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Pedepar:

1. Inceprarnist npucBsyeHa po3pooLii HAyKOBOi ifei 06rpyHTyBaHHS HAIIPY>XKEHO-1€(POPMOBAHOTO CTaHy OXUJIOL
BUPOOKHU, NIPEICTABJIEHO]I B UCepTalliiiHiil pOOOTi €CKaJlaTOPHUM TYHEJIEM METPOIOJITEHY, 10 CIOPYIKYETbCS
HOBOABCTPiiCbKMM crioco6oM. LI inest 6a3yeTbcst Ha BU3HAYEHHI 3aKOHOMIPHOCTe! Halpy>KeHb i gedopmaliiit
6araTolapoBOro KpilieHHsl, IKe CTBOPIOETLCS IIPU 3MiHi BUJIiB TUMYACOBOrO KpillJIEHHS Ta Iif], YaC 3aCTOCYBaHHS
IBOX Pi3HMX TUIIIB JOJATKOBOIO 3aKPillJIEHHS I'PYHTIB — 3aMOPOKYBAHH4 i leMeHTallii. AKTyaJIbHICTb IPOBELEHOTO
IOCTiIKeHHs] 06yMOBJIeHa IOTPe60I0 HAyKOBOTrO OGI PYHTYBaHHSI IIapaMeTPiB [IOXUJINX BUPOOOK (€CKaIaTOPHUX
TYHeJIiB) IIifi yac 6yAiBHUIITBA METPOIOJITEHIB. BU3HaU€HHS 3aKOHOMIPHOCTEN HaNpyXeHO-1e(POPMOBAHOIO CTaHy
IIOXWJIOI BUPOOKM peaslidyeThCs IISIXOM aHaJli3y pe3ysbTaTiB YMCEIbHOIO aHali3y CTajiil OyiBHUIITBA
€CKaJIaTOPHOI'O TYHEJIIO 13 3aCTOCYBaHHAM Pi3HUX TUIIB TUMYACOBOTIO KPIIJIEHHS B IIPOLECi 3aMOPOXKYBaHHS

I'PYHTIB a00 LieMeHTallii MacuBy. OCHOBOIO y3arajJbHEHHS € 3aKOHOMIPHOCTI Hallpy>KeHO-e(OpMOBaHOIO CTaHy



KOHCTPYKLii MOXMWJIOro TYHEJIIO, a iX MOIIYK € METOI0 AUCePTalliliHOI poboTu. [1714 ii JOCArHEeHHS B AuCepTaLiliHiN
pOOOTI MPOBEIEHO aHai3 CTaHy LOCIiIKeHb, PO3TJISIHYTO clieln@iky OyiBHUIITBA €CKaJIaTOPHUX TYHEJIiB
METPOII0JIiTeHy B YKpaiHi Ta CBiTi, @ TAKOX 0COOJIMBOCTI aHAITUYHOTO, EKCIIEPUMEHTAJILHOTO Ta YUCEJIBHOTO
IiAXO[iB 1O MOLIYKY 3aKOHOMiIPHOCTE! Hallpy>KeHb Ta Jedopmaliiil NoXuanx BUpoooK. Ha OCHOBI pe3ysbTariB
KPUTUYHOTO aHaJli3y OOpaHO YMCEIbHUH MiXiT SIK TaKUM, 110 HAaUO6iIbIl aieKBaTHUI JJ1s TIOUTYKY 3aKOHOMipHOCTeN
HanpyxeHo-aedopMoBaHoro crany. CTBopeHo 2D CKiHU€HHO-€eJIeMeHTHi MOJieJli €CKaJIaTOPHOTO TYHEeJIIO JJIsl YMOB
JHIIPOBCHKOTO METPOIIOJITEHY, KOXKHA 3 SIKAX JO3BOJIMJIA BapilOBaTH BUIY TUMYACOBOrO KpillJIeHHs (apKH, aHKEPH,
HaOpU3K-0ETOH) Ta BJIACTUBOCTI OTOYYI0YOro MacuBy. Ha OCHOBI CTBOPEHHUX CKiHU€HHO-€JIEMEHTHUX MOZeJen
MIPOBENIEHO YNCENbHUU aHaJli3 MOXUI0i BUPOOKH, 3aKPIIIEHO] Pi3HUMU BUIAMU TUMYACOBOTO KPIIJIeHHs. 3a
pe3yJbTaTaMu aHaJli3y BIepIle OTPUMaHO 3aKOHOMIPHOCTI 3MiHU NepeMillleHb Ta CUJIOBUX (PAKTOPiB TUMYACOBOTO
KpIiIJIEHHs [1I0XWJI0i BUPOOKH, SIKi OBOJSTS, IO BEJIMYMHU HOPMAJIBHUX CUJI HA BCiX CTafisxX M0ro poboTu
3MEHIIYIOTHCS Bifl II'SITH 10 3aMKy B 2,35...5,35 pasiB, pa3oM 3 TUM 3rMHAJIbHI MOMEHTH Bifj ITITH 10 3aMKY
30ibLIyI0ThCS Bin 2,4 mo 11,3 pasis, npuuoMy MeHIlle 3HaY€HHS XapaKTepHe [1J1s cTafii po3KpUTTs mrpocu. Li
3aKOHOMIPHOCTI XapaKTepU3yIOTb HAyKOBY HOBU3HY JUCEPTalliliHOi poO6OTH. 3a JOIIOMOr0I0 CTBOPEHUX CKIH4EHHO-
€JIEMEHTHUX MOZeJIel BIeplle IPOBEeHNN NTOPiBHSJIbHUN aHaJIi3 ABOX BapiaHTIiB 3aKpIIlJIEHHS CJIA0KUX I'PYHTIB
(3amMoposKyBaHHS i leMeHTallii) 3 ypaxyBaHHSIM CTaAiiHOCTI CIIOPYA’KEHHSI KPIIJIeHHSI [IOXUJIOT0 XOAY, SIKUU TOBIiB
3MEHILIEHHS BEPTUKAJIBHUX NIEPEMIIIEHD [1J151 BUMIAJIKY LIEMEHTAllii, [IpY SKOMY BEPTUKAJIbHI MaKCUMAaJIbHi
nepeMileHHsl MeHIe B 6,36 pasiB y nepuiii ctazii po3po6ku Ta 5,67 pasiB y Apyriit cTaaii Ha BigMiHy Bif,
3aMOpPO>XyBaHHs. OTpUMaHi 3aKOHOMIPHOCTI TaKOX CKJIaZjal0Th HAYKOBY HOBU3HY AMCEPTaLiiiHOi po6oTH. B xomi
reoJie3MYHOr0 MOHITOPUHTY Mif] yac OyIiBHMLITBA €CKaJaTOPHOro TyHeJo JJHIPOBChKOr0 METPOIIOJIiTEHY OyIn
OTPUMaHi pe3yJbTaTu MapKIlenl1epCbKuX BUITPOOYBaHb, 1110 IIPOaHali3oBaHi. B poboTi HaBeeHa NPaKTUYHA
pearnisalist TeopeTuyHuX no6yn0B. ONucaHi XapakTepHi pe3ysbTaTh IPOBEeAEHHS 6YPOBUOYXOBUX POOIT i

3aCTOCYBaHHS XiMIYHOTO 3aKPillJIeHHS CJIa0KUX IPYHTIB MIJIIXOM LieMeHTaLji.

2. The dissertation is dedicated to the development of a scientific idea of substantiating the stress-strain state of
an inclined excavation, represented in the dissertation by an escalator tunnel of the metro, constructed by the
New Austrian tunneling method. This idea is based on determining the regularities of stresses and deformations of
multilayer lining, which is created when the types of temporary lining are changed and during the application of
two different types of additional lining of soils - freezing and cementation. The relevance of the research is due to
the need for the scientific substantiation of the parameters of inclined excavation (escalator tunnels) during the
construction of metros. Determining the regularities of the stress-strain state of an inclined excavation is
performed by analyzing the results of the numerical analysis of the stages of the construction of the escalator
tunnel with the use of various types of temporary linings in the process of freezing the soil or cementing the
massif. The basis of the generalization is the regularities of the stress-strain state of the inclined tunnel structure,
and search for them is the goal of the dissertation work. To achieve it, the dissertation analyzed the state of
research, considered the specifics of the construction of escalator tunnels of the metro in Ukraine and the world,
as well as the features of analytical, experimental and numerical approaches to finding regularities of stresses and
deformations of inclined excavations. Based on the results of the critical analysis, the numerical approach was
chosen as the most adequate for finding regularities of the stress-strain state. 2D finite-element models of the
escalator tunnel were created for the conditions of the Dnipro metro, each of which allowed varying the types of
temporary lining (arches, anchors, shotcrete) and the properties of the surrounding massif. On the basis of the
created finite-element models, a numerical analysis of the inclined excavation fixed by various types of temporary
lining was carried out. Based on the results of the analysis, for the first time the regularities of changes in
displacements and force factors of temporary lining of an inclined excavation were obtained, which prove that the
values of normal forces at all stages of its operation decrease from the heel to the lock by 2.35 ... 5.35 times, at the
same time, bending moments from heel to lock increase from 2.4 to 11.3 times, and a smaller value is characteristic
of the stage of opening of the strosse. These regularities characterize the scientific novelty of the dissertation
work. With the help of the created finite element models, a comparative analysis of two options for fixing weak
soils (freezing and cementation) was carried out for the first time, taking into account the phasing of the



construction of the inclined passage, which proved a decrease in vertical movements in the case of cementation, in
which the vertical maximum movements are 6.36 times less in the first stage of development and 5.67 times in the
second stage in contrast to freezing. The obtained regularities also constitute the scientific novelty of the
dissertation work. In the course of geodetic monitoring during the construction of the escalator tunnel of the
Dnipro metro, the results of surveying tests were obtained and analyzed. The work presents the practical
implementation of theoretical constructions. Characteristic results of drilling and blasting operations and the use
of chemical stabilization of weak soils by cementation are described.
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