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Pedepar:

1. MeTa po60THU: BCTAaHOBJIEHHS 3aKOHOMIPHOCTEN BILJIMBY (PPUKLIMHUX BJIACTUBOCTEN TiPChKUX MOPin Ha
HaIpy>XeHO-1e(pOPMOBAaHMUI CTaH i MPOLleCU PYHHYBAHHS 3Pa3KiB /111 PO3POOKU aHATITUYHUX METO/iB PO3PAXyHKY
[IOBHUX Jiiarpam MilIHOCTI, [IpY CTUCKAaHHI CUMETPUYHMM Ta aCUMETPUYHMM HaBaHTAKEHHSIM [1J151 BUBHAYEHHS
CTilIKOCTi IOPOAHOIO MACUBY Bif Aii FiPCBKOr0 TUCKY i OOIPYHTYBaHHS €HEPreTUYHOI €(PeKTUBHOCTI Je3iHTerpariii
1Ipu po6JIeHH]i Ta B yMOBax BifKpUTOi po3pobku poposuii. O6'€KT ZOCTIIKEHb — TeOMEXaHiuHi IIPoLecu
PYVIHYBaHHS TipChKUX [IOPiM IPY CUMETPUYHOMY Ta aCUMETPUYHOMY CTUCKAHHI 3 ypaxyBaHHSIM iX QpUKLITHUX
BJIACTUBOCTEN. HayKoBa HOBM3HA OTPUMAHUX PE3YJIbTATIB I10JISITA€ Y BCTAHOBJIEHHI: - 3aKOHOMIPHOCTI BILJIMBY

(PPUKLIHUX BJIACTUBOCTEN TipChKUX MOPiA Ha iX HaNpyKeHO-Ie(pOPMOBAHUI CTaH IIPY CTUCKAHHI, SIKi ONACYIOTh



3POCTaHHS BiIHOIIEHHS! HOPMAJIbHUX HANPY>XE€Hb Y HANIPSIMKY NEPIEHIUKYJISIPHOMY BEKTOPY CTUCKAHHS [0
HaIpyKeHb CTUCKY KBaIpaTUYHOIO 3aJIEXKHICTIO ITPH 306iJbIIeHH] KoedillieHTa KOHTaKTHOIO TEPTSI; -
CIIiBBiJHOLIIEHHS MIX [TOXiTHUMHU TaKUX HaIIPy’KEHb, sIK€ € OOEPHEHO IIPONOPLiiHUM BHYTPIlIHbOMY TEPTIO Ta
IIPSIMO IPOIOPLiHMM CyMi KOHTAKTHOTO Ta BHYTPIIHBOT'O TE€PTS, 1O JO3BOJISIE YTOUHUTH PO3IOAiT KOHTAKTHUX
HOPMaJIbHUX Ta AOTUYHUX HAIIPYKEHb 1 CUJI TEPTS HA KOHTAKTHIN OBEPXHI 3pa3KiB ripCbKOi IOPOIHU MpU
HaBaHTa)KeHHI; - Ha MiJCTaBi 06J1iKy HOPMaJIbHUX HAINPYXX€Hb Y HANIPSIMKY MePIIeHAUKYJISIPHOMY BEKTOPY
CTHCKaHHS1, pO3p00JIEHO aHAJIITUYHI METOAU [10OYI0BY Aiarpam « Halpy>KeHHs — AedopMallis» [jis ycideHo-
KJIMHOBOI, KJIMHOBOI, 1iarOHaJIbHOI, IOB3[JOBXXHBOI (POPM iX PyHHYBaHHS 3pa3KiB 3 BAKOPUCTAaHHSIM: MEXi OIIOPY
3CYBY; - KoeillieHTiB KOHTAaKTHOT'O Ta BHYTPIIIHbOTO TEPTS; — MOIYJISl IPY>KHOCTI. Lle 103B0oJIsi€ 6ibIll TOYHO
pO3paxoByBaTy (pOpPMyBaHHS HallpyKeHb Bif Iii ripCbKOro TUCKY Ha IIOBEPXHi BUOOIO Ta B MACHBI i PO3LINPIOE
MOXJIMBOCTI TEXHIYHOTO OOCTEKEHHSI €JIEMEHTIB IIAXTHUX Ta Kap'€PHUX CIOPY/; - B 3pa3Ky ripCbKoi MOpoau, KM
Ine(OPMYETHCSI CTUCKOM 3i 3CyBOM, HAIIPY>KE€HHS PO3TITYBAHHS, y HAPSIMKY I1€PIIEHIUKYJISIPHOMY CTUCKY
3pOCTaloTh 3i 30iIbIIeHHSIM KoedillieHTa KoHTakTHoro TepTs Bif 0,3 no 0,7 3a niHilIHOIO 3a71€KHICTIO, IPU LIbOMY
MiLIHICTb 3pa3KiB 3HMKYETLCS Y 3-8 pasiB, a MUTOMAa €HEPris pyMHYyBaHHS 3MeHIyeTbCs y 4-10 pasis; - 3i
301IbIIEHHSIM JOTMYHOTO HABAHTAXEHHS B 30Hi KOHTAKTY MiX IIOBEPXHEIO iIHCTPYMEHTY i IOPOJY NIPY CTUCKAHHI
3MEHIIYETHCS 30HA BCE6IYHOTO CTUCHEHHS], TTIMONHA PO3IIOJiTy Hail6ibll Hallpy>KeHOi TOUKYU JOTHYHUMU
HaIpYXE€HHSIMU 3MEHIIYETHCS i HAbIMKAETHCS A0 IOBEPXHI KOHTAKTY HA BifICTaHb, MEHILY Hi>K po3Mipu
KOHTaKTHOTO MalJaHYMKa, Ma€ MiClie 3HaYHa 30Ha [iii HallpyKeHb PO3TSTYBaHHS, SIKA € BUPIIAJILHUM (PaKTOPOM
IIpY 3apOJKEHHI TPillMHY, 110 3abe3Ievye 3HIDKEHHS €HeproBUTPAT IIPYU PyHHYBAaHHI MOHOJIITHOI Ta KYCKyBaToi
ripcbKoi Nopoiu 6pOHeIIUTaMu IpodapoK, po3IyLlyBadamy; - [1jis 3a6e3ledeHHs palioHalIbHOI IPONYKTUBHOCTI
npouecy gesidrerpanii 3 MakcumanbHuM KK]I, Heo6xinHa NOTY>KHICTb HA NIOJI0JIaHHS JUCUNIATUBHUX CUJI T
XOJIOCTUH Xill OPIBHIOE y IEPIIOMY HAOJIVKEHHI IBOM MTOTY>KHOCTSIM XOJIOCTOTO X0y APO0apKH, o Ja€e
MOXJIMBICTb 00MpaTy paljioHabHI IapamMeTpu NpoLiecy ApobJIeHHs Ta IIJIaHYBaTH i 3a011a/1KyBaT €HepreTUyHi
BUTpaTu. [IpakTUyHe 3HaUEHHS Ta peasizallis OTPUMaHUX Pe3yJbTaTiB IOJISTa€ B pO3pOOLli: aHATITUYHUX
€KCIIEPMMEHTAJIBHO MiATBEPAKEHUX iHXEHEePHUX METOJIMK [100YI0BY Aiarpam «HaIpy>KeHHs — nedopmauis»
3pasKiB ripCbKUX MOPif, SKi MOXKYTb BUKOPUCTOBYETHCS B IKOCTI J0HATKA 4O TEXHOJIOTTYHOI IPOEKTHOI
IOKyMEHTallil ipHUYUX MiAIPUEMCTB [1JI151 OTIEPATUBHOTO aHAJIITUYHOTO BU3HAYEHHS 1apaMEeTPiB €NI0PY OTIOPHOTO
THCKY B MaCHBi, 110 PO3LINPIOE MOXJIMBOCTI TEXHIYHOTO OOCTEKEHHSI €JIEMEHTIB IIAXTHUX Ta Kap'€PHUX CIIOPY;
METOJIMKY PO3PaxyHKY MOTY>KHOCTI, HEOOXifIHOI 117151 3a6e31edYeHHs PalioHaNbHOI IPOAYKTUBHOCTI IPOLECiB
npo6sieHHs 3 makcuManibHUM KKJI Ta KoedillieHTOM TeXHOJIOriYHOi e(eKTUBHOCTI. MeTOIMKY BCTAHOBJIEHHSI
B32€MO3B'SI3Ky €eHEPreTUYHUX, TEXHOJIOTIYHUX | EKOHOMIYHUX II0OKa3HUKIB €(peKTUBHOCTI IPOLIECiB Ae3iHTerpatii.
Pesynbratu mocnigkeHs BrposamkeHo:- JTEK «IIY [NaBnorpagceke» «MeTonyKa aHaJiTUMHOTO PO3PaXyHKY
Iiarpam «Hampy>keHHs — nedopmallis» 3pasKiB ripCbKUX MOPif, IPY KIMHOBIH GpopMi pyiiHyBaHHS» Ta «MeToauKa
aHaJIITUYHOT'O PO3PaxXyHKY Jliarpam «Halpy>KeHHs — gedopmallis» s UUIHAPUYHUX 3pa3KiB ripCbKUX NOPif, Ipu
yCiu€HO-KJIMHOBIN (OpMi pylIHYBaHHSI», 5IKi BUKOPUCTOBYETBHCS B SIKOCTi JOJATKA [0 TEXHOJIOTIYHOI IPOEKTHOI
IOKyMeHTalii, (AKTH BUKopucTaHHs Bif, 28.12.2021p); - TOB «O6’eqHanHs HOBOMUKOJIAIBChKUI Kap'ep» -
«MeTorKa aHaJIITUYHOIO PO3PAaXyHKY JliarpaM «HarpykKeHHs — aedopMallisy Iy QUIHIPUIHUX 3PasKiB ripChbKUX
IIOPiJ] IIPU yCiY€HO-KJIMHOBIN (GOopMi pyiiHYBaHHS», sIKa BUKOPUCTOBYETHCS B IKOCTI JOATKA 1O TEXHOJIOTYHO]
IIPOEKTHOI JJOKYMEHTAaLlii 1151 3HWKEHHSI €eHEProBUTPAT B IIpoliecax APo06JeHHs, (AKT BUKOPHUCTAHHS Bif|
20.10.2022p). OuikyBaHNi1 EKOHOMIYHUI e(EeKT CTAHOBUTD JJ1s1 OfiHi€i TexHomoriyHoi Jinii 1,075 MaH. rpH.;- ¥
HaBYaJILHOMY IIpOLeCi YKPaiHChKOrO JepKaBHOTO YHIBEPCUTETY HAYKU i TEXHOJIOTIN MTPY BUKJIAJAHHI HaBYaJIbHOI

IUCUMILTIHY «MexaHika CUIIKOTO cepefioBuIIay, (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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