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1. TTapameTpuyHNMii aHaJIi3 HANIPYXKeHO-1e()OPMOBAHOTO CTaHY TOPU30HTAIbHOI BUPOOKY, 110 B3aEMOZE i3

mapyBaTUM MaCHiBOM

2. Parametric analysis of the stress-strain state of a horizontal working interacting with a layered massif

Pedepar:

1. Inceprartist npucBsYeHa pPo3poo1i HAayKOBOI iflei mapaMeTpHUYHOro aHali3y HalpyXeHb Ta gedopMaliin
He3aKpinseHoi abo 3aKpinaeHoi ropr30HTaIbHOI BUPOOKHY, 110 B3aEMOIi€ 3 IIapyBaTUM MacuBOM. KoHlenTyanbHO
napaMeTpyUYHUM aHasi3 6a3yeThCsl HA MaTEMaTUYHOMY MOJIEJIIOBAaHHI Ha OCHOBI METOJly CKiHYEHHHUX €JIEeMeHTIB. 3a
IOTIOMOTOI0 aBTOPCHKUX aJITOPUTMIB pillleHHS LIbOTO METOAY, OTPUMaHe [J1s1 KOHKPETHOT'O PO3PAaXyHKOBOTO
BUIAJKY, EKCTPAIIOIIOETLCA Ha IHIII pO3PaxXyHKOBI BUMIALKU. AKTYyaJIbHICTb AOCIII)KEHb BUSHAYEHHS HAIIPYKEHO-
IepOpMOBAHOTO CTaHy FOPM30HTAJIbBHOI BUPOOKH, 110 B3a€MOJII€ i3 IapyBaTUM MacHBOM, OOYMOBJIEHA HAsIBHICTIO
1Ipo6JieM IIifi 4ac CopyKEHHS [eperiHHUX TyHeJIiB LUISIXOM LIUTOBOI IIPOXOJKY, 30KpEMa METPOIOJITEHY B MiCTi

Kuesgi. Brius LHaPYBaTOCTi JJIs1 KuiBcbhkoro MeTpOHOﬂiTeHy MOJXHA BM3HAYUTH SIK HeI‘aTHBHHﬂ, OCKiJIbKU



KOHCTPYKLIisl IEPETIHHOTO TYHEJIO, 1[0 B3a€MOJIi€ 3 lIapyBaTUM MacCHUBOM, 1e(OPMY€ETLCSI HEOAHOPiAHO. OCHOBOIO
[IapaMeTpUYHOTO aHali3y € Te, 10 HaNpyXeHo-1edOpPMOBaHUII CTaH Ha KOJIOBiM TOPU3OHTAJIbHIN BUPOOL i3
OIMHUYHUM pajiiycoM 3a gornomorotlo scaling-rnapameTpis (scaling — maciitabyBaHHs) MO>KHA €KCTPAIloJI0BaTH Ha
BHMPOOKU Oyb-KOTr0 paziycy. Po3po6ka TeOpeTUKO-ITPAaKTUYHMX OCHOB [IaPaMETPUYHOTO aHali3y HallPy>KeHO-
IepOpPMOBAHOTrO CTaHy FOPM3OHTAJIBHOI BUPOOKH, 110 B3a€MOJI€ i3 MapyBaTUM MacHBOM, € METOIO AUCepTaLifiHOl
poboTu. [lJ1s1 TOCATHEHHSI METU IIPOBELIEHO aHasli3 CTaHy IMTaHHS BU3HAUYEHHS HAIlPYXeHO-1e()OPMOBAHOI0 CTaHy
CHACTEMU «TOPU3OHTAJIbHA BUPOOKA — MIApyBaTUI MACUB», & TAKO>XK METOJ0JIOTTYHUX MiAXO0iB 10 1apyBaTOCTi
ripCbKOTO MAacCHUBY, 0CJIa6JIEHOTO TOPU30HTAIBHOIO BUPOOKOI0. BUCHOBKM aHali3y MigTBEPIPKYIOTh, 0 MaTEeMaTUYHE
MO/JIEJIIOBAHHS HAa OCHOBI METOly CKIHUEHHUX €JIEMEHTIB [JO3BOJIsIE BUKOHATU BCi 3aBJlaHHs aucepTauii. CTBOpEHO
CKiHUEHHO-eJIeMEeHTHi MOJIeJIi CCTeMU «TOPU30HTaJIbHA BUPOOKA — OPOHUN MacUBY, SIKi JO3BOJISIIOTH Bapiallito
paziycy Bupo6ku Ta gedopMaliliHMX BJIACTMBOCTEN MApyBaTOro MacuBy. TakoX MOOYI0BAaHO CKiHUEHHO-
eJIeMeHTHi MoJieJli 3 OMHUYHUMM [1apaMeTPaMH, SIKi € IEPBUHHUMMU [1J1s [TOAAJIBLIOTO CKEMIHTY (MacTabyBaHH).
3a JONIOMOTrOI0 CTBOPEHUX CKIHUEHHO-EJIEMEHTHUX MOJIeJIEN BU3HAYEHO, 1O MiJl 4aC CKEMJIIHTY CUCTEMU
«TOPM30HTaJIbHA BUPOOKA — MIapyBaTUI MacKBy 3 OOMHUYHUM reOMeTPUYHUM IIapaMeTpoM (paaiyc BUpooku R=1)
CJIifL, 30iBIIUTY HANIPY>KEHHS B N Pa3iB, a IEPEMIIIEHHS B N2, 1€ N — BiJHOIIEHHS paJliyCiB peabHOi CUCTEMU Ta
CHACTEMMU 3 OIMHUYHUM Fr€OMETPUYHUM NapameTpoM. [1icsig boro ¢ 3aCTOCyBaTH OTPUMaHi aBTOPCHKIi
3aKOHOMIPHOCTI /1711 XapaKT€PHUX TOYOK BUPOOKH, 1100 BUBHAUUTHU HANPYKeHO-1e(POPMOBAHUI1 CTaH Ha OOpUC]
BMPOOKH JJ151 iHIIMX 3HAYEHb BiIHOIIEHHS MOJYJIiB IPY>KHOCTI MaTpuLj i mapy. HaykoBa HOBU3HA MOJIIrae B TOMY,
10 Brepiue 3 koedinienTom kopesuii R2=0,97...0,99 oTpuMaHo 3aKOHOMIPHOCTI HaINlpy>KeHb Ha KOHTYPI
He3aKpinseHoi BUpOOKU B IIapyBaTOMy MaCUBI, SIKi 1711 TPhOX XapaKTePHUX TOYOK € JlorapudMiuHuMy, a 11 JBOX
TOYOK MAIOTh JIiHIiHNI Xapakrep. JloBe[leHO, 1110 3Ha4Y€HHsI IEPEMIllleHb PeasbHOI 3aKpinjleHoi BUpOOKU Ha BigMiHy
Bifl BUDOOKU 3 OJMHUYHUM F€OMETPUYHUM [IAaPaMETPOM 301/IbIIYIOTHCS B CTiJIbKU Pa3iB, HACKINIBKY 30iIbIIYETHCS
MOyJIb IIPY>KHOCTiI MaCUBY IIPU HE3MIHHOMY PiBHI Halpy>XeHb. [IpoBeieHe MOPiBHIHHS PE3yJIbTaTiB
[IapaMeTPUYHOrO aHaJIi3y IIEPETiHHOrO TyHEI0 KUiBCbKOr0 METPONOJITEHY 3 iIHCTPYMEHTAJIbHUMU
BMMipIOBaHHSIMU JOBOIUTb BUCOKUI CTYIIiHb a[IEKBATHOCTI pO3PO0JIEHNX aBTOPKOIO TEOPETUKO-TIPAKTUYHHUX
I10JI0>KE€Hb TIapAaMETPUYHOT0 aHaJIi3y, OCKIJIbKY MMOXMOKA MK BEPTUKAJIIbHUMU N€pEeMillleHHSIMU, OTPMMAHNUMU B XOZi

MaTeMaTUYHOr0 MOJIETIOBaHHS Ta MapKUIeHIepChKUX BUMIpIOBaHb, ckianae 3,0...14,5 %.

2. The dissertation is devoted to the development of a scientific idea of a parametric analysis of stresses and
strains of an unsupported or supported horizontal working interacting with a layered massif. Conceptually,
parametric analysis is based on mathematical modeling using the finite element method. With the help of the
author's algorithms, the solution of the finite element method, obtained for a specific calculation case, is
extrapolated to other calculation cases. The relevance of research on the determination of the stress-strain state
of a horizontal working interacting with a layered massif is due to the presence of problems during the
construction of running tunnels by shield tunneling, in particular, metro in Kyiv. The influence of layering for the
Kyiv metro can be defined as negative, since the construction of the running tunnel interacting with the layered
massif deforms non-uniformly. The basis of parametric analysis is that the stress-strain state on a circular
horizontal working with a unit radius can be extrapolated to workings of any radius using scaling parameters. The
development of the theoretical and practical foundations of the parametric analysis of the stress-strain state of a
horizontal working interacting with a layered massif is the goal of the dissertation work. To achieve the goal, an
analysis of the issue of determining the stress-strain state of the system “horizontal working - layered massif” was
carried out, as well as methodological approaches to the layering of a rock massif weakened by horizontal mining.
The conclusions of the analysis confirm that mathematical modeling based on the method of finite elements allows
you to fulfill all the tasks of the dissertation. Finite-element models of the system “horizontal working - rock
massif” were created, which allow variation of the working radius and deformation properties of the layered
massif. Finite element models with single parameters are also built, which are primary for further scaling. With the
help of the created finite element models, it was determined that during the scaling of the system “horizontal
working - layered massif” with a single geometric parameter (radius of the working R=1), the stress should be
increased in n times, and the displacement in n2, where n is the ratio of the radii of the real system and the system



with a single geometric parameter. After that, the obtained author's regularities should be applied for the
characteristic points of the product to determine the stress-strain state on the outline of the product for other
values of the ratio of the modulus of elasticity of the matrix and the layer. The scientific novelty is that, for the first
time, with a correlation coefficient R2=0.97 ... 0.99, the contour stress patterns of an unsupported working in a
layered massif are obtained, which are logarithmic for three characteristic points, and linear for two points. It is
proved that the displacement values of a real supported working, in contrast to a working with a single geometric
parameter, increase as many times as the modulus of elasticity of the matrix increases at a constant stress level.
The comparison of the results of the parametric analysis of the Kyiv metro tunnel with instrumental
measurements proves a high degree of adequacy of the theoretical and practical provisions of the parametric
analysis developed by the author, since the error between the vertical displacements obtained during
mathematical modeling and surveying measurements is 3.0 ... 14.5 %.
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