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TypKMEHCKHUH TOCYAApCTBEHHBIA APXUTEKTYPHO-CTPOUTENbHBIA NHCTUTYT

r. Aumrxa6an, TypkMeHucTaH

AHHOTanusi. MeTofon0rusl OLEHKH DPHUCKOB IPHM OCBOCHHMM IOJ3EMHOIO MPOCTPAHCTBA TOPOJIOB
npeCTaBIsieT co00M MEeXIUCHHUILTIMHAPHOE HAYYHO-TIPAKTHUYECKOE HaIpaBJiICHUE, OObEIHHSIONIEe
MPUHLIUIIB T€OMEXaHUKH, MOJA3€MHON THMAPOJMHAMUKU, TEOPUHN HA/IEKHOCTU CTPOUTENBHBIX CHUCTEM,
SKOHOMHMKHU M YIPaBJIEHHUS TOPOJCKUM Xo3siiicTBoM. B ycnoBusix neduuura cBOOOJHBIX Ha3eMHBIX
TEPPUTOPUN B COBPEMEHHBIX METAINOIMCAX MEPEHOC TPAHCIOPTHBIX Y3JI0B, TOPTrOBBIX KOMILIEKCOB,
MapKUHTOB U MHXEHEPHBIX CETEeH B MOA3EMHYIO CPEy CTAHOBHUTCSI CTPATETHUECKOW HEOOXOIUMOCTBIO.
OpHako TMOA3EMHOE CTPOUTENBCTBO COMNPSIKEHO C YHUKAJbHBIM KOMILJIEKCOM TE€OTEXHUYECKHX,
9KOJIOTUYECKUX M TEXHOT€HHBIX PUCKOB, 00YCIOBIEHHBIX BHICOKOM HEONPEAEIEHHOCTbIO MHKEHEPHO-
re0JIOTMYECKHUX YCIOBUI U HEMOCPEACTBEHHON OJIM30CTHIO CYIIECTBYIOIIUX 3/IaHHH.

KitoueBble cJji0Ba: OIIGHKa PHUCKOB, IOA3EMHOE IPOCTPAHCTBO, I€OTEXHUYECKMH MOHHUTOPHHT,
MyJibJla OCe/laHus, METOJl KOHEUHBIX 3JIEMEHTOB, HEONPEEICHHOCTh YCIOBUHM, THIPOreoJorudecKas

OIMaCHOCTb, KOMIICHCAIITMOHHOC HAron€TaHue, JKU3HEHHBIN OUKII, yCTOfI‘IHBOC Pa3BUTHUC.
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Abstract. The methodology of risk assessment during the development of urban underground spaces
represents a critical multi-disciplinary framework spanning advanced geomechanics, subsurface
hydrodynamics, structural reliability theory, and metropolitan asset management, designed to convert
geological uncertainties into highly controlled engineering parameters. Deep subterranean civil
construction—such as building transport junctions, commercial utility complexes, or deep foundation
footprints within high-density urban environments—inevitably encounters severe geotechnical and

technological hazards, primarily because traditional structural safety margins often fail to predict the
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stochastic, non-linear deformation behaviors of surrounding soil massifs. Modern probabilistic
assessment protocols integrate sophisticated finite element numerical modeling with stochastic
simulations like Monte Carlo algorithms to map the spatial configuration of land surface settlement
troughs and compute auxiliary localized internal tensile stresses induced within the foundations of
adjacent historical urban buildings. To mitigate identified hydrological or mechanical risks, including
sudden piping sand blowouts or erratic water table drawdowns, engineering groups deploy deep
structural diaphragm walls, target micro-silica jet grouting screens, or apply automated compensation
grout injections directly under degrading foundation zones. Furthermore, this dynamic methodology
requires a continuous distributed sensor matrix comprising automatic total stations, embedded in-place
inclinometers, and vibrating-wire piezometers that stream real-time geotechnical telemetry to building
automation frameworks, thereby ensuring immediate predictive warnings, mitigating structural
failures, and optimizing lifecycle distribution expenditures across subterranean transport corridors.

Keywords: underground space, risk assessment methodology, geotechnical monitoring, land
subsidence trough, finite element modeling, subsurface hydrogeology, soil stabilization, compensation

grouting, building automation, structural lifecycle management.

Beeaenne

Pazpabotka u BHenpeHue d((GHEKTUBHBIX HHKECHEPHO-TEXHUYECKHX MEPONPUATHI 10
MUHHMM3ALUA W TPEIyNPEKICHUIO PHUCKOB SBISIOTCA TJABHBIM IPAKTHYECKUM PE3yJIbTaTOM
IIPUMEHEHUs] NPEIIOKEHHONM MeTonosornu. JIig CHMKEHUS T€OTEXHUYECKHX PHUCKOB B MHUPOBOM
[IPAKTUKE AKTUBHO IPUMEHSIOTCS TEXHOJIOTMM OIEPEXKAIOLIEro 3aKpEIUIEHUs IPYHTOBOI'O MacCHUBa
METOJOM CTPYHMHOM LEMEHTAlM{, XUMHU3ALUU WIM HUCKYCCTBEHHOI'O 3aMOPAKMBAHUSA, CO3JAIOLINE
NPOYHBIA 3alIUTHBIA DKpaH BOKpYr Oynaymiedl BelpaboTku. KomneHcalMoHHOe HarHeTaHue
CHEeLMANbHBIX TBEPACIOLUIMX PAacTBOPOB  HEMOCPEACTBEHHO B  OCHOBaHHE Je(pOpPMUPYEMBIX
CYILECTBYIOIIMX 3aHUN MTO3BOJISAET ONEPATUBHO HUBEIMPOBATh BO3HUKAIOIIUE OCAIKU U BO3BPAILAThH
KOHCTPYKLIMM B IPOEKTHOE ToJjo)keHne. CHUXKEHHE PpHUCKOB, CBSA3AHHBIX C BOJONPHUTOKOM,
JIOCTUTAETCS 3a CUET YCTPOMCTBA TITyOOKUX MPOTUBO(MUIBTPALIMOHHBIX 3aBEC TUIIA «CTEHA B TPYHTE» U
OpraHM3alyy MPELU3UOHHOTO aBTOMAaTU3UPOBAHHOTO BOJONOHWKEHM. Bee 3anuTHbIe MeponpusaTus
INPOCKTHPYIOTCS C YYETOM HNPUHIHUNA JyOJMpPOBAHUS KPUTHUECKUX DJIEMEHTOB OE30MacHOCTH, YTO
CBOJIUT K MUHUMYMY BEPOSTHOCTh KaTaCTPOPHUECKOTO PA3BUTHS aBAPUHHBIX CUTYAIH.

HeoTsemnemMplM KOMIIOHEHTOM COBPEMEHHOW METOOJIOTHH YIIPABICHUS PUCKAMM BBICTYIIAET
OpraHu3anus KOMIUIEKCHOTO re€O0TEXHUYECKOTO " THJIPOJIOTUYECKOTO MOHHMTOPHHTA,
(YHKIMOHUPYIOLIETO B PEXHME pEalbHOI'O BPEMEHM Ha BCEX 3Tanax H3HEHHOTO IMKJIA MOJI36MHOT0

coopyxeHus. Hazemuass unppacTpykrypa, dacaapl OKPYXKAIOMMX TOMOB M BHYTPCHHHE 3JICMEHTHI

CTPOAIICTOCA TOHHEIA OCHAIIAKOTCA PpacClpCaACICHHBIMHU CETAMU JOAaTYMKOB, BKJIIOYAOIIUMU
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ABTOMATHUYECKUE TaXEOMETPbI, MHKIMHOMETPBI, CTPYHHBbIE TEH30METPbl U NbE30METpHI. J[aHHBIE OT
U3MEPUTENIBHBIX TPUOOPOB HEMPEPHIBHO IMOCTYMAIOT B AHAIMTHYECKUN HEHTP HHTEIEKTYaIbHOMN
CUCTEMbl aBTOMATHU3AlUU 3/1aHUs, TJ€ COMOCTABIISAIOTCS C PACUETHBIMU KPUTEPUSMHU U TPEICIbHBIMU
3HadyeHusMu naedopmaruid. Ilpu Qukcanum manedmmx OTKIOHEHUH NHapaMeTpoB OT 0€30IacHOro
KOpHJIOpa CUCTEMA MIHOBEHHO aKTUBUPYET MHOTOYPOBHEBBIE ITPOTOKOJIBI aBAPUMHOTO OTNOBELIEHUS U
KOOpAMHHUPYET  3alyCK  KOMIIEHCAIIMOHHBIX  TEXHOJIOTMYECKUX  MpoleccoB.  HempepbiBHBIN
MHCTPYMEHTAJIbHBIH KOHTPOJIb TO3BOJISIET CBOEBPEMEHHO JIMarHOCTUPOBATH CKPBITHIE IECTPYKTHBHbIE
IIPOLIECCHI B TPYHTOBOM MAaCCHBE 3a/I0JIT0 1O UX BU3yaJIbHOTO MPOSIBICHUS HAa IOBEPXHOCTH.

3akio4enue

B 3akmouenne HE0OXOJUMO MOJYEPKHYTh, YTO METOJOJIOTUSI OLEHKHU PUCKOB NPU OCBOCHUU
MOJI3EMHOTO TMPOCTPAHCTBA TOpPOJOB (OPMUpPYET CTaHAApThl HAAECKHOCTH, >KU3HECTOMKOCTH U
6e30macHOCTH ypOaHU3MPOBAHHBIX TEPPUTOPUI B ABaaLaTh MepBoM Beke. [lanpHeilmuii mporpecc B
3TOM 00JacTH Hepa3pbIBHO CBSI3aH C WHTETPallMeil alropuTMOB HMCKYCCTBEHHOTO WHTEIUIEKTa s
NPEIMKTUBHOIO  aHaju3a TIEOTEXHUYECKMX  JaHHBIX, pPAa3BUTUEM  CUCTEM  CIIyTHUKOBOI'O
PaZMoJIOKallMOHHOTO MOHMTOPHUHIA CMEIIEHUI U CO3JaHMEeM IMHAMHYECKUX LHUQPOBBIX JIBOWHUKOB
NOJ3eMHON MHQPACTPYKTYpbl. MOAEIMPOBAHNE CIIOKHBIX TI'€OMEXaHMYECKHMX CHUCTEM Ha OCHOBE
OONBIIMX JAHHBIX IO3BOJUT TIOJHOCTBIO MCKIIOYMTH 4YeJIOBEUECKUH (akTop NpU MPUHATHH
KPUTHYECKH Ba)XKHBIX MH)KEHEPHBIX perieHui. CTpouTeabHbIE XOJAMHTU U MPOEKTHbIE MHCTUTYTHI,
AaKTUBHO BHEJPSIONIME TEpEeOBbIE METO/bl TEOPHUH PHCKOB B CBOIO IOBCEIHEBHYIO IPAKTHUKY,
oOecrieunBaroT cebe Oe3yClIOBHOE TEXHOJIOTHYECKOE JIHMJIEPCTBO Ha INIOOATbHOM CTPOMTEIBHOM
pbiHKe. IIpenn3uoHHBIM pacueT MOA3EMHONW a’pOAMHAMUKH, TMIPOTE€OJOTMHM U MEXAHUKH TI'PYHTOB
rapaHTUPYeT JOJITOBEYHOCTh KPUTHUYECKH BAKHOW TOPOACKOW WHQPPACTPYKTYpHl IS MHOTHUX
MOCJEAYOIUX TOKOJIECHUM.
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