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Pedepar:

1. Incepranist npucBsiyeHa po3poblii HayKoBOi iflei napaMeTpUYHOro aHasli3y HalpyKeHb Ta fedopmaliii
He3aKpinieHoi abo 3aKpilyeHOoi TOpU30HTaIbHOI BUPOOKH, 110 B3a€EMOJi€ 3 MapyBaTUM MacuBOM. KoHILlenTyaabHO
napaMeTpUYHMI aHasI3 6a3yeThCsl HA MATEMAaTUYHOMY MOJIE€JIIOBAaHHI HA OCHOBI METOZy CKiHY€HHUX €JIEeMEHTIB. 3a
IIOTIOMOTOI0 aBTOPCBKUX aJITOPUTMIB PIllIEHHS LIbOTO METOZY, OTPUMAaHE [JIs1 KOHKPETHOTO PO3PaxyHKOBOTO
BUIIAJIKy, EKCTPAIIOJIIOETHCS HA iHII PO3paxyHKOBi BUMATKU. AKTYaIbHICTb JOCiI)K€Hb BUSHAUEHHS HAIIPY>KEHO-
Ie(pOPMOBAHOTrO CTaHy FOPM30HTAJILHOI BUPOOKH, 110 B3a€MOJIi€ i3 apyBaTUM MaCUBOM, OOYMOBJIEHA HAsIBHICTIO
IIpo6ieM IIif 9ac CropyKeHHS [eperiHHUX TyHeJIiB IUISIXOM LMTOBOI IIPOXOKY, 30KpeMa METPOIIOJITeHY B MiCTi
Kuesi. Brius mapysaTocTi 1151 KniBCbKOro METPOIOJIITEHY MOKHA BU3HAYUTH SIK HETATUBHUM, OCKIJIBKU
KOHCTPYKIIisl IEPETIHHOTO TYHEJIO, 1[0 B3a€MOJi€ 3 lIapyBaTUM MacCHUBOM, 1e(OPMY€EThCSI HEOAHOPiAHO. OCHOBOIO
IIapaMeTpUYHOrO aHasli3y € Te, Lo HalpyKeHO-1e(POPMOBAaHUI CTaH Ha KOJIOBill TOPU30HTAJIbHIN BUPOOL i3

OIMHUYHUM pajiiycoM 3a gornomorolo scaling-rnapameTpis (scaling — macitabyBaHHs) MO>KHA €KCTPAIIOJI0BaTH Ha



BUPOOKHU OyAb-SIKOTO pajiycy. Po3pobKa TeOpeTUKO-TIPAKTUYHUX OCHOB [IaPaMETPUYHOTO aHaJli3y HalpyKeHO-
IepOpMOBAHOTrO CTaHy FOPM30HTAJIbHOI BUPOOKH, 110 B3a€MOJII€ i3 IapyBaTUM MacCHBOM, € METOIO JucepTaLifiHOl
poboTu. [171s1 TOCATHEHHSI METU NIPOBELIEHO aHaJIi3 CTaHy IMTAaHHS BU3HAUYEHHS HAIIPY>XKeHO-1€(POPMOBAHOIO CTaHy
CHACTEMU «TOPU30HTAJIbHA BUPOOKA — MIAPyBAaTUI MACUB», & TAKO>XK METOOJIOTIYHUX MiAXOiB 10 1apyBaTOCTi
ripChKOTr0 MacuBy, OCJIa6JI€HOTO TOPU30HTAIBHOIO BUPOOKOIO0. BUCHOBKY aHami3y MigTBEPIKYIOTh, IO MaTeMAaTHUYHE
MOJI€JIIOBAaHHS Ha OCHOBI METOY CKiHUEHHUX €JIEMEHTIB 103BOJISIE BUKOHATH BCi 3aBHaHHS pucepralii. CTBOpeHOo
CKiHUEHHO-€eJIeMEeHTHi MOJIeJIi CCTeMU «TOPU30HTaIbHAa BUPOOKA — MOPOAHUN MacUB», SIKi JO3BOJISIIOTh Bapiallito
pagiiycy BUpoOkM Ta IepopMaliiHUX BIaCTUBOCTEN IapyBAaTOTO MacUBY. TakoX NOOYI0BaHO CKiHUEHHO-
eJIeMeHTHi MoJieJli 3 OMHUYHUMM [1apaMeTPaMH, sIKi € IEPBUHHUMMU [1J1s [TOAAJIbLUIOrO CKEMIHTY (MaciTabyBaHHS).
3a JOIOMOrOI0 CTBOPEHUX CKIHUEHHO-EJIEMEHTHUX MOJI€JIEN BU3HAYEHO, 1O MiJl 4aC CKEMJIIHTY CUCTEMU
«TOPM30HTaJIbHA BUPOOKA — MIapyBaTUI MacKB» 3 OLUHUYHUM reOMEeTPUYHUM ITapaMeTpoM (paaiyc BUpooku R=1)
CJ1if1 30iBIINTY HAaNIPpy>KEeHHS! B N Pa3iB, a IepeMillleHHs B N2, e N — BifHOIIEHHs pajiiyCiB peasbHoi CUCTeMU Ta
CHACTEMHU 3 OJMHNYHUM Fr€OMETPUYHUM NapameTpoM. [1icig nporo ¢ 3aCToCyBaTH OTPUMaHi aBTOPChKI
3aKOHOMIPHOCTI /171 XapaKT€PHUX TOYOK BUPOOKH, 100 BU3HAUUTHU HANPYXKeHO-1e(POPMOBAHNUI CTaH Ha OOPUC]
BUPOOKY 7151 iHIIKMX 3HAY€Hb BiTHOLIEHHS MOAYJIIB NPY>KHOCTI MaTpuLi i mapy. HaykoBa HOBU3HA MOJISITA€ B TOMY,
1o Brepiue 3 koedinienrom Kopessauii R2=0,97...0,99 oTprmaHo 3aKOHOMIPHOCT] HaNlpy>kKeHb Ha KOHTYPI
He3aKpilnjeHoi BUpOOKU B IIapyBaTOMy MaCUBI, SIKi 1711 TPhOX XapaKTE€PHUX TOYOK € JIorapu@pMiuHuMy, a 1715 JBOX
TOYOK MAIOTh JIiHIiHN Xapakrep. JJoBe[leHO, 10 3Ha4Y€HHs IEPEMIIllEHb PeabHOI 3aKpilyIeHoi BUpOOKU Ha BigMiHy
Bi/l BUPOOKU 3 OAMHUYHUM r€OMETPUYHUM [1apaMeTPOM 301JIbIIYIOTHCS B CTLIBKY Pa3iB, HACKLIBKA 30iJIbIIYETHCS
MOJyJIb IIPY>KHOCTI MaCUBY IIpY HE3MIHHOMY PiBHI Hallpy>KeHb. [IpoBeieHe NTOPiBHSAHHS PE3YJIbTaTIiB
[IapaMeTpUYHOTO0 aHasli3y [eperiHHOro TyHe o KuiBCbKOro MeTpomnoJliTeHy 3 iHCTpyMEHTaIbHUMU
BMMipIOBaHHSIMU JOBOJUTh BUCOKHUH CTYIIiHb aJIeKBATHOCT] pO3p06JIeHNX aBTOPKOIO TEOPETUKO-TIPAKTUYHUX
I[10JIOKEeHb IIapaMeTPUYHOTO aHajli3y, OCKLNIbKY MOX1O6Ka MK BEpTUKAIbHUMU II€pPEMIIleHHSIMU, OTPUMaHUMU B X0

MaTeMaTUYHOro MOJIEJIIOBaHHS Ta MapKUIeiIepChbKUX 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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