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AnHOTanmus. [l ontuMH3anuu paboThl MEKOBOH JPOOMIKH HEOOXOIUMO MOHUMATH
KakuM 00pa3oM MPOHMCXOAUT Pa3pylLICHUE MOPOJAbI U KaK B3aUMOCBSI3aHbI Pa3pylIAOIIee
YCHWINE U paguycC MPUTYIUICHHUS BBICTYTIOB ApOOSIIUX IUIHT. B pabore mpencraBieHsl SKCIe-
PUMEHTBI M MOCJICIYIONINE PACUCTHI, LIEIbI0 KOTOPBIX SIBIISUIOCH YCTAHOBJICHHE 3aBUCHMOCTEH
MEXKIy YCHIHEM, TPEOYIOIMUMCS Ul Pa3pyIIeHHs IPAaHUTHOTO (parMeHTa, BO3HUKAIOIIMMHU
HANPSDKCHUSMH U PaJINyCOM TIPUTYIUICHUS] HHACHTOPA, BO3JICUCTBYIOIIETO HA ()parMeHT.

AKTyalTbHOCTb MCCIICIOBAHHS 3aKITIOYACTCS B MIPAKTHYECKOM MPUMEHEHUH TIPU yCTaHOB-
JICHHU CTCTICHU MPUTYIUICHHUS 3yObeB OPOHEBBIX IUTHT LICKOBOH JAPOOMIIKH, IPH KOTOPOIl Clie-
JyeT MEHSTh IUTUTHI U3-32 YPE3MEPHOTO YBEINYEHHSI MOIITHOCTH, TIOTPEOIISIeMON IPOOHIIKOH.

KaioueBbie ciioBa: TpaHuUT; pa3pylieHUE TOPHBIX MOPO, WHACHTOP, MPEAEN MPOYHO-
CTH Ha C)KaTHe, IPOOSIINe IUTUTHI, PaIuyC PUTYTUICHUS BBICTYIIOB.

Abstract. To optimize the operation of a jaw crusher, it is necessary to understand how the
rock breaks down and how the breaking force and the radius of blunting of the crushing plate
ledges are interconnected. The paper presents experiments and subsequent calculations, the pur-
pose of which was to establish the relationship between the force required to destroy a granite
fragment, the resulting stresses and the blunt radius of the indenter acting on the fragment.

The relevance of the study lies in the practical application in determining the degree of
blunting of the teeth of the armor plates of the jaw crusher, at which the plates should be
changed due to an excessive increase in the power consumed by the crusher.

Key words: granite; destruction of rocks, indenter, ultimate compressive strength,
crushing plates, blunting radius of protrusions.

BBenenue. Llenbio mpoBeaeHUs SKCIIEPUMEHTOB M TOCTEAYIONIUX PACYETOB SIBISIOCH
YCTAHOBJICHUE 3aBUCUMOCTEN MEXAY YyCHIUEM, TPEOYIOMUMCS ISl pa3pylIeHUs] TPAHUTHOTO
¢dbparmeHTa, BOHUKAIOIIUMHU HAMPSHKEHUSIMU U PAJANYCOM MPUTYIUICHUS UHACHTOPA, BO3IEH-
CTByIOIIEro Ha ¢parmeHT. OnpeeieHne TakKuX 3aBHCHUMOCTEH MOXKET UMETh NMPAKTHUECKOE
NPUMEHEHHE TMPH YCTAHOBJICHWU CTENEHH MPUTYTUICHUS 3yOheB OpOHEBBIX IUIMT IIEKOBOM
JPOOWIIKH, TIPU KOTOPOH CIICAYET MEHSATH TUTHTHI U3-32 YPE3MEPHOTO YBEITMUCHUS MOIIIHOCTH,
noTpedIsIeMoil TPOOUITKOIA.

OcHoBHasi 4yacTb. OOBCKTOM pa3pymICHUS SBISINCH IMIMHAPUYICCKUE (HparMeHTHI
auameTpoM Dy = 56 MM U AnuHON Ly = 40 MM, BbIpE€3aHHBIE U3 KEPHOB I'PAHUTA (KPEMOCThb
/=13 no mkane M.M. [Iporonpsikonosa [1], mperen NpOYHOCTH HA CKATHUE [Gex] ~ 190 MIla
[2]). BHeapsieMble HHIEHTOPHI U3TOTABIUBAIUCH KIMHOBUIHOW QopMbl ImuHON L, = 40 MM
¢ monychepudeckoil TIOMAIKONH IPUTYTUICHUS paguycoM R, = 3,2; 6,0; 8,0; 10,0 u 11,0 mm.

DKCIIEpUMEHTHl TPOBOJAMUIUCH C HCIMOJIB30BAHWEM HCHBITATENILHON MamuHbl Zwick
ZHU 187,5, MoaepHU3UpOBaHHOM I UCIIBITAHUN Ha ckatue [3], ¥ 3aKIro4aauch BO BHEN-
pPEHUH MHACHTOpa BO (parMEeHT Ha BCEM MPOTSHKEHUHM ero OOKOBOW MOBepXHOCTH (puc. 1).
3anuchIBaIach 3aBUCUMOCTh YCHITUSL P OT TIEpeMEIIeHUS /i TPaBepCOB MAIIMHBI ¢ (PUKCAITUeH
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€ro BEJIMYHMHBI P, TP KOTOPOM MPOUCXOAMIO pacKajbiBaHue (hparMeHTa. Y CTaHaBIMBAINCH
BHUJI U TEOMETPUUYECKHUE MapaMeTpbl MECTa pa3pylLICHUs, a TAKXKe JJIMHA TPEIIUHBI pa3py-
HIEHUSA L.

Puc. 1. OcHacTka HCOBITATENBHON MaliHbl Zwick, pazpaboTaHHas 171 U3YYCHHS BIHUSHUS paauyca
MIPUTYTUICHUS 3yOheB APOOSIIICH IUTUTHI Ha YCHIIHE Pa3pyIIeHHs pparMeHTa

Kak mokasanu sKCIepUMEHTBI, OCHOBHAsI 4acTh ()ParMEHTOB PacKaJIBIBACTCS 1O/ BO3-
NEMCTBUEM MHAECHTOpPA HA JBE INPHUMEPHO PAaBHBIE YaCTH, BCIECACTBUE YErO JUIMHA TPELIUHBI
paspyieHus L., oka3biBanach OIU3KoN K quamerpy ¢parmenrta Dy. MOMEHTY pacKajbIBaHHs
MpEeIIecTBYeT 00pa3oBaHUEe B MeCTe BO3JEHCTBHs MHIEHTOpa Ha (pparMeHT JyHKH B BHJE
KIIMHA TITyOMHOM /1, MIMPUHON OCHOBAHUS a U YTIIOM IIPH BEPIIMHE o (pUC. 2) CO 3HAYCHUSIMHU
BO3pacTalOIIMMHU C YBEJIIMYECHUEM pasnyca R, NPUTYIUIEHUs HHACHTOPA.

Puc. 2. Ilpoduis u mapaMeTpsl JIyHKH, 00pa3yIoleics B MECTe BO3ICHCTBIsI HHICHTOpa |
Ha (pparMeHT rpaHuTa 2

C BO3pacTaHueM BEIUYUHBI R, YBEIHYMBACTCA M YCHINE, TpeOyromeecs 1 pa3pylie-
Hus pparmenTa (puc. 3). IIpu atom 3aBucumocts Pp = f(R,) 61H3Ka K BULY

P, =Pp*+ KRy, (1)
npu P,* = 35,5 kH, K= 1,25 xH/mm
T 55000
o L J
& 50000
- —
45000 ——— | *
* L 2
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Puc. 3. 3aBucuMoCTh pa3pyLIAIOLIETo YCHIIUS 00pas3LioB rpaHUTa
0T paanyca IUIOUIaAKY IPUTYIUICHUS HHIEHTOPA
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[IpencraBisin MHTEPEC OLUEHUTH HAIPSIKEHUE CHKATUA Ogx, PU KOTOPOM MPOUCXOAUT
paspyllleHHe CTEHOK JYHKH NP BHEAPEHHHM HHIEHTOPA, U PACKAJIBIBAHHUA Opacx, COOTBET-
CTBYIOIIIEE pa3ciieHUIO (hparMeHTa Ha YaCTH.

B coorBercTBUM € NPUHATON CXEMOW NEUCTBUS CUJI 3HAUEHUs JAHHBIX HAIPSIKECHUU
Y UX OTHOIICHHE MOXKHO PAacCUYMUTATh O CIEAYIONUM (hopMyiaM

Gex = Pp *sina*cosa / (2h*Dy), 2)
Opack = Pp*sinza / (Ly* Dy), 3)
Gex /| Opack = L / 2h*tgo = const, 4

HOJIy‘-IeHHBIe B XOA€ OIIBITOB JaHHBIC, MCIIOJIB30BAHHBIC B I[aJIBHCI\/'II_HCM JUIA pacqua,
npuBeeHBI B TabuIe 1.

Tabnuma 1 — 3HaueHus pa3pymaloIero YCUHs, TapaMeTPOB JIYHKH Pa3pyIICHUs], CKUMAIOIIIX
U pa3pylIAOLUX HAINPSDHKEHUH, a TAK)KE UX OTHOLLECHMS B 3aBUCUMOCTH OT pajauyca IPUTYII-
JICHHsI UHIEHTOpa

3HayeHNe mapaMeTpa Mpu BeIUInHe R, MM

[TapameTp 32 6 3 10
P,, kH 37,73 41,48 40,87 46,01
a, ° 37 37,5 38 39,5

a, MM 6 6,5 7 8,5

L, MM 38,5 40,5 42 40

h, MM 2,3 2.4 2,45 2,8
Gpac, MI1a 8,8 9,5 9,2 11,6
Gex, MlITa 98,5 104,3 101,2 100,8

3akarouenue. [lpencraBieHHbE BBIIE PACYETHO-IKCIEPUMEHTAIbHBIE PE3YJIbTAaThl
MO3BOJIWJIM MPUNTHU K CIEAYIOIIUM BbIBOIAM:

— C yBEJIHMYEHUEM pajuyca MPUTYIJICHUS KIMHOBOTO MHAEHTOpa R, ycuiue, Tpedyro-
nieecst Ui pacKadbIBaHUS IMIIMHIPUYECKUX (DPAarMEeHTOB T'PAHUTA, BO3PACTAIOT MO 3aBHCH-
MOCTH, OJTM3KOH K JTUHEHHOM;

— 3HAYCHHS] KOHTAKTHBIX C)KUMAIOIIUX HAMPSIKCHUH Gcy, TPUBOISAIIUX K Pa3pyIICHUIO
CTEHOK JIyHKH B MeCTe BHEApeHHs mHAeHTopa B mopoxay (~ 100 MIla), mpumepno B 2 paza
MEHbIIIE MpeJena TPOYHOCTH UCIOJIb30BAaHHOM MOpoAbl Ha cxkaThe (oqx ~ 190 MIla), ycra-
HOBJICHHOMY IIPH UCTIBITAHUH MOPOJIBI 110 CTAaHAAPTHONW METOJIMKE U COOTBETCTBYIOLIEMY pa3-
pyieHuto Bcero obpasua [5-7];

— MIOJyYEHHOE 3Ha4E€HUE PACKaJIbIBAIOIIErO HANPSKEHUS (Gpack ~ 10 MIla) menblIe Be-
JUYUHBI TIPEeIia TPOYHOCTH Ggy COOTBETCTBYIOLIEMY Pa3pyLICHUIO BCETO 00pa3iia MpUMEPHO
B 20 pa3, 4TO COOTBETCTBYET JUTEPATYPHBIM JAaHHBIM O COOTHOIIEHUH MPENIEIOB MPOYHOCTH
TpaHUTa Ha CXKATHE U PACTSKEHUE.
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AnHoTanusi. C KaXAbIM TOI0OM YBEIMYHBAIOTCS TEMITBI OCBOCHHS ITOA3EMHOIO IIPO-
CTpaHCTBa. DTO KacaeTcsi KaK KPYMHBIX TOPOIOB (CTPOUTENBCTBO MOJ3EMHBIX TPAHCIIOPTHBIX
¥ WHXCHEPHBIX KOMMYHHKAIIHM), TaK ¥ TEPPUTOPUI 1MOApadaTHIBAEMBIX KPYITHBIMH TO3EM-
HBIMH MECTOPOXKIAECHHUSIMHU. [ OpHBIE PabOTHl B 000X CIy4asxX MHUIHMUPYIOT Pa3BHTHE CIBH-
KEHUH u ehopMannii, Kak B IIOPOJHOM MAacCUBE, TaK M Ha 36MHOW MTOBEPXHOCTH, YTO OKA3bI-
BaeT HEMOCPECTBEHHOE BIMSIHUE HA 1e(OPMUPOBAHUE 3/1aHUI M COOPYKEHHUH, HAXOISAIIUXCS
B 30HE BIIMSHUS MOJ3EMHBIX TOPHBIX paboT. B cTaTthe paccMOTpEHO HECKOJBKO 3apyOeKHbBIX
¥ OTEYECTBEHHBIX METOJIOB OIIEHKHU CTENECHU Ae(hOPMHUPOBAHHS MTOAPAOOTAHHBIX COOPYKEHUI
U CJICJIaHBI BBIBOABI 00 UX COCTOSTEILHOCTH U JIOCTOBEPHOCTH.

KaioueBsble c1oBa: oxpaHa 37aHUI U COOPYKEHUH, TOPOACKOE MOA3EMHOE CTPOUTEINb-
CTBO, MOHUTOPHHT CABIKEHUH U 1eopMariuii

Abstract. The pace of underground space development is increasing every year. This
applies to both large cities (construction of underground transport and engineering communi-
cations) and territories that are being worked by large underground deposits. Mining opera-
tions in both cases initiate the development of displacements and deformations, both in the
rock mass and on the earth's surface, which has a direct impact on the deformation of build-
ings and structures located in the zone of influence of underground mining. The article con-
siders several foreign and domestic methods for assessing the degree of deformation of the
underworked structures and draws conclusions about their consistency and reliability.

Key words: protection of buildings and structures, urban underground construction,
monitoring of displacements and deformations

BBenenue. HazemHass nHQpacTpykTypa B pe3ysbTaTeé CTPOHWTEILCTBA IOJ3EMHBIX CO-
OpYXEHHil, pa3pabOTKU MECTOPOXKICHHUN MOA3EMHBIM CIIOCOOOM, MOMANACT B 30HY TEXHOIEH-
HBIX OCEJaHMil, B PE3YyJIbTaTe YEro 3JaHKsl U COOPYKEHUHN HCIIBITBIBAIOT Pa3jIMYHbIE BUJbI Je-
dopmarmii. Jlns mpeaoTBpallleHUsT aBApPUMHBIX CUTYaIllUi M KPUTUYECKUX TOBPEKICHUN MO

190



