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JE®OPMALIMOHHBIA MOHUTOPUHT TEPPUTOPHI PACIIOJIOKEHUS
OTBETCTBEHHBIX HH’KEHEPHBIX OB BEKTOB

PaccmatpuBaloTes pesyibTaTbl MHOFOJICTHMX HCCICIOBAHHI OMOM3HEBBIX IPOLECCOB HAa TEPPUTOPHH
IKCIUTYATAIMH THIPOAKKYMYIHPVIOIIEH 3NeKTPOCTAHIMM C MNOMOMLIBIO COBPEMEHHBIX TexHomormii I'HCC.
BeigBiaeHo HaauuHe JepOpPMHpPOBAHMA 3€MHOM MOBEPXHOCTH Kak B IJaHe, TaK M MO BepTHKamH., CMemleHHs

OOHHX TYHKTOB IIPOHCXOIAT TIO 3aMKHYTOH MOCTYNATeNbHO-BO3BPATHON TPACKTOPHH,

HE MpCBEILIas

HCCKONIBKHX MHLUTMMETpOB, JIpyro#f dYacTH TYHKTOB CBOMCTBGHHA MOCTYNATeJIbHAS HANPaBICHHOCTDH
TOPH3OHTANILHEIX CMEIIeHHH [PH HAJMYHM Talkke W BO3BPATHBIX cMemeHwid. HambGonsmme aHomanwu
BEPTUKAIBHBIX [CPEMCLICHHI CBOACTBCHHBI YUacTKaM, KOTOPEIC MOABEPKCHBI MAKCHMAJIBHOMY TEXHOTCHHOMY
BO3/ICHCTBHIO NPH CIKEIHEBHOMH Mepekayke OonbpImHX 00HeMOB BOIEL

Karouessie cioa: HCC wu3mepenns, IHAPOAKKYMYIMPYIOWas CTaHLMA; ABIDKCHHs; AedopMmaumu;

OIION3HH.

Uncruryr ¢msuxn 3emms PAH  mHoro ner
MPOBOIAT M3YdeHHE Ae()OPMALMOHHEIX NPOLECCOB C
npuMeHeaneM npeumsnonuelx [HCC (rnobansHbie
HaBHT'ALMOHHbLIE CIYTHHKOBLIE CHCTEMBI) H3MEpPEHHH
B KOMIUIEKCE ¢ TPaAMLHOHHBIMH T€OIC3HYECKUMHU H
reoH3MUECKAMH MCTOAMH B CEHCMOAKTHBHBIX M
m1aTOPMEHHLIX PErHOHAX Ha IUIOMIAfSX OJKCIUTy-
aTalMl M CTPOMTE/LCTBA KpPYHHBIX HMHKEHEPHBIX
O0LEKTOB, B TOM HYHCIE THIAPOIHCPIETHHCCKHX
kommiekcoB, ADC. llenso KOMIUIEKCHBIX HCCNIEIO-
BAHMI  SBJIAECTCSA  BBIABJIEHHE  KOJIHMYECTBCHHAIX
XapakTepucTHK (poHOBOro Jed)opMaLMOHHOrO pas-
BHTHS Pa3HOMACIITAGHBIX I€OJOrHYCCKHX CTPYKTYD,
TNPOrHO3HPOBAHHE AHOMANBHBIX MPOABICHHH, YTOu=
HEeHHE HX pa3MepoB, BpEMEHHas OLIEHKa YCToii-
ypBocTH M T.4. Ocoboe MecTO Takue HMCCIiedOBaHMs
3aHAMAIOT HA TEPPHTOPHH OSKCIUIYATallMH THAPO-
aKKymynupyrommx anekrpocranumii (CADC). Bhen-
peane 'ADC B KpymHRIC >HEPrOCHCTCMBI, B TOM
qHCNEe B CBA3KE C ATOMHBIMH OJICKTPOCTAHIMAMH,
MOBBIIAET CTAOMIBHOCTL PpabOTEI M HAAEKHOCTH
akcuiyatandn. Haumnaa ¢ 2000 r. ogauM M3
00BLEKTOB Treofe3udeckHX H reoduMyeckux wc-
ClIe/lOBaHMH IBHKEHHH # Aedopmaimil npHOoBepx-
HOCTHBIX CJIOEB 3EMHON KOpEl SBJIAETCS TEPPHTOPHSA
3aropckoii THAPOAKKYMYIHPYIOLIEH 3JIeKTpOCTaHI[HA
(3ATADC) B 100 kM cepeprec Mocksbl, OHa mpH-
ypodeHa K ceBepo-3amnajHoMy ckiaoHy KimrCckO-
Imutposckoii rpsaasl Boerouno-Esponeiickoii miat-
dopmer. Pemsed npeacrasnmoTr coboii  KOpeHO-
MOpeHHbIe 00pa30BaHMsl MOCKOBCKOTO OJIEEHEHHSA C
npepsimennaMn  50-80 M. Kpuctanmaueckud Qys-
JaMEeHT U3 MeTaMOP()UYECKHX H MHTPY3NBHEIX TTOPOJ
3aneraer Ha rnyonne 1500-2000 M, kKopeHHas 4acTh
reoJIOrHYecKOro paspesa NpeACTaBiICHA MOpPOAaMH
ME3030HCKOro MeJ0BOro BO3pACTA C HYCpPENOBAHHEM
FOPH30HTAJILHO 3AJEralolnX NecYaHblX H MIHHHCTHIX
CIIOCB, YETBEPTHYHLIC OTIOKCHHS aJUTIOBHAIBHOTO H
03€pHO-J1E[JHHKOBOT 0 FeHe3Hca.

KoHCTPYKIMH CTAHLMH PACTIONOMKEHB! HA HAKJIOH-
HOM YYACTKE MECTHOCTH C TNPEBBIIIEHHEM BEPXHEro
Oaccetina many mkHEM okomo 100 m. Execyrounoe
nepeMEIIeHHE BO/IBI H3 HIDKHEro Dacceiina B BepXHHH

1 obpaTHo cocraBiser 22.7 win. M°. Jlnanason Kone-
OaHHii BOIHOTO YpOBHS HukHero Oneda cocrapmser
10 m. ITepemenienne 60JILILIOrO KOMMYECTBO BOAE! HE
MOKET HE OKa3blBaTh BIMAHHS HA CKIOHOBBLIE
NpOLECCEl M HHXEHEDHBIC COOPY/KEHHA, pactolo-
KeHHble Ha HMX. Hambonee yA3BUMEIM K BO3HMKa-
I0IIEMY TEXHOTEHHOMY BO3ICHCTBHIO SBIISiCTCH
CKJIOH, IZI€ PACIIONOMKEHL! HANOpHBIE TPYOONPOBOIbL.

15 nocTOSHHOTO KOHTPOJAA pasBHTHA gedop-
MalUMOHHBIX TMPOLECCOB CKIOHOB M OTBETCTBEHHEBIX
COOPY/KCHHI1 HA TEPPHTOPHH JKCIUTYaTALMK CTAHIIAH
co3faHa CrendanbHAf TreOJMHAMMYECKAas  CETh.
T'eonesnuecknii MOHHTOPHMHT acdopmaimii 3eMHOM
TIOBEPXHOCTH  H  HHJKGHEPHBIX  COOPYIKEHHIT
BBIMOJIHACTCA KaK C MNOMOWIBID TPaaMLHOHHBIX
METOIOB (TOYHOE FeOMETPHHECKOE HHBEIMPOBAHME,
CBETOJAJIFHOMEDHBIC  M3MCPEHHA), Tak H ¢
NPHMEHEHHEM CIYTHHKOBEIX TeXHonoruil. Ofbek-
THBHYI0 HH(popmamuio ¢ nomompio 'HCC mame-
PeHHH MOXHO MONYYHTL TONBLKO MpH HAIMYHY
TPaMOTHO 3aKPCIUVICHHBIX MYHKTOB HabmoaeHuit
THIIOBBEIMM  KOHCTPYKLMSAMH,  0DECHEeuHMBAIOIINMH
TIPHHYIHTENBHOE LCHTPHPOBAHHAE AHTCHH,
NPHHAMAIONIAX COYTHHKOBBIC CHTHAMHL OCHOBY
HaOMIOJaTeNlbHOH  CeTH  COCTABIASIOT  OMOpPHbIC
IYHKTBl, PacrioiOKeHHe KOTOPBIX OBLTO OnpeseneHo
C YYETOM HAHMCHBIUETO BIMAHHA CXKCIHCBHOM
IepeKauku  BOJHOH Maccel. Paboume myHKTEI
(komadecTBOM A0 32), pasMemeHsl Ha  Bcel
TepPATOPHH FOPHOro OTBO/IA, Dollee HacTo HA CKIOHEe
Mexay OacceiiHamu. PaccTosHMsS MeXIy NYHKTAMH
coctapisoT 0,3-7 kM — puc. 1. [T'ennke u ap. 2003]
Bun obbexTa Hecnen0BaHms ¢ KOCMHYECKOH BBICOTBI
NpeficTaBJIeH Ha puc. 2.

I'HCC n3mepenss Ha paccMaTpHBaeMoM 00LekTe
BRIMIOJIHAIOTCA  PErylspHO  [OBaXIOl B TOJ
corpyanukamy Md3 PAH no poroeopeHHOCTH ¢
3ATADC. Hcnomssyiorcs  8-12  KOMILIEKTOB
aeyxuacToTHeIX GPS/TTIOHACC npremMHHKOB (HPM
Trimble 1 Javad, npn nocnensux unKIax H3MepeHHH
TomeKO KoMriekTel Javad Maxor. Permcrpanms
CIYTHHKOBBIX CHTHANOB BeleTcsi ¢ 30-CeKyHIHBIM
HHTEPBAJIOM HA OMNOPHBIX MYHKTaX HEMPEPEIBHO B
TeYeHHEe BCEro IHKIA HAOMIOAeHN (JUTHTEIFHOCTRIO
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ot 72 mo 90 Hacos), Ha pabounx myHKTax — 1o 6, 12
WiH 24 dyaca B 3aBHCHMOCTH OT MpedbABISAEMBIX
TpeboBaHUH K TOYHOCTH ONpEAcICHHA.
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Puc. 1. Cxema pacnonokenns nyakrop [HCC
u3MepeHuit Ha Tepputopun 3ATADC-]

Puc. 2. Kocmuueckuit caumox 2009 r.
TeppuTOpun obnekTa uccnenopanuii [Image ©
2011 GeoEye]

O6paboTka HaGmoAeHHH NPOBOJHTCA C HCMOIb-
30BaHMEM  TIPOrPaMMHOTO  Kommaekca  Trimble
Geomatics Office Ver.1.63. Brauane ans kaxzoro
[HKJIa OHNpCACHAOTCA TCONC3HHUCCKHE MNapaMCcTphI
OHOPHEIX IYHKTOB, 32TEM BBIMHMCIAETCH TONOKEHHE
Kaxporo «pafodero» ITyHKTa OTHOCHTEILHO OrOp-
HeiX. H3MeHenne TCOAC3HHECKHX IIapaMeTpoOB BO
BDEMEHM  ONpeeNsiercss IyTeM CpaBHEHHA HX
3HAYCHMI B TEKYLICM [THKJIC OTHOCHTCIIBEHO 3JHaYEeHUH
B HavankHOM IHKJIe HIH B JoboM mnpen-
miecTBYIOIEM. B pesynerate HccnenoBaHMi momy-
YEeHO, HYTO TOPH3OHTAILHOE CMEIIEHHE OIHHMX
TIYHKTOB TIPOHCXOIHT MO 3aMKHYTOH MOCTYyNaTelbHO-
BO3BpaTHOH TPaeKTOPHH, He NpeBHIAs HECKOJbKHX
MHUTHMETpOB. [Ipyroii gacTH MYyHKTOB CBOHCTBEHHA
NOCTYTIATE/IbHAA HANpPaBJICHHOCTh TOPH30HTA/IBHBIX
cMelleHMH TIpH HamwauH  GraykTyausii. Pesyns-
THPYIOIIHIT BEKTOp CMeIleHHH MoXeT aocturats 10
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MM H Gonmee. MeKay MyHKTaMM Ha KOHIAX TPacCel
BOZIONPOBOJA BBIABJICHbl UMKIMYCCKHE CMEILEHHA B
HECKONIBKO MM,  OOYCJIOB/CHHBIE  H3MCHEHHEM
HArPY30K Ha BOIONPHEMHHK B TEUCHHE CYTOK.

VCTaHOBIMEHO CMEILIEHHE BEPXHEH HacTH 3IaHHA
BOZIONPHEMHHKA B CTOPOHY HIDkKHero Obeda, npudem
OMyCKAHHWE [0 BEPTHKATH JOCTHraeT 5 MM/Toz,
cMellieHWe B MyiaHe cocrasager 1,3 Mm/ron, Torga
olIlee ONycKaHHE NMPOHCXOAMT HA IOr0-BOCTOK €O
CKOpPOCTEI 5,4 MMm/roz. BpemcHHOM X0l H3MEHEHHA
KOMIIOHEHT nepeMelueHnit nynkra T-2 npeacrasien
Ha pHc. 3.
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Puc. 3. I'paduks BpeMeHHOr0 X0[a KOMIIOHEHT
(dX — cepep-tor, dY — Bocrok-3anaz, dH —
NoAHATHE-ONYCKanne) nyHkra T-2
3a 2002-2011 rr
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Puc. 4. I'padukyu BpeMEHHOr0 X0/1a KOMIIOHCHT
(dX — cesep-tor, dY — Bocrok-3anaz, dH —
NOHATHE-0NyCKanue) nyHkra 12-5
3a 2002-2011 rr

OO6HapyXeHel  HampaBlCHHBIE W  CE30HHEIC
H3MCHEHHS B TOPH3OHTAJBHBIX H BEPTHKAILHBIX
JIBIDKCHHSAX TIYHKTOB, YCTAHOBJICHHBIX HA CCBCPHOM H
I0KHOM CKJIOHAX, OKPYXKAKImHX BoAoBOABL Bpe-
MEHHOH XOJi M3MCHCHHMA KOMIOHCHT TepeMeleHHH
nyHkTa 12-5, pacnoNnokeHHBIH Ha JOKHOM CKIIOHE,
npeAcTaBiIcH Ha pwc. 4.

C  uCronb30oBaHMEM  JAHHBIX  MHOTOJIETHHX
CIYTHUKOBBIX HaOmiofieHHH co3[jaHa KapTa OTHO-
CHUTENTBHBIX CKOPOCTEH BEPTHUKAIBHBIX IBHIKCHHIL,
KOTOpas MpeJiCTaBjIeHa Ha PHC. 3.

TeppuTOpHH, TNOABEPKEHHOH PEXHMHOMY TeX-
HOr€HHOMY BO3IEHCTBHUIO, CBOHCTBEHHO OIYCKaHNE ¢
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ABYMSi MAaKCHMYMamM: OIMH MaKCHMYM ONyCKa-
HUs — B paloHe BOJONPHEMHHMKA, APYroi (710
8.5 Mm/ron) HaOmogaercs Ha CKIOHE MOPOTHBO-
nonoxkHOro Gepera.

Puc. 5.. Kap'ra cxopocreu OTHOCHTE/ILHBIX
BEPTHKAJIbHBIX [IBUKEHHH TEPPHTOPHH
3AT’ADC-1 3a nepuoz 2000-2011 rr. no 1aHHBIM
THCC u3mepenuii. M301HHAN NIPOBEICHB] HEPE3
1 mw/roa (IITPUXITYHKTHPHBIC JIHHHH OTpaxkaioT
OIYCKaHHE, CILIONIHBIE — MOABEM)

TTonobHEIE Pe3yIbTATHI TIOMYHAIOTCS U IO JAHHEIM
TOYHOrO TEOMETPHYCCKOr0 HHBEJIMPOBAHWA COTpPYI-
HHKOB CTaHIIHH.

BaxnoH cocTapisiomel HMCCIeIoBaAHHN fABIAET-
¢ HaOIIOACHNC 32 CABHTOBEIMH  TOPH3OHTAIBHBIMH
IBIKEHHS TCPPUTOPHH TNPOIOKEHHA BOIOBOAOE H
BOmm3M MX. 3a JUIMTENBHBI TEPHON OCpPEIHEHHS
naHBBIX (9 7er) cKOpOCTh HAKOIUIEHHS ILIAHOBBIX

CMCILCHHA HE MPEBLINACT 2 MM/TOf C OPHCHTALMCH
Ha 10r0-BOCTOK M mr&sanan —CM. puc 6.

IR

Puc. 6. Bextopa ckopocTeif ropn30HTaIBHBIX
CMEIIEeHWH LEHTPANLHOH YacTH
rHAPOTEXHHYECKOoro coopyxenus 3AIADC

Onerr Tounsix HCC wm3mepeHuil a8 OLEHKH
BIMAHHA TEXHOTEHHOIO BO3AeiCTBUA OT paboTsl
arperaToB THAPOAKKYMYIHPYIOIEH CTAHLHH [OKa-
3bIBACT HAJIMYHE JOCTATOYHO 3HAUMTE/ILHBEIX BEIHYHH
CMEIICHHA TPHIOBCPXHOCTHBIX CIOCB 3EMHOM KOpEI
KaKk HaKalULIHBAacMbIX BO BPEMCHHM, Tak H Ba-
PHALMOHHBIX. HecOMHeHHa MepCneKTHRHOCTL Ipo-
momkennss MoHHTopuAra ['HCC B KoMImekce ¢
JPYTHMH METOaMH il KOHTpONs e opMaHOHABIX
NPOIECCOB TEONOrMYeCKOi Cpedkl Ha TEPPHTOPHH
pacToNoKeHns] JTaHHOTO OTBETCTBEHHOTO HHIKe-
HEPHOro 00BeKTa.

JIutepatypa
Tenuxe A.A., Yepnenxo B.H. KomiuiekcHble Hccne-
HOBAaHWS HA JIOKANBHBIX  TEOJMHAMHYECKHX
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JIE®@OPMAIITHAN MOHITOPHHI TEPUTOPIA PO3TALIYBAHH S BAK/IMBUX
TH)KEHEPHHX OB'EKTIB

T.B. I'ycena, B.IL. ITepenepin, H.K. Pozen6epr, B.H.UepHenko

PoarnanarThes pe3ynsTaTH OaraTOpiYHMX AOCTIKEHbL 3CYBHHX MNPOLECIB Ha TepHTOpii ekcruryaranii
riIpOAKYMYIIOKYOI €NEKTPOCTaHIil 3a Jomomoror cydachux TtexHonorii I'HCC. BusapneHo HasBHICTB
nedopMyBaHHs 3eMHOI NMOBEPXHI sK y IUIaHi, TaK i M0 BepTHKaIi. 3MilleHHs OOHMX IMYHKTIB BIIOYBA€ThCA MO
3aMKHYTIH MOCTYIajlbHO-3BOPOTHIA TPAcKTOpil, HE TNEPCBHINYIOUM ACKUIBKOX MimimeTpis., Immid wacTumi
MyHKTiB BJIACTHBA MOCTYNANLHA CIPAMOBAHICTE POPH3OHTAILHHX 3MIlLCHD NPH HAABHOCTI TAKOXK i 3BOPOTHHHX
aMmimens, HaiGineini asomanii BepTHKANbHMX IepeMilleHb BIACTHBI IUIAHKAM Ha SKiI i€ MAKCHMABHHH
TEeXHOTeHHHIT BIUTHB TPH IOACHHOMY NepeKkaiyBaHi BEIHKHUX 00'eMiB BOIH.

Kmouosi cirosa: THCC BUMIpIOBaHHSA; IIpoaKyMy/IIOR0Ya CTAHLIA; pyxH; Aedopmanil; 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 technologics are considered. The presence of deformation of the earth's
surface, both in terms in plane and vertical, is revealed. Displacement of some points is 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 vertical movements take place on the sites
that are subject to a maximum technogenic influence by the daily pumping of large volumes of water,

Keywords: GNSS measurements; pumping stations; motion; deformation; landslides.

" Hucmumym ¢pusuxu 3emnu um. O.F0.1lmuoma PAH,
?3azopeKan 2udPOAKKYMyTUPYUIAR I1EKMPOCTHANLUR
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