O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0525U000161
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 27-03-2025

Craryc: IligtBepmrena MOH

PexBizutu Haka3y MOH / Haka3y 3aksagy: Hakas MOHY N2962 npo 3aTBep/pKeHHS
pimeHns aTecrauiiiHoi Koserii MiHcTepcTBa ocBitu i Hayku Ykpainu Big 3.07.2025 mozo

IIPUCBOEHHS BYEHUX 3BaHb Ta NPUCYKEHHS HAYKOBUX CTYIIEHIB, C. 37

I1. BizomocTi npo 3100yBaya
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. CaBuyeHnko Liia OnekcangpoBuy

2. Illia O. Savchenko

KBasigikamis: . 1. 1., 01.05.04

Inentudikarop ORCID ID: 0000-0002-0921-5425

Bupg, puceprarnii: nokrop nayk

AcnipanTtypa/JloKTOpaHTypa: Hi

IIIu¢p HayKoOBOi creniaJabHOCTI: 01.05.04

Ha3Ba HayKOBOi cHIeliaIbHOCTIi: CuCTEMHMII aHAII3 | TEOPis ONTUMAJIbHUX PillleHb
l'anmy3sp / ramysi 3HaHB. He 3aCTOCOBY€ETHCS

OcBiTHBO-HayKOBa IMporpama 3i creniajgbHOCTi: He 3acTocosyeTbcs

JlaTa 3axHCTy: 29-04-2025

Cnenia.aniC'rb 3a OCBITOIO: MpuKjIagHa MaTeMaTruKa

Micue po6otu 3n06yBaqa: HaujonanbHuil TeXHIYHMI YHIBEPCUTET YKpaiHy "KuiBCbKUM MOMITEXHIYHUN

incturyt imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekt bepecreiicekuit, 6y7. 37, Kuis, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CleliaJai30BaHOi BYEHOI pazu). [126.002.03

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT Bepecreiicbkuii, 6ya. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHHX PYGPHK: 28.29.04

Tema guceprauii:
1. IHcTpyMeHTapiil OCBOEHHS MiZI3eMHOTO IIPOCTOPY MerariosiciB Ha 0OCHOBI MoIu]iKOBaHOTO METOLY

MOP(OJIOriYHOrO aHasi3y

2. Modified morphological analysis-based tool set for mastering underground space of metropolises

Pedepar:

1. B po6OTi po3risigaeTbCst HAyKOBa Npo6eMa CTBOPEHHS CUCTEMHOI METO0JI0Tii, 1[0 (POPMYe KOMILJIEKCHE
OayeHHs Mifj3eMHOTo OYyAiBHUIITBA 3 ypaxyBaHHSIM HeBU3HAUeHOCTel i 6araropakTopHUX pU3KKiB. MeTo poboTu €
CTBOPEHHS iHCTPYMEHTApIIO IIJIaHYBaHHS i IPUMHSTTS PillleHb B [IPOLjeCax OCBOEHHS IiJl3EMHOTO IIPOCTOPY
MEraroJiiciB Ha 0CHOBI MOJIM(iKOBaHOTO MeTOy MopdosoridHoro aHamnizy (MMMA). [Ins 11boro po3po6JyeHO
CHCTEMHUH MiAXiz, B paMKax SIKOTO pO3LUINPEHO, BLOCKOHATIEHO, MAaCIITAO0BAHO iHCTPYMEHTapill CHCTEMHOTO
aHasizy, po3po6sIeHO MOJeJli 111 PO3B’s13aHHS IPAaKTUYHUX 33724 OCBOEHHS MiI3€MHOTO IPOCTOPY BeJNUKUX MicT. 11i
MogeJti 6yJIM 3aCTOCOBAHi [1JIs1 LOCiIPKEHHS PsiLy IPaKTUYHUX NIPO6JIeM YKPaiHChbKUX MICT, MOB'SI3aHUX i3
IJIAaHYBAHHSIM IIiI3€MHOTr0 OyAiBHULTBA. Ha OCHOBI BOCKOHAJIEHHSI MaTeMaTUYHOTro anapaty MMMA 6yiu

CTBOPEHI NpoLeypy OLiHIOBAaHHS YyTJIMBOCTI MOJeJli, TOOTO BU3HAYEHHS JOIYCTUMUX 3MiH BXiIHUX JAaHUX, 1JO0 HE



IIPU3BOASTH 10 3MiHU pe3ysbTaTy. Po3pobieHo npuitomu BUKopucTaHHst MMMA B yMOBax HEIIOBHOTU BXiTHUX
IaHUX. Po3po6iieHo npolenypy BUsIBJIEHHS IPOTHUPIYHOCTI BXiIHUX IaHux. Po3pobieHo HediTKy Mmoaudikallio
MeTony MOPQOJIOTiYHOr0 aHali3y, B sIKiil HA OCHOBiI BUKOPUCTAHHS HEUiTKMX IIOIIEPEJHIX OLiHOK ajlbTEePHATUB
PO3PaxoBYIOThCSI HEUITKi OLIHKY 3 ypaXyBaHHSIM B3a€MO3B13KiB MK ITapameTpaMu. 3aripolioHOBAHO NPOLenypy
aHasizy yrnepemKeHOCTi MOZeJi IJ1s1 OLiHIOBaHHS MOXKJIMBOI il HemocToBipHOCTI. Bynin po3po6JieHi cneniabHi
iHcTpymeHnTH 17151 iHTerpauii MMMA y nipoliec nepen6adyeHHsl, siKi BAKOPUCTOBYIOTb Pe3yJIbTaTh 00POOKU BEJIUKUX
MAaCHBIB JaHUX: IHTE€PaKTUBHI JIIOJMHO-MaIIMHHI IPOLIEAYPU HalliBABTOMAaTU30BAaHOT'O BUIOOYBaHHS
MOP(]OJIOTiYHUX TAGINLD i3 CEMAHTUYHUX MEPEXK; a TAKOX PO3POOJIEHO NPOLENyPH OLIHIOBAHHS BXiJHUX JIaHUX B
MMMA Ha OCHOBi BUKOPHCTaHHS P€3yJIbTATiB TEKCTOBOI aHAJIITUKU BEJIMKUX KOPITYCiB HECTPYKTYPOBAHOI
ingopmauii. 3 meToro macimtabyBanHst MMMA 17151 CKylaHUX CUCTEMHUX 33714, B SIKUX B3a€MOJi€ 3HAYHA KiJIbKiCTb
CYTHOCTEH, 6yJI0 PO3PO6IEHO METOAMKY ITOOYJOBU, OL[iHIOBAHHS | BUKOPMCTAaHHS MEPEX MOPQOJIOTIYHMX TAOINLIb.
Po3pob6seHnii anapar 6yJ10 IpoAeMOHCTPOBAHO Ha MIPUKJIATi 33a4i MOZIE/TIOBAHHS i TOM'SIKIIEHHS HACTIiAKIB
COLiaJIbHUX JINX, BUKJIMKAHUX KaTacTpodamu i TepopusmoM. Po3pobiieHo rporpamHe 3a6e3nedeHHs Ha 6a3i SAS
Studio 3 KOpucTyBaLbKUMU MOAY/ISIMUA MOBOIO C#. GdopMaT po3po06sIeHOro IPOrPpaMHOro 3a0e3MeYeHHs 103BOJISIE
KOMIIOHYBAaT/ MOJYJIi y Pi3HMX KOH]Irypauisix A1 po3B’si3aHHs 3a7ja4 Pi3HOI IpUPOaH i cKiagHoCTi. Po3pobieHo
CTpaTerilo BUKOPUCTaHHS pi3HUX npouenyp MMMA B niporieci ciieHapHOro aHasli3y, o AeTali3ye CIIoco0u i paMKu
3aCTOCYBaHHS PO3pO0JIEHUX €JIEMEHTIB METOY B 3aJIEXKHOCTI Bifl IOCTaBJIEHUX 33/1a4, XaPaKTEPUCTUK BXiTHUX
IaHUX. B paMKax CTBOPEHHS iHCTPYMEHTIB PO3B'SI3aHHS PEIbHUX 33a4 OCBOEHHS IIiI3EMHOTO [IPOCTOPY, i
BUIIPOOYBAHHS iX HA MPaKTULLi, 6yJI0 T0OYJO0BAHO Psil MOJeJeil 3 BAKOPUCTAHHSM PO3PO06JIEHNX BL,OCKOHAJIEHD
MMMA. Byna cTBOpeHa MojieJlb IJ1sl [IOPiBHSHHS AiJITHOK MOTEHLiHOTOo Mif3eMHOro 6yiBHUITBA HA
IepeapOoEKTHIN CTafii HA OCHOBI aHasi3y iHKEHEPHO-TeO0JIOrYHUX (PAKTOPIB, [10BS13aHUX i3 AisiHKO0. Mozesnb
6ysia BunpobyBaHa Ha 4 peasbHUX AingHKaxX M. Kuesa. [IpoaHanizoBaHO NepCreKTUBY OYAiBHUIITBA HA KOXKHIN i3
IiZISTHOK 3 ypaxyBaHHSM OTPUMAaHMX Pe3YJIbTaTiB. byl CTBOPEHi MOJei AJ1s1 OL[iHIOBaHHS ITPiOPUTETHOCTI
11o6yJ0BY MiJI3€MHUX CIIOPY], KOHKPETHOTO NPU3HAYEeHHs, 30KpeMa, IapKiHTiB i aBTOMOOILHUX TYHEJIiB i3
3aJIy4EHHSIM Mepesxi MOpQOJIOriYHMX TabsuLb. [17151 OLiHIOBaHHS aBTOMOOIJIPHUX TYHEJIiB 6yJla CTBOpPEHA TaKOX
ribpuiHa MojieJib, o noefHye enemeHTM MMMA i meTozy aHamnisy iepapxiit 1151 popMyBaHHS paH>XKyBaHb 32
aJIbTePHATHBHOIO IIPOLieiypoto. Mozesnb OLiHIOBaHHS BILJIMBIB Oy[IiBHULITBA aBTOMOOLILHUX TyHEJiB Ha (pakTopu
PpU3UKy OyJjla BUKOPUCTAHA [J1s1 aHali3y TyHEeJB, OyIiBHULTBO IKuX nependaveHe ['eHepanbHuM nnaHoMm M. Kuesa.
Ha ocHOBi OTpuMaHUX pe3yJIbTaTiB OOIPYHTOBAHO IIPIOPUTETHICT OYIiBHUIITBA IIEBHUX TYHEJIiB IIOPiBHSIHO 3
iHmyrMu. Mozenb OLiHIOBaHHS CTPYKTYPHO-(QYHKIIOHANIbHUX PaKTOPiB OyJI0 aAanTOBaHO A0 33/1a4i IOPiBHSAHHS
IBOX aJIbTEPHATUBHUX [AiJITHOK MOTEHLiHOro 6yAiBHUITBA OeCbKOrO METPOIIOJIITEHY, 3 TOUKU 30pPY iX BIJIMBY Ha
pan ¢paxTopiB. Ha 0CcHOBI Liiei Mozesti OTpuMaHi pe3ysibTaTH, IO [03BOJISIOTh IIOPiBHITY aJIbTEPHATUBHI ITPOEKTH 32
iX BIIMBOM Ha Pi3Hi chepu MiCbKOTro XXUTTs. PO3p06IeHO IPOTOTUI MOJEJIi HAa OCHOBI gBoeTarnnHoro MMMA 1151
NIOPiBHSIHHS YPOaHICTUYHUX O0'€KTIB 3 TOYKH 30PY ix MpoTUAii HebaxkaHUM MoAisM. B Moaesi aHasizyloThCs
XapaKTEePUCTUKM HeOaKaHOI NO/Iil, 1 HacaifKy, gKi Taka Mo/ist MOXe BUKJIMKATY JJ1s1 33JaHOTO TUIY YPOaHiCTUYHUX
o6'exTiB. LIst Mopdosoriuna Mozesb 6yJia 3aCTOCOBaHA /J1s TOPIBHSAHHS CUCTEMH KaHajli3aliltHUX TPYO, 10
MIPOXOJATH N0 AHY P. JJHINpo, i Nif3€MHOTO [I0KEpa, 1[0 BUKOPUCTOBYETHCS 3 Ti€I0 )X METOI0. Pe3ynbTaT aHasizy
[I0Ka3aJIi CYTTEBY M€PEBAry MiI3eMHOI0O AI0KEPa, 10 4O3BOJIIE PEKOMEHIYBATU MOTO B SIKOCTI IIPIOPUTETHOTO
IIPOEKTY. SIK y3arajbHEHHs PO3IJISHYTUX OKPEMUX 331134, OyJia 3allpONIOHOBaHa Mepeka MOP(OJIOriYHUX TabIUIb
OLIiHIOBaHHS IOTEHIialy TEPUTOPIi Mii3eMHOTro OYIiBHULITBA, SIKA CUHTE3Y€e (PYHKLIOHATIbHO-TIJIAHYBAJIbHY
opraxizallilo MiCbKOT0 IPOCTOPY Ta iH>KEHEPHO-Te0JIoTiYHi PaKTOPU reosIoriYHOTo CepeloBUILA 111 TEPUTOPIiH, 110

PpoO3rifanaroThbCA.

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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