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(Ykp.)

OrmiHeHi pU3UKKA MiJ3€MHOTO OYIIBHUIITBA 1 BCTAHOBJICHHA MEXaHI3M BIMOBH
KOHCTPYKIIIA TMiJ Ji€f0 JWHAMIYHUX BIUIMBIB METPOIOTATIB B yMOBaX IMIIIAaHUX
BOJIOHACHYEHUX TPYHTIB, SKMH TOB’S3aHUN 3 BTOPHMHHUM OCIAaHHSM METPOTYHENIO IPH
neGopMyBaHHI IPYHTOBOI OCHOBM 3 YTBOPEHHSM IIPU3MHU CIIOB3aHHS, 3 PI3HOIO
IHTEHCUBHICTIO IIOTO TPOIECY B3IOBXK TpacH TyHEN. Po3poliieHa MeToIuKa BpaxyBaHHS
PHU3UKIB TiA3eMHOro OyAiBHHUIITBA B yMOBaxX HEMOBHOTH MPOEKTHOI iH(opMaIi HUIIXOM
BUKOPUCTAHHS CHUHTE3y JIBOX CYYaCHHX CHOCOOIB MOJETIOBAaHHS — YHCEIBHOTO METOMY
CKIHYEHHUX eJIEMEHTIB Ta WMOBipHiCHOrO MeToay MonTe-Kapio, 1mo 3a0be3neuye nepexis Bij
NETePMIHOBAaHMX METOMIB BUPINICHHS CKIAJHUX TE€OMEXaHIYHHMX 33734 JI0 BpaxyBaHHS
IMOBIpHICHHMX B1JIXWJICHB 1 OLIIHKH PH3HUKIB.

OmineHi  3B’S3KM  CTPYKTYPHO-(YHKIIOHATBHHUX,  IH)KEHEPHO-TEOJIOTIYHHX 1
TEXHOJOTIYHUX  (AKTOPIB OCBOEHHS MiA3eMHOro mpoctopy. OTpuMaHi mHOBEpXHi
3aJIe)KHOCTEH MOayIto Aedopmaltii Ta 34EIUIeHHS Bijl MOKa3HUKA TEKy4OCTi Ta Koe(ilieHTy
MOPUCTOCTI IPYHTIB, SIKi CBIAYaTh PO (GOPMYBAHHS ABOX BHPA3HUX 30H 3MIiHH iX MIITHICHHX
BJIACTMBOCTEN Yy 3alie)KHOCTI BiJ 30UIbIIEHHS 4Mcha TuiactuyHocTi. lle mo3Bossie Ouibin
IIOBHO BpAXOBYBATH XapakTep 3MIHHOCTI T€OJIOTIYHOIO CEpellOBHINA MpH IJIaHyBaHHI
00’€KTIB MI3eMHOI YpOaHICTHKHU.

Po3pobneni meronuka Ta 1HCTpyMEHTapii Moan(iKOBaHOIO MOP(OJIOTIYHOrO aHami3y,
mo dopmMalizye 1 CyNpOBOKYE TMPOIEC OIIHKM PU3UKIB 1 NPUUAHATTS PIMIEHb PO
JOUITBbHICTD BUKOPUCTAHHS TepUTOpii (IEOJIOTIYHOrO CEpeloBMINA) IS  MICBKOTO
nig3eMHoro OyaiBHULITBA. Po3pobieHo MOpQoIoridyHy MO/Ieb OLIIHKH AUISHOK OYyJIBHUIITBA
HiA3eMHUX 00’€KTIB, CTBOPEHO MOPQOJIOriuHi TabauIi, 0OOIpPyHTOBAaHO aJbTEPHATUBU CTaHIB
1 IIKaJU eKCIePTHUX OLIHOK, MOOYJI0BaHO MAaTpHUIll B3a€MO3B’s3KiB (paKTOpIB BIUIMBY Ta
aIbTEepHATUB NapameTpiB. TecTyBaHHS po3poOiIeHOT Mojeni Uil OyAiBHMLTBA MiA3EMHHUX
napkiHriB Oyso mpoBeneHO Ha ABOX aAusHkax y llleBuenkiBcbkomy paiioni M. KueBa 3
pPI3HUMHM  1H)KEHEpHO-T€OJIOTITYHMMHU  XapaKkTEepUCTHKaMH.  AOCOJIOTHI  MOKa3HUKU
pO3paxoOBaHMX OIIHOK ajdbTEPHATHB MapaMeTpiB ckianu BignmoBigHo 0,688 1 0,993, mro
JI03BOJISIE BIIATH TepeBary JApyrii nuisHii. Po3po0ieHa KOTHITUBHA KapTa TEPUTOPIN s
OyIiBHULTBA MiJ3eMHHUX MapkiHriB Kuesa, sika Brepiie BpaxoBye MOPQOJOTiYHI 3B’SI3KH
Hi3eMHUX 00 €KTIB 3 Ha3€MHHMH, a TaKOX C CHUCTEMOIO TPAHCIOPTHUX KOMYHIKAIliil i
30HAJFHOI0  XapPaKTEPUCTHUKOIO TEPUTOPI, M0 pa3oM 3 (HakTopaMHd T€OJOTIYHOTO
cepe/loBUIlla BU3HAYAE €KOHOMIUHY M (DYHKIIOHAJIBHY JOLUIBHICTh PO3MILIEHHS IMiA3€MHHUX
CIIOPY/ Ha PO3TIISTHYTUX TEPUTOPIAX 3 KUIBKICHOIO OI[IHKOIO PU3HKIB.

Takum ymHOM, Ha 6a31 Moau]ikOoBaHOTO MOP(OJOTIYHOTO aHaiizy Oyina CcTBOpeHa
HAayKOBa METOJIOJIOTISI IJIaHYBaHHS CHUCTEMM ajbTEpHATUBHUX MPOEKTHUX KOH(Diryparii
METanoJicy, fKa JAa€ B PyKH 1HBECTOPIB Ta MICBKUX JIepKAaBHUX aJMiHICTpaliil eheKTUBHUIL
IHCTPYMEHT YIpaBIiHHSI PU3UKaMU Ta IHBECTHULISMU NPU OCBOEHHI I€OpPECypCiB BEIUKHX
micT. Po3pobnena crparerisi po3BUTKY MiA3eMHOT ypOaHICTUKM METaroficiB, ska 3ade3neuye
KOMILIEKC 3aXOJiB aJIMIHICTPATHBHO-TIPABOBOTO, €KOHOMIYHOTO, OCBITHBO-HAyKOBOTO Ta
TEXHOJIOTIYHOTO PiBHIB /JIs1 MACIITA0OHOTO MiCHKOT'O Mi/I36MHOT0 OYyiBHUIITBA B YKpAaiHi.



(poc.)
OrneHEeHBl PHUCKH  TMOA3EMHOIO0 CTPOMTEILCTBA MW YCTAHOBJICH MEXaHHM3M OTKasza

KOHCTPYKUUH MOJ IEHCTBUEM AMHAMUYECKUX BO3ACUCTBUU OT IIOE3/10B METPO B YCIIOBUAX

IeCYaHbIX BOJOHACBIIICHHBIX TI'PYHTOB, KOTOpBII71 CBjA3aH C BTOPUYHBIM OCCAaHUEM

METPOTOHHENS TMpH jAeGopMaliii TPYHTOBOTO OCHOBAaHHS C OOpa3oBaHUEM MPHU3MBI

CIIOJI3aHHusA, C pa3H0171 HHTCHCHUBHOCTBIO J3TOI0 IIpoHecca BAOJb TpacCcCbhl TOHHEIIA.

Pazpaborana metroauka ydera pUCKOB MOJ3€MHOTO CTPOUTEILCTBA B YCIOBUSIX HETOJIHOTHI

HpOGKTHOﬁ I/IH(bOpMaHI/II/I IIYTEM HCIIOJb30BaHUA CHHTE3a ABYX COBPEMCHHBIX cI1oco0oB

MOACIIUPOBAHUA — YHUCICHHOI'0O MCTOAA KOHCYHBIX 3JICMCHTOB W BCPOATHOCTHOIO MCETOJA

MOHTG-KapJ'IO, 4yT0 00€ecIeYnBaeT nepexoa OT ACTCPMHUHHUPOBAHHBIX METOAOB PCHICHUSA

CJIOKHBIX TCOMEXAHNYCCKUX 3a1aY K YYCTY BEPOATHOCTHBIX OTKJIOHEHHUHU U OLICHKU PHCKOB.

OHGHGHBI CBs3H1 CTp}IKTypHO-(bYHKL[I/IOHaJIBHBIX, HWHXXCHCPHO-TCOJIOTHYCCKUX u
TEXHOJIOTUYECKUX (PaKTOPOB OCBOCHHMS MOA3EMHOTO MPOCTpaHCcTBa. [1omydeHsl OBEpXHOCTH
3aBHUCHUMOCTEN MOIYJIsA ,Z[e(l)OpMaHI/II/I " CHCIUVICHUC ITI0Ka3aTeIsl TCKYYCCTH U K03(1)(1)I/II_II/I€HT8.
MOPUCTOCTU TPYHTOB, KOTOPBIE CBUAETEILCTBYIOT O (DOPMHUPOBAHUU JBYX BBIPA3UTEIbHBIX
30H H3MCHCHHUSA HX IMPOYHOCTHBIX CBOWCTB B 3aBHCHUMOCTH OT YBCIUUYCHUA YHUCIIA
IUIACTUYHOCTU. OJTO TNO3BOJIAET 0o0Jjiee TOJHO YYMTHIBaTh XapakKTep HW3MEHYUBOCTU
reoJIOTH4eCcKou Cpcabl IIpH IMJIaHUPOBAHHUH 00BLEKTOB HOHSGMHOﬁ yp6aHI/ICTI/IKI/I.

PazpaboTanbl MeTOJMKAa ¥ WHCTPyMEHTapUil MOAU(DUIIMPOBAHHOTO MOP(}OIOTHIECKOro
aHalln3a, KOTOPLIC (1)OpMaJ'II/I3y}0T U COIIPOBOXAAKOT IPOLHECC OUCHKHU PHUCKOB H IMPHUHATHA
peuieHui o 11e1eco00pa3sHOCTH HMCIIOIb30BAHUS TEPPUTOPHUH (T€OJOTUYECKON CPEeJbl) IS
TOpPOACKOIro mnmoA3€MHOI0o CTpPOHUTCIILCTBA. Pa3pa60TaHa MOp(I)OJ'IOF NYCCKasi MOJACJIb OLICHKHU
YYacTKOB CTPOUTENHCTBA IMOA3EMHBIX OOBEKTOB, CO3/JaHbl MOpP(OJIIOrHYECKUe TaOIULIbI,
000CHOBaHBI AJIbTCPHATUBLI COCTOSIHHM U IIKaJIbl OKCIICPTHBIX OLCHOK, IIOCTPOCHBI MATPULIbI
B3aMMOCBsA3€  (akTOpOB BIMAHHA W  QIbTEPHATHB MapaMeTpoB. TecTupoBaHME
pa3pa60TaHH0171 MOZACIIN IJId CTPOUTECIBCTBA NMOA3CEMHBIX ITAPKUHI'OB OBLIO MMPpOBCACHO Ha
IByx ydactkax B IlleBuenkoBckom paiioHe T. KueBa ¢ pa3iIMyHBIMM HHYKEHEPHO-
TCOJIOTUYCCKUMU XapPAKTCPUCTUKAMU. AOCOIIOTHEIE TOKa3aTeNIn PaCCUUTAHHBIX OHICHOK
aIbTEpHATUB MapaMETPOB COCTaBUIU cooTBeTCcTBEHHO 0,688 1 0,993, uTo mo3BoJIAET OTAATH
OpeAnoYTeHue BTOpPOMY ydacTKy. Pa3paboTaHa KOTHUTHBHas KapTa TEPpUTOPHM s
CTPOUTECIIBCTBA IIOA3€EMHBIX IMapKHUHI'OB KI/ICBa, KOTOpasa BIICPBLIC YUUTBIBACT
MOp(l)OIIOFI/ILICCKI/Ie CBA3HM MNOA3CMHBIX 00BEKTOB C Ha3EMHBbIMH, a TaKXC C cCUCTEeMOM
TPAHCIOPTHBIX KOMMYHHUKAIIMI M 30HAJIIBHOM XapaKTEPUCTUKON TEPPUTOPHUH, YTO BMECTE C
q)aKTOpaMI/I reoJ0rn4ecKoi cpeabl OHnpeaAcIsa€T SKOHOMUYCCKYIO U (bYHKHHOHaHBHYIO
1e1ecO00pa3HOCTh  pa3MENIeHMs] MOJ3EMHBIX COOPYXEHHl Ha  paccMaTpUBaeMbIX
TCPPUTOPUAX U obecreynBaeT KOJIMYCCTBCHHYIO OLICHKY PUCKOB.

Takum oOpazoM, Ha 0a3ze MOAUDHUIIMPOBAHHOTO MOP(OJIOTHYECKOTO aHanmu3a ObLIa
Co3laHa Hay4dHas MCTOHOJIOTHA IUIAaHUPOBAHUSA CUCTCMbBI AJIBTCPHATUBHBIX IPOCKTHBIX
KOH(Urypauuii meramosuca, KoTopas JaeT B pPYKH MHBECTOPOB U TOPOACKHX
rOCyJapCTBEHHBIX aJAMUHUCTpanMi >(PQPEeKTUBHBI HMHCTPYMEHT YIpaBJIEHUS PHUCKaAMH U
MHBECTUIMSMHU TP OCBOEHUHU TeOpeCcypcoB KPYIHBIX TopoioB. PaspaboranHas crparerus
pPa3BUTHA HOILSGMHOﬁ yp6aHI/ICTI/IKI/I MECTraIroJIMcoB obecrneynBaeT KOMIIIEKC MCp
AIMUHHUCTPATHBHO-IIPABOBOTIO, 3KOHOMUHNYECKOTIO, H&y‘IHO-O6p330BaTeJ'H)HOFO n
TCEXHOJIOI'HYCCKOI'O ypOBHCﬁ JJIA MacIITabHOTO TOPOACKOTO MOA3CMHOI'O CTPOHUTCIILCTBA B
KPYIHBIX TOPOJIaxX Y KpanHBbI.

(anrJI.)

The risks of underground construction are estimated and the mechanism of structural failure
due to dynamic effects from metro trains in conditions of sandy water-saturated soils is
established, which is associated with secondary subsidence of the metrotunnel during
deformation of the soil base with the formation of a creeping prism, with different intensities of
this process along the tunnel route. A methodology has been developed for taking into account
the risks of underground construction under conditions of incomplete design information by



using the synthesis of two modern modeling methods - the numerical finite element method and

the probabilistic Monte Carlo method, which provides a transition from deterministic methods

for solving complex geomechanical problems to accounting for probabilistic deviations and risk
assessments.

The connections of structural-functional, engineering-geological and technological factors of
underground space development are estimated. The surfaces of the dependences of the
deformation modulus and the adhesion of the yield index and soil porosity coefficient are
obtained, which indicate the formation of two expressive zones of change in their strength
properties depending on the increase in the number of ductility.

The methodology and tools of the modified morphological analysis are developed, which
formalize and accompany the process of risk assessment and decision making on the feasibility
of using the territory (geological environment) for urban underground construction. A
morphological model has been developed for assessing the construction sites of underground
facilities, morphological tables have been created, justified state alternatives and expert
assessment scales, matrices of the relationships of influence factors and alternatives of
parameters have been constructed. Testing of the developed model for the construction of
underground parking was carried out at two sites in the Shevchenkovsky district of Kiev with
various engineering and geological characteristics. The absolute indices of the calculated
estimates of the alternative options were 0.688 and 0.993, respectively, which allows us to give
preference to the second section. A cognitive map of territories has been developed for the
construction of underground parking in Kiev, which for the first time takes into account the
morphological relationships of underground objects with ground objects, as well as with the
system of transport communications and the zonal characteristics of territories, which, together
with factors of the geological environment, determines the economic and functional feasibility of
placing underground structures in the territories under consideration and ensures quantitative risk
assessment.

Thus, on the basis of a modified morphological analysis, a scientific methodology for
planning a system of alternative design configurations of a megalopolis was created, which gives
investors and city government administrations an effective tool for managing risks and
investments in developing the geo-resources of large cities. The developed strategy for the
development of underground urbanism in megacities provides a set of administrative, legal,
economic, scientific, educational and technological levels for large-scale urban underground
construction in large cities of Ukraine.

4. HasiBHICTb OXOPOHHMX /IOKYMEHTIB Ha 00’€KTH NPaBa iHTeJeKTYaIbHOI BJACHOCTI.
[Tatent Ha BuHaxigy UA Ne 119030. Ilpuctpiit uist 3BeI€HHS MOHOJIITHOTO KPIIUJICHHS
tynento/B.I'. Kpasenp, C.M. Crosnauk, ['.I. Taiiko, C.B. 3aituenxo. MIIK E21D 9/06
(2006.01), E21D 11/10. Omy6:1. 25.04.2019, brom. Ne 8.

5. TlopiBHsIHHA 3i CBITOBUMH aHAJOTaMH.

HaykoBo TexHIYHUN piBeHb BHUKOHAaHOI pPOOOTHM BIANOBiA€ CBITOBOMY PIBHIO.
HOpiBHSIHHSI 3 p06OTaMI/I, 10 BUKOPUCTOBYIOTH CHCTEMHI MET oI JIA IJIaHYBAHHS OCBO€HHSA
nigzeMmHoro npocropy (I'ipauue 6topo CILIA, I[ncturyt cucremuoro ananizy PAH, MICIC ta
1H.) CBITYMTH MPO OPUTIHAIBHICTH T4 KOHKYPEHTOCIIPOMOXKHICTh PO3pPOOJIEHOI METOI0IOT 1T
JUIS TITAaHYBaHHS CHCTEMH alIbTEPHATHMBHUX TNPOEKTHUX KOHQIrypamii Meramojicy Ta
OCBOEHHS HOT'0 Te0pecypciB.

6. ExonomiuHa npuBadIMBiCTh /5l MPOCYBAHHS HA PUHOK.
3acrocyBaHHsS po3po0OsieH0T «MeTOIUKH MPOTHO3HOI OIIHKK CHPUSTIUBOCTI T€OJOTIYHOTO
cepenoBuiia OyAIBHUITBY OO0’€KTIB MiA3€MHOI ypOaHICTHMKH» JO3BOJSIE BXE Ha
NEepeANpPOEKTHIN cTaaii oTpuMarTh AaHi MpO WMOBIpHI PU3MKU MiI3eMHOr0 OYAiBHMIITBA,
BEIMYMHY 1X aJbTEPHATUBHOI OIlIHKH, pPIBEHh EKOHOMIYHHUX BTpaT B pasi peamizarii
HEraTUBHOTO CIIEHApiIO, IO J]a€ B PYKH IHBECTOPIB Ta MICBKHX JEpKaBHHUX aJMIHICTpaIliit
e(DeKTUBHMI THCTPYMEHT YIPaBJIIHHS PU3UKAMH Ta 1HBECTHUIISIMH JJII PO3BUTKY MiI3EMHOL
ypOanicTuku. Po3poOnenuit iHCTpyMeHTapiii Moke OyTH YCHIIIHO 3aCTOCOBAHUN IS



noOyJI0BH CTpAaTETiyHUX MaiicTep-IjIaHiB PO3BUTKY «Iig3eMHOr0 KueBay Ta iHIIMX BEIUKHUX
MicT YKpaiHu.

7. Tlorenuiiini kopuctyBaui (raaysi, MiHicTepcTBa, BiZoMcTBa, miANpHEMCTBA,
opranizanii). OTpumaHi OIIIHKM PHU3MKIB 1 MEXaHi3M BIJIMOBH KOHCTPYKIIH Mix [i€ro
JUHAMIYHUX HABAHTAXXECHb Y MEPETIHHUX TYHENIAX MOXYTh OYTH ILiKaBi JJIsi KOMYHAJIbHOTO
nianpueMcTBa «KUIBCHKUIT METPOMOMITEH» Ta 1HIIUX METPOIIOJIITEHIB KpaiHH, METOJUKH Ta
IHCTpyMEHTapiii TMJIaHyBaHHS pO3BUTKY MiA3eMHOI ypOaHicTUKM — g «lHCTHTYTY
['enepanbHoOro 1UIaHy Micta KueBa» Ta MICHKHMX JEpKABHUX aJMIHICTpAIliil BEJIMKHUX MICT.
KoruiTuBHi KapTH MiA3eMHUX MapKIHTIB MOXYTh 3allikaBUTH OyiBeJbHI KOproparii
VYkpainu.

8. CTaH rotoBHOCTi po3p00KH — METOIMKH FOTOBI 10 BITPOBAKCHHSI.

9. IcHymoui pe3yibTaTH BIPOBA/IZKEHHS.

«MeToauKa TPOTHO3HOI OIIHKK CHPHUSATIMBOCTI T'€OJIOTIYHOTO CEepefOBUINA OYHiBHHUIITBY
00’exTiB mif3eMHOi1 ypOaHicTuku» BupoBamkeHa B Kopnopauii «IBK-XKUTJIOBY Iy, M.
KuiB myis oOrpyHTYBaHHS BUOOPY AUISHOK OYAIBHUIITBA MiA36MHUX MAPKiHTIB.
«PexomeHanii IMOAO CTPATEriyHOrO PO3BUTKY IMig3eMHOI ypOanicTuku Micta Kuesay
nepenani B KuiBCbKy MIChKY JepKaBHY aJMIHICTpalil0o Ta B AKajemiro OyaiBHHIITBA
VYkpainu
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