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Pesrome. Pazpaborana MeToguka pacdeTa TEXHONOTMUECKHX MApaMEeTPOB B3PBIBHBIX PadOT, JOCTYIHAs I TIOHHMMaHUS U OCy-
IIECTBICHUS] TEXHUYIECKOMY MepcoHaly Kapbepa. O60CHOBaHA I1€1eCO00pPa3HOCTh MPHUMEHEHUS TPEYTONbHOH CETKH PACTIONOKEHHS
CKBa)KMH, TI03BOJIAIOIIEH YMEHBIIUTD Y4aCTKU HEPa3pyIIEHHOH OPO/IbI 110 CPABHEHHUIO € IPSIMOYT0JIbHOM ceTkoi. [Tpu nccnenosanuu
HAIpPSHKEHHOIO COCTOSHUSA IOPObI IIPU B3PBIBE yUTEHA JUHAMUYECKAst IPOYHOCTh. CII0KHOCTh ONpPEe/eIeH s IUIOMAIN pa3pblBa Bbl-
3bIBAa€T 3aTPyAHEHUE IIPU HA3HAYEHUM YJEIbHOIO PAacXo[a B3PbIBUATHIX BELIECTB. YCTAHOBJIEH I'MIEPOOINYECKUI 3aKOH U3MEHEHUS
IUIOLIAH pa3pblBa IOPOABL B 3aBUCHMOCTH OT pa3Mepa OTAEIbHOro Kycka nopoasl. IIpennoxkena MeToquKa ONpeaeieHus Heprosa-
Tpar 115t 00pa30BaHUs B3PHIBA B OJHON CKBaKMHE C yYETOM JMHAMHYECKOH MPOYHOCTU Ha Pa3phIB, a TaKKe THIEpPOONHIECKOi 3a-
KOHOMEPHOCTH M3MEHEHMs IUIOIIAAN Pa3phiBa KyCKOB OPOALL. B MeTonnke yunThiBaeTCsA pa3Mep Kycka opojbl, COOTBETCTBYOILNI
BMECTUMOCTHU Pabouero opraHa BHIEMOYHOM TEXHHMKH, KOTOpas UMEESTCsl B HaJM4YMU Ha paccMaTpUBacMoM Kapbepe. PaspaboranHas
METOJIMKA OIPeIeTICHHs SHEPro3aTpar Mo3BONISAET TOPHBIM HHXKEHEpaM Ooliee 000CHOBaHHO MOAXOUTH K HA3HAYCHHUIO YAEIBHOTO pac-
XO0JIa B3PbIBYATOIO BEILECTBA.
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Abstract. The results of existing studies of explosive methods for preparing rock for excavation allow only an approximate
determination of the size of the rock pieces during the explosion, as well as the specific consumption of explosives. The research
is aimed at developing a methodology for calculating the technological parameters of blasting operations, accessible to the tech-
nical personnel of the quarry. To achieve this goal, the expediency of using a triangular grid of wells is justified, which makes
it possible to reduce areas of undisturbed rock compared with a rectangular grid. When studying the stress state of the rock
during an explosion, dynamic strength is taken into account. The complexity of determining the rupture area makes it difficult
to determine the specific consumption of explosives. A hyperbolic law has been established for changing the fracture area of a
rock depending on the size of an individual piece of rock. A method for determining the energy consumption for the formation
of an explosion in one well is proposed, taking into account the dynamic tensile strength, as well as the hyperbolic pattern of
changes in the fracture area of rock pieces. The developed method for determining energy consumption allows mining engineers
to more reasonably approach the purpose of the specific consumption of explosives. The method takes into account the size of a
piece of rock corresponding to the involvement of the working body of the excavation equipment that is available at the quarry
under consideration.

Keywords: blast hole, grid, voltage, rupture area, energy consumption

© Mewmsikun C. A., Iumkus E. A., Boponun B. FO., 2026

Mine Surveying and Subsurface Use Vol. 26, No 2, MARCH - APRIL 2026 33



TEOMEXAHUKA, PASPYLLIEHVE [OPHBIX [10POL

For citation: Shemyakin S.A., Shishkin E.A., Voronin V.Yu. Justification of the triangular location of blast wells in the quarry and
the required explosion energy. Mine Surveying and Subsurface Use.2026; 26 (2): 33-37. (In Russ.). https://doi.org/10.56195/20793332-

2026-26-2-33-37.

BBenenune

Ha npoTspKeHHH IIMTENBHOTO OINBITa B3PBIBHEIX paboT B
Poccutiickoit @enepanun u 3a pyOexoM BeIpabOTaNach TCHICH-
U C POCTOM BMECTHMOCTH KOBIIA 3KCKAaBATOpa YBEIWYMBATH
paccTosHUE MEXY CKBaXKHHAMU U UX auametp (puc. 1) [1].
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Puc. 1. CTaTUCTUYECKUE 3aBUCUMOCTH U3MEHEHUS PACCTOAHMUS
MEXAY B3PbIBHbIMM CKBAXWUHAMM @ M X AWaMeTpa d 0T BMECTUMOCTH
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Fig. 1. Statistical dependences of the change in the distance between blast
wells a and their diameter d on the bucket capacity of the excavator q

OnHaKo Mo PUCYHKY | HEBO3MOXKHO ONpENEIUTh Pa3Mephbl Ky-
CKOB TIOPOJIBI, 00pa30BaBIINECS MIPH B3PbIBE, KOTOPBIE HEOOXOINMO
HOIPY3UTh B Ky30B aBTOCaMOcCBajia. HeBO3MOXKHO Taxke ompene-
JIUTH HEOOXOIUMBIH yeTbHBINH PACXO[] B3PHIBUATHIX BELIECTB U T. [1.

Ieas uceegoBanus: pa3padboTKa METOIUKH pacdeTa TeXHO-
JIOTMYECKUX [1apaMeTPOB B3PbIBHBIX PabOT, JOCTYIHON 1 IO-
HUMAaHUS U OCYILECTBICHU TEXHUYECKOMY IIEPCOHATY Kapbepa.

MeTtomoorus

TpeOyercss yHpoILICHHAsT METOJMKA pacyera IapaMeTpoB
B3PBIBAHUS, JOCTYIHAS ISl HOHUMAHUS U OCYIIECTBICHHUS TeX-
HHYECKOMY IIepcoHaly Kapbepa. [Ipexie Bcero meaecooOpasHO
BBIOpaTh CXEMY PACIIOJIOKEHUS CKBaXHH (CeTKy) (pHc. 2).

Yarre mpuMEHSFOT PSIMOYTOJIBHYO CETKY (pHuC. 2a), pH KO-
TOPO# BO3MOYKHBI 3HAUMTENILHBIC YYACTKU HEepa3pyIIeHHOH T0-
POJIBL.

R - paguyc HambonbLuiero Apo6neHus; d — AnameTp CeYeHNs CKBaXMHbI;
A 1 b — y4acTKn CHMKEHHOI NpopaboTKu Maccusa /
R —radius of the largest crushing; d — diameter of the borehole section;
A and B — areas of reduced mining of the array

Pue. 2. Cxembl pacnonoXeHus CKBaXWH: a - PacnonoXeHue CKBaXMH Nno
NPSMOYroNbHON CXEME; 6 - PacnoNoXeHue CKBaXWH N0 TPEYroNbHoi cxeme /
Fig. 2. Well location schemes: a - the location of wells according to a rectangular
scheme; b - the location of wells according to a triangular scheme

Herpynno 3ameTuth, 94TO TpU TPEYTONBHOM CXEMe pactio-
JIOKEHUSI CKBAXKHH (pHc. 20) y4acTKU HEpa3pyIIeHHOW ITOPOJIBI
B 20...25 pa3 MeHblle, YeM P HPSMOYTOJbHOH. DTO MOXET
CrIOCcOOCTBOBAaTh YMEHBIICHHIO 00beMa HerabapUTHBIX KYCKOB
MOPOJIBI M, CIIEIOBATENBHO, MOBBIIIATH PABHOMEPHOCTD JIpo0iie-
Husi. Kpome toro, npu paBHO# 00ypeHHOH 10111 KaphepHOTo
IOJIS TPEYTOJIbHAs CeTKa J1aeT BO3MOXKHOCTH MPOOYPUTH YETHIPE
JOTIOJTHUTENbHBIE CKBAXKHHBI 110 MOJOIIBE U KPOMKE OTKOCOB H
TEM CaMbIM 00€CHEUUTh IIOJHOE pa3pyLIeHHEe ITUX 30H, YTO He-
BO3MOXXKHO IPH MIPSIMOYTOJIBHON CETKE.

VYcranosneno [2, 3], 9To pa3pyimieHHe TOPOABI ITPOUCXOTUT
B pe3ysbTare PacTsHKEHMS, TOCKOJIBKY IpeIeNIbHOE HalpsKEHUE
paspbiBa 6, MCHBLIIE IIPE/CIBHBIX HANPSKEHUS CHKATHS U CLIBATA.
OnHako MCIBITaTh 00pa3Ibl TOPOABI Ha PACTSHKEHHUE HE YIaeTcs,
MIOTOMY YTO MX TOPIIBI JIOMAIOTCS B 32)KMMaX Pa3pbIBHBIX MAIIUH
[4, 5].

Pe3yabraThl uccie1oBaHui

HcnbiTanus o0pas3ioB Ha pacTsHKEHHE METOIOM JIMaMeTpalib-
HOTO C)KaTWsl IaBHO M YCIELIHO MPUMEHSETCSI B TOPHOM jene [6,
7].

[Ipu B3pBIBE ClleAYET YYUTHIBATH AMHAMUYECKYIO IPOYHOCTH
nopoasl. OTHUM K3 KPUTEPHUEB W3MEHEHHUS IPOYHOCTH MOPOJ B
MacCHUBE IPU B3pbIBE SBISETCS CKOPOCTh CMEIICHHMS MacCHBa.
JIMHaMUUYEeCKy0 MPOYHOCTh MOPOJ, MOXKHO paccyuTaTh mo ¢hop-
myie [8]

1
GoZEP'C'Va (1)

I7ie p — IUIOTHOCTD TIOPOJIBI, KI/M3; ¢ — CKOPOCTH 3ByKa B IIOPOJIE,
M/C; V — CKOPOCTb CMELIICHUSI MAaCCHBA, M/C; o, — Hanpspkenue, Ia.

Bo3MoxHO paccuuThIBaTh JTUHAMUYECKYIO MPOYHOCTH IPH
J000H CKOpOCTH HarpyxeHus 1o ¢opmyie [9]

o,=0,,(1+k - Inw,), )

Ie G — CTAaTHCTHYECKOE HANPAKEHHE HPH OJHOOCHOM PaCTsiKe-
nuw, I[1a; k — koadduument (ust n3ecrHsika k = 0,065; nis nec-
uanuka k = 0,063; nus raGopoamoputa k = 0,048); ® — CKOpoOCTh
Harpy>XeHHsl, M/C.

CyIecTBeHHOE BIUSHUE HA ONPENEICHUE YHEPTUU U YCHIIHSA
pa3pylIeHHsT TOPOIBI TPH B3PBIBE OKA3bIBACT pa3Mep KyCKOB.
Ilpu ogHOM MOCTOSIHHOM OObEME pa3pyllacMOl MOpOAbl YeM
MEHbIIIE KyCKH, TeM 0O0JIbllIe IUIOMaab pa3pbiBa. JTO MOTIOKEHUE
JIETKO JIOKAa3bIBACTCS HA PHCYHKE 3.

l'unep6onuueckuil 3aKOH M3MEHEHUS IUIOIIAAM pa3pbl-
Ba IOPOABbI S ¢ yBEJIMYEHUEM pa3Mepa OTAEIbHOIO KycKa a B
OIpeeICHHOM 00beMe MOPOABI, PABHOM a° MPUBEACH HA PHU-
cyHKe 4. ’

B paGorax [10, 11] yrBepxuaercs, 4To NpU pa3pylICHUU
TIOPOABI B3PBIBOM YIEIBHBIH PACXOf B3PBHIBUATHIX BEIIECTB Ha
PEIXJICHHE (|| COCTABIIACT OJIHY TPETh YACNBHOTO PACX0/a B3bIB-
4arhIX BENIECTB (| Ha BBIOPOC MOPOIBI, TO €CTh

1
p =39 (3)
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Torna momnHBINA pacxoi B3pBIBYATHIX BEIIECTB (, Kr/M°, Ha
PBIXJICHHE U BEIOPOC COCTaBUT

4
9=349 “)
a) - L - 6) o L -
I I
(g\r’/
E o ( @
ey 9 /
a “~._|E ! §
// 3 ) // 1 )
d © ?r/ /// "b/
/ . /
a2
L a |
B) = - -1 r)
) ] . f d el }
v 77| Sl
4/ Wz 7 11, )/J' T 7
g W ieatnass ;::%
3 AV e mufyfhis)
P - | OOk ///
> | HAHHHH iy
. rd ] . |
a/d .

a - -
Puc. 3. Bnusinne U3MEHeHUs pa3mepa Kycka nopofbl Ky6uyeckoii opmbl
Ha 00wLyto Nowanb pa3pbiBa S KYCKOB NP COXPaHEHUM NEPBOHAYANBHOMO
o6bema pa3pyLuaemoii nopogbl:

a-S=6a%6-S=12a%B-S=24a%r-S=483%/

Fig. 3. The effect of a change in the size of a cubic rock piece on the total area of

the rupture of S pieces while maintaining the original volume
of the rock being destroyed:

a-S=6a%b-S=12a%c-S=24a%d- S = 482>

242’
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Puc 4. Tunep6onnyecknit 3aKoH U3MEHEHNA NNOLaaK pa3pbiBa NoOPoabl S
C YBENINYEHUEM pPa3Mepa OTAENbHOro KyCKa a B 0NpPefeNneHHom
o6beme nopopbl, paBHoM a° /

Fig. 4. The hyperbolic law of the change in the fracture area of the rock S
with an increase in the size of an individual piece a in a certain volume
of rock equal to 2°

Opnaxko omnpenenuTs 1o dpopmynam (3), (4) HeoOXxoxUMoe Ko-
JIMYECTBO B3PBIBYATHIX BEILIECTB U IPOYHE ITAPAMETPhI B3PLIBHBIX
paboT HeBo3MOkHO. HeoOxommMo 3To ompezeNeHre IPOBOJUTE
4yepe3 SHEPIUI0 B3pbIBAa U MIPUBJIEKATh AJs pacYE€TOB AMHAMUYE-
CKyIO IPOYHOCTb MOPOABI G, N PACTIPEACICHHUE Pa3Mepa KYCKOB
HOPOJBI [10 30HE B3PbIBA.

3HavyeHus] MaKCHMMaJbHOTO pa3Mepa Kycka MOJIE3HOTO HCKO-
MaeMOTo TIPU TIOTPY3Ke B IEperpy30dHble OyHKEpPHI, IpHeMHbIe
OTBEPCTUsl APOOUIOK, FPOXOTOB IpUHUMAIOT [12, 13]
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L. <(0,75K 0,85)b, (3)
rac b-— IIHUPpUHA IPUCMHOI'0O OTBEPCTUS, M.

B sTOM cityuae At IIEKOBBIX APOOMIIOK

L. =0,7K1,2m. (6)
A 17151 KOHYCHBIX JIpOOMIIOK

L. =0,4K L2 w. @)

[Ipu paboTe 0AHOKOBIIOBBIX IKCKABATOPOB L mpuHSATO [14]
max

BBIOUPATh B 3aBUCHMOCTH OT BMECTUMOCTH KOBIIA V, 5KCKaBATO-

pa (Tabm.).

Tabnuya / Tuble
MakcumanbHblii pa3mep Kycka none3Horo Mckonaemoro /
The maximum size of a piece of mineral
Lmax, m 0,5 0,9 1,0 1,1 1,3 1,5 1,6
Va, m3 1 2 3 4 6 8 20

MakcumanbHblid pasmep L, Kycka mopojisl B KyOoBo# op-
Mme (puc. 5) Oyznet paBeH anuHe otpeska EE.

[ = -

Pue. 5. PacyeTHas cxema s onpefenesns aHepruu 06pa3oBaHus B3pbisa B
CKBaXMHE C Y4ETOM AMHAMMYECKON NPOYHOCTHM HA pa3pbIB U runep6onnyeckoi
3aKOHOMEPHOCTM M3MEHEHUA NIOLaM Pa3pbiBa KYCKOB Nopoab! /

Fig. 5. Calculation scheme for determining the energy of explosion formation in a
well, taking into account the dynamic tensile strength and the hyperbolic pattern
of changes in the fracture area of rock pieces

B nepexoze Ha MakcHMMaNbHBIN pazmep KyOa

L
a = max ) (8)
1,72
Hyoke nmpuBOANTCS OJJHA U3 BOSMOXKHBIX METOAMK OIpeeIie-
HUSI DHEPro3arpar JJisi 00pa30BaHMs B3phIBA B OJIHOW CKBAKUHE
TyOUHOU /i 1 1MaMeTpoM d, TIpU Pajinyce 30HbI Pa3pyLICHHUS 7.
Bce pacyeTsl BemyTCsl C YUETOM JIHMHAMUYECKOH MPOYHOCTH Ha
PaspeIB G, @ TAKIKE THIIEPOOIMIECKOI 3aKOHOMEPHOCTH U3MCHE-
HUS TUIOLIAIN Pa3phIBa MOPOJIBI S.
[lnomaas ceKTopa, OrpaHMYeHHOr0 PajHyCaMu ¥, ¥ ¥;, MOJK-
HO ompenenuTh 1o [15]

2 2
_ride ride (17 =1 )do )

ds, :
2 2 2

Tie ¢ — YroJI, paj.
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OO0beM cexTopa, OrpaHUIEHHOTO PAJMyCaMHU 7, U 7;, PABEH

dv,=ds, - dh. (10)

C y4eToM TOro, 94TO BHEIIHHI CIIOW KyCKOB OJIM30K K (opme
KyOa, o011as miomaib pa3pbiBa

S =6L . (11)

Torna sneprus paspeisa £, H - M, OyzeT paBna

27y, h
E =P, [ ds,[dn. (12)
0 0
HJIOHIaHB U 00beM CCKTOpa, OrpaHUYCHHOI0 paanycaMu f‘l u
1’2, COOTBETCTBECHHO PaBHBI

2 2
(Vl - )d ¢
as,=~——; dv,=dS, -dh. (13)
2
HOCKOHBKy pasmep BTOpOﬁ HacTH CCKTOpa YMCHBIIMIICSH,
YMEHBIIHUTCS U ero 00beM. OiHaKO pa3Mep KyCKa yMEHBILIHIICS,
¥ [IpY OIIpe/IeNIeHUH TIJIOIAU Pa3phiBa HEOOXOIUMO BBOIUTH MO~

npaBouHbIi ko3 durment 0,6 (puc. 4).

Torna
S, =97 . (14)
Omeprus paspbiBa £, OyJeT paBHa
21, h
E, =P, [ ds,[dn. (15)
0 0

[Inomans 1 06beM CEKTOpa, OrPAHUIEHHOTO PayCaMu ¥, U
1’3, COOTBETCTBECHHO PaBHBI
2 2
(V > —h )d(P
dS,=~>——2—; dV,=dS,-dh. (16)
2
CoracHo pUCYHKY 5, 00beM TPeTbel 4acTU CEKTOPa YMEHb-
IIUJICS BABOE, & pa3Mep IUIOIIAAN Pa3pbiBa KyCKOB YBEINYHMBACT-
csl BIBOE, TI09TOMY BBOANM Kod(duumeHt 12.
Torna

Oneprus paspbisa £, OyneT paBHa

E = P:T dsjdh.
0

0

(18)

[Inomans 1 06bEM CEKTOPa, OTPAHUIEHHOTO PAJyCaMH 7, U
7, =0, COOTBETCTBEHHO PaBHbI

2
dg4:_”sj“’; dv, = ds, -dh. (19)
Torma
S, =241 . (20)
Oneprus paspbisa £, Oy1eT paBHa
27y h
E, =P, j ds4jdh. 1)
0 0
CymMapHasi SHEepTHUs pa3pylIeHus] paBHA
ZEz%(E1+E2+E3+E4)SW, (22)

rae W — ueansHas pabora B3pbiBa, Ik [12].

WHTerpanpHOE MCYHCICHNE BO3MOXKHO BECTH B MPHOJIMKEH-
HOM BapHuaHTe.

BuiBOaBI

1. OG0CHOBaHO MPEUMYIIECTBEHHOE TPUMEHEHUE TPEYTOJIb-
HOI CETKM PAacIOJIOKEHUS B3PbIBHBIX CKBaKMH. B cpaBHeHuu c
IIPSIMOYT'OJIHOM CETKOI TpEeyroibHasi 103BOJISET YMEHbBIINTD Bbl-
X071l HerabapuTa, a TakKe YMEHBIIIHUTB 3aTPAThI HAa OyPOB3PEIBHBIC
paboThI, BEIPAaBHUBAHHE IOBEPXHOCTU OTKOCOB.

2. YcTaHOBIIEHA 3aKOHOMEPHOCTh U3MEHEHHUS IUIOLAIHN pa3-
pBIBa B 3aBUCHMOCTH OT pa3Mepa Kycka IPH OTPeieIeHHOM 00b-
eMe nopozbl. JlaHHas 3aKOHOMEPHOCTb II03BOJIET ¢ OomblLIeh
JOCTOBEPHOCTBIO OINPEAENIATh HHEPro3arpaTbl Ha paspylIeHUE

36

S, =122 . (17)

IIOPOJIBI IPH B3PBIBHBIX paboTax.
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