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PosrnsnyTo criocobu BUOYXOBOi BIIOIMKH, IPU SKUX 3POCTAE POJIb PO3TATYBAJIb-
HUX 1 3CYBHHMX CHJI B pyHHYBaHHI Tipchbkux nopij. [le MoxkHa peanizyBaTu mij 4yac BU-
OyXy HEOJJHOPIJTHUX 332 €HEPreTHUKOIO MOJOBXEHUX 3apsiiiB BUOyXoBUX peduoBuH (BP),
30KpemMa, 3apsAiB 3MIHHOTO IO iX JOBXHHI JlaMeTpa 13 3BY)KEHUMH 1 PO3LIUPEHUMU
IUITHKaMu. THCK Ha TIOBEPXHIO 3apsIHOI MOPOKHWHU Ha 3BYKEHHX JUISTHKaX
y 3-5 pa3iB HIKYE, HIX TP 0€3MocepeTHOMY KOHTaKTI BUOYXOBOi PEYOBHHHU 3 MOBE-
PXHEIO 3apsAIHOT TOPOKHUHM, 10 3a0e3Medye PI3HOTPaIIEHTHE HABAHTAKEHHS MAaCHUBY
ripcbkux nopia. [IpoBeneHi ekcriepuMeHTaNIbHI JOCIIKEHHS B TIOJITOHHUX 1 TIPOMH-
CJIOBHX YMOBax IMOKa3alid, 110 HEOIHOPIAHE BUOYXOBE HABAaHTAKEHHS 0 JOBXHHI 3a-
psny 1 B 00’ €M1 cepeioBHINA TO3BOJISIE MIABUIIUTH SIKICTh IPOOJICHHS 1 3HU3UTU 00’ €M
IpiOHKUX (PpaKiiiif.

KuouoBi ciioBa: BuOyxoBe npoOJieHHs, TOJIOBXKEHUN 3apsijl, 3MIHHUMA J1aMeTp,
PI3HOTPa/IIEHTHE HABAHTAXKECHHSI.
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PaccmoTpensl ciocoObl B3pBIBHOM OTOONKH, IPU KOTOPHIX BO3PACTAET POJb pac-
TATUBAIOIIMX U CIBUTOBBIX CHUJI B Pa3pyUICHUU TOPHBIX MOPOJA. ITO MOKHO peasin3o-
BaTh MPU B3PHIBE HEOJHOPOJHBIX MO SHEPTETUKE YIJIMHEHHBIX 3apsi0oB B3PbIBUATHIX
BeriectB (BB), B yacTHOCTH, 3apsA10B MEPEMEHHOTO 0 UX JUTHHE TUaMETpa C 3ayKCH-
HBIMHU M PaCHIMPEHHBIMU y4yacTKamu. /[aBieHne Ha CTEHKHU 3apsHON MOJIOCTH Ha 3a-
YKEHHBIX y4yacTKax B 3-5 pa3 HMXKE, YeM IIPU HENMOCPEACTBEHHOM KOHTakTe BB co
CTEHKAMHM 3apsiIHOM MOJIOCTH, YTO 00€CTeurnBaeT HEOAHOPOIHOE HArpy>KeHUEe MacCH-
Ba TOpPHBIX Nopoj. [IpoBeneHHbIE SKCIIEPUMEHTATBHBIE UCCIEIOBAHUS B MTOJIUTOHHBIX
(Ha MOAENAX) M MPOMBIIIJIEHHBIX YCIOBHUSAX (B MOJMATHIIEHOBBIX OOOJIOYKAX Mepe-
MEHHOT'O CEUEHHUs) MOKa3alli, YTO Pa3HOTPAJUEHTHOE B3PBIBHOE HATPY>KEHUE MO JJIH-
HE 3apsja B 00beMe Cpelibl MO3BOJIET MOBBICUTh KAY€CTBO B3PBHIBHOTO IPOOJIEHUS U
CHU3UTh 00bEM MEJKUX (PPaKIIUA.

KiroueBble ciioBa: B3pbIBHOE JpoOJeHHUE, YUIMHEHHBIM 3apsiji, MepeMEHHBIH
JIMaMETp, Pa3HOTPAAUEHTHOE HArPYKEHHE.
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AKTYAJIBHICTh POBOTH. BubyxoBa Big0ifika MIITHUX TIPCHKUX MOPiJ € J0-
CUTb BIJIMOBITAJIBHOIO 1 IOPOTOIO ONEepalli€ro Ipu BUAOOYTKY KOpUCHUX KomaiuH. He-
3BaYKAIO4M Ha MEBHI YCIIXU B PO3BUTKY HEBHOYXOBUX CIOCO0IB pyHHYBaHHS TPChKUX
MOpiJl B IPOMHUCIIOBUX MacIITabax B IOCTYIHIH JJis OISy IEPCIEKTUB] albTepHATH-
BU BUOYX0BoMY crioco0y Hemae [1]. Tomy po3poOka HOBHX Crioco0iB BHOYXOBOI BiI-
O1MiKM 1 MABUIIEHHS €(PEKTUBHOCTI ICHYIOUHX CIOCOOIB MPEICTABISIOTHCS aKTyallb-
HUMU.

Mertor A0CHiKeHHS € po3poOKa crmocoOiB BUOYXOBOr0 pyWHYBaHHS, 110 3a0€3-
MeYyIOTh PI3HOTPAJIIEHTHE HABAHTAXKCHHS MACHUBY TPCHKUX TOPI/I.

MATEPIAJI I PE3VYJIBTATU AOCIJIJIKEHD. IlinBumenas eheKTUBHOCTI Bij-
O1MiKM MIITHUX TIPCHKUX TOPiJ BHOYXOM CBEpUIOBMHHUX 3apsjiB BP MoxmuBo mpu
BUKOPUCTAaHHI KOHCTPYKIIA 3apslliB, IO 3a0€3MeUyiTh PI3HOTPAJIEHTHE HaBaHTa-
JKEHHS MiJ1 yac BUOyXy. Jlo HUX BITHOCSATHCS KOMOIHOBaHI 3apsiiv 3 4epryroThcs BP
PI3HOI MOTYXKHOCTI, 3apsiik, PO30CEPEIKEHI MOBITPSHUMHU 1 BOAHUMH MPOMINKKAMHU, a
TaK0X MPOMIDKKAMHM 3 CHITYYHX 1 HU3bKOIIUILHUX MaTepialis [2].

CTBOpEHHSI HEOJHOPIJHUX MOJIIB HANPYXEHb 1 3a0€3MeUeHHs PI3HOTPaJAIEHTHOIO
HABaHTAXXEHHS MACHUBY T1PCHKHUX TOP1Jl OCOOJUBO BAXJIUBO MPU PO3POOI PIZHOMIII-
HUX MAacHUBIB 3 BUKOPUCTaHHSIM eHeprii BuOyxy [3-5]. CmocoOoM miABHILIEHHS 1HTEH-
CUBHOCTI BUOYXOBOTro JpoOJieHHs € 30UIbleHHs Macu BP B mapi minHOi nopoau 3a
PaxyHOK PO3IIMPEHHS CBEP/AJIOBUH B 30HAX X MEPETUHAHHS 3 TBEPIUMHU BKIIOYCHHSI-
MU, a00 po3MiLIeHHs O1IbLI MOTY)HOTO BP B 1m1api MiniHO1 mopoau.

OpHuM 13 cnoco0iB CTBOPEHHS PI3HOTPAJAIEHTHOIO BHUOYXOBOI'O HABAHTAKEHHS
TBEPAUX CepeloBUII € (HOPMyBaHHS B HUIIHAPUIHHUX 3apATHUX TOPOKHUHAX 3apsi/IiB
3MIHHOTO TIepepi3y 3a JIOMOMOTOI0 CIeIlialbHUX 000JIOHOK JuTs po3MitieHHs BP [6, 7].

[Ipu popmyBaHH1 3apsiAiB 3MIHHOTO 1aMETPY B LUIIHAPUYHUX 3aPATHUX MTOPOIK-
HUHAX Ha iX pO3IIMPEHUX AUISIHKAaX BUOyXOBa PEUOBHMHA MPUIISATAE JO MOBEPXHI 3apsi-
JTHOi TIOPOKHUHU, MAlOYM KOHTAaKT 13 CEpPelOBHUIIEM, IO pyHHYyeThcs. Ha 3ByxeHHX
JIUISTHKAX 3apsAliB MK BUOYXOBOK PEUYOBHHOIO 1 MOBEPXHEIO 3apsiAHOI MOPOKHUHU
YTBOPIOIOTHCA 1HEPTHI 3a30pH (NTOBITPSIHI, BOJIHI).

TeopeTrnyHa OLlIHKA TUCKY MPOAYKTIB JAETOHALll BUOYXOBUX PEUOBHUH HA PO3LIU-
pPEHUX 1 3BY)KEHHMX JUISHKAX IMOKa3ajia, 10 TUCK Ha 3BYXEHUX AUISIHKax B 3-5 pasiB
HUK4Ye, HIXK TIpU O0e3MocepeIHbOMY KOHTaKTI BUOYXOBHX PEYOBHH 3 MOBEPXHEIO BH-
OyXOBUI OPOKHUHH.

3apsau 3MIHHOTO JlIaMeTpy 3a0e3MeuyoTh PI3HOTPaJl€HTHE HABAHTAXEHHS TBEP-
JIUX CEPEeOBUII 1 BUHUKHEHHS 3CYBHUX 3yCHUJIb, pyHHYIOUA [isl SKMX MEHII €HeProeM-
Ha, HIXK pyHHYBaHHS CTHCKaIOUMMH HaBaHTa)XKeHHsAMH [8].

3HaI04YM THCK Ha TIOBEPXHIO 3apsIHOI MOPOXKHUHU Ha posmupeHux (P;) 1 3Byxe-
Hux (P,) ninsHKax 3apsiay, MOKHA OI[IHUTH PO3MIp KycKa 3pyHHOBAHOTO BUOYXOM ce-
penopuia a(r) Ha BijcTaHi I Big oci 3apsay

c r
a(r)y=—==|— | h
") R-P\1,) "
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1€ G, — JMHaMIYHUN Mea MII[HOCTI CepeIoBUINA Ha 3pYIIeHHs; Ny — 1oBKHHA 3BYyXKe-
HOTO NUISHKU 3apsAIHOI MOPOKHUHU; N — KOe(]IlieHT 3aracaHHs HAIpPYXEHb Cepeio-
BUIIA 3 BIJICTAHHIO.

Yum Oinbiiie pi3HUI THUCKIB HA PO3LIMPEHUX 1 3BYKEHHUX JISTHKAX, TUM 1HTCHCH-
BHIIIIE BIAOYBA€ThCS PyHHYBAHHS CEPEIOBHILA.

ExcniepuMeHTanbH1 JOCTKEHHST PYyWHIBHOI [ii 3aps/iiB 3MIHHOTO JiaMeTpy, IO
3a0e3MeuyI0oTh PI3HOTPAIEHTHE PYHHYBaHHS CEpeIOBUINA, OYIU MPOBEIEHI B YMOBax
noJirony mianpueMmctsa [IpAT «IpoMBHOYX» Ha MIITAHO-TIEMEHTHUX MOJCIX [9].

Mopeni mamu popmy mapanenenineniB po3mipamu 200%300%300 MM, B SIKUX
CTBOPIOBAJIM TIO JIBl HIWJIIHAPUYHI TOPOKHUHH JiaMeTpoM 16 MM 1 noBxkuHoI0 140 MMm.
B muniHapudHAX TOPOKHMHAX 3a JOTIOMOTO0 IMAepOBUX TiJb3 3MIHHOTO TEpepizy
dbopmyBanucs 3apsau aMoHiTy Ne 6JKB 3miHHOTrO fiameTpy mo iX JoBXKuHI. JloBKHUHA
KOJIOHKH 3apsany ctaHoBuia 70 MM. B skocTi HaO1KH BUKOPUCTOBYBAJIM IMICOK. 3MiHA
YMOB HaBaHTaXEHHS MaTepially MOJENIeH MiJl Yac BUOYXY 3aps/IiB 3MIHHOTO Mepepizy
JOCSTANIOCH MUIIXOM PO3TAITyBAaHHS PO3MIUPEHUX 1 3BYKEHUX IUISTHOK IMOAOBKECHHX
3apsA/iB B CyMDKHHUX MOPOKHUHAX OJIMH MPOTU OJHOTO (OMO3UTHE PO3TAllyBaHH:) 1 B
1aXOBOMY MOPSIKY.

Maca BP B koxxHoMmy 3apsiai craHoBuia 8,6 r. Cymapna maca BP B momensix -
17,2 r, a uroMa BuTpara - 1,43 Kr/M>. [HiiroBaHHS 3apsIiB 3A1HCHIOBANIOCS ACTOHY-
tounM mHypom JIIIIE-9.

['panynoMeTpuyHmil cKiiaJl 3pyHHOBAHUX BHOYXOM MOJIENIEH TOCIHIIKYBaBCI Me-
TOJOM CUTOBOTO aHamizy. OOpoOKa rpaHyJIOMETPUYHOTO CKJIaIy TTOKa3ala, o Xapak-
Tep BHOYXOBOTO JPOOJIECHHS 3aJieKUTh BiJ] PO3TAlTyBaHHS PO3IIUPEHUX 1 3BYKEHHX
JUISTHOK B CYMDKHUX 3apsITHUX TTOPOKHUHAX.

[Ipu ix po3rairyBaHHI B IIaXOBOMY MOPSAKY CIIOCTEPITA€THCS 3MEHIIICHHS] BUXOTY
Benukux (ppaxkiiit (3-8 cm) 1, BIAMOBIAHO, JlaMeTpa CEPEIHBOTO KyCKa, B MIOPIBHIHHI 3
OTIO3UTHUM PO3TAIIYBaHHSIM PO3UIUPEHHX 1 3BY>KEHUX JIISHOK, OJHAK BUX1J APIOHUX
dpaxmiii (0-0,1 cm) pu IbOMY 30UTBITYE€THCS.

Takum 4yuHOM, PE3yNHTATH MOJITOHHUX €KCIEPUMEHTIB MIATBEPANIA OTPUMAHUN
TEOPETUYHUM IUIIXOM BUCHOBOK MPO T€, III0 CTBOPEHHS HEOHOPITHOTO BUOYXOBOTO
HaBaHTaXEHHS B 00 €M1 TBEPJIOT0 CEPEJIOBHINA 1 MO JOBKHHI 3apsiB CHPUSIE TOJIM-
IICHHIO SIKOCTI ii BUOYXOBOTO JPOOICHHS.

Ha nmpaktuii dopmyBaHHS MOAOBXKEHHUX 3apsi/iiB 3MIHHOTO TIO 1X JOBXKHHI JlaMeT-
pa J0CATA€EThCS MPU BUKOPUCTAHHI MOJIETUICHOBUX OOOJIOHOK 3 3BY)KCHHSMH 1 PO3-
IIUPEHHSIMH, K1 YePTYIOThCA MK c00010. EQEeKTUBHICTS PO3MISHYTUX KOHCTPYKITIN
CBepUTOBUHHMX 3apsiiB BP Oyia miareepmkena B npomwucioBux ymoBax [10]. Ilpu
IIOMY 00JIaCTh iX paIliOHATHHOTO 3aCTOCYBAHHSI 3 MO3HIIIT SIKOCTI APOOJICHHS TOPINT 1
exoHoMIT BP HEeoOXiqHO po3risgaTi 3 ypaxyBaHHAM TUITY KOPUCHUX KOMAJWH. SKIIO
pu po3po0IIl 3a1I30pYIHUX POAOBHII (HaKTOp MepenopiOHeHHs opia (apidHi dpak-
1ii) i yac BUOYXY € MO3UTUBHUM (3HIDKYIOTHCS BUTPATH B MPOIECi 30araueHHs pyn),
TO MpU BUOYXOBOMY IpOOJIEHHI HEPYIHOI CUPOBUHU (IpaHiTH, (PJIFOCOBI BaIlHAKH 1
JI0JIOMIT) mepenoApiOHeHa Mopojia — BIAHOCUTHCS 10 BTPAT KOPUCHUX KOMAJIMH.

BUCHOBKMU. KoHcTpykiiii 3apsaiB, 110 J103BOJISIIOTh 3MIHIOBATH KOHIIEHTPAIIIIO
€HEepTii B 3apsIHOI OPOXKHKUHI 110 11 TOBXKHHI, 3a0€3MeUyI0Th PI3HOTPaII€EHTHE HABaH-
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TaXCHHsI IOPOJHOTO MACUBY, MPH IIbOMY B MOTO pyHHYBaHHI 3pOCTa€ POJb PO3TATY-
BaJIbHUX 1 3CYBHUX HAIMPYKCHb.

[Ipu posrairyBaHH1 3BY)KEHUX 1 PO3IMIUPEHUX JUISHOK B CYMIKHUX IUJITHIPHYHUX
3apsIHUX MMOPOKHUHAX B IAXOBOMY IMOPSJIKY, B TIOPIBHIHHI 3 OTIO3UTHUM (OJIUH TIPO-
TH OJIHOTO) iX PO3TalllyBaHHSM, SIKICTh JPOOJICHHS TBEPAOTO CEPEAOBHIIA TOJIIIITY-
E€THCSL.
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Purpose. To analyze the blasting methods, providing due to multi-gradient load-
ing the reduction energy intensity of rock. Methodology. The theoretical consideration
of explosive destruction processes based on methods of solid media mechanics and
explosion physics in experimental researches modeling method and method of sieve
analysis were conducted was applied. The methods of blasting, in which the role of
tensile and shear forces in the rock destruction is increasing were reviewed. This can
be realized in case of explosion heterogeneous on energy of elongated charges, in par-
ticular, of variable diameter along its lengths with narrowed and widened areas. The
pressure on the surface of the charging cavity in the narrowed sections is 3-5 times
lower than in area with the direct contact of the explosive with the surface of the
charging cavity. It provides multi-gradient loading of the rock massif. Experimental
studies in polygon and industrial conditions have shown that inhomogeneous explo-
sive loading along the length of the charge and in the volume of the rock mass can im-
prove the quality of explosive crushing and reduce the quantity of fines. Results. Cre-
ating a multi-gradient explosive load on hard media is achieved by the formation in
the cylindrical charge cavities of alternating cross section charges with the help of
special shells for placing explosives. In alternating-diameter charges formed at their
expanded sites, the explosive is adjacent to the surface of the charge cavity, having
contact with the destructive medium. Inert areas (air, water) are formed in the nar-
rowed areas of the charge between the explosive and the surface of the charge cavity.
The theoretical estimation the pressure of detonation products in the expanded and
narrowed areas showed that the pressure on the narrowed areas is 3-5 times lower than
that of the direct contact of explosives with the surface of the explosive cavity. Origi-
nality. Substantiation of explosive detonation methods that create a multi-gradient
load of rocks during the explosion of no uniform energy explosive charges and in-
crease the role of less energy-consuming tensile and shear forces in their destruction.
Practical value. The results of the work allowed justifying substantiating the efficien-
cy of rock explosive destruction methods in case of explosion the elongated charges of
variable diameter. Conclusions. Charge designs, which allow changing the concentra-
tion of energy in the charge cavity along its length, provide differently gradient load-
ing of the rock mass, with the role of tensile and shear stresses increasing in its de-
struction. When the location of the narrowed and expanded areas in adjacent cylindri-
cal charging cavities in a staggered manner, compared to the opposite (against each
other) their location, the quality of crushing of the solid medium improves.

Key words: explosive crushing elongated charge, variable diameter, multi-
gradient loading.
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