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Pedepar:

1. MeTa po60OTHU: BCTaHOBJIEHHS 3aKOHOMIPHOCTEM BIJIMBY PPUKLIMHUX BJIACTUBOCTEN TipChbKUX MOPin Ha
HaMNpyXeHo-Ae()OPMOBAaHUI CTaH i IpoLecyu pyNHyBaHHS 3pa3KiB [1711 pO3POOKM aHAJIITUYHUX METO/IiB PO3PaXyHKy
[IOBHUX Jiarpam MilIHOCTI, [IpY CTUCKAHHI CUMETPUYHYM T4 aCUMETPUYHMAM HABAaHTKEHHSIM [J151 BU3BHAYEHHS
CTilIKOCTi IIOPOAHOI'O MaCUBY Bif, Aii FMipCbKOro THUCKY i OGIPYHTYBaHHS €eHepreTUYHoi e(peKTUBHOCTI Je3iHnTerpartiii
IIpu Apo6JIeHH] Ta B yMOBax BiTKpUTOi po3pobku poposull,. O6'eKT AOCIIIPKEHDb — T€OMEXaHIuHi IIpolLlecu
PYVHYBaHHS TipCbKUX MOPiJ IPY CUMETPUYHOMY Ta aCUMETPUYHOMY CTUCKAHHI 3 yPaxXyBaHHSM iX (PPUKLIHUX
BJIACTUBOCTEN. HaykoBa HOBM3HA OTPUMAHUX PE3YJIbTATIB I10JISITA€ Y BCTAHOBJIEHHI: - 3aKOHOMIPHOCTI BILJIUBY
(PUKLiHUX BJIACTUBOCTE!N IipChKUX MIOPiA Ha ix HanpyKeHO-AedOopMOBaHUI CTaH IIpY CTUCKAHHI, SIKi OIKUCYIOTh
3POCTaHHS BiIHOIIEHHS! HOPMAJIbHUX HAINPY>K€Hb y HANIPSIMKY NEPIEHIUKYJISIPHOMY BEKTOPY CTUCKAHHS [0
HaIpPYy>KeHb CTUCKY KBaIPaTUYHOIO 3aJI€XKHICTIO NIpU 30ibIIeHH] KoedillieHTa KOHTAaKTHOTO TEPTS; -

CIIiBBiZTHOLIIEHHS MiX ITOXiTHUMHU TaKUX HaIIPy’KEHb, sIK€ € OOEPHEHO IIPOIOPLiHUM BHYTPIIIHBOMY TEPTIO Ta



IIPSIMO MPOIOPLiHMM CyMi KOHTAKTHOTO Ta BHYTPIlIHBOT'O TE€PTS, 1O JO3BOJISIE YTOUHUTH PO3IOAiT KOHTAKTHUX
HOPMAQJIBHUX Ta JOTUYHUX HAMIPY>KE€Hb i CUJI TEPTS HA KOHTAKTHIN NOBEPXHI 3pa3KiB ripChKOi NOPOIU NpU
HaBaHTa)K€HHI; - Ha MiJCTaBi 00J1iKy HOPMaJIbHUX HANIPYX€Hb Y HANIPSIMKY NE€PIIeHAUKYJISIPHOMY BEKTOPY
CTHCKaHHS1, pO3p00JIEHO aHAJIITUYHI METOAU NT0OYI0BYU Aiarpam « HaNpy>KeHHs — AedopMallisg» [Ijisl ycideHOo-
KJIMHOBOI, KJIMHOBOI, 1iarOHaJIbHOI, TTOB3/10BXHbOI (POPM iX pyiiHyBaHHS 3pa3KiB 3 BUKOPUCTAHHSIM: MeXi OIIOpY
3CYBY; - KoeillieHTiB KOHTAaKTHOT'O Ta BHYTPIlIHbOTO TEPTSI; — MOJYJISl IPY>KHOCTI. Lle 03B0oJIsi€ 6ibIll TOYHO
PO3paxoByBaTU (pOPMyBaHHS HaIlpyKeHb Bif Iii ripCbKOro TUCKY Ha IIOBEPXHi BUOOIO Ta B MACHBI i PO3LINPIOE
MOYKJIMBOCTi TEXHIYHOTO OOCTEKEHHSI €JIEMEHTIB IAaXTHUX Ta Kap'€PHUX CIIOPY/; - B 3pa3Ky ripchKoi Mopoau, SIKui
IepopMyeThCs CTUCKOM 3i 3CYBOM, HaIllpy>K€HHSI pO3TSITYBaHHS, Y HAIIPSIMKY [1ePIIeHAUKYJISIPHOMY CTUCKY
3pOCTaloTh 3i 30iIbIIEHHSIM KoedillieHTa KoHTakTHoro TepTs Bif, 0,3 no 0,7 3a niHilIHOIO 3a71€XXHICTIO, IPU LIbOMY
MILIHICTB 3pa3KiB 3HMXKYETLCA Y 3-8 pasiB, a MMUTOMAa €HEeprisd pyMHYyBaHHS 3MeHIyeTbCs y 4-10 pasis; - 3i
301/IbIIEHHSM JOTUYHOTO HABAHTAXKEHHS B 30Hi KOHTAKTy MiX MOBEPXHEIO iIHCTPYMEHTY i IOPOJY IPU CTUCKAHHI
3MEHUIYETHCS 30HA BCE6IYHOTO CTUCHEHHS], TJIMOMHA PO3II0Jily Hailbinbll Hallpy>KeHOi TOUKYU LOTUYHUMU
HaINpY>XE€HHSIMU 3MEHIIYEThCS i HAbIMKAETHCS A0 IOBEPXHI KOHTAKTY Ha BifICTaHb, MEHILY Hi3K po3Mipu
KOHTaKTHOTO MalJJaHYMKa, Ma€ MiClie 3HaYHa 30Ha [Iii HallpyKeHb PO3TATYBAHHS, SIKA € BUPIMIAJILHUM (PaKTOPOM
[IpY 3aPOJ’KEHHI TPILMHHY, 1110 3abe3eyye 3HDKEHHS! €eHeproBUTPaT Py pyUHYBaHHI MOHOJIITHOI Ta KyCKyBaTOi
ripcbKoi Nopoy GpOHEIIUTaMU Ipo6apoK, po3IyllyBayamy; - [1Jis1 3a6e3le4eHHs palioHalbHOI IPOLYKTUBHOCTI
npouecy gesinrerpauii 3 makcumanbHuM KK, HeoOxinHa NOTY>KHICTb HA NIOJI0JIaHHS OUCUNIATUBHUX CUJI Ta
XOJIOCTHH Xifl OPIBHIOE y IEepPIIOMY HaOJIMKEHHI BOM MTOTY>KHOCTSIM XOJIOCTOTO X0y APOOapKH, 110 A€
MOXUIMBICTb 0OMpAaTH pallioHasbHi MapaMeTpH Npolecy LpobJeHHs Ta IIJIaHYBaTH i 3a011a/I)KyBaT eHepreTUyHi
BUTpaTu. [IpakTUyYHe 3HaUYEHHS Ta peasizallis OTPUMaHUX Pe3yJbTaTiB I0JISTae B pO3pOOLli: aHATITUYHUX
€KCIIEPMMEHTAJIBHO MiATBEPIKEHUX iHXKEHEPHUX METOJIUK [T00YIOBY Aiarpam «HaIpy>KeHHs — nedopmaris»
3pa3sKiB ripCbKUX MOPIf, SIKi MOXXYTb BUKOPUCTOBYETHCS B SIKOCTi JOAATKA IO TEXHOJIOTIYHOI IPOEKTHOI
IOKyMEHTalil ripHUYMX MiAIPUEMCTB JJI1s1 OTIEPATUBHOTO aHAJIITUYHOTO BU3HAYEHHS [1aPaMETPiB €II0PY OTIOPHOTO
THCKY B MaCHBi, 1[0 PO3MINPIOE MOXKJIMBOCTI TEXHIYHOTO OOCTEKEHHSI €JIEMEHTIB IIAXTHUX Ta Kap'€pHUX CIIOPY;
METOJIMKY PO3PaxyHKy MOTY>KHOCTI, HEOOXifIHOI 117151 3a6e31edYeHHs palioHalbHOI IPOAYKTUBHOCTI ITPOLIECiB
npobsieHHs 3 makcuManbHUM KKJI Ta KoedillieHTOM TeXHOJIOTriYHOi e(eKTUBHOCTI. MeTOIMKM BCTAHOBJIEHHS
B32€MO3B'SI3Ky €HEPTeTUYHUX, TEXHOJIOTIYHUX | EKOHOMIYHMX II0OKa3HUKIB €(peKTUBHOCTI IPOLIECIB Ae3iHTerpatii.
Pesynbratu mocnigkeHs BrposamkeHo:- JTEK «IIY [NaBnorpancbke» «MeTonyKa aHaiTUMHOTO PO3PaXyHKY
Iiarpam «HarnpysxeHHs — nedopmaliisy 3pasKiB ripCbKUX MOPif IIPYU KINHOBIN GopMi pyiiHYyBaHHS» Ta «MeTonuKa
aHaJIITUYHOTO PO3PaxXyHKYy JliarpaM «Halpy>KeHHs — AedopmMallis» IJis UUIHAPUYHUX 3pa3KiB ripCbKUX NOPif, IpU
yCiu€HO-KJIMHOBII (OpMi pylIHYBaHHS», SIKi BUKOPUCTOBYETBLCS B SIKOCTi JOJATKA 40 TEXHOJIOTIYHOI IPOEKTHOI
IOKyMeHTallii, (AKTH BUKopucTaHHs Bif, 28.12.2021p); - TOB «O6’eqnanHs HoBOMUKOJIAIBCbKUI Kap'ep» -
«MeToauKa aHaJIITUYHOTO PO3PaxyHKY JiarpaM «HarpyKeHHs — nedopMaLlisy I UUITHIPUIHUX 3PasKiB ripCbKux
IIOPiJ] IPU yCiY€HO-KJIMHOBIN (GOpMi pyliHYBaHHS», IKa BUKOPUCTOBYETHCS B IKOCTI JOJATKA O TEXHOJIOTYHOI
IIPOEKTHOI JOKyMeHTallii 17151 3HMKEHHSI €HEProBUTPAT B IIpoLiecax Apo6seHHSs, (AKT BUKOPUCTAHHS Bif,
20.10.2022p). OuikyBaHMi1 €EKOHOMIYHUI e(EeKT CTAHOBUTb JJ1s1 OfiHi€i TexHooriyHoi Jinii 1,075 MaH. rpH.;- ¥
HaBYaJILHOMY IIPOLeCi YKPaiHChKOrO JePKaBHOTO YHIBEPCUTETY HAYKY i TEXHOJIOTIN MTPY BUKJIAZAHHI HAaBYaJIbHOI

IUCUMILIiHY «MexaHika CUIIKOTO cepefioBuIay, (ToBiaka, 27.03.2025 p).

2. Aim of the work: Establishing the regularities of the influence of frictional properties of rocks on the stress-
strain state and fracture processes of samples for the development of analytical methods for calculating complete
strength diagrams under symmetric and asymmetric compression to determine the stability of the rock mass
under the action of rock pressure and to substantiate the energy efficiency of disintegration during crushing and
in open-pit mining conditions. Object of research: Geomechanical processes of rock failure under symmetric and
asymmetric compression, considering their frictional properties. The scientific novelty of the obtained results is to
establish: - regularities of the influence of frictional properties of rocks on their stress-strain state during
compression, which describe the increase in the ratio of normal stresses in the direction perpendicular to the
compression vector to compression stresses by a quadratic dependence with an increase in the contact friction



coefficient; - the ratio between the derivatives of such stresses, which is inversely proportional to the internal
friction and directly proportional to the sum of contact and internal friction, which allows the clarification of the
distribution of contact normal and tangential stresses and friction forces on the contact surface of rock samples
under loading; - based on the consideration of normal stresses in the direction perpendicular to the compression
vector, analytical methods for constructing stress-strain diagrams for truncated wedge, wedge, diagonal, and
longitudinal forms of their fracture of samples were developed using: the shear resistance limit; - contact and
internal friction coefficients; - modulus of elasticity. This makes it possible to more accurately calculate the
formation of stresses from the action of rock pressure on the surface of the face and in the massif and expands the
possibilities of technical inspection of elements of mine and quarry structures; - in a rock sample deformed by
compression with shear, tensile stresses in the direction perpendicular to compression increase with an increase
in the coefficient of contact friction from 0.3 to 0.7 in a linear fashion, while the strength of the samples decreases
by 3-8 times, and the specific fracture energy decreases by 4-10 times; - with an increase in the tangential load in
the contact zone between the tool surface and the rock during compression, the zone of comprehensive
compression decreases, the depth of distribution of the most stressed point by tangential stresses decreases and
approaches the contact surface at a distance, less than the size of the contact pad, there is a significant zone of
tensile stresses, which is a decisive factor in the initiation of a crack, which ensures a reduction in energy
consumption during the destruction of monolithic and lumpy rock by crusher plates and rippers; - to ensure the
rational performance of the disintegration process with maximum efficiency, the required power to overcome
dissipative forces and idling is equal to two crusher idling capacities in the first approximation, which makes it
possible to choose rational crushing process parameters and plan and save energy costs. The practical significance
and implementation of the results obtained is the development of: analytical experimentally confirmed engineering
methods for constructing stress-strain diagrams of rock samples, which can be used as an appendix to the
technological design documentation of mining enterprises for the rapid analytical determination of the parameters
of the reference pressure diagram in the massif, which expands the possibilities of technical inspection of
elements of mine and quarry structures; methods for calculating the power required to provide rations Methods
for establishing the relationship between energy, technological and economic performance indicators of
disintegration processes. The research results have been implemented: - DTEK Pavlohradske Mining Group -
“Methodology for analytical calculation of stress-strain diagrams for rock samples with a wedge-shaped fracture”
and “Methodology for analytical calculation of stress-strain diagrams for cylindrical rock samples with a truncated
wedge-shaped fracture”, which are used as an annex to the technological design documentation (Acts of use dated
28.12.2021); - LLC “Association Novomykolayevsky Quarry” - “Methodology for analytical calculation of stress-
strain diagrams for cylindrical rock samples with a truncated wedge fracture form”, which is used as an appendix
to the technological design documentation to reduce energy consumption in crushing processes, (Certificate of
use dated 20.10.2022). The expected economic effect for one technological line is UAH 1.075 million; - in the
educational process of the Ukrainian State University of Science and Technology in teaching the discipline
“Mechanics of bulk media”, (certificate, 27.03.2025).
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