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PO BILIUB CEHCMOBUBYXOBHUX XBUJIb
HA CTIMKICTh BOPTIB KAP’EPY

Ipoananizosano 0ito nowtupeHHs CelUCMiYHUX X8Ulb ma mpaHcgopmayito ix 3anedxncHo 8io
2IPHUY0-2e0N102TUHUX YMO8. Po3zenanymo enaug ceiicmiunux Koausanv 8 6a2amoulapo8oMy ZIpHUYOMY
macugi Ha cmitikicms 6opmie Kap '€py 6HACIIOOK 6ubyxosux pooim. Busnaueno 3anexcnocmi weudkocmi
3CY8y uACMUHOK IpyHmy 6i0 @idcmani, npusedeHoi 00 macu 3apsdy. 3a  pesyrvmamamu
NOPIBHI06AILHO20 AHANIZY 0YI0 6CMAHOBLEHO, WO OOMIHAHMHUMU 3d THMEHCUBHICMIO 6 30HI MOJICIUGUX
008a/1eHb [PYHMOBUX YCIMYNIG € 00 €MHI NONePeyHi XGUJL.

Knrouosi cnosa: ceiicmogudyxosi xeuni, baeamowaposuil ipHUYUll MAcus, eudyxosi pobomu,

bopm Kap ’epy.

Beryn. ITocranoBka mpo6Jemu. HaifrommpeHimmM MeTOI0M OIiHKH iHTEHCHBHOCTI CEMCMIYHHAX XBHIIb i
CTyNMEHS iX WIKIAJIMBOIO BIUIMBY, IO NPHU3BOAWUTH A0 YHIKOMKCHHS IH)KCHEPHHUX OO’€KTIB, € BH3HAYCHHS 3
OCHMJIOTPaM 3HA4YE€Hb MAcOBOi IIBHAKOCTI 3MIIIEHHS YACTHHOK IPYHTY, HANPHUKIAA, Ui OymiBIi, B OCHOBI ii
¢ynmamenty. Lli BitoMOCTi TOTIOBHIOIOThCS YaCTOTHO-YACOBUMH XapaKTEPHCTHKAMH, II0 BPAXOBYIOThCS Yepes3
KOe(IIEHT OUHAMIYHOCTI, JEKPEMEHT 3aracaHHs BJIACHUX KOJMBaHb OyauHKy 1 iHme. OnHak oTpuMaHi
PO3paxyHKOBI JaHI HE MOXYTh OyTH MOCTOBIPHHUMH JJIsl YKOCIB, TOMY IO, 3 OJHOIr0 OOKy, 0a3yrThCs Ha
EMIIIPUYHOMY MaTepiali, a 3 IHIIOro — OTPUMaHI Ha 3HAYHO OUTBIINX BIJICTaHSIX, HIXK YKOCH OOPTIB Kap’epy.

AHaJi3 ocTaHHIX JocaimkeHb i myomikamiii. 3actocoBani eMmipuyHi KOe(illi€HTH, 10 XapaKTCPU3YIOTh
BJIACTHBOCTI CEpe/IOBHUINA i 3aracaHHsi MacoBOl MIBUAKOCTI 3 BiJICTAHHIO, IPUIMAIOTHCSI B TOBEPXHEBIN XBUIII i
HE MOXXYTh MOBHOIO MipOIO BpaxyBaTH Pi3HOMAaHITTSA BIACTHBOCTEH cepeloBHINA i yMOB BEIEHHS IiAPUBHUX
po0ir [1-3]. [Ipu upboMy B peanbHiii XBUIIbOBIN KapTHHI, 110 BUKJIMKAHA, HAIPUKIIA, MiJ] 4ac 0araTo0JI0KOBOTO
MacoBOTO BHOYXY, 1 MepesoMIIeHa B IPYHTOBHX YKOCaxX, aJTOPHUTM PYyXy PI3HHUX THUIIB XBWJIb aHAJIITHIHO HE
MOXKe OyTH PO3B’s3aHO dYepe3 CBOIO CKIAIHICTH 1 Pi3HOMAaHITTA (aKTOpiB, MO BHMArawTh iX o0miky. Tomy
TOJIOBHUM JDKepernoM iHpopmamii mpo HeoOXigHI mapamMeTpH XBWJIBOBOTO PyXYy Ta iX 3MiHH 3 BIJCTAHHIO €
eKCIIEpUMEHTAIbHUN MaTepial y BHITISAI cecMOorpam, IO PEeECTPYIOTh KOJIMBAHHS PI3HOTO THIY XBHJIb B
MYHKTI YCTAHOBKM cedicMmomnpuiiMadiB. OOpoOKo0 IHMX ceiicMorpaM MOXKHa OJEpiKaTH pAJ XapaKTepHUX
KiHEMaTHYHUX, CUJIOBUX TIOKA3HHUKIB KOJIMBAHHS IPYHTOBOI'O YKOCY JUIsl BCTAHOBJICHHS HOTO peakLil (MosBU THX
abo iHIIMX CHIT 38 BTPATOIO cTilikocTi) [4].

Mertoro podoTu. JlocmiKeHHs il pI3HUX TUITB CEUCMIYHUX XBHIIb, 1[0 BUHUKAIOTh BHACIIIOK MPOBEACHHS
MPOMHUCIIOBUX BHOYXIB, JJIsl BU3HAYEHHS JIOMIHAHTHOTO Ta BCTAHOBJICHHS €MITIPUYHOI 3aJIe)KHOCTI LIBHIKOCTI
3CYBY YaCTHHOK I'PYHTY Bifl BiZICTaHi, IPUBEACHOI 10 Macy 3apsiy, B JaHill XBUIII.

BukaageHHs 0CHOBHOTO MaTepially Ta pe3yJbTaTH AOCTiIKeHb. AHAII3 CEHCMOIOTIYHUX CIIOCTEPEIKEHb
3a ceficMOe(eKTOM NpH KOPOTKOCTIOBUILbHEHOMY BHOYCI 3apsliB MPOMHCIOBHX BHOYXOBHX PEUOBHH IOKA3ye,
IO TIBUJKICTh MOIIUPEHHS 1 TPHUBAJICTh CEWCMIYHUX XBIJIb 3aJICKHUTH BiJ KUTBKOCTI TPYI 3apsmiB, IXHBOL
BEJIMYMHY, a TAKOX 1 BiJ meTporpadidyHux, cTpaturpadpiqHuX 1 aHI30TPOMTHUX OCOOIMBOCTEH MOPIN MOBEPXHI
3eMJli, IO CKJIAJal0Th MAacHB, SKWUH CTPYIIYETbCS. Y TIPCHKMX MacHBax, B 30HI IOUIMPEHHS CEHCMIYHMX

KOJIMBaHb, 5Ki BUKIMKaHi BUOYXoM, (00macts ix aii — 120-150 r,,,) criocrepiratotbes 06 emui (nosnosxkui V,

Ta nonepeuHi V) 1 noBepxuesi V, mpyxHi xBuii. [Ipuknan ocuunorpamu e 3apeecTpOBaHUM LT XBUIIb, SKi

I11e He pO3IOIUICH]I 32 THIIaMH, HaBeICHNH Ha PUCYHKY 1.

Ha ocmmmorpami BigOuBatoThcs 1Bi (pa3m KonmBaHb: mepira (aza — OesmocepenHiil mpuxig XBWII BHOYXY,
abo Tak 3BaHUI MMOYATKOBMH BCTYI, a IOTIM TOJIOBHa (a3a, IO XapaKTepH3ye CTPyC IPYHTY, BUKIMKaHHNA
xBuielo Hampyrn BuOyxy. [lepmia ¢asza xapakTepu3yeTbcss NOPIBHIHO MaIUMH aMIUNTYIaMH, MaJuMH
nepiofamMu i HEBEIHMKOIO TpHBaicTio. KomuBaHHA B IpyTii ¢a3i MaroTe 3HAYHO OiNbII aMIUIITYIH i mepioay,
TOMY IIi TIapaMeTpu MPUHMAIOThCS TPH OIIHIIl 1HTEHCHBHOCTI CEHCMOKOJWBAHbL B AaHid TOYIl. TpHBaicTh
nIpyroi a3y KOJMBaHb TAKOXK 3HAYHO OLNTbINA, HIXK MEPILO].
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Puc. 1. Xapakmepha ocyunozpama 8io macogozo eubyxy sapeecmposata 6 30Hi 300 m

B OmmxHIA 30HI MOMHKpPEHHS CEWCMIYHMX KOJIWBaHb, SKi BUKIMKaHI Ji€l0 0araTroOJIOKOBOTO MacOBOTO
BHUOYXY, IIpH MPOBEICHHI BHOYXOBHX poOIT ¥ Kap’epi (Iist Ha OOPTH), CIOCTEPITarOTHCS MO3I0BXKHI Ta IMOTEepeyHi
00’€MHI XBHITI.

Juis BUpIIIEHHS 3aBAaHHSA 3 OIIHKH CEHCMIYHOi CTIHKOCTI YKOCIB Kap’€py HEOOXiTHO IIPOBECTH
MOPIBHSUILHUN aHali3 ceiicMorpam 3a THIIAaMM XBWJIb, BUIUIMBINY X IOB3I0BKHIO, MONEPEUHY Ta TOBEPXHEBY
(da3m, Ta mepeBipuUTH, SKI TUNH XBWIb OyIyTh PYHHIBHUMH JUIs yKOCiB. BcTaHOBIEHHS HaliHeOE3MEUHIINX
napaMeTpiB KOJHMBaHb Y IMX XBWISX HPOBOJIMIMCS IPU BUKOHAHHI €KCIIEPUMEHTAJIBHUX BUOYXIB BiJ MiIpUBY
30Cepe/DKeHUX 3apsaaiB Macor 15 kr (BuOyx 1) Ta 30 kr (BuOyx 2). I'muOuHa 3akmajicHHs BCiX 3apsjiiB
craHoBmia 1,5 M.

[Mpodine BUMipy mapameTpiB ceHCMiYHMX XBHJIb BiJl ABOX BHOYXIB 1 y HAapsIMKY HEPIEHAUKYISPHOMY OCi
pO3TalryBaHHA 3apsAOiB CTAaHOBUB 462 M, HaTYMKHM 3Haxoawiucs Ha Biactami 150, 322 Ta 462 m. [puxmanx
OJIepKaHol celCMOrpaMH eKCHEpHMEHTAIFHOTO BHOYXy | HaBeZeHMH Ha pPHCYHKY 2, a BCI pe3yJbTaTH
ceiiCMIYHHUX BUMIpiB 3BeIeHO B TaOmwIro 1.

2.5 4

V, cmis

Puc. 2. Xapaxmepua ocyunocpama sudyxy oounounozo 3apsaoy (6uoyx 1),
ooepacana na giocmansx 150, 322 ma 462 m
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Tabnuys 1
Jlaui ceticmiunux sumipie
Kanam No 1 6 7 1 6 7
No B~ BiJCTaHb, M 150 322 462 150 | 322 | 462
6 . p
yXy i 3aMipsiHa BUJIKICTh, CM/C npuBeicHa
’ Vy Vs V, Vp Vi V, Vy \A V, BiJICTaHb, m/kr
1 15 0,189 | 0,208 | 0,334 | 0,034 |0,070|0,138|0,018|0,071|0,130| 60,8 |130,6 |187,3
2 30 0,00008 | 0,275 | 0,708 | 0,0005 |0,088 |0,245 {0,018 0,072 /0,193 | 48,3 |103,6 | 148,7

Bu3HauyeHHsT eMImipHYHUX KOCQIIIEHTIB B KOKHOMY THIII XBHJIb, IO BXOAATH y (popmyny CamoBCHKOTO,
BUKOHYBAJIX 32 METOJIUKOIO OaraToKaHAJIbHOL peeCT/paui'i KONMBaHb. B pe3ynbraTi 4oro 3aleXHiCTh MIBUAKOCTI
3cyBy IpyHTY (CM/C) Bin mpuBeneHoi Bigcrani (M/kr'’?) Bupaxena dopmymamu [5]:

JUTS IOBEPXHEBOI XBHJI:

u=36341 9%, K =0882, (1)
JUTS TIOTIEPEYHOT XBUITI:
u=47,375r %% g —0932, )

ge K, —xoediuieHT Kopemnauii.

Jocmin 3acBiT4rB HE3HAYHY PIi3HHUIO B IHTCHCHBHOCTAX (aMIUIITYA1) HMOMEPEYHOl Ta IIOBEPXHEBOI XBUIIb, 1
BHCOKY YaCTOTHY CKJIQJIOBY B ITOTICPEUHIHL.

B ripHHYO-TeONOTiYHNX YMOBaxX Kap’e€piB y BEpXHIH dacTHHI po3pi3y OOpTiB Kap’epy iCHYIOTH YCTYIH 3
M’SKUX TOpiJ 3 TOHIKCHOI MIBUAKICTIO. B Takux yMoOBax yTBOPIOETbCA (3apOIUKYEThCS) TaK 3BaHa
MICEBIOPENICiBChKA XBHJISI, JyXKe CX0xka 3 XBwicto Pemes. Ha BiaMiHy Bil OCTaHHBOI, IIBHIKICTh
TICEBJIOPENEIBCHKOT XBUIII 3aJISKUTh BiJ 11 TOBXKHMHHU, TOOTO CIOCTEpPIraeThesi QUcnepcis mBuAKocTi [6]. XBuui,
nopxuHa JI KX 3HA4HO Oinbina MOTYyKHOCTI AH (M SIKMX YKOCIB) mIapy, 3 MicCIiss BHOYXy MPOHHKAIOThH 1 Ha
MOBEPXHI 3eMJIi PO3MOBCIOKYIOThCS 31 MBHAKICTIO VR~ 0,9vS2, ne vS2 — mBHAKICTh momepeyHOi XBHII B
HiJCTUIAI0YOMY Iapi cKelnbHHX nopin. HaBmaku, xopotki xBuii, 1 skux JI << AH, po3NOBCHOIKYIOTHCS
MPAKTUYHO JIMIIC Y mapi M’SIKUX YKOCIB 1 Juis HUX mBHAKICTE VR~ 0,9vSL, ne vS1 — mBUAKICTH MONEPEYHOT
XBHWJI B IPYHTOBOMY yKoci. TakuM 4YMHOM, IIBUIKICTB IICEBAOPENETBCHKOT XBHJII B JAHOMY BHUIIaJKy 3pOcCTa€ 3i
30UIBIIEHHSAM JIOBKMHM XBWii (HOpManbHa aucrepcis). SIKmio >k M’SKMH  IPYHTOBMH IHap YKOCIB
XapaKTepu3yeThes IBUAKICTIO VSL>VS2, TO CrocTepiraeTbesi 3BOPOTHA KApTHHA — LIBUJKICTh YOYBa€ 3 pOCTOM
JIOBKHHH XBUJII (AHOMAITbHA TUCTIEPCis).

[Tpu GararoONOKOBUX MAacoBHX BHOyXax came IOBEPXHEBI XBHWJII MOXYTh BHKIUKATH PYHHIBHY O
TPYHTOBOi OCHOBH JIaJIEKO PO3TAlIOBaHUX O0’€KTIB, IO OXOPOHSIIOTHCS, uepe3 00’€MHO-3CYBHHMH XapakTep
nedopmariid IpyHTy. Y NPOMHCIIOBIH CeiicMilli TOBEPXHEBI XBHIII 3a3BHYail € HAWOLIbII HEOC3MEUHUMHU IS
OyniBenb i BUBYAIOTHCS 3 METOIO iXHBOT'O 3MEHIIEHHS A0 JONmycTUMOro piBHs. Came 1i XBWII € JOMIHYIOUUMH
JUIsl TIPOTHO3Y ceiicMoedekTy BHOYXIB Ha XUTIOBI OYyIMHKH 1 BHKOPHUCTOBYIOTHCSl SIK KPUTEpid OLIHKH iX
ceiicmocriiikocri [1].

[Ipu BenenHi miapuBHUX poOIT ¥ Kap’epaX, 0coOIMBO 0araTo0IOKOBIX MAacOBUX BHOYXIB, IS celCMITHOL
CTIMKOCTI TPYHTOBHX VCTYIIiB, SKi CKJIAAalOTh poboumii 1 HepoOouwmit Ooptm Kap’epy OynaM MpoBeACHI
JOCTIDKeHHsI 3 BUBUCHHS MMOBEIIHKH TICEBIOPENICIBCHKOI XBUII, KA 3apPOJUKYETHCS 3 MONEPEYHOI B KOPCHEBIiiH
TOYLI 1 MOIIMPIOETHCS B IUIOLIMHI PO3MOAUTY ABOX CEPEOBHII «CKEIA—IPYyHT». PesynpTaTaMu NOpiBHSIBHOTO
aHai3y OyJi0 BU3HAYEHO, 1110 JOMIHYIOYHMMH 32 IHTEHCHBHICTIO B 30HI IPYHTOBHUX YCTYIIB € 00 €MHI MomepeyHi
XBUII, @ HE MCEBIOPEICTBCHKI.

PosrisiHeMO XapakTepHHU MacoBuil BUOYX mapamerpu, 3a sIKUM 3BefieHi y tabnuui 2. Ha pucynkax 3 1 4
MOKa3aHi HOro ocuuiIorpamMa Ta CleKTpOrpamH.
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Tapamempu xapaxmepnozo 6a2amodI0K08020 MACOBO20 UOYXY

Tabnuys 2

Kinbkicts Max k-cTb Blg;gi:zgm OxoponHii Kinbkicts BP y rpymi (kr.) | Tpusanicts IH?epBan CHOB. |5 oo BUGyXy

Ne 6moka CBEpJUIOBMH y | CBEPIJIOBHH B , BHOYXy OJ0Ka | MiX OIOKaMu

6o rpymi (mT.) OXOPOH. ob’ext (mc) (mc) (vc)
' 00’ekTa (M.) JTOTL. ¢axr.

-255-24 26 1300 ABK 1700 650 754 171 925
230101 53 1000 ABK 2000 650 592 39 631
-220-237
-186-209/

174-212 38 2 850 KUIL 1265 450 592 86 678
-260-12 92 2 1050 KHUI] 1650 650 917 90 1007
-260-13 53 2 1000 KHUIL 1500 650 932 64 996

-230-100 59 2 800 KHUIL 1200 696 809 51 860

-198-175 205 2 1050 KHUI] 1650 595 1126 20 1146

-198-176 174 2 1250 KUIL 2275 700 1034 7 1041

-186-208 105 2 1500 ABK 3640 720 817 39 856

-210-200 158 2 1700 ABK 4400 1000 1052 171 1223

-210-201 18 2 1950 ABK 5000 180 200 13 213

-174-210 1 1 2450 ABK 5000 585 980 79 1059

-162-361 72 3 2950 KHI] 5000 1450 542 36 578

IbNe2 12707.30xB.02¢C
-42-259 89 4 2800 | KUIL | 5000 | 1087 770 71 841
IbNe3 12roxm. 30xB.03¢

-54-240 137 2 2350 KHIT 5000 757 855 121 976

-42-260 152 2 2100 KHIT 5000 1000 960 13 973
IbNe4 12701.30xB.03 ¢
-54-241 113 1 450 | KUl | 550 | 520 768 60 828

152



Cepia: Texniuni nayxku

14
| ' l I n ch.8
12 ch.7

V, cm/s

ch.3

t,s

Puc. 3. Ocyunocpama bazamoba10k08020 Macoeoeo udyxy
Kanan Ne 2 Kanan Ne 3

Frequency (Hz) Frequency (Hz)
20 30 20 30

o
=]

40 50 40 50
200000 T T T T T T T T T T T T

Libelibabalal
AN AR

o
=
&

Angle(deq)
Angle(deg)

0.025 4 i

0.020 4 +

0.0154 4

Amplitude
Amplitude

|
0.004 ” ‘ - 0.0104 | “ 4
| |

Lt

I
0.000 : ‘ st
0 10 20 30 40 50

1 |
‘ ] 0.005 - Il J

|
oy ".' TN
‘|"}"‘}'.;il.w.“f’3l“"’-;"7-' " . 0.000 (S , - . ST : . e (RSN

Frequency (Hz) Frequency (Hz)

Puc. 4. Cnexmpozpamu 6a2amobioK08020 Maco6o2o 6ubyxy,
ompumati no kauanax 2 ma 3

3 OTpUMaHUX OCIHJIOTPaM i CIIEKTPOrpaM BCTAHOBJICHO, IO MAaKCUMATbHI MIBUAKOCTI 3MIIIEHHS YaCTHHOK
IpyHTY B OmmkHiN 30HI (<100 M) mpumafalOTs Ha BHCOKOYACTOTHI KOJMBAHHA, SIKi ABJISIOTH CO00I0 00’€MHI
morepedHi XBWii 3 dYactoToro >25 T'm. Bonm mnepeBepmrytoTh HH3bKOWacTOTHI konmBaHHA (<10 I'm) B
MOBEPXHEBHMX TUIIAX XBHJIb, 1[0 OJIEp)KaHi B JanbHii 30H1 >500 M.

BucHoBku. HasgBHICTP BHCOKHMX TapMOHIK HETaTMBHO BIUIMBA€ Ha CTIAKICTh TPYHTOBUX YKOCIB, TOMY
MOJABIN JTOCTI/KEHHS 3 BHU3HAUEHHS IIBHAKOCTI KOJMBAaHb YAaCTHHOK IPYHTY HEOOXiJHO MPOBOAWTH 3a iX
MaKCHMaJIbHIM 3HaYE€HHSIM, SKi BU3HAYalOTHCS 3 OCLMJIOIPaMH B IIOTIEPEYHi CeHCMIiYHIN XBUIIL.
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Yama O.M. IIpo BB celicMOBHOYXOBUX XBHIIb HA CTIHKICTH OOPTIB Kap’epy
Yana O.H. O BiusiHUN ceHiCMOB3PBIBHBIX BOJIH Ha CTOHKOCTH OOPTOB Kapbepa
Chala O.N. The effect of seismic shock waves of resistance pit

YK 622.235.535

O BJIMSIHHH ceiicMOB3PBIBHBIX BOJIH HAa CTOHKOCTH 00pTOB Kapbepa / Yaaa O.H.

[Ipoanamu3upoBaHO [JeWCTBHE pPACHPOCTPAHEHUS CEHCMHYECKHX BOJNH H TpaHcpopMmammio HuX B
3aBUCHMOCTH OT TOPHO-T€OJIOTHYECKUX YCJIOBHHA. PaccMOTpeHO BiMsHHME CEHCMHUUYECKMX KoJieOaHWH B
MHOTOCJIOIfHOM TOPHOM MacCHBE Ha CTOMKOCTH OOpPTOB Kapbhepa BCJIEICTBHE B3pPBIBHBIX paboT. OmpeneneHa
3aBHCUMOCTh CKOPOCTH CJBMra 4YacTH4eK TIpyHTa OT pacCTOSIHUA, TNPHUBEICHHOTO K Macce 3apsaa. Ilo
pe3ynabTaTaM CpaBHUTEJIBHOTO aHAjlW3a YCTAHOBJIEHO, UYTO JOMHHAHTHBIMH 32 HHTEHCHUBHOCTBIO B 30HE
BO3MOJKHBIX OOpYIIEHHI IPYHTOBBIX YCTYIOB €CTh OOBEMHBIE MTOIIEPEYHbIE BOJIHBIL.

KirowoBi croBa: celicMOBHOYXOBI XBwili, OaraTomapoBuii TipHWYMI MacuB, BHOYXOBi pobOotu, OoOpT

Kap epy.

VK 622.235.535

The effect of seismic shock waves of resistance pit / Chala O.N.

Analyzed the effect of seismic wave propagation and transformation of them depending on geological
conditions. The influence of seismic waves in a layered rock mass resistance to pit due to blasting. The
dependence of the shear rate range of soil particles provided to the weight of the charge. According to the results
of the comparative analysis showed that the intensity of the dominant in the zone of possible collapse of ground
ledges have bulk shear waves.

Kiro4oBi cioBa: celicMOBHOYXOBI XBuWili, OaraTolmiapoBHii TipHWYMI MacuB, BHUOYXOBi po0Ootu, GopT

Kap’epy.
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