacTH
THUAPOTEXHUUYECKOTO coopyxeHus 3AI'ADC

Oneir Tounbix 'HCC wusmepeHuii mjsi OIEHKH
BIUSHUS TEXHOTEHHOTO BO3JCHCTBHA OT pPabOTHI
arperaToB TUAPOAKKYMYIUPYIONIEH CTaHIUM TOKa-
3bIBAET HAJIMYME JOCTATOYHO 3HAYNUTEILHBIX BEJTUYNH
CMEIIeHHs MPUTTOBEPXHOCTHBIX CIOEB 3€MHOM KOPBI
KaKk HakaluIMBaeMblX BO BpEeMEHHM, TaK U Ba-
puarnmonseix. HecoMHeHHa NepCHNEKTUBHOCTH IMPO-

nomwkeHust MoHutopunra I'HCC B kommuiekce c
JIPYTEMHU METOJaMH ISl KOHTPOJIS e OpPMALIMOHHBIX
MIPOIIECCOB T'€OJIOTUUECKON cpeasl Ha TEeppUTOpUU
pacroio)KeHUs] JAaHHOTO OTBETCTBEHHOI'O  HHIXKe-
HEPHOr0 00BEKTA.

OIYCKaHHUE, CIUIOIIHBIC — MObEM)

[Tomo6HbBIE pe3yabTaThl MOTYYAIOTCS U 110 TaHHBIM
TOYHOT'O T€OMETPHUYCCKOI0 HUBEIUPOBAHUH COTPY/I-
HHUKOB CTaHLIHH.

Baxknoii cocrtaBisiomieii HCCI€IOBAHUNA SABJISIET-
csl HaOJIIO/IEHUE 3a CIBUIOBLIMU

TOPU30HTAIBHBIMHU Jlutepatypa
ABHKCHUA  TCPPUTOPHU  IIPOJIOKCHUA  BOMOBOMOB M Iopyxe A.A., Yepnenxo B.H. KomIuekcHble HccCie-
BOMU3K uX. 3a JUIMTEIBHBIA MEPUOA OCPEIHEHHS JOBAHMS HA  JIOKANBHBIX  TEOIHMHAMHUECKUX

IOaHHBIX (9 JIeT) CKOpPOCTh HAKOIUICHHS ILIAHOBBIX nomuronax. Feonpodu. 2003, Ne 2. C. 11-15.

JE®OPMAIIMHUA MOHITOPUHI TEPUTOPII PO3TAIIIYBAHHS BAYKJINBUX
IH)KEHEPHUX OF'E€EKTIB

T.B. I'yceBa, B.II. Ilepenepin, H.K. Pozentepr, B.H.UepHenko

Posrmsinatoteest pe3ysibpraTH OaraTOpiYHUX JOCHIPKEHb 3CYBHHMX IPOLECIB Ha TEpUTOpIii eKcIuryaTaiii
TiIPOAKyMYITIOI0YO0i €IEKTPOCTaHIii 3a mgomoMoror cydacHux TtexHomoriii ['HCC. BusBieHO HasBHICTH
nedopMyBaHHS 3eMHOI ITOBEPXHI SIK Y IUIaHi, TaK i MO BEPTUKAJi. 3MIIEHHS OJHUX ITYHKTIB BiIOYBa€ThCS MO
3aMKHYTIH TMOCTYNaJbHO-3BOPOTHIA TPAEKTOPil, HE IEPEBHIIYIOYH [EKUIPKOX MUITiMeTpiB. [HIm# dvactuHi
MTYHKTIB BJIACTHBA MOCTYIAJIbHA CHPSMOBaHICTh TOPHU30HTAIBHUX 3MILEHb MPU HAsIBHOCTI TAKOX 1 3BOPOTHHUX
3MinieHb. HaiiOinmpini aHoManii BEPTUKAIBHHUX IEPEMINICHb BJIACTHBI AUISHKAM Ha SKi Jli€ MakCUMaJlbHHH
TEXHOT'€HHHH BIUIMB NPH MIOICHHOMY IlepeKadyBaHHi BEIUKUX 00'€MIB BOJIH.

Karwuogi cioBa: THCC BuMiproBaHHS; T1iIpoakyMyJIIOI0ua CTaHIlisl; pyxH; AedopMaliii; 3CyBH.

DEFORMATION MONITORING OF LOCATION AREAS
OF RESPONSIBLE ENGINEERING OBJECTS

T.V. Guseva, V.P. Perederin, N.K. Rosenberg, V.N.Chernenko

The results of long-term studies of landslide processes in the areas of operation of pumped storage power
plant with the help of modern GNSS technologies are considered. The presence of deformation of the earth's
surface, both in termsin plane and vertical, isrevealed. Displacement of some pointsis a closed-return trajectory
and not exceed a few millimeters. Another part of the points is characterized by the horizontal displacements
with the presence of returning movements. The largest anomalies of vertica movements take place on the sites
that are subject to a maximum technogenic influence by the daily pumping of large volumes of water.

K eywor ds: GNSS measurements, pumping stations; motion; deformation; landslides.

lanmumym duzuxu 3emnu um. O.10 IlImuoma PAH,
23az0pcKasn 2uOPOAKKY My UpyI4as MeKmpoCcmanyus
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