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CPABHUTEJIBHBIN AHAJIN3 METOJ0OB PACYETA IIAPAMETPOB
3ABOMKH B3PBIBHBIX CKAKHWH C YYETOM ®HU3UKO-
XUMHNYECKHUX CBOUCTB I'OPHBIX ITOPOJ

Annomayua: B cmamve npeocmagieH CpASGHUMENbHBIL AHAIU3 MemOo008 paciemda
napamempos 3a00UKU 63PblEHbIX CKBANCUH C YUEMOM (PUIUKO-MEXAHUYECKUX CBOUCME 2OPHLIX
nopoo. Paccmompenvt mpaouyuonuvie u cospemennbie Mamepuaibl 3a00UKY, makue KaK necox,
2Uo0po3adolKa, neHozenegvle cMecU U CKBAJICUHHbIE 3anuparujue YCmpoucmed, a makice ux
enusHUE HA I PexkmusHocms 83puiehbix pabom. Ocoboe sHUMAHUE YOeleHO Memooam pacyéma:
aMnupuyeckum, anarumudeckum u yuciennvim (MKD, DEM). Bwisgnensl ux npeumywecmaa,
HedoCmamkuy U ycnosus npumenenus. llokasano, ymo KOMOUHUPOBAHHbBIE U YUCTIEHHbIE MEMOObL
obecneuusarom HAUOONLULYIO MOYHOCMb, HO MPEOVIOM 3HAYUMETbHLIX GbIYUCTUTNENbHBIX
pecypcos u Kkeanugukayuu nepcoHana.

Knwuesvie cnosa: 3a60tika cKeajxdcuH, pacuém napamempos, @QU3UKO-MeXxanudeckue
CBOUICMBA 20PHBIX NOPOO, PPeKmusHoCms 83pbléa, NeHozenesdas 3a00UKd, CKEANCUHHbIE
3anuparowue YCmMpoucmed, 4UCieHHoe MOOeIUuposanue, SMnuUpudecKue memoowvl, OpodlieHue
nopoo.

3abo0iika CKBaKUH — ATO TEXHOJIOTMYECKUM MPOIIeCC 3alOoTHEHUS BEpXHEH
YaCTH B3PbIBHOM CKBA>KWHBI WX LINYPA UHEPTHBIM MAaTEPUAIIOM, PACIIOIOKEHHBIM
HETMOCPEJICTBEHHO HaJ 3apsAaoM B3pbiBuaToro BemiectBa (BB). Takke 3aboiikoi
HAa3bIBAIOT CaM WHEPTHBIA MaTepuaj, NPUMEHSEMbIA i1 HW30JSIUUM  3apsia
B3pBIBUATOrO BemiecTsa [1].

—

<——— 3aboiika

13a0

’ / / 3apsg BB

e
i

Bonnososn

lap

: \ boesux

¥ k.

Pucynok 1 — KoHCTpyKIus 3apsiia CKBaXKHHBI

K ocHOBHBIM QyHKIHAM U 3HAYEHHUSIM 3a00MKHM MOKHO OTHECTH:
e "Janupanme'" mnpoaykroB aeroHauuu W noBbimieHue KII/{ B3pbiBa.
3aboiika uzonupyet 3apsa BB, mpegorspaias mpexaeBpeMEHHbBI BHIOPOC



ra3zoB. JTO yBEJIMYMBAET JIABJICHUE B 3apsAIHON Kamepe, 00ecreurnBast HOJHYIO
neToHauvio BB u BbaeeHne MaKCUMaIbHON DHEPTHH.

e VYBequveHHe NPOAOLKUTEIHLHOCTH HMMIYJbCAa B3PbIBA. DKCIEPUMEHTHI
HpykoBanoro M.®. u apyrux yd€HBIX MOKa3aJd POCT JUIATEIBHOCTH
umnynbca Ha 35—40%, uTto ynydmaeT qpobaeHue MaccuBa [6]. 9To 0co6eHHO
BAXXHO JJIi aMMHUAYHO-CeNUTpeHHbIXx BB, Tpelyoommx mIUTenbsHOro
BO3JICUCTBUS [IJIS1 IEPEAAYN SHEPTUU TIOPOJIE.

e CHuxeHue BbIOpOCa NbLIM W TOKCHYHBIX ra3oB. lleHoreneBbie cmecu
(OBICTpOTBEpACIONINE + HETBEPJCIONIME CJIOM) CHIIKAIOT 3allbUIEHHOCTb U
HEHUTpaNM3yIOT TOKCUYHBIC Ta3bl. [ mapo3adoiika ¢ mogkucieHHou Bogoit (pH
4-5.5) ymeHbIaeT 00pa3oBaHUE SAOBHUTHIX Ta30B [3].

e IlpenorBpamenne pa3dopoca KyckoB mopoabl. [Ipu orcyTcTBUU 3a00MKH
HaO0JII0AeTCsl MHTEHCUBHOE Pa3pylICHHE YCTh CKBaKUHBI U (POPMHUPOBAHUE
HerabapuTHeIX ¢pakumii. IlomBecHbie 3aboiiku (mareHt RU2506533)
o0ecneunBaoT JUIMTEIbHOE 3alMpaHue Ta30B J0 IOJHOTO pa3pylICHUs
MOPOABL, COKpaIas pa3neéT KyckoB Ha 15-20% [2].

JUJ1st B3pBIBHBIX pa0OT UCIOJIb3YIOT Pa3IMYHbIE THIIBI 3200€K — KaK ChIITy4ue,
Tak U *Kuakue. X cpaBHHUTENbHbIE XapaKTEPUCTUKH, 3(PEKTUBHOCTH U cpena
IMPUMEHEHUS 3aBUCAT OT MaTepuaia 3a00MKU U YCIOBUM B3PBIBHBIX padoT.

TpaaguunoHHbie MaTepuaJbl (MeCOK, 0ypoBasi MeJI04b, I1e0eHb)

Ilecok mpUMEHSIOT B MIMTypax, B TOM YKCIIE B CMECU ¢ MeTKUM 1eoHem (30—
40% 1o 00BEMY). 3a00iiKa U3 TecKa yAepKUBAET MPOYKTHI JETOHAIINH, TTOBBIIIAET
KIIJI B3ppiBa U CHIXKaeT paauyc pasi€ra ockoiakoB. OaHako 3a00ika W3 MecKa
oOecrieuynBaeT MEHbBIIEE JIABJICHNE U JUTUTEIbHOCTh BhLIETA B3PBIBHBIX MPOTYKTOB
110 CPaBHEHMIO ¢ 3a00MKOM U3 MorIomaroIieit cmecu [8].

BypoBasi Meno4b 4acTo HCHOJIB3YIOT B KayecTBe 3a00WKH Ha paszpe3ax
Kysbacca. Dtor marepuan ocTa€rcsi TOCie MpPOBEAEHUS OypoBBIX padOT u
YAECPKUBAETCS B CKBAXKMHE 3a CUET CWJI TPEHMS M Beca camoro martepuana. llpu
UCIIOJIb30BAaHUU 3a00MKM U3 OypOBOIl MeJIOUM HAaNpsKEHUs BO (POHTE yIapHOU
BOJIHBI TIPEBBIIAIOT HAIpPSDKEHUs] TPU B3pbIBaHMM Oe3 3a0oiiku B 1,5 pasa, a
IJIOTHOCTH OTOKA SHEPIUH yBEMYMBaeTcs OoJiee uem B 2,5 paza [9].

Iledenb ¢pakuueit 2040 MM TPUMEHSIOT B KadecTBe 3a00WKH, YTO
MOJIOKUTENIBHO CKa3bIBACTCS HA YBEJIMYCHUW BPEMEHM YJIEpiKaHUS MPOIAYKTOB
JIETOHAIIMKM BO B3PBIBHOU mMoJiocTH. OIHAKO KCIIONIB30BaHUE MICOHS YBEINYUBACT
pacxojpl Ha TIPOBEICHHUE B3PBHIBHBIX padOT 3a CYET MPUMEHEHHsS] TOTOBOM
MPOYKIIMU B KadecTBe 3a00iku [1].

I'mapo3adoiika (Boaga, cosieBbie pacTBOPbI)

OOBIYHO AJ1s TUIPO3a00MKH MPUMEHSIOT BOAY. DTO MOXKET OBbITh:

BuyTpennsia ruapo3adoiika CKBa)KMH — B CKBaXUHY BBOJST
HOJIMATUIICHOBBIE aMITyJIbl, 3all0JHEHHbIE BOJOW. [Ipy B3phIBE aMIyJIbl JIOMAKOTCA,
BO/Ia OpOILIAET B30PBAHHYIO MOPOAY M YAaCTHUUHO YMEHBIIAET BPEIHOE JEHCTBUE
ra3oB U nelaeodpazosanue [3,10].



BHemHsis ruapo3adoiika CKBasKUH — MOJIMITUIICHOBBIN pyKaB TUAMETPOM
okoJio 1 M u Ooiiee, KOTOPBIN pa3MellaeTca Mo psAaaM CKBaXKuH. J[iMHA pykaBoOB
JUKTYETCS COCTOSIHUEM TIOBEPXHOCTH 3apsOKEHHOro OJIoka U KOHTYpOM
B3pPbIBAEMBIX CKBAKMH. HaronHeHune pykaBa BOJIOM OCYHIECTBISIETCS C MOMOILBIO
MOJIMBOYHOM MallMHbI, 000pyA0BaHHOM ruapoHacocoM [8].

CoseBble pacTBOPbI

B 3umuuit nepuos ans ruipo3ab0iK MPUMEHSIOT BOJHBIE PACTBOPHI COJICH
NaCl u CaCl2. 31o cBs3aHO € T€M, YTO IPUMEHEHUE TUAPO3a00NKH 3aTPYTHEHO B
MepUO]T OTPULIATEIBHBIX TeMrepaTyp [9].

Oco0ennocru:

e OO0OJIOYKM aMmysl i1 BOABI M3TOTOBIIIOT W3 IMOJIMAITHIECHOBOIO pyKaBa

IWaMEeTPOM Ha 1-3 MM MeHbIIIe TruaMeTpa MITypa.

e lcnonb3yroT cienyalibHbIe aMITyJIbl ¢ 0OpAaTHBIM KJIAIMAHOM, IJTMHA — OKOJIO

30 cm.

e lMHorga BOMy NOJAIOT HEMNOCPEACTBEHHO B CKBAXKHHY, HCIHOJIB3Ys

T'UJIPO3aTBOPHI WM DIIMHSAHBIE TPOOKH.

e [lpu B3pbIBE 3apsiaa NPOUCXOANUT CBA3BIBAHUE MBIIEBBIX YACTHUL] )KUIKOCTBIO.

IlenoreseBasi 3a00iika

IlenoreneBast 3a00ilka — 3TO HM3KOIUIOTHAsS MHOTOKOMIIOHEHTHAs CMECh
(me”orenb), KOTOpasi HMCHOJB3YIOTCS TMPHU B3PBIBHBIX paboTax sl CHUKECHUS
MBIIETA30BbIX BBIOPOCOB M TOBBIIICHUS KauyecTBa IPOOJIEHUS TOPHOW MOPOJBI.
Taxkast 3a00i1ka OTHOBPEMEHHO yCHIIUBAET (hyracHOE ICMCTBUE B3PhIBA U MOIABIISET
MbUTb, THULIUUPYEMYIO B3PBIBOM.

CocraB nmaHHOM 3a00iku m3roraBiauBaercs u3 1,5-3% BoaHOrO pacTBOpa
neHoreneo0pasyromux BeniecTB. KoanaecTBo KUIKOCTH B 3a00iKe BIMSIET Ha €&
NBUICTIONABISIONINEG CBOWCTBA. B MOMEHT B3pbIBa IME€HOreseBas 3a0oiika
BbIOpachIBaeTCs B aTMOc(epy BMECTE C MPOAYKTaMU B3pbIBa B BUE My3bIPHKOB U
MEJIKUX Kamejidb, KOTOPBIC SBJSIOTCA LEHTpaMU Koaryjsauuu nbeuid. WMHorma
UCIIOJB3YIOT TIEHOTEJIEBYIO0 3a00MKy MEPEMEHHOI0 arperaTHOrO COCTOSHUS —
CMECh U3 OBICTPOTBEPJCIONIETO U HETBEPJCIONIETO TEHOress, 3aJIMBacMyl0 B
HE3apsHKEHHYIO YaCTh CKBAKHUHBI CIIOSIMH [3].

CkBaxxuHHOe 3anuparouiee ycrpoiictso (C3Y)

CxBaxkrHHOE 3anuparoiiee yctpoictBo (C3Y) — 3anmaTeHTOBaHHOE U3JIENNeE,
npeIHa3HaueHHOe s yBenuueHus d3hPexTuBHOCTH OypoB3phIBHBIX paboT (bBP)
pu T0OBIYE MOJIE3HBIX MCKOIMAEMBIX OTKPBITHIM criocoOom. llens — 3ammpanue
MPOAYKTOB JICTOHAIIUY B 3aps,AHON MOJIOCTU O MOJHOTO pa3pyllieHus MaccuBsa [2].

Konctpykims C3Y cocTouT M3 CTEpKHS U KyIMOJIOOOpPA3HBIX AJIEMEHTOB C
npope3siMu. HekoTopble 0COOEHHOCTH KOHCTPYKITUH:

CrepxeHb BBITIOJHEH KPECTOOOpPa3HbIM B IOMEPEYHOM CEUYEHHUM, YTO
MO3BOJISIET HKCIIONB30BaTh MEHbBIIEE KOJIMYECTBO MaTepuania JiJisi HU3TOTOBJICHUS
CTEP>KHS U CHU3UTH BEC KOHCTPYKIIMH.



Kynonoobpa3Hbie 31eMeHThl MOTYT OBITh BBIIIOJHEHBI B BUJIE JIENIECTKOB, B
TOM YHUCJIE CUMMETPUYHBIX OTHOCUTEIIBHO LEHTPAIBHOM OCH. JlemecTkn pa3zHou
JUTHHBI, C PACTIOJIOKEHUEM KaXKIOTO JUTMHHOTO JIETIECTKA MEXKIYy KOPOTKHUMHU.

B koHCTpyKITMU TIPeayCMOTPEHBI KaHAJBI JIJISI CPEJACTB WHUIIMAINH, YTOOBI
WCKITIOUUTH TIOBPEKICHUE CPEJCTB MHHUIIMAIIMKN TIPU MPOJBIKCHUH KOHCTPYKITUH
0 CKBaKUHE.

Kanan cOpoca mpenHasHaueH Ui BBIIyCKa MEPBOHAYAIBHOTO JIaBIICHUS
(mopuraeBoro 3¢ dekra). B cinydae 3apsia CKBaXUHBI ¢ U30BITOYHBIM JaBICHHEM
BOJIbI KaHaJbl cOpoca MPOMYCKAalOT BOJY, HO B3PbIBUATOE BEIIECTBO OCTAETCA B
3apsAIHON KaMepe CKBa)KHHBI.

Ipunyun pabomer C3y

[Tocne neroHanuu 3apsiia B3pbIBYATOrO BEIMIECTBA B 3aPSAIHOM MMOJIOCTU PE3KO
BO3pACTacT JaBJICHUE MPOJAYKTOB JE€TOHAIMH. J[MHAMUUYeCKud yaap Ta3oB IO
HIDKHEW KOHMYECKON MpOOKe MPUBOAUT K JOMOJHUTEIHLHOMY BIABIUBAHUIO €€ B
HIKHEE KOHUYECKOE PaCIIMPEHUE U OKOHYATEIbHOMY 3aKJIMHUBAHUIO IIUJIUHIpA B
CKBaXKHHE.

TakuMm TOJIOKEHUE 3amuparonieil 3a00iKu ocTa€Tcsi BILUIOTH JO MPOpPHIBA
MPOAYKTOB JICTOHAIIMU M3 3apsAHON MOJOCTH B aTMocdepy depe3 TPEeUIMHBI B
pa3pyumieHHOM MaccuBe. (OOecrieuuBasl JJIMTEIBHYI0 3aMKHYTOCTh 3apsiAHOM
MOJIOCTH, 3amuparoimas 3a0oika crnocoOCcTByeT 0oJiee MOJHOMY MPOTEKAHUIO
BTOPUYHBIX PEAKIMI B MPOAYKTAX JAETOHAIIMU U MOBBIIIAET SHEPTHIO B3PHIBA.

Hwxe npencraBnena neranbHast XapaKTepUCTHKA OCHOBHBIX TUTIOB 3a00€K 10
KIIFOUeBbIM TapametrpaMm (Ttabnmumna 1): cocraB, 3¢ (HEKTUBHOCTH, MPUMEHEHUE,
MPEUMYIIECTBA U OrpaHuueHus. JlaHHbIE OCHOBAHbI HAa HAYYHBIX UCCIICOBAHUSIX U
MPAKTUIECKUX PEKOMEHIAITUIX



Tabmuua 1 — CpaBHUTENIbHASI XapAaKTEPUCTUKA BUJIOB 3a00MKH

Bun 3a60iixkn XapakTepucTHKA

Cocrtas Juamnna JHeprodpdextn | IKoJ0rus Tpyao3arparsl ITpumeHnenne ITpenmymecra Henocrarku

3200iiKkH BHOCTh

Tpaguuuonnnie | [lleGenr  (5-20 | 14-28 CoxkparraeT CHmkeHne Bricokue (Pyano | Otkpeiteie/moa3 | Huzkas Puck
MaTepHaIbl MM), Tiecok (35— | mmaMeTpoB | yOenbHBIH pacxo] | BEIOPOCOB TBUIM | i TpyZd, OOJNbIIOE | EMHBIC Pa0OTH B | CTOUMOCTD, MOBPEXKICHU
(mecok, OypoBas | 40%), Oyponas | ckBaxxuasl | BB ma 10-15% Ha 20-25% KOJIMYECTBO TOOBIX JIOCTYITHOCTh Py
MeJI04b, II[e0eHb) | METIO0Yb, OTCEBHI | (3aBHCHUT OT 3a001KH) mopoJiax, MaTepruaIoB JIETOHATOPOB

AC3 KpETocTH BKJTIOYast ; TpeOyeT

TIOPOJIbI) TPYJIHOB3phIBae pYy4YHOTO
IE TpyzAa

I'mapo3adoiika Boga c pH 4-5.5, | 6-12 [ToBbIICHHE CHuxeHue Cpennue YronbHble 3amura ot | Koppo3us
(Boma, coJieBbIe | paCTBOPHI JUaMETPOB | APOOJICHHUS TOKCHYHBIX Ta30B | (TpeOyer Kapbephl, 3aMep3aHus, 000pyn0OBaHUS;
PacTBOpBHI) NaCl/CaCl> (ans | ckBakunbl | mopoasl Ha 20— | (NOx) Ha 25— | HacocHOro PETHOHBI C | ydydJIimeHHas HU3Kas

OTPHUILATEIbHBIX 30%, KIIZ | 30%, 000pyIOBaHMS) MOpO3aMH, 9KOJIOTUS 3G PEeKTUBHOCTE B

TeMIIepaTyp) B3pbIBa +25% HeUTpanu3auus 00BOJHEHHBIC TPELIMHOBATHIX

BEIOPOCOB CKBaKUHBI 1opoaax

ITenoresesasn BbeictpoTtBepaero | 8-15 CHuxenue [ToBrimenue Huzkue MertanoonacHbel | ['epmeTnzanus BrlIcokast cToMMOCTB;
3a0o0iika Ui ciolt | mnameTpoB | pacxoma BB Ha | mpoOmeHus (MexaHU3UpPOBaHH | € LIAXThl, | CKBa>KUHBI, oOpa3oBaHme

(xuagkoe crekio) | ckBaxuHbl | 21%, yBenuueHue | mopoasl Ha 20— | as 3ayIMBKa) 3KOJIOTUYECKHU 3amuTa BB 0T | 3arpsA3HEHHBIX

+ HeTBepaeonl npobnenus Ha 20— | 30%, KITJI YyBCTBUTENBHBI | BJlaru CTOKOB

cJoi (cenurpa) 30% B3phiBa +25% € 30HBI
CxBaXUHHOE [Monumepnbie/mMe | OOBIYHO YMeHblIEeHNE CHuxenue Huskue MaccoBblie YuuBepcansHOCT | OrpaHuyeHHas
3anuparoniee TaJUINYECKHe 10-20 c™m pacxogqa BB Ha | pacxoma BB Ha | (ObicTpbIii B3pBIBBI Ha | b, MEXaHH3alHUsi | COBMECTUMOCTh c
YCTPOHCTBO KOHCTPYKIUU C 15-20% 21%, yBenuueHue | MOHTaX) Kapbepax, mporuecca JuaMeTpamMu
(C3Y) YILUTOTHUTEISAMU npobneHus Ha 20— 00BOHEHHBIE CKBaXHH, BBICOKAaS

30% CKBa)KWHEBI IeHa

NunoBanuonnsie | HuzkonioTHbie 5-10 YMeHbleHue buopaznaraemoct | MuHuMasnbHbIe CroxxHbIe Perynupyembie OrpannyueHHas
KOMIO3UTHI cMecu JuaMmeTpoB | pacxoma BB Ha | b, CHIDKEHHE | (TOTOBBIE reoJIOTHYECKHE | CBOMCTBA, JIOCTYITHOCTB;
(mopucTbie TIepEMEHHOTO ckBaxuHBl | 15-20% meuty Ha 50-70% | Momysm) YCIJIOBHSI, 30HBI C | JOJITOBEYHOCTH TpeOyeTcs
cMecH, arperaTHoro KECTKUMH crnero6opyIoBaHue
MOJIUMepPhI) COCTOSIHHMA, 3KOJIOTHYECKUM

MOJIMMEPHBIE 1 HOpMaTHBAaMHU

"KJTHH-
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MeToabl pacuéra 3a00iKH

Pacyer onTuManbHBIX MapameTpoB 3a00NKK (JIMHBI, COCTaBa, MJIOTHOCTH)
SBIIIETCS. KOMILJICKCHOM HWH)KEHEpPHOW 3amaueil, TpeOyromend ydera IUHAMUKU
NETOHAIlMM, CBOMCTB TIOPOJ W  XapaKTEepUCTUK 3a00HHOro  MaTepuana.
Cy1ecTByIone METOJbl MOXKHO KJIAcCHU(ULIMPOBATh CIEAYIOIIUM 00pa3oMm:
AMIUPUUYECKUE METOBI, YUCIECHHOE MOJEIUPOBaHNE, KOMOMHUPOBAHHBIE METO/IBI.

B craTthe nmpuBeneHbl OCHOBHBIE METO/IBI pacuéTa 3a00iKH, KOTOPBIE IIUPOKO
MPUMEHSIIOTCSI B TOPHOM JieJie W B3pBIBHBIX paborax. PaccMarpuBaroTcst Kak
KJIACCUYECKHE TI0JIXO0/IbI, OCHOBAaHHBIC HA AMITUPUIECCKUX (DOpPMYJIaX U 3aBUCUMOCTH
OT TMapaMETPOB B3PHIBUATHIX BEUIECTB, TAK U COBPEMEHHBIC UUCICHHBIE METOJbI,
BKJIFOYAIOIINE KOMIIBIOTEPHOE MoienpoBanue [4,5,7].

IMIMpUYeCcKUe METOAbI

JlaHHBIE METOABl OCHOBAaHBI HA CTAaTUCTHYECKHMX JAHHBIX M IIOJIEBBIX
skcriepuMenTax. OCHOBHbIE (POPMYIIBIL:

e 3agucumocmov om ouamempa cKeaycunl (d):
L,=k-d

riae L, — anuna 3a060iiku (M), kK — amMnupudeckuil KoopPuIueHT (3aBUCUT OT CBOMCTB
u tuna BB), d — nuamerp ckBakuH (M).

o @opmyna Mypuna
_ P~ 0oy

, =
P9
rae P — naBnenue npoayktoB neroHauuu (I1a), 0., — npeaen npoyHOCTH MOPOIbI

Ha cxarue (MIla), p - WIOTHOCTL MaTepuana 3a00iiku (Kr/M>), g - yckopeHHe
cB0OOHOrO Tasenus (M/c?).

o Memoo yoenvnozo umnyibca

rae t, — BpeMs JIE€TOHALMOHHBIX I'a30B (MC), U — CKOPOCTb Ta30B (M/C)

OMIHUpPUYECKHE METOJIbI pacuéra mapaMeTpoB 3a00HKH MMEIOT CEepbE3HbIC
OTpaHUYEHMs], TOCKOJIbKY HE YUYUTBHIBAIOT aHU3O0TPOIUIO U TPEIIMHOBATOCTh
TOPHOTO MAacCUBa, YTO MPUBOJUT K 3HAUYUTEIBHBIM MOIPEIIHOCTSIM B pacuérax —
110 30% npu U3MEHEHHUH T€0JIOTUUECKUX YCIOBUM [S].

Oc00EHHO KPUTUYHBIM SIBJISIETCSI TO, UTO TAKHE€ METOJIbl HE aJanTHPOBAHbI
Uit paboThl C COBPEMEHHBIMM WHHOBAIIMOHHBIMM MaTepHallaMU, TaKUMH Kak
NOJINMEPBl M CKBa)XMHHbIE 3anupatoue ycrpoiictBa (C3VY). OTo nmpuBOAHUT K
HEA(P(PEKTUBHOMY HCIIOJNIB30BAHUIO B3PBIBUATHIX BEIIECTB, HEPABHOMEPHOMY
IpOOJIEHUIO TOPHON MAcChl M YBETMUECHUIO KOJTMUYECTBA Heradapura.



AHAJIUTHYIECKHE METOIbI

Metonel pacuéTa mapaMeTpoB 3a0OWKH, OCHOBaHHbIE Ha (U3HKO-
MEXaHUYECKUX CBOMCTBAX MOPOJ U IMapameTpax B3pbIBA, YUUTHIBAIOT KOMILICKC
Ba)KHBIX XapaKTEPUCTUK TOPHOTO MacCUBa.

o Memoo c yuemom rnepeuu 63pviea
L,=K-3Q

rie K — ko3 duimeHT, 3aBucsmmii oT cBOKUCTB mopoisl (1,5-2,5); Q —Macca 3apsa

(xr).

o Memoo HUH 2opnoii mexanuku

L, =05 W-(2)os
Ps
rae W — nuHus COMpOTUBIICHUS 110 MOAOUIBE (M), Py - INIOTHOCTH BB (r/cm?), p, —
IJIOTHOCTH 3a00MKH (T/cMm?)

IIpeumywecmea memooog pacuéma:

Metoasl o0ecnieunBalOT BBICOKYIO TOYHOCTh pacdy€éToB 3a CYET ydéTa
KJIFOUEBBIX MapaMeTpoB (Macca BB, miioTHOCTh MaTeprasoB, TUIT B3PHIBYATKH ), YTO
MO3BOJISIET ONTUMHU3UPOBATH 3a00UKY U MOBBICUTH 3(P(HEKTUBHOCTH B3PHIBA.

Heoocmamku memooos pacuéma:

Nx mnpumeHeHue CIIO)KHEE HSMIUPHUYECKUX TOJIXO0JI0OB, TaK Kak Tpedyer
TOYHBIX UCXOJHBIX JAHHBIX U JOTOJHUTEIBHON KBaTU(UKAIIMU TIEpCOHANa, YTO HE
BCET/Ia PeaTu3yeMO B TIOJIEBBIX YCIIOBHUSIX.

YucaeHHble MeTOIbI (KOMIIBIOTEPHOE MO/IeJIMPOBAHUE)
o Memoo koneunwix Inemenmos (MK3I, FEM)

[Ipumensercs g MOJETUPOBAHMS  HAIPSKEHHO-IEPOPMUPOBAHHOTO
COCTOSIHUSI MAaCCUBA FOPHBIX TTOPOJ] IIPU B3PHIBE.
Hcnonb3zyempie mporpamMmMel:
. ANSYS (Autodyn, Explicit Dynamics)
. LS-DYNA
3. Abaqus

N —

[Iporiecc KOMIBIOTEPHOTO MOJIETUPOBAHUS MTAPAMETPOB 3a00HKH HAUMHACTCS
C CO3J1aHUs JCTAIBHON T€OMETPUUYECKON MOJIENIN, BKIIFOYAOIIEH CKBAXKHUHY, 3aps]
B3PBIBUATOr0 BEIIECTBA M OKPYKAKOIIMK TOpHbIA MaccuB. Ha crmenyromem srare
3a/1at0TCs (PUBUKO-MEXAHUUECKHUE XapaKTEPUCTUKN BCEX KOMIIOHEHTOB CHUCTEMBI.

JInss rOpHOM TOPOJABI ONPENEIISIIOTCS KIFOYEBBIE NapaMETPbl: IIOTHOCTH
Marepuaiia, MoayJsib FOHra, mokasaTeaud MPOYHOCTH HA CIKATHE M PACTSIKEHUE.
XapakTEepUCTUKU B3PbIBUATOrO0 BELIECTBA BKIIOYAKOT CKOPOCTh AETOHAUUU U
co3fgaBaeMoe pAaBieHue. CBoiicTBa 3a00MKM OMUCHIBAIOTCS Yepe3 IUIOTHOCTh
Marepualia U rpaHyJIOMETPUYECKUN COCTaB YaCTHII.



[Tocne mocTpoeHus MOENN 3a1al0TCsl HEOOXOIMMBIE HArPY3KH U TPaHUYHBIE
yciaoBus. OCHOBHOE€ BHUMaHHUE VYACHSETCA MOJICIUPOBAHUIO [ABJICHUS OT
JIETOHAIIUM B3pPBIBYATOTO BEIIECTBA W YYETY €CTECTBEHHOW HEOJHOPOHOCTH
TOPHBIX TIOPOJI.
llpeumywecmsa:

Bricokast TO4HOCT®.
B03MOXXHOCTH MOJIETUPOBAHUS CIIOKHBIX T€OJIOTMUYECKUX YCIOBUM.

N —

Heoocmamxku:
TpeOyeT 3HAYUTETBHBIX BEIYUCIUTEIBHBIX PECYPCOB.
Cn0)KHOCTh KaJTMOPOBKHU MOJENEH.

N —

o Memoo ouckpemuuix rn1emenmos (DEM)

Hcnonp3yeTcss i MOIENUPOBAHUSA 3a00MKH, COCTOSLIEH M3 CHIMYYero
Martepuana
Hcnonp3yemblie nporpaMMsl:
1. EDEM
2. PFC (Particle Flow Code)

[Ipu MonenupoBaHuu Tmpolecca 3a00MKKM 0co00€ BHUMAHHUE YHENseTcs
MPEACTABICHUIO MaTepuajia 3a00WKM KaK COBOKYIMHOCTH B3aMMOJICHCTBYIOIIHUX
yacTuil. Tako# Mmoaxoj MO3BOJSET JETAIbHO HCCIEN0BATH MOBEICHUE 3a00MKH B
CKBaXXUHE U €€ B3aUMO/JICUCTBUE C OKPYKAIOIIUMH CTPYKTYpPaMH.

B nmpormecce MoaenupoBaHUsS YUWUTHIBACTCS B3aUMOJICHCTBUE MEXY
YacTUIIAaMU 3a00MKM W CTEHKaMU CKBaXXUHBI, UYTO KPUTUYECKU BAXHO JJIsi
NOHUMaHUs  3(PQPEKTUBHOCTH  YyAEpKaHHUS  NPOAYKTOB  JETOHALMH.  ITO
B3aMMOJICUCTBHE BIMSAET Ha paclpelielieHue IaBJICHUS M CIIOCOOHOCTh 3a00MKH
COTNIPOTUBJIATHCS BHIOPOCY.

[IpakTHyeckoe TPUMEHEHUE MOJICIUPOBAHUS BKIIOYACT ONTUMHU3AIMIO
cocTaBa 3a00iKH, KOTOpasi MOXKET COCTOSITh W3 MECKA, IpaBUs WM CIELHATIbHBIX
cmeced. OTo TmO3BOJIsIeT Toa00parth Hambosee 3G EKTUBHBIN CcOCTaB IS
KOHKPETHBIX YCJIOBUM B3phIBA.

lpeumywecmsa:
[To3BoiieT U3y4yarh MUKPOYPOBHEBBIE MPOIECCHI
. XopolIo NOAXOAUT IJIs CHIITYyYUX MaTepHalioB.

N —

Heoocmamxu:
1. OrpannyeH B MOIEIMPOBAHUH BOJHOBBIX MPOLIECCOB.



Tabnuia 2 — CpaBHUTENIbHAS XapaKTEPUCTHKA METOJIOB pacuéra 3a00MKH

Merton ®opmyaa/llonxon TouyHoCTH Y4yureiBaembie (pakTOpbI IIpenmymecrBa Henocrarkn
3aBHCHMOCTD OT AMAMETPA Huskas | Inametp ckBaxkunsbl, Tunl BB IIpocrora, osicTpoTa | He yuuThiBaeT cBoiCTBa OPOJI,
CKa’KUHBI pacyeToB AHU30TPOIIHIO,
L=k-d TPEUIMHOBATOCTh
®opmyaa Mypuna JlaBneHue JeToHAUMU, NPOYHOCTH | YueT  gaBieHuss U | TpeOyeT TOUHBIX JaHHBIX
Imnupuieckue Cpennsia | mopoj, MIOTHOCTh 3a00MKH IPOYHOCTHU HOPOJ
MeTO/bI L = P 0qx
S pg
Meton yneabHoro ummyJjbca | Huskas | Bpems neronaunu, CKOpoCTh ra3oB [Ipocrora, ovicTpoTta | He  yuuThIBaeT  reosoruio
L, > Ly pacueToB MaccuBa
vl"
MeTo/1 SHEpTHH B3pPBIBa Cpennsis | Macca 3apsia, CBOMCTBA TOPOJ Vuer wmaccet BB w | Koapouument K Tpebyer
L,=K-3Q CBOJCTB I10POJ KanMBpOoBKM
AHAIIHTHECKHe Merox HUH ropHoi Beicokas | JIuHMA CONPOTUBIIEHUA, ILUIOTHOCTH | YYET n10THOCTH | CrnoxkHOCTh pacuera W u p,
METOABI MeXaHUKHU BB u 3a0o0iiku MarepuaioB 51
L,=05-W- (@)0,5 reOMETPUH 3apsja
3
MeTo KOHEYHBIX SIeMEHTOB Ouens | HanmpsixeHnHo-nedopmMupoBaHHOE Bricokas TOYHOCTb, | TpeOyeT 3HAYUTEIbHBIX
(MKD, FEM): ANSYS, LS- BBICOKasl | COCTOSIHUE nopof, AMHAMHKa | MOJICTHPOBAHAE BBIYMCIIUTEIIBHBIX PECYPCOB H
DYNA, Abaqus JIETOHALIMM, CBOMCTBA MaTE€pPHaJIOB CJIOKHBIX YCIIOBHM JKCIIEPTU3BI
Yucjienubie —
MeTOIbI MeToz IMCKpETHBIX Bricokas rpaH¥HOMeTqueCK?H coctaB | [Tonxonut misa ceimyunx | OrpaHu4eH B MOJEIUPOBAHUM
sementos (DEM): EDEM, 3a00MKH, B3aUMOJICHCTBUE YaCTHUI] MaTepualos, aHaJIU3 | BOJHOBBIX IIPOLIECCOB
PFC MHUKPOYPOBHEBBIX
IIPOLIECCOB
VHTerpamyst SMINPHYECKHX, Bricokast | Bce 3naummble Qaxropsl (reonorusi, | MakcumasnabHas CnoxHOCTb peann3anuy,
KomOunuposanubie AHATUTHYECKUX 1 YMCTECHHBIX cBoiictBa BB, nuHamuka B3pbiBa) a/IalITUBHOCTh u | TpeOyeT OONBIINUX PECypcoB U
METOIBI TOYHOCTh JTAHHBIX
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Vasyanovich V.Yu., Pedan N.R., Vasyanovich Yu.A.

COMPARATIVE ANALYSIS OF METHODS FOR CALCULATING THE
PARAMETERS OF BLASTING WELLS, TAKING INTO ACCOUNT THE
PHYSICO-CHEMICAL PROPERTIES OF ROCKS

Abstract: The article presents a comparative analysis of methods for calculating the
parameters of blasting wells, taking into account the physical and mechanical properties of rocks.
Traditional and modern downhole materials such as sand, a water hammer, foam-gel mixtures
and borehole locking devices, as well as their influence on the efficiency of blasting operations,
are considered. Special attention is paid to the calculation methods: empirical, analytical and
numerical (FEM, DEM). Their advantages, disadvantages and conditions of use are revealed. It
is shown that combined and numerical methods provide the highest accuracy, but require
significant computing resources and qualified personnel.

Annomayun: B cmamve npedcmagieH CPAGHUMENbHLIL AHAIU3 MEMO008 paciemd
napamempos 3a00UKU 63PbIGHLIX CKBANCUH C YUEMOM PUUKO-MEXAHUYECKUX CBOUCME 2OPHbIX
nopoo. Paccmompenvt mpaouyuonuvie u cospementvie Mamepuaivl 3a00UKY, Mmakue KaK necox,
2UOp0o3abolKa, NeHozeneble CMeCU U CKBANCUHHbIE 3anupaloujue YCmpoucmed, d makice ux
enuAnUe Ha Ihhekmusnocmsb 63pbieHbix pabom. Ocoboe HUMAaHUE YOeTleHO Memooam paciéma:
amMnupudeckum, avarumudeckum u yucieHnoim (MKO, DEM). Buwiagnenvt ux npeumywecmsa,
HeOOCmamku u ycioeusi npumerenus. Ilokazano, umo KOMOUHUPOBAHHbIE U YUCTEHHbIE MEMOObl
obecneyusarom HAUOOILULYIO MOYHOCMb, HO MpPebdYIom 3HAYUMENTbHLIX BbIYUCTUMETbHBIX
pecypcos u Keanugukayuu nepcoHad.

Keywords: downhole drilling, calculation of parameters, physico-mechanical properties
of rocks, explosion efficiency, foam-gel downhole, downhole locking devices, numerical modeling,
empirical methods, rock crushing.

Downhole drilling is the technological process of filling the upper part of an
explosive well or borehole with an inert material located directly above the explosive
charge. An inert material used to isolate an explosive charge is also called a face [1].
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Figure 1 — Well charge design
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The main functions and values of the face can include:

* "Locking" the detonation products and increasing the efficiency of the
explosion. The plug isolates the explosive charge, preventing premature release of
gases. This increases the pressure in the charging chamber, ensuring full detonation
of explosives and the release of maximum energy.

* Increase the duration of the explosion pulse. Experiments by Drukovany
M.F. and other scientists have shown an increase in pulse duration by 35-40%, which
improves the fragmentation of the array [6]. This is especially important for
ammonium nitrate explosives, which require long-term exposure to transfer energy
to the rock.

* Reducing the emission of dust and toxic gases. Foam-gel mixtures (fast-
setting + non-hardening layers) reduce dustiness and neutralize toxic gases. A
hydrofoil with acidified water (pH 4-5.5) reduces the formation of toxic gases [3].

* Preventing the scattering of rock pieces. In the absence of a downhole,
intensive destruction of the wellhead and the formation of oversized fractions are
observed. Suspended slaughterhouses (patent RU2506533) provide long-term
locking of gases until the rock is completely destroyed, reducing the spread of pieces
by 15-20% [2].

Traditional materials (sand, drilling fines, crushed stone)

Sand is used in bores, including in a mixture with fine crushed stone (30-40%
by volume). The sand face retains detonation products, increases the efficiency of
the explosion and reduces the radius of fragmentation. However, the sand face
provides less pressure and the duration of the departure of explosive products
compared to the face from the absorbing mixture [8].

Drilling fines are often used as downholes in the Kuzbass mines. This
material remains after drilling operations and is retained in the well due to friction
forces and the weight of the material itself. When using a drill bit face, the stresses
in the shock wave front exceed the stresses when exploding without a face by 1.5
times, and the energy flux density increases by more than 2.5 times [9].

Crushed stone with a fraction of 20-40 mm is used as a face, which has a
positive effect on increasing the retention time of detonation products in the
explosive cavity. However, the use of crushed stone increases the cost of blasting
due to the use of finished products as a face [1].

Water extraction (water, salt solutions)

Usually, water is used for hydraulic fracturing. It can be:

Internal hydraulic drilling of wells — polyethylene ampoules filled with
water are inserted into the well. During an explosion, ampoules burst, water irrigates
the blasted rock and partially reduces the harmful effects of gases and dust formation
[3].

The external hydraulic seal of wells is a polyethylene sleeve with a diameter
of about 1 m or more, which is placed along the rows of wells. The length of the
hoses is dictated by the condition of the surface of the charged block and the contour
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of the wells being blown up. The sleeve is filled with water using a watering machine
equipped with a hydraulic pump [8].

Salt solutions

In winter, aqueous solutions of NaCl and CaCl2 salts are used for water
treatment. This is due to the fact that the use of hydraulic breakers is difficult during
periods of negative temperatures [9].

Features:

* The shells of ampoules for water are made of a polyethylene sleeve with a
diameter 1-3 mm smaller than the diameter of the spur.

* Use special ampoules with a non—return valve, the length is about 30 cm.

* Sometimes water is supplied directly to the well using hydraulic seals or clay
stoppers.

* When the charge explodes, dust particles bind to the liquid.

Foam gel face

A foam core is a low—density multicomponent mixture (foam gel) that is used
in blasting operations to reduce dust and gas emissions and improve the quality of
rock crushing. Such a blowout simultaneously enhances the explosive effect of the
explosion and suppresses the dust initiated by the explosion.

The composition of this face is made from a 1.5-3% aqueous solution of
foam-forming substances. The amount of liquid in the face affects its dust-
suppressing properties. At the moment of the explosion, the foam gel face is released
into the atmosphere along with the explosion products in the form of bubbles and
small droplets, which are the centers of dust coagulation. Sometimes a foam gel face
of variable aggregate state is used — a mixture of fast-hardening and non-hardening
foam gel, poured into the uncharged part of the well in layers [3].

Borehole locking device (SCU)

The borehole locking device is a patented product designed to increase the
efficiency of drilling and blasting operations in open—pit mining. The goal is to
lock the detonation products in the charging cavity until the array is completely
destroyed [2].

The design of the SZU consists of a rod and dome-shaped elements with slots.
Some design features:

The rod is cross-shaped in cross-section, which allows using less material for
the manufacture of the rod and reducing the weight of the structure.

Domed elements can be made in the form of petals, including symmetrical
ones relative to the central axis. The petals are of different lengths, with each long
petal positioned between the short ones.

Channels for the initiation means are provided in the structure to avoid
damage to the initiation means during the movement of the structure through the
well.

The discharge channel is designed to release the initial pressure (piston effect).
If a well is charged with excessive water pressure, the discharge channels allow
water to pass through, but the explosive remains in the charging chamber of the well.
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The principle of operation of the (SCU)

After detonation of the explosive charge, the pressure of the detonation
products increases sharply in the charging cavity. The dynamic impact of gases on
the lower conical plug leads to its additional pressing into the lower conical
expansion and the final jamming of the cylinder in the well.

This remains the position of the locking face until detonation products break
through from the charging cavity into the atmosphere through cracks in the destroyed
array. By ensuring a long-term closure of the charging cavity, the locking plug
contributes to a more complete course of secondary reactions in detonation products
and increases the energy of the explosion.

Below is a detailed description of the main types of slaughterhouses by key

parameters (Table 1): composition, effectiveness, application, advantages and
limitations. The data is based on scientific research and practical recommendations.
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Table 1 — Comparative characteristics of the types of slaughter

By 3a00iKH

Characteristic

Composition The length | Energy efficiency | Ecology Labor costs Application Advantages Disadvantages
of the
borehole
Traditional Crushed stone (5- | 14-28 Reduces the | Reduction of dust | High (Manual | Open/undergrou | Low cost, | Risk of damage
materials 20 mm), sand | borehole specific emissions by 20- | labor, large | nd work in any | availability of | to  detonators;
(sand, drilling | (35-40%), diameters consumption  of | 25% amount of | rock, including | materials requires manual
fines, crushed | drilling fines, | (depends on | explosives by 10- slaughtering) hard-to-explode labor
stone) sifting rock 15%
strength)
Water extraction | Water with pH 4- | 6-12 Increased  rock | Reduction of toxic | Medium (requires | Coal pits, | Frost protection, | Corrosion of equipment;
(water, salt | 5.5, NaCl/CaCl: | borehole crushing by 20- | gases (NOx) by | pumping regions with | improved ecology | low efficiency in
solutions) solutions (for | diameters 30%, explosion | 25-30%, equipment) frosts, flooded fractured rocks
negative efficiency +25% | neutralization of wells
temperatures) emissions
Foam gel face Fast-hardening 8-15 Reducing Increased  rock | Low (mechanized | Methane- Sealing of the | High cost; formation of
layer (liquid | borehole explosive crushing by 20- | filling) hazardous borehole, polluted effluents
glass) + non- | diameters consumption by | 30%, explosion mines, protection of
hardening layer 21%, increasing | efficiency +25% environmentally | explosives from
(saltpeter) crushing by 20- sensitive areas moisture
30%
Borehole locking | Polymer/metal Usually 10- | Reduction of | Reducing Low (fast | Massive Versatility, Limited compatibility
device (SCU) structures ~ with | 20 cm explosive explosive installation) explosions  in | mechanization of | with borehole diameters;
seals consumption by | consumption by quarries, flooded | the process high price
15-20% 21%, increasing wells
crushing by 20-
30%
Innovative Low-density 5-10 Reduction of | Biodegradability, | Minimal (ready- | Difficult Adjustable Limited availability;
composites mixtures of | borehole explosive 50-70% reduction | made modules) geological properties, special equipment
(porous mixtures, | variable diameters consumption by | in dust% conditions, areas | durability required
polymers) aggregate  state, 15-20% with strict
polymer "wedge- environmental
fixators" regulations
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Methods for calculating the face

Calculating optimal downhole parameters (length, composition, density) is a
complex engineering task requiring consideration of detonation dynamics, rock
properties, and downhole material characteristics. The existing methods can be
classified as follows: empirical methods, numerical modeling, combined methods.

The article presents the main methods of downhole calculation, which are
widely used in mining and blasting. Both classical approaches based on empirical
formulas and dependence on the parameters of explosives, as well as modern
numerical methods, including computer modeling, are considered [4,5,7].

Empirical methods

These methods are based on statistical data and field experiments. Basic
formulas:

e Dependence on the diameter of the well (d)

L,=k-d

where L, — the length of the borehole (m), k — the empirical coefficient (depends on
the properties and type of explosives), d — the diameter of the wells (m).

o Murin Formula

P o
S opyg
where P — the pressure of the detonation products (Pa), o, — he compressive

strength of the rock (MPa), p - the density of the face material (kg/m3), g -
acceleration of gravity (m/s?).

e Specific impulse method

t
L. >-A

3—vr

where t; — the time of detonation gases (ms), v, — the velocity of gases (m/s)

Empirical methods for calculating downhole parameters have serious
limitations, since they do not take into account the anisotropy and fracturing of the
rock mass, which leads to significant errors in calculations — up to 30% when
geological conditions change [5].

It is particularly critical that such methods are not adapted to work with
modern innovative materials such as polymers and borehole locking devices. This
leads to inefficient use of explosives, uneven crushing of the rock mass and an
increase in the amount of oversized material.
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Analytical methods

Methods for calculating the parameters of the face, based on the physical and
mechanical properties of rocks and explosion parameters, take into account a
complex of important characteristics of the mountain range.

o The method based on the energy of the explosion

L,=K-3Q

where K — coefficient depending on the properties of the roc (1,5-2,5); Q — the mass
of the charge (kg).

o The method of the Research Institute of Mining Mechanics

L,=05-W:- (@)0,5
3
where W — the line of resistance along the sole (m), p;; - the density of explosives
(g/ cm?), p, — the density of the face (g/ cm?)

Advantages of calculation methods:

The methods provide high accuracy of calculations by taking into account key
parameters (explosive mass, material density, type of explosive), which allows to
optimize the face and increase the efficiency of the explosion.

Disadvantages of calculation methods:

Their application i1s more complicated than empirical approaches, as it
requires accurate initial data and additional personnel qualifications, which is not
always feasible in the field.

Numerical methods (computer modeling)

o Finite Element Method (FEM)

It is used to simulate the stress-strain state of a rock mass during an explosion.
Programs used:

. ANSYS (Autodyn, Explicit Dynamics)

2. LS-DYNA

3. Abaqus

[—

The process of computer simulation of the downhole parameters begins with
the creation of a detailed geometric model, including the well, the explosive charge
and the surrounding mountain range. At the next stage, the physical and mechanical
characteristics of all system components are set.
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Key parameters are determined for the rock: material density, Young's
modulus, compressive and tensile strength. The characteristics of an explosive
include the detonation rate and the pressure generated. The properties of the face are
described through the density of the material and the particle size distribution.

After building the model, the necessary loads and boundary conditions are set.
The main focus is on modeling the pressure from detonation of explosives and taking
into account the natural heterogeneity of rocks.

Advantages:
. High precision.
. The ability to simulate complex geological conditions.

N —

Disadvantages:
. Requires significant computing resources.
. The difficulty of calibrating models.

N —

o The Discrete Element Method (DEM)

It is used to simulate a face consisting of bulk material.
Programs used:

EDEM

2. PFC (Particle Flow Code)

[E—

When modeling the slaughtering process, special attention is paid to the
representation of the slaughtering material as a set of interacting particles. This
approach makes it possible to study in detail the behavior of the downhole and its
interaction with surrounding structures.

The modeling process takes into account the interaction between the
downhole particles and the borehole walls, which is crucial for understanding the
effectiveness of detonation product retention. This interaction affects the pressure
distribution and the ability of the face to resist ejection.

The practical application of modeling includes optimizing the composition of
the face, which may consist of sand, gravel, or special mixtures. This allows you to
select the most effective composition for specific explosion conditions.

Advantages:
. Allows you to study micro-level processes
. It 1s well suited for bulk materials.

N —

Disadvantages:
1. Limited in modeling wave processes.
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Table 2 — Comparative characteristics of scoring calculation methods

Method Formula/Approach Accuracy Factors considered Advantages Disadvantages
Dependence on the diameter Low Borehole diameter, type BB Simplicity and speed of | It does not take into account
of the spring calculations rock properties, anisotropy, and
L. —k-d fracturing
s =
The Murin Formula Average | Detonation pressure, rock strength, | Consideration of rock | Requires accurate data
Empirical methods [ slaughtering density pressure and strength
_ CX
> pyg
Specific impulse method Low Detonation time, gas velocity Simplicity and speed of | Ignores the geology of the
L > Ly calculations massif
3 = vr
The explosion energy Average | Charge mass, rock properties Accounting for | The K coefficient requires
method explosive mass and rock | calibration
L. =K- i/a properties
3
Analytical methods | The method of the Research High Resistance line, explosive density, | Consideration of | The complexity of calculating
Institute of Mining and backholes material density and | W and p,
Mechanics charge geometry
L,=05 "W - (@)0,5
3
Finite Element method Very high | Stress-strain state of rocks, detonation | High precision, | It requires significant
(FEM): ANSYS, LS-DYNA dynamics, material properties simulation of difficult | computing  resources  and
Abaqus conditions expertise
Numerical methods : : _ : - : :
Dicrt Fleme thod |80 | Cromele conpiion o he [ Sutle T 0k Liied i modling v
(DEM): EDEM, PFC s , M p
process analysis
Integration of empirical High All significant factors (geology, | Maximum adaptability | The  complexity of  the
Combined methods analytical and numerical explosive  properties,  explosion | and accuracy implementation requires a lot of
approaches dynamics) resources and data
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