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IH’KEHEPHA ®OPMYJIA
JJISA BUBHAYEHHA CTATUYHUX HABAHTAXKEHbD
ITPH BIAKOJII KAM’SIHUX BJIOKIB

(llpeocmasneno o.m.n. K.K. Trauykom)

Ha ocnosi ananizy gizuxo-mexanivnux enacmugocmeii 2ipcbKux nopio, sumoe 00 sskocmi OypinHsa, munie
PYUHYIOUUX HABAHMADICEHb, OlaMempié wnypie, 3anponoHOBaHUll Memoo pO3PAXYHKIE, AKUN 00380JAE
susecmu iHxceHepHy opmyny O 8UOOPY MEeXHOL0IUHUX NAPpAMempie npu 8iOKOLI Kam AHUX OI0KI8.

Knrouosi cnosa: cmamuune nasanmasicenns, wnyp, Kam aHuil 60K, 1iHiA 8i0Koxy, niocka oeghopmayis,
RAACMUYHA 30HA.

IMocranoBka mpo6uemu. [Ipu BumoOyBaHHI KaM’SHUX OJIOKIB LIMypOBUM METOIOM JUIS CTBOPEHHS
CTaTUYHOTO CHJIOBOTO BIUIMBY Ta OTPUMAaHHS B MOTPIOHMX 30HaX MOPOAM HEOOXITHOTO HAaIpyKEHO-
Ie(OPMOBAHOTO CTaHy Ta TPIIIMHOYTBOPEHHS BHUKOPHUCTOBYIOTHCSA HEBHOYXOBi pyiHyroui cymimi (HPC) Ta
rigpasmiuni npuctpoi [1-5], aist sikux 3a3BU4aii BU3HAYAIACS TUIBKH [T OKPEMO B3STOTO LIMYyPY.

TeopeTudHi TOCTIKESHAS PO3IMOIUTY HAMPYKEHb OJMM3HKO KOHTYPIB HIITYpiB i yTBOPEHHS IUIACTUYHUX 30H
HaBKOJIO HUX, a TAKOX B3a€MOJII0 IIMX 30H MK COOOI0 HOCIHIIKEHO B poOoTi [6] 32 JOMOMOTOIO PO3B’S3KY
HEINiHIHHOT epioquIHO 3a1adi.

Le mamo MOXIUBICTE 3a JOMOMOTOI METONy Mepedopy MmapaMeTpiB BH3HAYWTH TPaHWYHI 00NacTi, e
MOYMHAE pealli3oByBaTUCS YMOBa "MUIACTUYHOTO mapHipa" 1 BigOyBaeThCsl BiIKOI OJIOKY IO JIiHIT HImypiB.

VY nasiif po0OOTI IPOBENCHU ETaTbHUN aHATITHYHUI aHaJI3 Pe3ybTaTiB PO3B’sI3Ky JAaHOI 3a/1a4i, 10 a0
MOXIIMBICTh OTPUMATH 1HXKEHEPHI (POPMYITH IS BU3HAUEHHSI IPAaHUYHOI BIICTaHI MK LIIypaMH MpH 33JaHOMY
CTaTHYHOMY HaBaHTa)KEHHI.

IMocranoBka mpo6yaemu. Bukiasennsi ocHoBHOro MaTtepiaiy. Po3risHeMo i30TponHuid kam’stHUH OJI0K 3
PSAIOM OIHAKOBUX IITYpiB, IpOoOYypeHHX IO TependadyBaHill JiHii BIIKONY, Ky YMOBHO CYMiCTHMO 3 BiCCIO X
JIEKapTOBOI CHCTEMH KOOpAUHAT. Pajiycu 0TBOPIB LimypiB npuiitMeMo piBHumu R, a Bijgcranb Mixk orBopamu — |
[6].

YMOBa IIIaCTHYHOCTI MPEACTaBIMO y BUTIISAII!

(o.— oy )+ 4l =4k, k=s/2, M)
JIe G5 — Me’Ka TeKy4OCTi TOPOJIM TIPH OTHOCTOPOHHBOMY PO3TATY.

[pummyctrMo, MmO 10 KOHTYpPIiB IIMYPOBHUX OTBOPIB NPHUKIAJCHI PIBHOMIPHI 3yCHJUIL IHTCHCHUBHOCTI p, a
rpaHi OJIOKY BUTBHI BiJl HABAHTaXXCHb. byIeM0 BBaXKaTH, IO [ €0 IHX 3YCHIb OJM3bKO OTBOPIB BUHUKHYTH
TUTACTHYHI 30HHM, SKi IMMOBHICTIO IX OXOIDTIOIOTH. B mboMy BHmaaky mnpu I = R rpaHudHi yMOBH OyAyTh MaTu
BUTIISL!

r=-p Te=0. @

OTBip, B LIEHTPi SIKOTO BMIILIEHO MOYAaTOK KOOPJIUHAT, HA3BEMO OCHOBHMM, a JIHIIO PO3JULY IUIACTUYHOI i
MPYXKHO1 30H O1JIs1 ILOTO OTBOPY MO3HAYUMO depes L.

Yepes reoMeTpuuHy i CHIOBY CUMETpIi B jaHiii 3anaui ¢opma JniHii po3ainy 0iis OyJb-IKoro oTBopy Oyne
TaKoOI0 XK, AK 1 01711 OCHOBHOTO OTBODY.

[MToTpiOHO BM3HAUUTH JiHIT PO3ALTY MPYXKHOI 1 MUIACTUYHOI 30H, a TAKOXX HANpyKeHUH CTaH KaM’SHOTO
0JIOKY B KOKHI# 13 30H.

[Touarok nmpomecy BiIKOITy 3B’SDKEMO 3 MOMEHTOM TOSIBH TaK 3BaHOTO “TIIIACTHMYHOTO IIapHipa”, To0To, Komn
KOHTYPH IJIACTHYHUX 30H L CYCiTHIX OTBOpIB MOYMHAKOTH CTUKATHUCS, 400 IEpEeKpUBATH OJHA OAHY (puc. 1).
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Puc. 1. Po3nooin nanpyoicenv 63006ic nepeddauyeanoi iiHii 610Ky Kam sHo2o 00Ky,
KOJIU KOHMYPU RIACMUYHUX 30H CIMUKAIOMbCs (a), abo nepexpueaioms (6) 00Ha 00HY

3rigHo 3 [6], xoHGiryparis mIacTHYHKUX 30H L, sIKi CTBOPIOIOTHCS 3@ PaxXyHOK JIii CTATHYHUX HABAHTAKEHb
Ha KOHTYpPH ILIIYPOBHX OTBOPIB, PO3TALIOBAHMX IO JIiHIi epen0auyBaHOr0 BiJIKOJIY OMHCYEThCS 3 IOTIOMOTOI0
CUCTEMHU PiBHSHB!
p_k 1 Zs2= z)

Tty = exp (—+ — 4, E°Cy

2k 3k :
6= 5o 3D,
£ k(cg—2c
o=k, b= [n 1) 3)
Ty Eol 1 ——r:nclir 52]
e
Cp Cy _ K
“TR’ TR T

Cuctema (3) CKIIaIa€eThCs 3 YOTUPHOX PIBHSIHB 13 YOTUPMa HEBIZIOMHMH, TOOTO € 3aMKHYTO!0. Br3HaunMo i
HEBI1OMI METOIOM iX BHKIIOUEHHS.
Hanpy>xeHHs B Ipy>kHil 30HI 3HAXOAATHCS 13 3aJIS)KHOCTEH !
EI'JI::IJ + :TJ_(,E:I = 4Red ({}

@ @l{*)— wll) 4
G'JEE:I— g, +2 = [T*f" () + ().

PosrasHeMo crioyatky Bunajiok, konu € =1/1= 0,1, a BenmuuHa cTaTHIHOrO PiBHOMIPHOTO HABAHTAXKEHHS
Ha KOHTYp LIypy AopiBHIOe p = 3K, rpaHi kam’sTHOTO OJIOKY BUJIbHI BiJl HAaBaHTaXeHHs. SIK BigoMo, aj1s obacTi
3 OJHUM IIIIYPOM JIIHIEIO PO3JUTYy B IIbOMY BHIAJKy Oyzae koio pamiyca r = 2,718R [2]. [ns obmacti x i3
BEJIMKUM YHCJIOM KPYIJIMX IIITYPiB, SIK MTOKa3ay MPOBEJACHI HaMH JOCIIKSHHS, JIHIIMH pO3AiTy OyayTh enincu
3 MiBOCAMU a = (co+cy)/R =3,367,

122



Cepis: Texuiuni nayxu

b = (co-c1)/R = 2,339. 3Bincu BUmIKBaE, 1O, 1S HHOTO BUNAIKY, 00K BIUTMBY CYCiIHIX OTBOPIiB H03BOJISE HA
48 % 30UTBIINTH BiACTaHb MIX HIITypaMu.

OCKibKH HAC I[iKaBUTh KOH(Irypamis miacTHaHuX 30H L, sIKi cTBOpIOOTHCSA 3a pPaxyHOK Jiii CTATHYHHX
HaBaHTAXXCHb HA CTIHKH MIMypiB, PO3TAIIOBAHMWX IO JiHII BiZKONIy, TO 3pOOMMO Iie 3a JOIOMOTOK OB
JIETaJbHOTO AHAMTHYHOTO aHaNi3y cucreMd piBHsHL (3). B mamiii 3amaui JsiHiero po3mimy mOpyXHHX i
TUIACTHYHUX 30H L OyayTh eincy, miBBici skux OymyTh 3MIiHIOBATHCS TIPH 3MiHi BigcTaHe# Mix mmypamu | i ix
paniycis R.

Cucrema piBHAHD (3) MICTUTh YOTHPH HEBIOMHX Cg, Ty @3, Pz 1 € 3aMKHYTOI0. BUKITIOUMBINY 3 MEPIINX
JIBOX PiBHSAHB cucTeMu (3) &z, b3, orpumaemo:

= _ p—k 1 .. )
Cp = EXp ok +3'JTEE‘DE‘1 .
m? E2E5 (1 — 2tyey) (5)

3 - EDELE z EZ

ToCy =

Ipyre piBustans cuctem (5) 3amumeMo y BUTIISII KBaJAPATHOTO PiBHSHHS:
wie7 (g, )t — (3 + 2n28% 8 ), + wiEiei =0,

3BiJIKH CJTiy€ PO3B'A30K [[bOTO PiBHSHHS BiJHOCHO Cp Ty

2-2= = 3 22272 4 0 4mtEicg ©
n’acncl=5+ﬁ£cni5 1+T
Tenep cuctemy piBHAHD (3) MOYKHA 3aITHCATH Y BUTIISIL
_ p 1, 1 4mizig}
= —+= +- 1+—|.
CSEpiy TyT ety (1t
1 3 3 4miz2gl
e — 2229 - o
Q= amg g TTEGE; T
£ k( cp,— 2t 7
Ep Eo(1 —3 TyCym2E®

['panuvHe 3HAYEHHS PO3B 53Ky cUCTeMH (7) OTPUMAEMO, KOJH Tp = i . Tlo3HaumMo 11e 3HAUCHHS £ Yepe3
£". BenmuuHa £ 3aJIEKHUTH BiZl P 1 BU3HAYAETHCS 3 TIEPIIOTO PiBHAHHA cucteMu (7) i Oyie TOpiBHIOBATH:
1 p = 1 L ) p m? 1 m?
== —_—— 4z 1+ ].z=2 ———= 14— ®)
Pl Tt T R lm Tz 2 s

3 npyroro piBHsHH cucTemMH (7) BU3HAYMMO 3HAYCHHS MapaMeTpa i, sIKe BiImoBigae:

Cp = .-

2
a1 ©)

3
—l1- 1+—||=.
T HEN

ci=

Pa | = o)

Topi miBOCI TPaHUYHOTO EIICa 3aMUIIYThCS B TAKOMY BHTIISII:

a 3 mil|1
gootaslralli- 5=
3 2 1

, (10)
E=ED—E1=F 1+T_1 -
[incransiroun y BuBeneni popmyiu (10) Bupas mist £ 3 (8), orpumyemo:
—=12 1+il— 1+l:t exp i+ﬂi—1 1+lz .
n? 3 2k 12 2 3

B 6 ml p m? 1 ml (11)
—=—| [1+—-1 P - h+Z)
R = +t3 P\ otz "2 T3
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TakuM YMHOM, Ui 3aJ@HOTO0 HABAHTAXCHHS [ IPaHMYHA BIACTaHb MDK MIMYpaMH BH3HAYAETHCS 3a
dopmyoro (8), a miBoci rpaHUYHOTO eninca 00paxoByOThes 3a hopmynamu (11).

3ayBakuMo, II0 CyMa BEJIMKHX ITIBOCEH TPAHUYHOTO €JIiTIca JOPIBHIOE BiCTAaHI MIXK IIITypaMH.

Ha pucynky 2 HaBeneHumit rpadik 3amekHocTi £ Bix BimHomeHHs p/K, K MOOYIOBAHO 3TiIHO 3 MEPIIOI0

dopmyoro (8).
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Puc. 2. Ymosu giokony kam'anoeo 6ioky
npU CMAMUYHUX HABAHMANCEHHAX

Leit rpadik 36iraeTbes 3 momiOHUM rpadikoM, MO MPEACTABICHO B poOoTi [6], skuii moOymoBaHuil 3a
JIOTIOMOT'010 KOMIT I0T€pa METOJI0M Iepedopy 3MiHHUX.

Crnix 3a3HaunTH, MO rpadik 3ameKHOCTI £ Bix BimHomieHHs P/K HaBemeHWI Ha PUCYHKY 2 3a MEPIIOO
(hopmyioro(8) MoskHa TOOYIyBaTH 3 JOMIOMOTO0 3BUYAHOTO KAIBKYJISTOPA.

BucnoBku. [letanbHuil aHaNi3 pe3yibTaTiB aHAITUYHUX PO3B’S3KIB CUCTEMHU PIiBHSHB (3), 178 BU3HAUCHHS
IUTACTHYHUX 30H IOKa3aB, MO 31 30UIBIICHHAM MapamMeTpa & OUIbIlA MIBBICH e€ilca a 30UIBIIYETHCSA, a MaJa
miBBiCh D 3MEHIYEThCS 0 THX Mip MOKH BEJIMYMHA ¢ HE CTAHE PIBHOIO MOJIOBHHI BiJCTaHi MiXk mimypamu. [Ipu
IIFOMY ITOYMHAE PEai30BYBATHCA yMOBA "TUIACTHYHOTO IApHipa" 1 BiIOYBa€eThCs BiKOI OJIOKY I10 JIiHIT IITYypiB.
Sxmo mpomoBKyBaTH 30IMBIIYBATH MapaMeTp & OOWABI MiBoci efinca 30UTBIIYIOTBCSA, i KOJHM IXHA cyMma
JIOPIiBHIOE BificTaHi MiX mimypamu |, oTpuMyeMo rpaHudHe 3HaYCHHS MiBOceil enirnca (B MOAAJIbIIOMY CHCTEMA
piBHAHB (3) HE Ma€ PO3B’s3KY).

TakuM 4UHOM, OTpUMaHi iHXeHepHi (popmyiu (8) At BU3HAYEHHS TPAHUYHOI BiJICTaHi MiX 1imypamu | npu
3aJJaHOMYy CTaTMYHOMY HABaHTa)KEHHI IHTEHCUBHOCTI p. Po3poOieHHMil TEOpEeTHYHHH METOJA PO3PaxXyHKY
JIO3BOJISIE BPaxyBaTH B3a€MOJII0 BCIX TEXHOJOTIYHHMX MapameTpiB Ta MPOBECTH ONTHMI3allil0 CHIBBIiIHOIICHD
00’eMiB OypOBHX POOIT 1 CTATUYHHUX HABAHTA)KEHb B ILITypax MpH 30epeKeHH] IKOCTI IOBEPXHI BiIKOIY.
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I'PEBEHIOK Tersna BomogumupiBna — acmipantka kKadenpu imxeHepHoi ekosorii I[Hcruryty
eHepro30epeKeHHs Ta eHeproMeHeDKMeHTy HallioHabHOTO TeXHIYHOTO YHiBepcuTeTy Y kpainu «KITI».
HayxoBi inTepecu:
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Grebenyuk T.V. Engineering formula for determining static loading of splitting of dimension stone

YK 622.35(075.80)
HuzkenepHas Gpopmyia IJisi onpeneeHusi CTATHYECKAX HATPY30K MPH OTKoJe KamMeHHbIX 0;i0koB / T.B.
I'pedeniok

Ha ocHoBanuu anHanu3a (U3MKO-MEXaHUYECKHX CBOWCTB TOPHBIX MOPOJ, TPeOOBaHUH K KauecTBY OypeHus,
TUIIOB Pa3pyIIAIOLINX HArPy30K, AUAMETPOB IIITYPOB, PEUI0KEH METOJ] PaCUeTOB, KOTOPLIIl MO3BOJISIET BEIBECTH
MHXECHEPHYIO (popMyITy Ut BBIOOpa TEXHOJIOTMYECKHUX MTapaMETPOB IPH OTKOJIE KAMEHHBIX OJIOKOB.

KiroueBbie cnoBa: craTudeckas Harpyska, LINyp, KaMEHHBIA OJIOK, JIMHHS OTKOJIA, IUIOCKas jaedopmaris,
IIacTUYecKas 30Ha.

VJIK 622.35(075.80)
Engineering formula for determining static loading of splitting of dimension stone / T.V. Grebenyuk

Based on the analysis of physico-mechanical properties of rocks, quality requirements for drilling and
destructive types of loads, the diameters of the blast-holes, proposed a method of calculations, which allows to
made engineering formulas for the technological parameters for splitting of dimension stone.

Key words: static load, blast-hole, dimension stone, splitting line, plane strain, plastic zone.

126



