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Pedepar:

1. B po6oTi po3risgaeTbcsl HaykoBa IpobsieMa CTBOPEHHSI CUCTEMHOI MeTO0J10Tii, 1110 POpMy€e KOMILJIEKCHE
6ayeHH4 Mif3eMHOro OyAiBHUILITBA 3 YPaxXyBaHHSIM HEBU3HAUYEHOCTEH i 6araTopakTOpHUX pU3KMKiB. MeTOI0 poboTH €
CTBOPEHHS iIHCTPYMEHTAPII0 IJIaHYBaHHA i IPUNHATTA PillleHb B IIPOLeCaX OCBOEHHA MiA3EMHOTO IIPOCTOPY
MeraroJiciB Ha ocHOBI MoaudikoBaHoro Mmetony mMmopdosoriyHoro ananizy (MMMA). 515 11b0ro po3po6ieHo
CHACTEMHUH MifXiZl, B paMKax SIKOT'0 pO3LMIUPEHO, BAOCKOHAJIEHO, MACIITA00BAHO iHCTPYMEHTapiil CHCTEMHOTO

aHasizy, po3po6IeHO MOJieli 111 PO3B’13aHHS IPAKTUYHMX 33724 OCBOEHHS Mi3€MHOTO MTPOCTOPY BENMUKUX MicT. 11i



Mogesi 6yJI1 3aCTOCOBaHi 1J1s1 JOCiIPKEHHS Psifly IPAKTUYHUX TPO6JIeM YKPAIHChKUX MiCT, MOB'SI3aHUX i3
IIJIaHYBaHHSM IiJI3eMHOr0 OyiBHUIITBA. Ha OCHOBI BOCKOHATIEHHSI MaTeMaTUYHOro arnapaty MMMA 6ynin
CTBOPEHI Npolenypy OLiHIOBAaHHS YyTJIMBOCTI MOJieJli, TOOTO BU3HAYEHHS JOIYCTMMUX 3MiH BXiIHUX AHUX, 10 HE
IPU3BOJATD [0 3MiHM pe3ysbTaTy. PO3po6seHo npuiioMu BUKOpUCTaHHSI MMMA B yMOBax HEMIOBHOTHY BXiJJHUX
IaHuX. Po3po6iieHo rpouenypy BUSIBJIEHHS IPOTUPIYHOCTI BXiHUX JaHUX. PO3p0o6sieHO HediTKy mogudikaliiio
MeTony MOpQOJIOTiYHOTO aHali3y, B SIKill HA OCHOBI BUKOPUCTAaHHS HEUiTKUX IIOIePeJHIX OLiHOK ajlbTepPHATUB
PO3PaxoBYIOThCS HEUITKi OLiHKY 3 ypaxyBaHHSIM B3a€MO3B'I3KiB MK ITapaMeTpaMuy. 3allpOIIOHOBAHO NPOLENYPY
aHasizy yrnepemKeHOCTi MOZeJi IJ1s1 OLiHIOBaHHS MOSKJIMBOI il HemocToBipHOCTI. By po3pob6JieHi cnenianbHi
iHcTpymeHTH 17151 iHTerpauii MMMA y nipouiec repenb6adeHHs], sIKi BUKOPUCTOBYIOTb Pe3yIbTaTh 0OPOOKY BEJITUKUX
MAaCUBIB JJaHUX: IHT€PaKTUBHI JIIOJMHO-MaIIMHHI IPOLIEAYPU HalliBaBTOMaTU30BaHOT'O BUIOO0YBaHHS
MOP(]OJIOriYHUX TaGINLD i3 CEMAHTUYHUX MEPEXK; 8 TAKOX PO3POOIJIEHO NPOLEyPH OLIiHIOBAHHS BXiJTHUX IaHUX B
MMMA Ha OCHOBI BUKOPMCTaHHS P€3YyJIbTATIB TEKCTOBOI aHAJIITUKY BEJIMKUX KOPITYCiB HECTPYKTYPOBAHOI
indopmauii. 3 metoro macimtabyBanHss MMMA 17151 CKyIafHUX CUCTEMHUX 337134, B SIKUX B3a€MOJIi€ 3HAYHA KiJIbKiCTh
CyTHOCTEH, 6yJI0 pO3p006JIEHO METOAMKY [T0OYJ0BH, OLiHIOBAHHS i BUKOPUCTAaHHS MepesK MOPQOJIOTiYHUX TabINLb.
Po3pob6seHuii anapar 6yJi0 IpogeMOHCTPOBAHO Ha MPUKJIATi 337a4i MOZIETIOBAHHS i TOM'IKIIEHHS HACTIiAKIB
COLiaJIbHUX JINX, BUKJIMKAHUX KaTacTpodamu i TepopusmoM. Po3pobiieHo rnporpamHe 3a6e3nedeHHs Ha 6a3i SAS
Studio 3 KopucTyBaLbKUMU MOAYISIMUA MOBOIO C#. GopMaT po3po06sIeHOro IPOrpaMHOro 3a0e3NeuyeHHs 103BOJIsSIE
KOMIIOHYBAaT/ MOJIyJIi y Pi3HMX KOH(DIrypauisx g po3B’s3aHHs 3a7ja4 Pi3HOI IPUPOJY i CKIaAHOCTI. PO3pobieHo
CTpaTerilo BUKOPUCTaHHS pi3HUX npouenyp MMMA B niporeci ciieHapHOro aHasmli3y, Mo AeTalidye CIIoco0u i paMKu
3aCTOCYBaHHSI PO3PO0JIEHUX €JIEMEHTIB METOY B 3aJIEXKHOCTI Bifl IOCTaBJIE€HUX 33/1a4, XapaKTEPUCTUK BXiTHUX
IAHUX. B paMKax CTBOPEHHS iIHCTPYMEHTIB PO3B'SI3aHHS PeJIbHUX 3324 OCBOEHHS IIiI3EMHOTO IIPOCTOPY, i
BUIIPOOYBAHHSI iX HA MPaKTULLi, 6yJI0 TOOYJOBAHO Pl MOJieJiell 3 BAKOPUCTAHHSM PO3PO06JIEHUX BLOCKOHAJIEHD
MMMA. Bysa cTBOpeHa MojieJlb IJ1sl IIOPiBHSHHS AiJITHOK MOTEHL{HOTO Mif3eMHOT0 OYIiBHUIITBA HA
IepenpoEKTHIN CTafii HA OCHOBI aHaNi3y iH)KeHEepHO-Te0JIorYHUX (PAKTOPIB, [10BS13aHUX i3 AiNsHKO0. Mozesnb
OyJia BunpobyBaHa Ha 4 peanbHuUX AingHkax M. Kuesa. [IpoaHanizoBaHO NepCeKTUBM OYiBHULTBA HA KOXKHIH i3
IiZSIHOK 3 ypaXyBaHHAM OTPUMaHUX Pe3yJIbTaTiB. by CTBOpPEHi MOJeIi AJ1s OL[iHIOBaHHS IIPIOPUTETHOCTI
11o0yJ0BY MiJI3EMHUX CIIOPY], KOHKPETHOTO NPU3HAaYeHHs, 30KpeMa, apKiHTiB i aBTOMOOIIbHUX TyHEJIiB i3
3aJIy4E€HHSIM Mepesxi MOpQoJIoriyHMX TabsuLb. [171s1 OLiHIOBaHHS aBTOMOOIJIPHUX TYHEJIiB 6yJla CTBOPEHA TaKOX
riopugHa Mogeb, o NMoeaHye esemeHT MMMA i MmeTony aHasni3y iepapxiil 1715 GopMyBaHHS paHXyBaHb 32
aJIbTePHATHBHOIO IIPOLieiypolo. Mozesb OLiHIOBaHHS BILIMBIB OyIiBHULITBA aBTOMOOILIbHUX TyHEJiB Ha (pakTopu
PU3UKy OyJsla BUKOPUCTaHA [J1s1 aHali3y TyHeJiB, 6YIiBHULTBO IKuX nependayeHe ['eHepanpHUM naHoM M. Kuesa.
Ha ocHOBi OTpMMaHUX pe3yJbTaTiB OOIPYHTOBAHO IIPIOPUTETHICTD OY[IiBHUIITBA IIEBHUX TYHEJIiB IIOPiBHSIHO 3
iHmMMu. Mojesnb OLiHIOBaHHS CTPYKTYPHO-(QYHKLiOHANIbHUX (PAKTOPIB OYyJI0 afanTOBAHO [0 33a4i OPiBHSIHHS
IBOX aJIbTePHATUBHUX [AiJITHOK MOTEHLiHOTo 6yAiBHUITBA ONeChbKOT0 METPOIIOJIITEeHY, 3 TOUKU 30pY iX BIJIMBY Ha
pan daxropiB. Ha ocHOBI Liiei Mozesi oTpuMaHi pe3ysibTaTH, 10 [03BOJISIIOTh IIOPiBHSITY aJIbTEPHATUBHI ITPOEKTH 32
iX BIUIMBOM Ha Pi3Hi c(pepu MiCbKOTr0 XUTTS. PO3p06J1€HO NPOTOTUI MOJIeJli Ha OCHOBI ABoeTanHoro MMMA nig
IOPiBHSIHHSA YPOaHICTUYHUX O0'€KTIB 3 TOYKH 30PY ix MpoTuaii HebaskaHUM Momism. B Mmopesni aHasizyloTbCs
XapaKTepPUCTUKM HebaKaHOI Noil, 1 HaclifKy, sKi Taka Mo/ist MOXKe BUKJIMKATY JJ1s1 33JaHOTO TUIY YPOaHICTUYHUX
o6'exTiB. LI Mop@oJsioriuHa Mozesb 6ysia 3aCTOCOBAHA [1J14 [IOPiBHSHHS CUCTEMHU KaHaJli3alliHUX TPYO, 10
IIPOXOMATH I10 JHY P. JHIMNpo, i MiI3eMHOro AI0KEPa, 0 BUKOPHUCTOBYETHCH 3 TI€I0 )X METOI0. Pe3ysibTaTy aHamnisy
[I0Ka3aJIi CYTTEBY MePEBAry MiI3eMHOIO AI0KePa, 10 4O3BOJIIE PEKOMEHIYBATU OTO B SIKOCTI IIPIOPUTETHOTO
IIPOEKTY. SIK y3arajbHEHHs PO3IJITHYTUX OKpPEMUX 33]11a4, OyJia 3allpOIIOHOBaHa Mepeka MOP(OJIOriYHUX TabIUIb
OLIiHIOBaHHS NIOTEHLialy TePUTOPIi MiA3eMHOro OyIiBHULITBA, SIKA CMHTE3ye (PYHKLiOHAIBbHO-IIJIAHYBAJIbHY
oprasizallilo MiCbKOTO IPOCTOPY Ta iHKEHEPHO-Te0JI0TiYHI PaKTOPH reosIoTiYHOTO CepefoBUILA 11 TEPUTOPIiH, 0
PO3IJIAIAI0ThCA.

2. In this study, a scientific problem of creating a system methodology for the complex vision of underground
construction is addressed, with the consideration of uncertainties and multifactor risks. The goal of the research is
to create a planning and decision support tool set for the processes of mastering underground space of



metropolises, based on the modified morphological analysis method (MMAM). This required a system approach,
within which the system analysis tool set was enhanced, improved, and scaled, and the models for solving practical
tasks of mastering underground space of big cities were developed. These models were applied for studying a
number of practical problems of Ukrainian cities, related to the underground construction planning. The
procedures for assessing the model sensitivity were created, that determine the admissible disturbance of input
data that does not tangibly affect the result. The techniques for using MMAM under conditions of incomplete input
data were developed. The procedure for detecting contradictoriness of input data was proposed. The fuzzy
modification of the morphological analysis method was developed, where fuzzy preliminary estimates of
alternatives are used to calculate fuzzy estimates that take into account the relations between parameters. The
procedure for analyzing model bias was suggested for evaluating its potential inadequacy. Special techniques for
integration of MMAM into the foresight process, making use of the results of processing large volumes of data
were developed: the interactive human-machine procedures of semi-automated extraction of morphological
tables from semantic networks; also, the procedures of obtaining input data for MMAM on the base of the text
analysis results of large volumes of unstructured data were developed. To scale MMAM for complex system
problems with numerous interacting entities, the ordinary two-stage method procedure was generalized for the
technique of constructing, assessing and utilizing the networks of morphological tables. Software on the base of
SAS Studio with C# user modules was developed. The format of the developed software allows to combine the
modules in different configurations tailored to solve tasks of different nature and complexity. A strategy for using
different MMAM procedures in the scenario analysis process was developed, detailing the framework and
guidelines of using the developed method elements, depending on the tasks, and the characteristics of the input
data. A number of models were constructed to create the tools for solving real problems of mastering underground
space, and to test those tools in practice. A model was created for the comparison of the potential underground
construction sites at the pre-project stage on the base of geological engineering factor analysis for the site. The
model was tested on 4 real sites in Kyiv. The prospects of underground construction on each of them was
analyzed, considering the obtained results. The models were created for assessing priority of construction of
underground structures with specific purposes, particularly parking lots and car tunnels, using a network of
morphological tables with both geological engineering factors, and structural and functional factors that
characterize the site regarding the demand for the specific underground facility type. For evaluation of car
tunnels, a hybrid model was also created, that combines MMAM and analytic hierarchy process for obtaining
rankings according to an alternative procedure. The model for assessing the impact of car tunnels on the risk
factors was used to analyze the tunnels, envisioned by the Kyiv city General plan. The model for evaluating
structural and functional factors was adapted for the problem of comparison of two alternative sections for the
potential construction of the future Odesa subway, considering their impact on a number of factors. The results
obtained using this model allowed to compare the alternative projects by their impact on different processes of
urban functioning. A two-stage MMAM model prototype was developed for evaluating urban objects’ resilience to
unfavorable events. The model analyzes the event characteristics, and its potential consequence for a certain type
of urban objects. This morphological model was applied for comparison of the sewer pipe system on the Dnipro
river bed, and an underground drainage tunnel that performs the same function. The analysis results showed a
substantial advantage for an underground tunnel, leading to its recommendation as a priority project. As a
generalization of the considered individual problems, a network of morphological tables was proposed for
evaluating the underground construction potential of a territory, synthesizing the functional planning organization
of the city space, and the geological engineering factors of the geological environment at the considered

territories.
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