AHOTANIA
Mameitiuyk 1. O. IlnanyBaHHSl MIJ3€MHOTO MPOCTOPY METAIoIICiB y 3MIHHOMY
reoJIOTIYHOMY cepenoBuii. - KamiikamiitHa HaykoBa mparisl Ha mpaBaxX PyKOIHUCY.
Jucepranisi Ha 3100yTTs HAYKOBOI'O CTYIEHs JOKTOpa (uiocodii 3 ramy3i 3HaHb
18 BupoOHHUIITBO Ta TeXHOJOTIi 3a cremanbHicTio 184. [NpHunTBo. — HamioHanesHui
TeXHIYHUN yHiBepcuUTeT YKpainu «KWiBChKHMIA MOMITEXHIYHUN 1HCTUTYT iMeHi Irops

Cikopcbkoro», Kuis, 2020.

CydacHUil pO3BUTOK METANONICIB CYMPOBOIKYETHCS IIUPOKUM OCBOEHHSIM
reopecypciB 1 Bele /0 CYTTEBOTO YCKJIAaIHEHHS (YHKIIOHATBHO-TIPOCTOPOBOI
opranizarii micra. OTHAM 3 HAHOUTHIT e(PEeKTUBHHUX MUISAXIB BUPIMICHHS YPOAHICTHIHUX
npoOsieM  (TepUTOpiaibHUX,  TPAHCIOPTHHX,  CHEPreTUYHHX,  CKOJIOTIYHMX,
BOJIOTIOCTAYaIbHUX, & TAaKOX 30€PEeKECHHS apXiTEKTYPHOI 1JIGHTHYHOCTI ¥ KYJIbTYPHOI
CHAJIIMHK MICT) € OyMIBHUITBO MiJI3EMHUX CHOPYH 1 OaratoyHKI[IOHAIBHUX
KOMIUIEKCIB PI3HOTO MPHU3HAYCHHS 3 BUKOPUCTAHHSM IPOTPECHUBHUX TEOIHKEHEPHUX
TEeXHOJIOT1H.

Cepen mpo0OieM IUTaHYBaHHS IJ3€MHOTO TIPOCTOPY BEIWKHX MICT 3HAYHY
aKTyaJIbHICTh 30€epiraroTh 3ajiayl BIUIMBY 3MIHHOCTI T€OJIOTIYHOTO CepeJOBHILNA Ha
CTIMKICTh MIJI3€MHUX CHOPYJ Ta MPOTHO3HA OIL[IHKA MOT0 CHPUSTIUBOCTI OYIIBHULTBY
Ta eKCIUTyaTallii ma3eMHuX 00’ EKTIB.

MeToro aucepTaliifHOTO JOCHTIKCHHSI € CUCTEMHE OOTPYHTYBAaHHS IJIaHYBaHHS
MII36MHOTO TIPOCTOPY METATIOJICIB B 3MIHHOMY T'€OJIOTIYHOMY CEPEIOBHIII.

Jlns  BUpIMIEHHS TIOCTAaBICHWX 3aBJaHb BUKOPHUCTAHWA KOMIUIEKC METOMIIB
TEOPETUYHHMX 1 EKCIIEPUMEHTAIBHUX JIOCHTIDKEHb, 30KpeMa MOIU(IKOBAaHUNA METO]
MOPQOJIOTIYHOTO aHaJi3y, METOJ €KCIIEPTHUX OIIHOK, METOJI CKIHYCHHX EJIEMEHTIB 1
MeTtosr MonTe-Kapio (a Takox ix CHHTE3), METOJIMKAa HATYPHUX O0OCTEKEHb TEXHIYHOTO
CTaHy MIA3eMHHX CIIOPYJd, METOAUKa JIabopaTOpHOrO BHU3HAYCHHS (DI3UIHUX
BiactuBocter IpyHTIB (3rigHo JCTY b B.2.1-17:2009) ta 1H.

B nuceprartiii orprMaHi 3HaUMMi HAYKOB1 pe3y/IbTaTH:



Ha ocHoBi cdopmoBaHoi 0a3u JaHUX TEOJIOTIYHOTO CEpPEOBHUIA B MEXax
npaBoOepexkHoro KueBa  BCTAaHOBIIGHO — XapakTep  3aJIE)KHOCTEH  MeXaHIYHUX
BJIACTUBOCTEH IPYHTIB Bij 3MiHU MOKa3HUKa TeKydocTi (1) Ta koedimierTa moprucTocTi
(e) 1 BUsABIIEHA TEHJEHIlIA 3HAYHOTO (B 2 — 4 pas3u) 3HIKEHHS MOKA3HUKIB MUTOMOTO
3YeIICHHS Ta MOJYIIIO Aedopmariii CyImicKiB Ta CyTrJIMHKIB 1 gento mermoro (B 1,3 — 1,7
pasm) mnsg rumH y giamasoni 0 <Ip< 0,50, 3 TEHACHINE MOMATIBIIOTO MOBILILHOTO
3MeHIeHHs y aianaszoni 0,50 <1y <0,75.

BcTanoBieHo, mo xapakTep 3MiHU MO0 AchopmMariii Ta TUTOMOTO 3YSIICHHS
IPYHTOBOTO MAacHUBY, IIIO BMIIlye BUPOOKY MIJIKOTO 3aKjIaJiaHHs, KOPEKTHO OMHUCYEThCS
MOBEPXHAMU 3aJICKHOCTEH Bl KOMOIHAIT MOKa3HUKA TEKYYOCT] Ta MOPUCTOCTI IPYHTY,
MPUYIOMY 3MIIIEHHS IMOKa3HUKA TeKy4JOCTi IpyHTY 3 mianma3ony 0 < Ip < 0,50 B gianazon
0,50 < I < 0,75 npuszBoauTh 110 POPMYBAaHHS MPU3MHU CIOB3aHHS Ha BCIO MIHMOUHY
3aKiIaaHHsA BUPOOKM ¥ 30UTBIICHHS CEPeIHIX 3HAYeHb 3TUHAIBHUX MOMEHTIB Y
BEpIIMHI CKJeNiHHs BUpoOku B 1,3-1,6 pa3su B ymoBax cymickis, y 1,2 — 1,4 pa3u B
yMOBax CyIJIMHKIB, y 1,3 — 1,5 pa3u B yMOBax IJIHH.

Po3po0bneni mopdoioriuai Mozieni, 1110 BpaXxoBYIOTh BIUIMBU TaKUX (PAKTOPIB AK
piBeHb JWHAMIYHOTO HAaBaHTAXECHHS, TOKA3HWK CTATUYHOTO HABAaHTA)XCHHS BIiJl
MOBEPXHEBOT 3a0y0BH, MOKA3HUK CTATHYHOTO HABAHTAKEHHSI OTOYYIOUOTO TPYHTOBOTO
MacHUBY, BIUIUB ICHYIOUHUX M1JI36MHHUX 00’ €KTIB, TEHETUYHUI THII Ta JITOJIOTIYHUMA CKIIa]
IPYHTIB, PO3PaXyHKOBHI OITip IPYHTY, BIUIMB BOJIOHOCHHX TOPH30HTIB 1 BEPXOBOJKH,
TUn  penbedy 1 MopdoMeTpis, 1HXKEHEPHO-TeOJOTIUHI MPOLECH, T'€OTEXHOJIOrIT
OyMiBHHMIITBA IMJ3€MHUX CHOpYyA. I3 3alydeHHIM METOAy MOJH(IKOBAHOTO
MOPQOJIOTIYHOTO aHaTI3y MPOBEJCHA MPOTHO3HA OIlIHKA CIPHUSATIMBOCTI I'€OJIOTIYHOTO
cepenoBuina OyMiBHUITBY 00’ €KTIB MiA3eMHOI YpOAHICTUKU, IO JTO3BOJIUJIO OLIHHUTH
pPiBEHb 1 CTyNeHb PHU3MKY HA PI3HHX AUISTHKAX OyJiBHUITBA, NMPUYOMY (aKTOpPH
CTaTUYHOTO HABAaHTAKEHHS OTOUYIOUOTO TIPYHTOBOTO MacuBy (3 YypaxyBaHHSIM
MMOKa3HMUKAa TEKY4YOCTi) Ta 1HKCHEPHO-TEOJIOTIYHI TMPOIECH B MACHBI 3yMOBHWIIH
HANOUIBIIUI BIUIMB HA aJbTEPHATUBU CTYIEHIO Ta PIBHS PU3HKIB.

Mertoauka Ta iHCTpyMEHTapidi IUIaHyBaHHS OYHIBHHUIITBA MiI3EMHHX CIIOPY/I

BIIEpILIEC JO3BOJWIM MOEJHATH OLIHKY BIUIMBIB 1 3B’S3KIB (DAKTOpIB T'€OJIOTIYHOTO,



TEXHOT€HHOIO Ta CTPYKTYPHO-(YHKIIIOHAJIBHOTO THIMIB JUIsl aHai3y CIPUSTIUBOCTI
MICBKMX TEpUTOpii OYyMIBHULTBY MIJ3€MHUX MAPKIHTIB (K 3 OOKY EKOHOMIYHHX
(dakTopiB OYyMIBHUIITBA ¥ €KCILTyaTarii M 3eMHOI CIIOPYd B 3MIHHOMY T'€0JIOTITYHOMY
CepelloBUINl, TakK 1 PHU3UKIB II0A0 3arpedyBaHOCTI mapkiHra). (OCHOBOIO
IHCTpYMEHTapiro 00paHo MoAU(IKOBAHHK METOT MOP(HOIOTIYHOTO aHATI3Y, KU T00pe
3apEeKOMEH/IYyBaB ce0e y MOJIENOBaHHI MPOOIEMHUX CUTYaIlil, 00’ €KTH SKUX MOXYTh
MaTH BEJUKY KUIbKICTh alIbTEPHATUBHUX KOH(Irypauii. Bin 103B0MB, cripaounch Ha
BHUJIJICHI TPYIH TEOJOTIYHUX 1 TEXHOTEHHUX (aKTOpiB, a TaKOX (YHKIIOHATBHUX
XapaKTePUCTUK JUISHOK PO3IJSHYTH HU3KY pIIIEHb 1 TPyl PHU3UKIB JUIsl OLIHKHU
JOLTBHOCTI OCBOEHHSI MiJJ3€MHOTO MIPOCTOPY HA POTIISIHYTHX TEPUTOPISIX.

[TpakTH4Ha MIHHICTH AWCEPTAIIHHOI POOOTH MOJISTAaE B TOMY, IIO:

CdopmoBana 6a3a JaHUX TE€OJOTIYHOTO CEPEAOBHINA B MEXaxX MPaBOOEpPEKHOTO
Kuepa, sska B moemaHadi 3 MOAH(IKOBAHHM METOJOM MOP(]OJIOTIYHOTO aHaIi3y Ta
HaIpalbOBAHUM I1HCTPYMEHTApIEM WOIr0 3aCTOCYBaHHS JJIsi OCBOEHHS TI'€OPECYpCiB
CTOJIMIII MOXYTh OYyTH BHUKOPHCTaHI JUIsI MOOYIOBH CTPATEriYHOTO MaKCTep-IUIaHy
PO3BUTKY MiI3eMHO1 ypOaHicTuku Kuesa.

Po3pobiiera «MeToMka TPOTHO3HOI OIIHKHA CHPHUSTIMBOCTI T'€OJOTTYHOTO
cepenoBuina OyAIBHUITBY OO0’€KTIB MiA3€MHOI YpOaHICTHKW», SKa JO3BOJISIE
MPOrHO3YBAaTU PI3HOMAHITHI PU3MKH, OLIIHIOBATH IMOBIPHICTH peasizaiii HeraTuBHUX
CIleHapiiB Ta JOJATKOBI BUTPATH IOB’s3aHI 3 HAMH III¢ Ha TMEPEANPOCKTHIN craii
cropy/KeHHs mia3eMHuX 00’ekTiB. Lle qae B pyku 1HBECTOpIB Ta MICHKHX AEpPKaBHUX
aaMmiHicTparii eeKTUBHUNM IHCTPYMEHT YIPABIiHHS PU3UKAMH Ta 1HBECTHINISIMU TIPH
OCBOEHHI MiI3¢MHOTO ITPOCTOPY METAITOICIB.

Pesynbratin poGotu y Burisaai «METOJUKH MPOTHO3HOI OLIHKHA CHPHUSTIHBOCTI
TCOJIOTIYHOTO  CEPeOBUINA  OYMIBHUNTBY OO €KTIB  MMiJ3eMHOI  ypOaHICTHKW»
BrpoBakeHl B Kopnopauii «IBK-XXKUTJIOBY I», m. KuiB (akT BOpoBa/pKeHHS BIJ
02.12.2019), pe3yapTaTd HATYpHHX 1 JIA0OPATOPHUX JOCITIKEHb 3MIHHOTO
re0JOriYHOr0 CEpeloBUIA Ta KOHCTPYKUIA KpimieHHs mTodbHI CHpenpKoro
camoruMBHOTO KoJiekTopy BrpoBakeHi B TOB «'EC I'PVII» (akT BpoBasKeHHS BiJT

02.03.2020), «PexoMennarii o0 CTPAaTEriYHOTO PO3BUTKY IMiJ3eMHOT YpOaHICTHKU



micta KueBa» mnepemani B KMJIA ta B Akazemito OyJIiBHHMITBA YKpaiHU aJis
MOJIAJIBIIIOTO 3aCTOCYBAHHSI.

3a matepiazamMu AmcepTallii omyOJikoBaHO 6 cTaTel, 3 kX 2 — y ¢axoBHX
BUJIAHHAX YKpaiHW, 2 y BUIAHHSX, 1110 BXOJISATh JJO HAYKOMETPUYHUX 0a3 TaHuX Scopus
ta Web of Science, 3 HUX 1 — 1m0 BXOAHTH J0 JAPYyroro kBapTwito Q2 BIAMOBIAHO 10
knacudikamii SCImago Journal and Country Rank ta Journal Citation Reports.

KirouoBi ciaoBa: migzemMHa ypOaHICTHKA, TMIA3€MHI CHOPYAH, MiA3€MHUN
MPOCTIp, TEOPECYPCH, TEOJIOTIUHE CepeaoBHIIe, MOP(OJIOTIUHNN aHai3, MopdoIoridyHa
MOJIe]Tb, MEXaHiKa TIPYHTIB, TIOKa3HUK TEKy4docTi, (OpMyBaHHS HaBaHTAKEHb,

3TUHAJILHUNA MOMEHT, OI[IHKA PU3HKIB, CHCTEMHHI MiAXI/I.



SUMMARY

Matviychuk I. Planning of underground space of megacities in the changing
geological environment. - Qualifying scientific work, the manuscript.

PhD thesis in the field of knowledge 18 Production and technologies in specialty
184 Mining. - National Technical University of Ukraine " Igor Sikorsky Kyiv
Polytechnic Institute", Kyiv, 2020.

The modern development of megacities is accompanied by extensive
development of georesources and leads to a significant complication of the functional
and spatial organization of the city. One of the most effective ways to solve urban
problems (territorial, transport, energy, environmental, water supply, as well as
preserving the architectural identity and cultural heritage of cities) is the construction of
underground structures and multifunctional complexes for various purposes using
advanced geoengineering technologies.

Among the problems of planning the underground space of large cities, the tasks
of the impact of variability of the geological environment on the stability of
underground structures and the forecast assessment of its favorable construction and
operation of underground facilities remain significant.

The purpose of the dissertation research is a systematic substantiation of the
planning of the underground space of megacities in a changing geological environment.

A set of methods of theoretical and experimental researches, in particular the
modified method of morphological analysis, a method of expert estimations, a method
of finite elements and a Monte Carlo method (and also their synthesis), a technique of
field inspections of a technical condition of underground constructions, a technique of
laboratory definition of physical properties are used. soils (according to DSTU B B.2.1-
17: 2009), etc.

In the dissertation significant scientific results are received:

Based on the formed database of the geological environment within the right-

bank Kyiv, the nature of the dependences of mechanical properties of soils on changes



in yield capacity (IL) and porosity coefficient (e) was established and a tendency of
significant (2 - 4 times) decrease in specific adhesion and sand deformation modulus
was revealed. loams and slightly less (1.3 - 1.7 times) for clays in the range 0 <IL
<0.50, with a tendency of further slow decrease in the range 0.50 <IL <0.75.

It is established that the nature of the change of the modulus of deformation and
specific adhesion of the soil mass, containing the development of shallow laying, is
correctly described by the surfaces of dependences on the combination of soil flow and
porosity, and the displacement of soil flow from 0 <IL <0.50 to 0.50 <IL <0,75 leads to
formation of a sliding prism on all depth of laying of working out and increase in
average values of bending moments in the top of a vault of working out in 1,3-1,6 times
in the conditions of sandy loams, in 1,2 - 1,4 times in the conditions loams, 1.3 - 1.5
times in clay.

Morphological models have been developed that take into account the effects of
such factors as the level of dynamic load, static load from surface construction, static
load of the surrounding soil mass, the impact of existing underground objects, genetic
type and lithological composition of soils, calculated soil resistance, aquifers and
verkhovodki, type of relief and morphometry, engineering-geological processes,
geotechnologies of construction of underground structures. Using the method of
modified morphological analysis, a forecast assessment of the favorable geological
environment for the construction of underground urban facilities, which allowed to
assess the level and degree of risk in different construction sites, and the factors of static
load of the surrounding soil (flow rate) and other arrays have had the greatest impact on
alternatives to the degree and level of risk.

Methods and tools for planning the construction of underground structures for the
first time allowed to combine the assessment of impacts and relationships of geological,
man-made and structural-functional factors to analyze the suitability of urban areas for
underground parking (both economic factors of construction and operation of
underground structures in changing geological environment and risks in terms of
parking demand). The tool is based on a modified method of morphological analysis,

which has proven itself in modeling problem situations, the objects of which can have a



large number of alternative configurations. He allowed, based on the selected groups of
geological and man-made factors, as well as the functional characteristics of the sites to
consider a number of solutions and risk groups to assess the feasibility of developing
underground space in the areas.

The practical value of the dissertation is that:

The database of the geological environment within the right-bank Kyiv, which in
combination with the modified method of morphological analysis and the developed
tools of its application for development of georesources of the capital can be used to
build a strategic master plan for underground urban development in Kyiv.

The "Methodology for forecasting the favorable geological environment for the
construction of underground urban facilities" has been developed, which allows
forecasting various risks, assessing the probability of implementation of negative
scenarios and additional costs associated with them at the pre-project stage of
underground construction. This gives investors and city administrations an effective tool
for managing risks and investments in the development of the underground space of
megacities.

The results of work in the form of "Methods of forecast assessment of the
favorable geological environment for the construction of underground urban planning"
implemented in the Corporation "DBK-ZHYTLOBUD", Kyiv (act of implementation
from 02.12.2019), the results of field and laboratory studies of variable geological
environment and fastening structures the galleries of the Syretsky self-flowing collector
have been implemented in GES GROUP LLC (implementation act dated 02.03.2020),
“Recommendations on strategic development of underground urban planning of the city
of Kyiv” have been transferred to the Kyiv City State Administration and the Academy
of Civil Engineering of Ukraine for further use.

Based on the materials of the dissertation, 6 articles were published, of which 2 -
in professional publications of Ukraine, 2 in publications included in the scientometric
databases Scopus and Web of Science, of which 1 - included in the second quartile Q2

according to the SCImago Journal and Country Rank and Journal Citation Reports.
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