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Llykropos Azep Meoowcio oeny. Y NOCKOHAJICHHS TEXHOJOTTYHHX MapaMeTpiB
MacoBOoro BHOYXy B YMOBax pO3pOOKH pOJOBHUII Ha TIPCBKUX CXWIaX —
Kgamidikaiiitna HaykoBa mparlsl Ha IpaBax PyKOIHUCY.

Huceprtamiss Ha 3100yTTS HAYKOBOTO CTyINeHs JokTopa (imocodii 3a
cunemianbHicTiIO 184 — TDipHunTBo. — HamioHanbHUN TEXHIYHUM yHIBEPCUTET
Vkpainu «KuiBChbKUM MONMITEXHIYHUM 1HCTUTYT 1MeHi Irops CikopchbKoroy
MinicTepcTBa OCBITH 1 Hayku Ykpainu, Kuis, 2021.

B po6oTi B sIkOCTI IpeiMeTa JOCIIIKEHb 00paHo creliajibHl YMOBH PO3pOOKU
PYIHHMX POJIOBHUII HAa TIPCHKUX CXMWJIAX, IO OOMEXYIOTh BHUCOTY YCTYIIB Ta
BIJIMOBITHO JIOBKUHY CBEPJIOBUHHUX 3apsiaiB. OcoOiMBY yBary MpUIITICHO
MOYaTKOBIH cTajili GopMyBaHHS MEeXaHIYHOTO e(heKTy BUOYXY B KpallOBUX JIJISTHKAX
MOJIOBKEHOT 0 3apsiny. B nucepTartii qocaimkyeTbes cuenudika po3poOKu HaripHUX
POJIOBHIIl Yepe3 3HAYHUI IMepemnaja BUCOT B MeXKaxX OJHOTO OJIOKY, SIKMM JUKTY€
HEOOX1THICTh 3HM)KEHHSI BACOTH YCTYIY A0 3...6M Ta IOBXKUHU 3apAay 10 2-X...4-x
MeTpiB. BHacmiok CKOpPOYEHHS JOBXKHWHHU CBEPIUIOBUHHOTO 3apsiy CTa€ OUIbII
1ICTOTHOIO Y4acCTh MOr0 TOPIIEBUX YACTHUH, Jie 10 35...40% ckIagaroTh JUCUIIATUBHI
BTpaTH €HEPrii yepe3 3MiHy CUMETPii CUIIOBOTO TTOJISI.

B nociimkeHHSX BpaxoOBYETbCS BIJIMIHHICTD 3aBJaHb 1 OCOOJUBOCTI MPOSIBY
Ta PO3BUTKY KpailoBHX €(DEKTIB B HIDKHbOMY 1 BEPXHBOMY TOPIISIX 3apsry. HrokHs
TOpLIEBA YaCTHHA 3apsiay, fKa BIANOBIIA€ 3a 30HY Mepedypy 3 METOI0 3ano0iraHHs
NOpOriB, NepedyBae B MAaKCUMAJIbHO 3aTHCHYTHUX yMOBaX, 3yCTplyae HalO1IbIINN
OMp CKEIbHOTO MAacHWBY pPYWHYBaHHIO 1 BHUMara€ MEpIIOYEproBoi yBarum B
JOCIIJKEHHAX. 3aKOHOMIPHOCTI (hOpMYBaHHS TOJIS HAMPY>KEHb 3 ypaxXyBaHHIM
KpallOBUX SIBHII BMBUEHO LUISIXOM AHAIITUYHUX PO3PAXyHKIB, II0 OCHOBaHI Ha
3aMiH1 JIIHIMHOTO 3apsily CUCTEMOIO 30Cepe/KeHNX 3apsiB. Ha ocHOBI CKIaIeHOTO
AITOPUTMY OOYHCIICHO MMapaMeTPH CUIIOBOTO TOJIS JIJIsl PI3HUX BapiaHTIB MUTTEBOTO
Ta CIOBUTLHEHOTO BHOYXY CUCTEMH 30CEPEKEHUX 3apsaiB. Po3paxyHku KpaioBUX
SIBUII TIPY BUOYXY CBEPJIOBUHHOTO 3apsy 0OMEKEHHX PO3MIpIB CBIIYaTh, IO 32

YMOBU MHTTEBOIO 1HILIIOBAHHS 3apsAly OJHOYACHO IO 000X TOPLSX 3apsay



BUPOJHKEHHS OCHOBOI CUMETPIi CUIIOBOTO IOJIsl BIIOYBAETHCA B TOPIIIB 3aps1y Ha
rmbuny 110 50 foro pajaiyciB, TOOTO B pealbHUX YMOBaX MiJIpUBaHHS KOPOTKHUX
CBEpAJIOBUHHMX 3apsiB iX MexaHIuHUH edexkT B OuIblmiid Mipi QopMyeThes
ocabJIeHMMU KIHIIEBUMU AUISTHKAMU JIHIHHOTO 3apsiy.

Jlia xommeHcanii €HepreTHYHUX BTpPAT Ha IOYATKOBIM CTafli PO3BUTKY
CHJIOBOTO TOJISl 3alI001>KHUKOM BHPOJKEHHSI ()POHTY XBUJIl HAMpy>KEHb MOXKIIMBE
301IBIIICHHST TOPIIEBOI YaCTUHHU CBEPIJIOBUHHOIO 3apsay B 1,5...1,7 pa3u. B skocti
palioHaJIbHOr0 CHOCcOo0y KepyBaHHS €HEPreTUYHUM MOTOKOM B HMKHBOMY TOPII
3apsiAy 3alpoNOHOBAHO 3aCTOCYBaHHS MPOMIKHOTO 1HIIIATOpa, PO3TAIIOBAHOTO B
JIOHH1M YaCTUHI CBEPJIOBUHHU 1 3IaTHOTO MOPS 13 30yPKEHHSIM B 3aps/ii JeTOHAIlIl
CTBOPUTH YMOBH JIJIsl 3apOJUKEHHS 1 PO3BUTKY pajialbHOI TPIIIMHUA B TUIOIIMHI
MIJONIBA yCTYyMy 3 METOK BHUpIIIEHHS MpoOsemMu mepedypy. 3o0kpema,
3aMpoNOHOBAHO 3aMiHY HWIHAPUYHOT (opMU OOHOBUKA HA KOHIYHY, pO3pax0OBaHy
Ha KOHIIEHTPAIIII0 EHEPTETUYHOTO MOTOKY IO HOPMaJTi JIO0 MOXHJIOT O19HOT TOBEPXHI
KOHyca B KyTOBY 30HY JHA CBEpJUIOBUHU. AHami3 pe3yJbTaTiB KOMIT IOTEPHOTO
MOJICNIIOBaHHSI BUOYXY 3apsimy B (opMi yCIYEHOTO0 KOHycCa IMOKa3aB, IO BUOYX
KOHIYHOTO OOMOBHKAa TE€HEpy€e CHJIOBE II0JI€ TPpyHIonoaiOHoi ¢opmu, 37aTHE
IIPOBOKYBATH PO3BUTOK PaaiaIbHO-KUIBIIEBOI  BIAKOJBHOI TPIIIMHU HA PIBHI
MJOMIBH YCTYIY, IO J03BOJISE BIIMOBUTUCH Bia mepeOypy. Bukonani B po6oTi
MOJIeJIbHI ~€KCHEPUMEHTH CBiYaTh NP0 MOXKJIMUBICTb OTPUMAaHHS 3apOJKY
pagianpHOTO MedopMaIlitHOTO MpoIecy BUHOYXOM JOHHOTO OOHOBHKA, a THKEHEPHI
pO3paxyHKH KOH(QIrypauli 30HH pyWHYBaHHS BiJ BUOYXy KOMOIHOBAHOTO 3apsiay
(koHIYHMI OOHOBUK B CBEpAJOBUHHOMY 3apsiji BP) Ha piBHI HMXXHBOTO TOPIS
CBEPJIOBUHM CBIIYaTh NP0 BHUIEPEKYIOUy OIUHy Jil0 BUOYXY B HampsMKY
IUIOLLMHY M1JI0MIBY ycTyiy. [Ipu boMy parfioHaJIbHHI KyT HaXWi1y O14HOT TOBEPXHI
3BOPOTHOrO KOHIYHOIrO 3apsiy 10 #oro Oinbmoi ocHoBu ckmamae 70° ...80°.
OCKIJIbKM Ha PIBHI BEPXHBOT'O TOPILS CBEPAJOBHHHOTO 3apsiay MOTro MiACHICHHS
oOMekeHe HeOe3MEeKOI MOCUJIEHOTO PO3KHUJIaHHS B YMOBAaX CXWJIOBHUX POIOBHIIL,
crocobu KepyBaHHS KpallOBUM e(EKTOM Ha PiBHI HAOIMKHU CIIiJT pO3IJIAIATH JIUIIIE B

aCIeKTl TPYIIOBOIO MiAPUBAHHS 3aPsiIiB.



AHami30M JITepaTypHUX JAHUX Ta BIACHUMH 1HKEHEPHUMU PO3paxyHKamMH B
MeXax mnonyiasapHux napamerpiB BBP BctanomieHo, mo aedopmailiisi BEpXHBOTO
nrapy MopoaM Ha piBHI HAOIMKU BiIOYBaeTbCs MOCHIZOBHO MPOTIroM 4-x ¢as:
XBUJIbOBOi, KaMy(JIETHOi, BOPOHKOYTBOPEHHSI Ta MAaCOBUX 3MIlll€Hb. XBHJIbOBA
¢daza MpPaKTUYHO OXOIUTIOE BECh OOCAT BEPXHBHOT'O MOPOAHOIO IIApy, ajue uepe3
3HayH1 TOPLEBl Ta JUCHUIATUBHI BTPATHU €HEPTrii BEpXHS MOJOBHHA I[LOTO IIApy
MIJA€THCS JIUIIe MikpoAaehopMallifHUM 3MiHaM, sIKI CTBOPIOIOTh MEpeAPYyHHIBHUN
ctan B moponai. Kamydrnerna dasza, mo peami3yeTbcsi Ha KOHTaKTI 3 TOPIIEM,
MOo3HayeHa MOTYKHUMM IUTACTUYHUMM PYWHYBaHHAMHM, ajie JIMIIE HAa KOHTAaKTI
TOpIIS 3apsAay 3 MacuBOM Toponau. Pa3za BOPOHKOYTBOPEHHS OXOILTIOE YaCTHHU
MacUBY HaBKOJIO HaO1MKH, aJie, 3T1THO 3 pO3paxyHKaMH, OKpeMi BOPOHKH CITYIICHHS
HaJ] CYMDKHUMH TOPIISIMU TIPAKTUYHO HE TICPETHHAIOTHCS, 3aTUIIAI0YH B TIPOMIKKY
MK CO0O0I0 HE 3a4eryieHy BOPOHKOYTBOPEHHSM 00JacTh. AHaJI3 pO3paxyHKOBHX
JAHUX CBITYHTH, 110 OOCAT HEPYWHOBAHOI 00JIaCTI MAaCHBY Ha PiBHI HAOIMKUA MiX
CYMIKHUMH BOPOHKAMU CITYIIICHHS MMPAKTUYHO HE 3aJIC)KUTH BiJI BACOTH YCTYITY, aJie
MaKCUMAaJIbHO CKOPOUYYETHCS B aOCOJMIOTHOMY BUMIpI TIpHU 3MEHIICHHI JiamMeTpa
3apsay A0 105Mm mipu mepexi 3apsaiB 3x3M Ta BUKOPUCTaHHI MpoMuciioBoi BP
turty ANFO. IIi mapameTpu MOXKHa BBaKaTH HAWOUIBII palliOHATBHUMU IS
IPOCKTYBaHHS BUOYXOBUX MEPEK.

3aBISKM HWKHBOMY IHIIIIOBAaHHIO B 4Yaci JeTOHalii 3apsjgy B MacuB
BUTIPOMIHIOETBCS yJapHA XBUJISA, (DPOHT SKOI OPIEHTYEThCA y OIK MOBEPXHEBHUX
niapiB Ha piBH1 HaOi1Mku. HaitOuibmoro edekty Bij Takoi mepeopieHTallii CUIOBOTO
MoJsi MOXKHAa JIOCATTH  OJIHOYACHUM  HIDKHIM  1HILIIOBAaHHSM  CYMDKHHX
CBEpUVIOBUHHMX 3apsaiB. Tomi (GpOHTH MOJIB HANMpy)KEHb MalTh 3yCTPITUCH B
M1X3apsiTHOMY TIPOCTOPi, & CyMapHUN BEKTOP CHUIIOBOTO TMOJIS CIIPSIMOBYETHCS TIO
HOpMaJIl 0 BITbHOT MOBEpXHi 070Ky, DAaKTUYHO B IIbOMY BUMAIKY MPOTOHYETHCS
CcXeMa BEPTUKAIBHOTO KJIMHOBOTO BpPYyOy, OPIEHTOBAHOTO 3aMICTh BUIBHOI O1YHOI
NOBEPXHI B OIK MOKPIBJ YCTYIy, siKa yepe3 il 3HayHE MPOCTATaHHA € OAHUM 3

JUKEpeI Herabapury.



[TponoHyeTbCsT HOBa cXeéMa B3aEMOAIl Tpym 3apsjiB, L0 CYNEPEUYUTh
TPaIUIIMHUM TIpUOMaM KOHCTPYIOBaHHS BHOYXOBHX MEpPEX, TOMY B poOOTi
BUIIPOOYBAHO KOMIIPOMICHY CXE€My KOMYyTallii, siKa MOJIAra€ B OJHOYACHOMY
napajieibHOMYy BHOYXY TPhOX CYMDKHUX PSJIIB CBEPJJIOBUHHUX 3apsiIiB B SIKOCTI
OJIHI€T TPYIH, 3 HACTYITHUM KOPOTKOCIIOBUIbHEHHUM BUOYXOM CYMIKHOI TPHUPSTHOT
rpymnu i gami. Peamizaiiis Takoi cXeMu JT03BOJISiE BUKOPUCTATH 11 TIepEBaru 3aBIsSKU
MOETHAHHIO MEXaHI3MIB TIEPEMIIIEHHS] Mac y BEPTUKAJILHOMY HAINpsIMKy 3
TPaJULIAHUM 3ITKHEHHSM JUISHOK MAacUBY B TOpPU30HTAJIBHOMY HAIpPSIMKY.
[lepeBarn 3acTOCyBaHHS 3MIIIAHOI CXE€MHU KOMYyTallii Mepexi JOBeeHI
NIPOMHUCIIOBUMHU  BHUNpoOyBaHHSAM. [IpomoHOBaHa cXema CyHpOBOKYETHCS
BJIOCKOHAJICHOIO TEXHIKOK KOHTYPHOTO MiApUBaHHS.

Pe3ynbraroMm BHOpOBa/KEHHS PEKOMEHIOBAaHUX B JUCEPTALINHIA  poOOTI
yIOCKOHAJIEHUX MapaMeTpiB KOHCTPYIOBAHHS 3aps/iB OOMEXEHOI JOBXKUHU Ta iX
CXEM MacOBOTO MiIPUBAHHS Ha 30JI0TOpYIHOMY YOBIapChbKOMY POAOBHILI € TTOBHA
BIJIMOBA BiJ epeOypy 13 3MeHIlIeHHsAM OypoBux poOit Ta BP, BUuTpaT Mmarepianis i
mparli, a TaKOX CKOPOYCHHsSI Ha Kap’epi BUXOJy HerabapwTHOi (pakiii BIBidl.
Bxkazani aBa OCHOBHI MOKa3HUKHU 3a0€3MEUMII Pa30M €KOHOMIYHUHN e(eKT moHa
2,0MJTH. TPH. B pO3paxyHKy Ha pidHUIT 00’ €M BUI00YBaHHS 30JI0TOPYTHOI CHPOBUHU
B 650000M° B po3Mipi.

3a pesynbTaTaMu AOCHIIKEHb OMyOJiKOoBaHO 11 HaykoBHX Ipalb, y TOMY
gyucii 6 crareil y HayKoBUX ()aXxOBHUX BHUIAHHSX (3 HUX 2 CTAaTTi y MEPIOAMYHUX
HAyKOBMX BUJAHHSX IHIIUX JEprKaB, Kl BXoAiTh 10 OECP Ta/abo €Bponeiicbkoro
Cotro3y, (haxoBHX BHJIAHHAX YKpaiHU Kateropii «A», abo 3aKOpJAOHHUX BUAAHHSIX,
o BXoasaTh 10 WoS abo Scopus) 1 mareHT Ha KOPHCHY MOJEnb YKpaiHnu, 4 Te3

JOTIOBIJICH B 301pHUKaX MaTepiaiaiB KOH(PEPEHIIIN.

Knrouogi cnoea: TipchbKUW CXWJI, CBEPUIOBUHHUUN 3apsii, KpailoBuil egekr,
CWJIOBE TMOJie, EHEpreTH4YHl BTPaTH, paJlaJIbHO-KUIbLIEBA TpillIMHA, Mepedyp,
pyHHYBaHHS, KOHIYHUW 3apsj], 3a0MBKa, palllOHAJIbHI MapaMmeTpH, Heradapwur,

BEPTUKAIBHUN KIIMHOBHM BpyO, KOPOTKOYIIOBIJIbHEHE i JPUBAHHS.



ABSTRACT

Shukurov A.V.o. «Improvement of technological parameters of mass explosion
in the conditions of mining in mountain slopes». — Qualification scientific work as a
manuscript.

Thesis for a Phylosofy Doctor Degree in Technical Sciences, specialty 184 -
Maining. National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic
Institute» of the Ministry of education and science of Ukraine, Kyiv, 2021.

Work as a subject of study chosen by the special conditions of development of
ore deposits on the mountain slopes, limiting the height of the ledges and
respectively the length of the borehole charges. Special attention is paid to the initial
stage of the formation of the mechanical effect of the explosion in the two ends of
an elongated charge. The thesis investigates the specifics of the development of the
upland fields, is a significant change in the height of the step within the same block.
Reducing the height of the step up to 3...6m requires reduction of the length of charge
up to 2...4 meters. The reduction in the length of the borehole charge becomes more
significant impact to its extreme plots, in which 35...40% are dissipative energy
losses through the change of symmetry of the force field.

The research considers the difference in tasks for the upper and lower ends of
the borehole charge and the features of the development in them of boundary effects.
The lower end part of the charge is amplified zone overdrilling to prevent thresholds,
since it is maximally clamped conditions, meets the greatest resistance of rock
massif destruction and therefore requires urgent attention in research. Regularities
of formation of stress fields with a given boundary phenomena studied by means of
analytical calculations based on replacement linear charge by system of concentrated
charges. On the basis of the algorithm computed the parameters of the force fields
for the various options of instant and delayed explosion system of concentrated
charges. Calculations of the marginal effects by the explosion of a borehole charge
with limited size suggests that assuming instantaneous initiation of the charge in
both ends of the charge degeneracy of the axial symmetry of the force field occurs

from the ends of the charge to a depth of 50 its radii, that is, in real terms short of



blasting borehole charges of their mechanical effect in a greater degree is formed by
the weakened end sections of the linear charge.

To compensate for the energy losses at the initial stage of development of the
force field fuse degeneration of the wave front strain it is possible to increase the
end part of the borehole charge of 1.5...1.7 times. As a rational method of
management of energy flow in the lower end of the charge the proposed application
of the intermediate initiator, located at the bottom of the borehole and able, along
with the initiation of detonation in the charge to create the conditions for the
emergence and development of radial cracks in the plane of the soles of the ledge
with the goal of addressing a problem overdrilling. In particular, the proposed
replacement of the cylindrical shape of the action tapered, designed for the
concentration of energy flow normal to the inclined lateral surface of a cone in the
corner area of the bottom of the borehole. Analysis of the results of computer
simulation of explosion of the charge in the form of a truncated cone showed that
the conical explosion of action generates a force field, pear-shaped, capable to
provoke the development of radial-circular cracks at the level of the soles of the
ledge, which eliminates overdrill. Made in modelling experiments indicate the
possibility of obtaining the embryo of a radial deformation process of the explosion
of bottom of action, and engineering calculations the configuration of the zone of
destruction from the explosion of the combined charge (conical initiator in charge
of explosive) at the lower end of the borehole indicate a forward lateral effects of
the explosion in the direction of the plane of the soles of the ledge. While the rational
angle of the side surface of the inverse conical charge to its larger base is 70° ...80°.
Since the upper end of the borehole charge amplification is limited by the danger of
enhanced scattering in terms of slope deposits, control methods of boundary effect
on the level of the tamping should be considered only in the aspect of group blasting
charges.

Analysis of literature data and engineering calculations within a popular
drilling and blasting parameters is established that the deformation of the upper layer

of rock at the level of the tamping occurs consistently throughout the 4 phases: of



the stress wave, kamulete, forming of crumbling craters and mass displacements.
Wave phase covers almost the entire volume of the upper rock layer at the level
tamping. However, after significant dissipative loss of energy due to the mechanical
effect in the upper half of this layer occurs only mikrocracs changes that create the
befordevastating state. Camouflage phase, which is implemented only in contact
with the upper and lower ends of the charge, is a powerful plastic deformation in the
array of the rock massive. The phase of formation of the funnel covers a part of the
array around tamping. According to the calculations, a separate funnel loosening
over the adjacent ends of the charges practically do not overlap, in the interval
between them is the area of the massif that are not affected by the process of the
formation of craters. The analysis of calculation data shows that the volume
pruinosae region-level array of tamping between adjacent craters does not
practically depend on the height of the step. However, in absolute terms this volume
decrease with decreasing of charge diameter up to 105 mm, network charges 3x3 m
and with ussng of industrial explosives type ANFO. These parameters can be
considered the most rational for the design of blasting networking in terms of
quartzitic rocks developing on mountain slopes.

Due to the lower initiation during detonation of the charge in the array radiates
the shock wave front in space between adjacent charges is oriented towards the
surface layers at the level tamping. The greatest effect of such a reorientation of
force fields can be achieved simultaneously by the lower initiation of adjacent
borehole charges. Then the fronts of the stress field needs to meet in space between
adjacent charges, and the total vector force field is directed normal to the upper free
surface of the block. In fact, in this case, a scheme of the vertical V-cut, oriented
instead of of the side surface to the side of the roof ledge, which through its
significant stretch is one of the main sources of oversizes.

The paper proposes a fundamentally new scheme of interaction of groups of
charges, which contradicts the traditional methods of designing explosive networks.
A complex switching scheme is implemented, which is realised as follows. Three

adjacent rows of downhole charges are combined into one joint group for



simultaneous parallel burst; the following groups of 3 adjacent rows each iniciated
with short delays. The implementation of such scheme allows to use the mechanism
of movement of rock masses in the vertical direction with the traditional collision of
areas of the array in the horizontal direction. The benefits of using a mixed network
switching scheme have been proven by industrial testing. The proposed scheme is
accompanied by the application of advanced contour blasting technique.

As a result of the introduction of advanced parameters of designing charges
woth limited length and the scheme of their massive blasting, the enterprise
completely abandoned the overdrill at the gold-bearing Chovdar field recommended
in the dissertation. This allowed for a 10% reduction in the amount of drilling work
and the consumption of explosives, materials and labor, and also reduced the output
of the oversized fraction by half (from 10 to 5%). These two key indicators have
combined to produce an economic impact of over 2.0 million UAH based on an
annual production of 650000m? of ore row.

Keywords: mountain slope, borehole charge, boundary effect, force field,
energy losses, radial-annular crack, breakthrough, destruction, conical charge,

clogging, rational parameters, oversize, vertical wedge cut, short-term explosion.
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