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YIPABJIIHHSI PYXOM TPIILWMHU ITPYU BUKOPUCTAHHI HEBUBYXOBHUX
PYUHYIOUHUX CYMIIIEN

AxkmyaavHoio 3adayero npu do6y8aHHi 6104HO20 KAMeHI0 € onmuMmi3ayiss po6o4o20 npoyecy i nOKpawjeHHs 6dice
icHyroYux mexHos102iti. Bcmammi akyeHmyemucsl ygaza HA NUMAHHI SIK 8N/IUBAE 3MIHA hapaMempie 8i1bHO20 WNypy HA SIKicMb
mpiwuHu 8idko1108aHH Ma epekmueHicmb npogedeHHst pobim 3 sukopucmaHusm HPC. [Iposedeno mpu cepii docaidie 8 sikux
napamempu 8iAbHO20 WnNypy 3a0asaaucs pisHum vuHoM. Ha ocHosi ompumanux pe3ysbmamis, npogedeHo aHaAimuyvHuil
aHanis, npedcmasieHo cnocobu, Wo Marms camull efpekmueHull 8naU68 HA AKICMb ma epeKmueHicmb nposedeHHs pobim.

Knawouosi  cnosa: Hesubyxosea pylHyloua cymiw, Hanpas/aeHull po3Kos, CMAMuU4Hi  HABAHMANCEHHS,
mpiwuHoymeopeHHsi, 8udo6ymok Kam’ siHux 6.10kie, 6yposi poGomu.

IHOR SHCHIPANOV,VICTOR VOROBYOV
Kremenchug Mykhailo Ostrogradskyi National University

CONTROL OF CRACK PROPAGATION USING NON-EXPLOSIVE DEMOLITION MIXTURES

In conducting operations for the extraction of block products using non-explosive demolition agents, particular attention is given to
the efficiency of the work and the quality of the resulting products. This study focuses on parameters of free borehole, a topic that has been seldom
addressed and only marginally touched upon.

This article examines exactly how changing some parameters and the shape of a free hole will affect the process of chipping a block
stone and how it can affect the nature of the chipping crack itself.

Three series of experiments were conducted where variations in free borehole parameters were systematically altered to observe their
influence on the progress of the operations. Models made of alabaster were used throughout all experiments, maintaining consistent dimensions.
Additionally, a split cartridge was utilized during the experiments to enhance the control over the crack propagation.

In the work, on the basis of the conducted research, results were obtained in which it is possible to observe under which parameter
changes what result we will get, the maximum deviations of the crack from the planned splitting line were measured, and the results of the total
deviation value on the marked sections were obtained, which can be observed in the drawings in the form of blue lines.

The study includes illustrations of the work progress, data compiled in tables, and an analysis highlighting the differences in results
obtained upon completion of each experimental series.

The article demonstrates that the proposed changes to the parameters of the free borehole, as outlined in this study, significantly
impact the existence and offer substantial potential for further development of this issue. The implementation of these methods also significantly
reduces the amount of waste during subsequent stone processing due to more precise splitting, thereby positively impacting both environmental
and economic factors. The obtained results of the experiments in the article can be used in further research and expand the topic of the article
more widely.

Keywords: non-explosive demolition agent, directional splitting, static loads, crack formation, stone block extraction, drilling
operations.

IlocTanoBka mpob6aemMu

Buxopucranas HeBuOyxoBux pyiHyounx cymimeid (HPC) maroTe 3HauHI TiepeBarw HaJ BUKOPHUCTAHHSIM
BHOYXOBUX PEYOBHH B J0OYBaHHI OJIOYHOT MPOAyKIlii. BUOYX0Bi pe4OBHHM MPU3BOJATE 10 BUHUKHEHHS IIKiJTABOTO
TPIIIEHOYTBOPEHHS, 3HAYHOI 3aJIMIIKOBOi OOJIACTI MOUIKOKEHHS i 3a0pyIHEHHS, SKi MOXYTh BIUIMHY Ha SIKICThH i
MIIHICTh BHXimHOI mponykmii. BukoprcTanHs HEBHOYXOBHX pYHHYIOUHMX cyMimeill € OuIpmn Oe3meqHimmM Ta
€KOJIOTIYHO KpamldM METOJOM Y IOpIBHSHHI 3 BUKOPHCTAaHHSIM BHOyXoBHX pedoBuH. HPC 3HIDKYe pu3uKn s
poOITHHUKIB Ta 3a0e3medye 3MEHIIEHHS INKOAW HaBKOJHWIIHBOMY cepenoBunry. HeBuOyxoBi pyiHyrodi cymirmii
JTO3BOJISIFOTH JOOYBaTH CHPOBHHY 3 MiHIMAJIbHOIO KUTBKICTIO TPIIIMH Ta CKOJIB i OLTBII TOYHO KEPYBATH HAIIPSIMKOM Ta
TJTMOMHOIO PO3KOITY.

OnHOIO 3 TOJIOBHUX 337ad INpH JOOyBaHHI OJOYHOI CHPOBHMHM 3 INPHUPOJHOTO KaMEHIO HEBHOYXOBHMH
PYHHYIOUMMH CyMILIIaMH € ONTHMI3allisl TEXHOJIOTIYHOTO IIPOLECy. 3acTOCyBaHHS €PEKTUBHUX METOJIB PyHHYBaHHS
3abe3neunTh e OLIbIIY MiHIMI3aIlilo BiIXOMIB Ta MiJBUIIEHHS SKOCTI MPU BUTOTOBJIEHHI FOTOBOI NMPOAYKIIi, THM
CaMMM 3Ha4HO BIUIMHE Ha EKOHOMIYHY CKJIa/IOBY MMUTAHHS Ta 3HU3UTH TPYAOMICTKICTb IIPOBEAEHHS POOIT.

AHaJi3 1ocaigxeHb Ta nyoaikamin

OctaHHi JOCTIKEHHS TTOKa3yI0Th, [0 MOJEPHI3allisl Ta BIPOBAKEHHS HOBUX TEXHOJOTIH INpu H0OyBaHHI
0JI0YHOTO KaMEHIO MMO3UTHBHO BIUIMBAE HA AKICTh BUXIAHOT mpoaykmii. B po6oTi [1] mponoHyeThCst BAKOPHCTOBYBATH
creniagbHy KOHCTPYKIIIO TUTACTHHH BCTaBKH, SIKYy PO3MIILIYIOTH B IIITypi, Hichs "oro miryp 3anoBHiooTe HPC | 3a
JIOTIOMOTOI0 TaKOTO METOAY 30UTBIIYETHCS KEPOBAHICTh TPINIMHM pPo3Kody. B poboti [2] aBTOp mpomoHye
BHKOPHCTOBYBATH CIIEIlialbHUM NATpOH B sSKUW po3mimiaerbess HPC, micns 4oro caM maTrpoH MOMIMIAIOTh B IIIITYD.
TakyM YMHOM MAaTPOH CTBOPIOE 30HU KOHIIEHTPOBAHUX HAIPYXKEHb B IIMYPIi, 0 MTO3UTUBHO BIUTUBAE HA (DEKTHBHICTH
1 IIBHAKICTH NpoBeAeHHs poOit. B poboTi [3] mpomoHyeThcss BUKOPUCTOBYBATH ONTHMI3allil0 CKJIagy HEBHOYXOBOI
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pYyHHYIOUOi PEYOBHHHM, IO JO3BOJMTH 32 PAaXyHOK DEryJIOBaHHS IIBUAKOCTI Tifparanii CTBOPUTH BHCOKHH THCK
CaMOpO3IIMPEHHS. B MiHIManbHUH TepMiH. ABTOopH poOotu [4] mnponoHyioTh TiOpuanuit meron, me HPC
BHKOPHUCTOBYETHCS JJIS iHIIIIOBAaHHA KiTBKOX padiajJbHHUX TPIMIMH, a Jajii 3a JOMOMOTO TigpaBIiYHOTO IIPHCTPOIO
3a[a€THCS HAMIPSIMOK TPIIIMHY BiKomMoBaHHA. B poOoTi [5] po3risgaroTe TUTaHHS, SK BIDIMBAIOTH Pi3HI TEMIIEpaTypH
Ha PO3BUTOK EKCIIAHCHBHOTO THCKY B HEBUOYXOBHX PYHHYIOUHX CyMillIax.

JMBISTYHCH Ha TIepepaxoBaHi BUIE poOOTH, JI¢ TOJIOBHUM YHHOM 3BEPTAIOTh yBary TUIBKH HA ITiIBUIICHHS
e(EeKTHUBHOCTI Ta MOJICPHI3aIII0 CIIOCO0IB i METOAIB POOOTH 3 HABAHTAKEHUM MIITypOM, ajic HE 3BEPTAIOTh yBaru ado
MaJo BUAUIATH Yacy Ha MUTAaHHSA, SK BIUIMBAIOTH CaMe MapaMeTpH GilbHO20 winypy Ha SKICTh 1 €(eKTHBHICTH
NIpOBEJICHHs poOiT. ABTOpH B po0OTI [6] aKLIEHTYIOTh CaMe Ha 1Ie yBary, 3MiHUBIIYM [TapaMeTpu BUIBHOTO IIIypy. B
po0oTi [6] po3risigaeTbes SIKUM YMHOM Lie MOYKE BIUIMHYTH Ha IpOIec 100yBaHHs OJOYHOTO KaMeHIO B CMM0i03i 3
BUKOPHCTAHHSIM DPO3DI3HOI IUIACTUHH BCTaBKH, SIKY PO3MILIYIOTb B POOOYOMY IIIYpi, THM CaMHM IiJBHIIYIOUH
TOYHICTh TPIITUHHA PO3KOITY.

®opmya10BaHHA Wiseil cTaTTi

MeTor0 CTaTTi €: BCTAHOBHUTH IUIAXOM MPOBEIEHHS MOCTiMIB HA MOJEINAX, SK BIUIMHE 3MiHA MapaMeTpiB
BUIHHOTO IIMYpYy Ha TPIMIMHY BigKOJNIOBAaHHS. BCTaHOBMTH SKWi 3 NaHMX MapaMeTpiB Mae HAHOLIBII IMO3UTHBHHI
pe3ynbTar.

Bukang ocHOBHOro MaTtepiany

B po6oTi BUKOHAHO HH3KY AOCIHIHIB, JJS MPOBEACHHS SKUX BUKOPHUCTOBYBAIHNCH (POPMH BHTOTOBIICHI 3
anebactpy (posmip saxux 180x300 MM, ToBmuHa — 40 MMm). [l pyliHyBaHHS Moaeselt BukopuctoByBainn HP-80, sxoro
3aM0BHIOBAJIM PO3PI3HUI METalleBUi MATPOH KUl po3Milainy B mmyp. Po3pi3Huii natpon Mae muimiHapuany Gopmy Ta
pO3TaloBaHUH 110 BCiil INTMOWHI poO0YOro mImypy.

3arajpbHUM YMHOM OYJI0 MMPOBENICHO TPHU Cepii eKCIIEPUMEHTIB!

e B repuiiii cepii [puc-1] niameTp poGOYOTro Ta BUNEHOTO LIMypY CKIajaId 16 MM Ta Majli CTaHIAPTHY
¢dopMmy, BiiCTaHb MiX LIEHTPaMH LIMTYPIiB — 65 MM;

e B JIpyriii cepii ekcliepUMEHTIB [puc-2] poOOYMi MIMyp 3alMIINUBCS CTaHAApPTHOI (GOPMHU Ta MaB
nmiametp 16 MM, BITBHHMI ONITyp MaB BUTILA IPSMOKYTHOT (hopMu (IIMpruHA — 7 MM, JOBXHHA — 35 MM,
BiTHOCHO 3aITAHOBAHOI OCi BiTKOJIFOBAHHS ), BiICTaHb MiXK IICHTPAMH IIITyPiB CKIIaaaia — 65 MM;

e B TpeTiil cepii eKkCepuMeHTIB [prc-3| HaBaHTaXXCHUH IITyp MaB CTaHIApTHY Gopmy Ta po3mipu 16
MM, BUTBHHUH HITyp OYyJ0 BUKOHAHO Y BHUIJIAII TPHOX OKPEMHX OTBOPIB SKi Maid AiaMeTp 7 MM, a
BiJICTaHb MK HUMH cKJasia 13 MM, BiICTaHb MK IIEHTPOM POOOYOTO Ta OIIHKIOTO BUTEHOTO LIITYPY
cknazana — 45 Mm.

[Ticyis npoBeIeHHs KOXKHOTO JOCI Ty BUKOHYBAJIKCS 3aMIPIOBAHHS BiAXMICHD TPILUHM B JIHIT
3aIuIaHOBAHOTO BIJIKOJIIOBaHHS, 10 3’€/IHYBaa OCi LIMypiB. 3aMipIOBaHHS BUKOHYBAJIOCh Ha BiJPi3Kax MO3HAUYECHHUX
Ha PUCYHKaX 1 Oyyiu 3aHeceHi 10 Tabuii-1.

Ilo3HaueHHs HA pUCYHKaX:

1)4opHa cTpinka — poOOUHiA Iy,

2)4epBOHa JIiHis — 3aIUTAHOBAHA JIiHIS BIIKOIIOBaHHS;

3)cuHi BiIpi3KH — MO3HAYKH HA MO Ha SIKUX BUKOHYBAJIMCH 3aMipH BiIXHUIICHHS;

4)+AL Ta —AL — BigXWIeHHS TPIIIWHY BiTHOCHO JIiHii 3aTUIAHOBAHOTO BiIKOJIIOBAHHS.
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S
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Puc. 1. Tpimuna BigkoJy npu cranaaprhiii popmi mmypy

Puc. 2. Tpimuna BigkoJy npu amini qyo.pniﬁ BiIBHOTO IIIYPY HA NPSAMOKYTHY
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Puc. 3. Tpimuna Bim&)ﬁ& nl;u 3MiHi ¢popMH BiILHOTO HIMYpPYy HAa TPH OKpeMi 0TBOPH

FERED == CLRIMG SR 2

Tabiuus 1
BniuB TexXHOJIONYHUX NapaMeTpiB HA BeJIMYUHY Bi/IXHJIEHHS] TPIlIMHM BiJ 3a1JIaHOBaHO1 JIiHii BiIKOJIIOBaHHS
Touku 3amipiB BeanunHa BiTxXujeHHsI, MM
Tepa cepist Jpyra cepis Tpers cepis
eKCIICPHUMCHTIB eKCIICPHUMCHTIB EKCIICPUMEHTIB
+AL -AL +AL -AL +AL -AL
1 0 8 0 2 0 0
2 0 3 0 4 0 0
3 1 0 3 0 0 3
4 4 0 0 2 0 4
5 0 0 0 2 2 0
6 9 0 0 7 0 7
MakcumaibHi 9 8 3 7 2 7
BiAXUJICHHS
3aranom 25 20 16
BucnoBku

1. IlpoBeneHi mocCiiIpKEHHSI MOKa3ajiy, IO 3MiHA MapaMeTpiB BUIBHOIO INNYpPY B APYTii Ta TpeTii cepil
EKCIIEPUMEHTIB TO3MTHBHO BIUIMBAE Ha XapakTep TPIIIMHM BiJKOJY 1 JO03BOJISE 3MEHIIMTH BIAXHICHHS Bif
3aIUIaHOBAHOTO HAIIPSIMKY BIJKOJIIOBAHHS B MOPIBHAHHI 31 CTAHAAPTHUMH [TapaMETPaMH.

2. ExciepuMeHTaIbHO BCTAHOBJICHO, 10 3alIPOIIOHOBAHI 3MiHHM MapaMeTpiB BUILHOTO HIMYpY B Ipyriil cepil
nmociiniB Ha 20% 3HIDKYIOT CYMapHE BIAXWICHHS TPIIIIMHHU, TAKOK 3MEHIIYEThCS MAaKCUMaJIbHE BiAXWICHHs Ha 23% B
MOPIBHSIHHI 3 TIEPIIOIO CEPI€I0 eKCIIEPHUMEHTIB (TpaaMLiiiHa TEXHOJIOTIs).

3. EKcriepuMeHTaIbHO BCTAHOBJICHO, IO 3alPOMIOHOBAHI 3MIHHM MapaMeTpiB BUIFHOTO IIMYPY B TPETiH cepii
nmocuiniB Ha 20% 3HIKYEThCSI MaKCUMaldbHE BIIXWICHHS TPINIMHH, a CyMapHE BiIXWJCHHA Mae Ha 46% xpammi
MOKa3HUKK B TIOPIBHSHHI 3 TEPIIOI0 CEPIE0 EKCIEePUMEHTIB. Takok BCTAHOBJIEHO, HIO TOKA3HHUK CYMapHOTO
BiaxuiaeHHs Ha 20% MEHIINH HIX B ApyTii cepiif eKCIIepUMEeHTIB.

4. BuUKOpHCTaHHS 3alpOMOHOBAHUX TEXHOJIOTIH MOXKE 3HAYHO 3MEHIIUTH TPYJOMICTKICTh 1 30UTBIIATH
HIBUKICTB MPOBEJICHHS POOIT, €pEKTHBHO BIUIMHYBIIY HA €EKOHOMIYHY CKJIaJIOBY.

B HacTymHUX JOCHI/DKEHHSIX MOJYKHa CKOHLEHTPYBAaTH yBary HaJ NOAAJBLIO ONTHMI3alli€lo Ta
BJIOCKOHAJICHHSIM [IapaMeTpiB BUIBHOTO LIMYPY, a Came: PO3TIITHYTH, SIK MOXKE BIUIMHYTH 3MiHA BiJICTaHi MiXK BUIbHUMH
LITypaMy Ha XapakTep TPILMHM Ta SIK BIUIUBAE 3MiHA KUIBKOCTI BUIBHMX ILIIYpIB Ha HAIPSIMOK TPILIMHU PO3KOJY
(HanpuKkiaa 30UIbIIEHHS 1X JI0 YOTHPHOX 1 Olnblie); JOCHIANTH, SIK BIUIMHE 3MiHA JliaMeTpy BUIBHOIO INIYypYy Ha
pobouwmii poriec, Ta iHIe.
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