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1. Inceprauis npucBgyeHa po3po61i HayKoBOi ifiei 00rpyHTYBaHHS HaNPyKEHO-1e(pOPMOBAHOTO CTaHy MOXUJIOL
BHUPOOKY, IPEICTaBJIeHO] B AUCePTaLiliHill poOOTi ecKaJaTOPHUM TyHEJIEM METPOIIOJIITEHY, 1[0 CIIOPYIKYEThCS
HOBOABCTPIMICbKMM CIIOCOO0M. LI inest 6a3yeThbCst HAa BU3HAYEHHI 3aKOHOMIDHOCTEN Halpy>KeHb i AedopMaliint
6araTomapoBOro KPiIJIeHHs, IKE CTBOPIOETLCS IIPU 3MiHi BUJIIB TUMYACOBOrO KPIIJIEHHS Ta Iif] YaC 3aCTOCYBaHHS
IIBOX Pi3HMX TUIIiB JOJATKOBOIO 3aKPilJIEHHS I'PYHTIB — 3aMOPO>KYBaHH4 i IeMeHTallii. AKTYaslbHICTb IPOBELEHOTO
IOCTiIKeHHs] 00yMOBJIeHa I0TPE60I0 HAYKOBOrO OOI PYHTYBaHHS IapaMeTPiB [IOXUJINX BUPOOOK (€CKalaTOPHUX

TYHEJIiB) Mif yac 6yAiBHULITBA METPOTMOJITEHIB. BU3HaUeHHS 3aKOHOMiIpHOCTEN Halpy>KeHO-Ie(POPMOBAHOTO CTaHy



[IOXMJIOI BUPOOKU peasli3yeThbCsl IJISIXOM aHai3y Pe3yJbTaTiB YMCEJIbHOTO aHaJIi3y CTafili OyAiBHULTBA
€CKaJIaTOPHOTO TYHEJIIO 13 3aCTOCYBaHHSIM Pi3HUX TUIIB TUMYACOBOTO KPIMJIEHHS B IPOLIECi 3aMOPO>KyBaHH S
I'PYHTIiB a60 LleMeHTallii MacuBy. OCHOBOIO y3arajJbHEHHS € 3aKOHOMIPHOCTI Hallpy>KeHO-Ae(OPMOBaHOI0 CTaHy
KOHCTPYKIii IOXMJIOTO TYHEJIIO, & iX MOUIYK € METOI0 AUCepTaLiliHOI poboTH. [ ii TOCATHEHHS B AUCepTaliiiHil
pOO6OTI IPOBEAEHO aHali3 CTaHy JOCiIKEeHb, PO3IJISHYTO crielu@iKy OyAiBHULITBA €CKAJIaTOPHUX TYHEJIB
METpOIIO0JIiTeHy B YKpaiHi Ta CBiTi, a TAKOXX 0COOJIMBOCTI aHATITUYHOTO, €KCIIEPUMEHTaJILHOTO Ta YUCEJIbHOTO
IiAXO[IiB 1O TIOLIYKY 3aKOHOMipHOCTE Hallpy>kKeHb Ta Jedopmaliiil Noxuanx BUpoook. Ha oCHOBI pe3ysbTariB
KPUTUYHOTO aHaJi3y 0OpaHO YMCEIbHUI MifIXi], SIK TAaKUi, 110 HA61/IbII aIeKBAaTHUM /1J1s IOLUIYKY 3aKOHOMIpHOCTE!
Hanpy>XeHOo-1e(PpopMoBaHOro crany. CTBOpeHO 2D CKiHU€HHO-eJIEMEHTHI MO/IeJli €CKaJIaTOPHOTO TYHEJIO AJ1 YMOB
JHIIPOBCHKOTO METPOIIOJITEHY, KOXKHA 3 SIKUX JO3BOJIMJIA BapilOBaTH BUIU TUMYaCOBOIO KpillyIeHHs (apKH, aHKEPH,
HabpU3K-OETOH) Ta BJIACTUBOCTI OTOYYI0YOro MacuBy. Ha OCHOBI CTBOpEHHUX CKiHU€HHO-€JIEMEHTHUX MOZeJen
IIPOBEJIEHO YMCEJIbHUI aHaJIi3 OXUJI0i BUPOOKH, 3aKPilyIeHO] pi3HMMU BUIaMU TUMYACOBOTO KpilJIeHHs. 3a
pe3yJbTaTaMu aHaJli3y BIeplle OTPUMaHO 3aKOHOMIPHOCTI 3MiHU NepeMillieHb Ta CUJIOBUX (PAaKTOPiB TUMYACOBOTO
KpIiIJIeHHs [10X1JI0i BUPOOKH, SIKi JOBOJSTS, 110 BEJIMYMHU HOPMAJIBHUX CUJI Ha BCiX CTafisIx oro pobotu
3MEHIIYIOTHCS Bifl II'SITH 10 3aMKy B 2,35...5,35 pasiB, pa3oM 3 TUM 3rMHAJIbHI MOMEHTH Bifj ITATU 10 3aMKY
30inbLIyI0OThCS Bin 2,4 mo 11,3 pasis, mpuyoMy MeHIlIe 3HaYeHHS XapaKTepHe [Jis cTafii po3KpUTTs mrpocu. Li
3aKOHOMIPHOCTI XapaKTepU3yIOTb HAyKOBY HOBU3HY JUCepTallilfiHOi poO60OTH. 3a JOIIOMOr0I0 CTBOPEHUX CKIHUEHHO-
€JIEMEHTHUX MOZeJIel BIeplle IPOBEEeHU NIOPiBHSJIbHUN aHaJIi3 ABOX BapiaHTIiB 3aKpIIlJIEHHS CJIa0KUX I'PYHTIB
(3amMOpoOsKyBaHHS i leMeHTallii) 3 ypaxyBaHHSIM CTaIiiHOCTi CIIOPYIPKEHHS KPilJIeHHSI [TIOXUJIOTO X0y, SIKUi1 [JOBiB
3MEHIIEHHS BePTUKAJIBHUX NIEPEMIIIEHbD [1J151 BUMIAJIKY LIEMEHTAllii, IpY SKOMY BEPTUKAJIbHI MaKCUMAaJIbHi
nepeminleHHs MeHIle B 6,36 pasiB y nepiiil ctagii po3po6ku Ta 5,67 pasiB y npyriii cTazii Ha BinMiHy Bif,
3aMOpPOXyBaHHS. OTprMaHi 3aKOHOMIPHOCTI TaKOX CKJIaZal0Th HAyKOBY HOBU3HY AMCEPTaLiliHOI poboTH. B x01i
reoie3MYHOr0 MOHITOPUHTY Mif| yac O6yIiBHMLITBA €CKAJIaTOPHOI0 TyHeJI0 [JHITPOBCHKOTO METPOIIOJITEHY OyIu
OTPUMaHi pe3yJbTaTu MapKIleiepCbKuX BUITPOOYBaHb, 1110 IIPOAHali30BaHi. B poboTi HaBeneHa NpakTUYHa
peasizallig TeopeTUYHuX Noo6ynoB. OnucaHi xapaKTEPHi pe3yJIbTaTU IPOBEeHHS OYPOBUOYXOBUX POOIT i

3aCTOCYBAHHS XiMiYHOTO 3aKpilyIeHHs CJIA0KUX I'PYHTIB IIJISIXOM LieMEHTaLlii.

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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