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JTACKPETU3AIIAA AHAJIOTOBOT'O CUTHAJIA OT CEUCMHUYECKOI'O
IMPUEMHHUKA CM-3 ITPU ITPOBEIEHUHU ITPOMBIIIJIEHHOI'O B3PbBIBA
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SAMPLING ANALOG SIGNAL FROM A SEISMIC RECEIVER SM-3
DURING THE INDUSTRIAL EXPLOSION

Hocnioocena ouckpemuzayis anano208020 CUSHALY, KUl 6Y8 OMPUMAHULL 810 CElCMIYHO20
nputimaya CM-3 npu npogedenni npomucnogoeo eubyxy. llokazauni pezyromamu ginempayii ybo2o
CUCHATY.

Knwuogi cnosa: ouckpemusayis, ceticmMiyvHuii 0amuux, NPOMUCTIO8UL BUOYX, YU@posuil

Ginomp.

Hccnedosana ouckpemusayus ananio208020 CUSHANA, NOLYYEHHO20 OM  CEUCMUYECKO20
npuemnuxa CM-3 npu nposedenuu npomvluiieHHo20 63pviea. Ilokaszanvl pesynvmamol puibmpayuu
9MO20 CUSHANA.

Knwuesvie cnosa: ouckpemuszayus, ceucMuyeckuil Oamuux, NPOMbUULIEHHbIL 63Dbl8,

yugposoti puromp.

The discrete of analog signal from seismic sensor SM-3 in time of industrial explosion is
investigated. The results of filter this signal is showed.
Keyword: discrete of time, seismic sensor, industrial explosion, digital filter.

Beenenue. [InoTHas 3actpoiika Tepputopur YKpauHbl, OOJIbIIOE KOJIUYECTBO
KapbepoB U IOCTOSIHHOE CTPEMIICHUE K MOBBIIICHUIO MOIIHOCTH MAaCCOBBIX B3PBIBOB
— BOT OCHOBHBIE NPEANOCBUIKM PabOT MO YBEIUYEHUID TOYHOCTU pE3YJIbTaTOB
CECMUYECKUX 3aMepoB, HOO IO HHUM, B KOHEYHOM MWTOIE, PACCUUTHIBAIOTCS

Bumyck 27. — 2015 p. 97




Enextpudikamis Ta aBTomMaTu3aris TipHUYUX pooiT

MOIITHOCTH 3apsiloOB M CXEMbl HX B3pbIBaHUS. B Toxke BpeMs, MNOCTOSIHHOE
YBEJIMYEHHE CTOMMOCTU Oypo-B3pbIBHBIX padoT (BBP) mpuBoauT K yBenMueHHUro
MOIIIHOCTH B3pBIBOB B Kapbepax. Kpome storo, pazbpoc BpemeHu cpabaTbiBaHUs
HEAJIEKTPUUECKUX CHUCTEM B3pBIBAaHUS WHOT/IA MPUBOJUT K HE3AIIAHUPOBAHHOMY
BPEMEHU WHUILIMUPOBAHUS CMEXKHBIX CKBAXUHHBIX 3apsJ/iOB, YTO, B CBOIO OYEpE.lb,
BEJIET K HAJIOKEHUAM cehcMuyeckux kojebanuil. C Apyrod CTOPOHBI, pa3BUTHE
U(POBOM M BBIYUCIUTEIBHOW TEXHUKU MOBBIINIAET TOYHOCTh W ONEPATUBHOCTH
MOJTy4eHHS U 00paboTKH ocuiorpamMM. Takum 06pa3om, MOKHO CAENIaTh BBIBOJ 00
aKTyaJIbHOCTH M HEOOXOTUMOCTH paboT mo ontuMmsaruu bBP, a 3naumt, u mo
Pa3BUTHIO METOJIOB 1 CPEICTB KOHTPOJISI CCHCMUYECKUX KOJICOAHUH.

B [1] nomHATel mnpoOneMbl CO3JaHUs anmaparypbl I CEHCMUYECKHUX
HAOJFOICHNM, B YaCTHOCTH, TIOJIHATHI BOTIPOCHI JUCKPETHU3ANH U (DOHOBBIX MOMEX
MIpU U3MEPEHUU CUTHAala, MPOXOJSIIEro 4epe3 HEIMHEHWHYI0 Cpelly, YTO, B CBOIO
ouepe/lb, MPUBOJIUT K MOSBIICHUIO KPAaTHBIX 4acTOT. Bompockl YMCIEHHON KOPPEKLINU
ceiicMorpaMM paccMoTpeHsbl B [2]. B aToit paboTe aBTOpOB MHTEpECOBaJl CUTHAI B
muanazone ot 0.01 mo 10 I'm, u menp pa®oThl ObUIA B PACHIMPEHHH YACTOTHOIO
JMara3oHa B HAINpaBICHUM HU3KUX YAaCTOT, YTO XapaKTEPHO IS H3Y4YCHHUS
3emuieTpsiceHuid. Ilpudem, ecim paccMOTpPETh ONHCAHUE HKCIEPUMEHTAIbHBIX
pe3ynbTaToOB, TO MOKHO OTMETHUTh, UTO B TIEPBOM dKcrniepuMeHTe (aBa gatunka CM-3
nu naBa reodpona GS-20DX ycranonenst B mnoxBane 3manus WA PAH)
JUCKpeTu3anus peanusauuu Obuia BeiOpana 100 ['n mpu pnutensHOCTH 3anucu 15
muH. Bo BTopom »skcmepumente naBa gatuuka (CM-3 u GS-20DX) Opum
YCTAHOBJICHBl Ha TIIOCTAMEHTE M pErucTpanus Bejlach Ha TPEXKaHAIbHYIO
ceiicmoctanuto “TIM” ¢ wactoroit onpoca 200 I'u. OTMeTUM, YTO B MaCHOPTHBIX
naHHbIX pueMHrka CM-3 ykazaH pabouuit quamna3on yactoT oT 0.5 no 50 I'u, a mpu
M3YYEHUM BO3JIEUCTBUI OT MPOMBIILJIEHHBIX B3PHIBOB, HAC MHTEPECYET CUTHAT BO
BCEM paboueM Jauana3zoHe 4acToT.

B [3] aBTOpamu mocTpoeHa IIKaja WHTEHCUBHOCTH CEMCMHYECKUX BOJIH B
3aBUCUMOCTH OT Iepuoja COOCTBEHHBIX KoJjiebaHul coopyxeHuit Ty U eKpeMeHTa
3aryxanusi 4. llogcumTaem dYacTtoTy KoJeOaHMl TpyHTa BO3JIE COOPYKEHHS,
UCIOJIB3YS JaHHbIe dToM Ta0muiel. M3 tadbmuner: T/Ty = 0.0625, rme: T — nepuon
KoJieOaHuii rpyHTa, C; To— Mepuol COOCTBEHHBIX KOJIEOAHUs COOPYKEHUS, C.

Torma T = 0.0625 - Ty , npuyeM 3Ha4eHUS |g U3 TOrO UCTOYHHUKA [3] COCTABIISIOT
0.2, 0.3 u 0.4 (c). Takum obpazom: 7' = 0.0625 - T =0.0625 - 0.2 = 0.0125 (c), uTo
cootBercTByeT f = 1/T =80 (I'y). B ciiywae Ty = 0.4, f=40 I'w.

JloctarouHa i 11t peructpanuu 3tux nporeccoB auckperusanusa 100 wnm 200 I'u?

Hear pabGoTrbl -  ucciregoBaHHME BBIOOpPA AMCKpPETH3AlMKM CUTHAjla |
MOCTPOCHUS CXEMBI €T0 JajibHenIel 00paboTKH.

PesyabTrarsl HMcciaenoBaHus. 3BECTHO, 4TO IS CUTHAlla C HAWBBICIIEH
gactotoir f, HeoOXommma OoJbIas 4acToTa CIEAOBAHUS 3HAYCHHN BBIOOPKH, YeM
yacrota Haiiksucra (2 f.) [4]. C mpyroii cTOpOHBI M3BECTHO, YTO JJIS MEpeaadu
CUHYCOUbI 0e3 ucKkaxeHn uucio Touek N B maTepBase ot 0 10 27 10KHO OBITH HE
menee 26 [5]. Toraa mar auckperusaruu dt Oyaer pasen: dt = 1/(N - . )= 1/26 - 50)
= 0.00076 (c)
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Y4uThIBas pa3BUTHE BBIYMCIUTEIHLHON TEXHUKU U €€ CTaHIapThl, BeIOupaem dt
= 0.0005c, uto OynmeT cooTBeTCTBOBATH YacToTe onpoca f=2KI .

Ha puc.1 npencraBineHo ceMelcTBO OCIHMIUIOrPamMM, IMOJYYEHHOE IIPU ITOMOIIA

natunkoB CM-3 u ananoro-mudposoro npeodbpazosatens E14-440 ¢ nucKkpeTHOCTHIO
BeIOOpKH dt = 0.0005¢ BO BpeMs POMBIIIIJICHHOTO B3pbIBa B PAKUTHSIHCKOM Kapbepe
rpanutoB 30.07.2014 roaa.
Kpome »tux patumkoB B Touke “0” (Bo3jie JXWIOrO JoMa) ObUT YCTaHOBJICH
aBTOHOMHBIM KoMmIuteke MiniMate Plus, yKOMIUIEKTOBaHHBINH TpeX KOOPIMHATHBIM
reooHOM CO CIEAYIOIHUMH XapakKTepucTukamu: paspemieHue - 0.127MMm/C;
muckpermszamus 4096 omnpocoB B cek. KpoMe 3TOro, KOMILIEKC YKOMIUIEKTOBaH
(UIBTPOM HHU3KUX YaCTOT, T.€. IMOAABJISAIOTCS BBICOKME dYacToThl. Ha pwuc.2
IPEICTABIICHBI OCLIMIIIOTPAMMBI, ITOJTYYEHHBIE IPX TOMOIIHY 3TOTO0 KOMIUIEKCA.

CpaBauMm ocuwuiorpaMmel Ha puc. 1 wm 2. Ha ocuwuiorpammax,
MPEICTABICHHBIX HA pUC.l, SIBHO MPUCYTCTBYIOT BBICOKOYACTOTHBIE COCTABIISIIOLIME,
YTO MOATBEPKIAETCA CIIEKTPAIBHBIM aHAIM30M JUJISl 3TUX OCLMILTIOrpaMM (puc.3).
BTopoe oriMune — 3TO yBEJIMYEHHOE 3HAYCHHUE aMILUIMTYJ CKOpOCTed Ha puc.l mo
CPaBHEHHUIO C PHUC.2, YTO MOXET OBbIThb OOBSCHEHO HAJIOXKEHHEM BBICOKOYACTOTHBIX
CUTHAJIOB HA HU3KOYACTOTHBIE.

BUBYX 30-07-14 B PakuTHsAHCbLKOMY Kap'epi
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Puc. 1. CemelicTBO ocumyiyiorpaMM IpoMbliieHHOTO B3phiBa 30-07-2014.
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ﬁ 1.0

Time scale has been modified and may not represent the actual length of the event record
Time Scale:0.20 sec/div  Amplitude Scale:Geo: 500 mmis/div Mic: 10,00 pa. (L Vdiv Sensor Check
Trigger = » -

Printed: July 30, 2014 (V 10,60 - 10.60) Format ® 1965-2013 Xmark Corporation

Puc. 2. OcuurorpaMmel, ojdydeHHbIe MpH nomMoinu komiuiekca MiniMate Plus,
YCTAHOBJIEHHOTO B Touke “0” BO BpeMsi MPOMBIILICHHOTO B3pbhiBa B PaKUTHSIHCKOM
kapbepe 30 urona 2014 rona

[IpoBenem dunbTpanuio curHaaoB oT aaTunka CM-3, yCTaHOBJIEHHOTO B
touke “0” (puc.l). B kauecTBe yacToThl cpe3a, T.€. TPAHUYHOM YACTOTHI Oynem
BBIOMpATh CcOOTBETCTBEHHO uactoTel 100, 50, 25 wu 12 (I'u). Pesynbrarsl
IIPEACTABIICHBI HA pUC.4.
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Puc. 3. CiektpalibHbIN aHATU3 OCIWIOrpamMm (puc. 1)

Hepr,Z[HO 3aMCTHUTb, KaK YMCHBIIAIOTCA 3HAYCHHA OAHOI'O U TOI'O KC CHUI'HAJIa
B 3aBUCHUMOCTH OT l"paHHLIHOf;I H4aCTOThbI (bHJIBTpa.
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Puc. 4. ®unpTparnus curaana ot gatanka S=6X
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C Haieit ToukH 3peHust 3aaBaTh 4acToTy GuibTpanuu Beime 50 'l He numeer
CMBICIIa, MOCKOJbKY aatuuk CM-3 mpenHazHadeH [jisi pabOThl B YaCTOTHOM
nuama3zone oT 0.5 mo 50 I'm. C npyroii CTOpOHBI, MOXKET OBITH IE€JIECO00pPa3HO,
aHANM3UpPysd BO3JCHCTBUSA OT MPOMBIIUICHHBIX B3PHIBOB HAa OXPaHSAEMbIH OOBEKT,
OTrpaHUYMBaATh YacTOTy (WIbTpAlUd B 3aBUCHUMOCTH OT 4YacTOThl COOCTBEHHBIX
KoJiebaHuil oxpansemoro oobekTa? M Torga mpuHUMAaTh PEHICHUE O JIOIMyCTUMOCTU
B3pbIBA B COOTBETCTBUU C YIIOMSHYTOU BBIIIE TAOJIUIICH.

Kakxnm 006pa3om pa3BuTHE CPeACTB KOHTPOJIS CEHCMHUUYECKHX KOJieOaHuH, B T. .
U TOYHOCTHh OOpaOOTKHM OCHWIIOTPAMM, BJIMSET Ha onTuMu3aiuio BeacHus bBBP
MOKAXKEM Ha IMpUMEpe aHallu3a PE3yIbTaTOB CEUCMOMETPUYECKUX H3MEPEHUM
napameTpoB celcMOB3pbIBHBIX BOMH (CBB) ymomuHaromerocst BbIIIE MacCOBOIO
B3priBa (MB) B Pakuthsnckom kapeepe 30.07.14 r. Ilpoananuzupyem
OCIIIJIJIOTPaMMYy , TIOJTyYEeHHYIO B Touke “0” B ocHOBaHWU (yHIAMEHTA KUPITHYHOTO
OJTHOATaKHOTO JKHJIOIO JIOMa, MMEIOLIErO0 TPEIIMHBl B HECYIIMX CTEHaX M YyIjax
3/1aHUSL.

Kpurepuem ceiicmudeckoil 0€30MacHOCTH 3[aHUN U COOPY>KEHHM, KOTOPBII
o0OecrieynBaeT WX COXPAHHOCTh BO Bpemsi BP, sBusercs momyctumasi CKOpOCTb
CeHCMUYECKUX KOoJieOaHUil rpyHTa B OCHOBaHUM ux pyHmamenta (U, , cMm/c), KoTopas
corinacHo Tabm.4 JICTY-IT 4704: 2006 [7] Ge3 ydera 4aCTOTHBIX XapaKTEPUCTHK
CEHCMUYECKON BOJHBI U OXPAaHAEMOro OOBEKTa ISl paccMaTpUBAEMOTO 3JaHUs
paBHa | cm/c.

OnpenenuTs HUCTUHHOE JABUKEHUE TPyHTAa U3 HEMOCPEACTBEHHOW 3amucu
ceiicmuyeckux koneOanuii npu K3B MB mnpaktnuecku HEBO3MOXKHO, T.K. B
pe3yapTare pacnpocTpaHEHUs  pa3JIMYHbIX  THUIIOB BOJTH BO3HUKAIOT
UHTEeP(DEPEHIIMOHHBIC SIBJICHUS, BBICOKOUACTOTHBIE KOJEOaHUs HaKJIaJbIBAIOTCS Ha
HU3KOYACTOTHBIE M CEMCMUUYECKUN CUTHAJ COBCEM HE HAIOMHHAET CUHYCOUJAIHHOE
JIBIDKCHHE, a O BHIUMOM IIepHoje KoJiecOaHWK He MOXKeT ObITh W peur (puc.l) .
HckaxeHus B 3alllChb BHOCUT W PETUCTPUPYIONIAsl anmapaTrypa, €Cid MOCHEAHss He
COOTBETCTBYET COCTaBYy KoJieOaTEIHLHOTO MpoIlecca.

Kak yxe Obuto ckazaHo BbIlie, cedicMonpueMHukd CM-3, nmpuMeHsembie B
JAHHOM CJiIy4ae, UMEIoT pabouuit auana3zoH yactot ot 0.5 mo 50 ['1, a B BoTHOBOM
nporecce (puc. 3) nmpucyrcTByroT Kojebanus g0 200I'm m 3TO cka3pIBaeTCs Ha
KauecTBe 3amucu. B MoAOOHBIX ciaydasx HEOOXOAUMO MPUMEHSTH (DHUIBTPAIUIO
CUTHAaJsa, 4YTO HaMU U ObUIO clienaHo (puc.4).

[Ipoananu3upyem pe3yapTaThl (uiabTpauu Ha dvactore S50I'm (puc.4-0).
Hacrosimas 3anuchk mosydeHa OT CeCMONPUEMHUKA, YCTAHOBJICHHOTO B OCHOBAaHUU
paccMmaTtpuBaeMoro 3aaHus. M3 monydeHHOW mocie (QuibTpaluu 3alucu MOXKHO
JIOBOJIBHO YETKO OIpeAeiIuTh, 4YTO TNEpuoja KoJiecOaHHs TPyHTa C MaKCHUMaJIbHOU
amrutyaon 1.2 cm/c cootBerctByeT 0.03 c. UTOOBI OmpenenuTh IOMYyCTUMYIO
CKOPOCTb KOJIeOAaHUUW JJIsi pacCMaTPUBAEMOIO JKUJIOTO 37aHus (CM/C) C y4eToM
YaCTOTHBIX XapaKTEPUCTHK CHCTEMBbI ‘TPYHT-37aHHE” B COOTBETCTBUU C (HOPMYJIOM
(6) ACTY 7115:2009 [8] ecTh Bce HEOOXOAUMBIC TaHHBIE.
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U,,, =U, T°2 : L , 20e:
TCM 272.10 'U30

U, — nomyctumasi CKOpocTh KoJjieOaHMsl TpyHTa B ocHoBaHuu 31anus (U, =
lcm/C); T, - mepuos1 cOOCTBEHHBIX KoJjieOaHuit 31anus (Tadbmuunblie ganusie 0.3¢); 7.,
- TepuoJ| KoJebaHuil cTaHAapTHOTO MasTHUKa (macrnopTHble nanHeie 0.25¢); 4, -
JorapupMuUecKuid IeKpeMEeHT 3aryxanus 3aaHus ( Tabnuunbie aanueie 0.3); U, —
aMIUTUTYTHO-4aCTOTHAS XapaKTePUCTHUKA CUCTEMBI “TPYHT-371aHue” :

, , Y2
4
U,,= 1—T—2 5 OZ-T—Z , 2oe:
T, T+ Ay T,

T — nepuoj KojebaHuii rpyHTa, C.

B pesynbrare pacueroB nomyuum U,,, =1.84 cm/c, 4TO TOBOpPUT O TOM, YTO
€CJIM YaCTOTHBIC XapaKTEPUCTUKU TPYHTA U 3JIaHUA JIaJIeKh OT PE30HAHCHOM 00J1acTH
KoJeOaHuii, TO HX B3aUMOJICUCTBHE OYECHb HE3HAYUTEIIbHOE U KPUTEpUi
ceiicM00e30MmacHOCTH MOKeT ToBhImIaThes. [IpeoOpa3zoBaB popmyny CamoBCckoro k

BUJLY:

3/n
Q. = (U%j -r?, eoe:

Qoon — Momyctumas Macca BB Ha onHy ctynens 3amennenus npu K3B, kr,n-
K02 ((PHUIMEHT 3aTyXaHMs BOJHBI, MOKHO OTIPEICITUTh 3aBUCUMOCTh MAcCChl 3apsia OT
paccrosinuss u Uy,  (Tabmuma). JlanHple TaOMUIBI TMOKA3bIBAIOT, YTO TIPH
OJIHO3HAYHBIX BETUYMHAX KPUTEPHEB CEMCMOOE30MACHOCTH BO3HUKAIOT CHUTYaIlUH,
KOT/Ia HEBO3MO>XHO BapbUpOBaTh Maccoi 3apsna (Hampumep, MPU Macce OJHOTO
ckBakMHHOTO 3apsna 110 kr), a 3To caepkuBaeTr 3(h(PEKTUBHOCTH MPOU3BOJICTBA.
Torga kak nMpu UCTOIB30BaHUM (PUIIBTPAIIMH TIOSIBIISIETCSI BO3MOXKHOCTh 00Jiee TOYHO
U B MOJHOM 00beMe 00padoTaTh OCHUIUIOTPAMMBI W B 3aBUCHUMOCTH OT YaCTOTHI
CBB pazpaborarh pekoMeHIaluu, mo3Bosistonye d3pdekTuBHo Bectr BP.

Ta6nuna 1. Jlonmyctumas macca 3apsioB BB npu K3B

PaccTostHue 10 oxpaHsieMoro 371aHusl, M 300 350 400 450 500
Jomyctumast U,=1. cm/c 85 135 200 |280 |400
Macca 3apsiia, Kr

U,on=1.84 cm/c 430 680 1000 |1450 | 2000
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BuiBOABI

1. Iloka3aHo, 4TO JUCKpETHU3ALMsI CEHCMOB3PBIBHOM BOJIHBI JOJDKHA OBITH
nopsizka 0.0005¢

2. Bo wu3bexaHue HAJIOKEHMS  BBICOKOYACTOTHBIX  KoyeOaHUl W,
COOTBETCTBEHHO, YBEJIMUEHMsI 3HAUEHU CUTHAJIA, HEOOX0AUMO OT(PUIBTPOBBIBAThH U3
HEr0 BBICOKOYACTOTHYHO COCTABIIIFOLIYIO.

3. [I'panmynas yacrora puapTpanuu He JOJHKHA MPEBBINIATH YKa3aHHYIO B
IIaCIIOPTE HA CEUCMONPUEMHUK BEIUUUHY.

4. Jlng aHanu3a BIMSAHUS CEHCMOB3PBIBHON BOJHBI HA OXPAHSAEMbIA OOBEKT
eJIeCO00Pa3HO MPOBOAUTH JOTOTHUTEIBHYIO (PHUIBTPALIHIO.
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