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BOPKYTCKOH MVY/Ib/Ib]

Marteprasisl MOCBSALICHbI COBepPIIeHCTBOBAHHIO PabOThl CTAHLIMFT CEHCMHYECKOrO MOHH-
ropurra SDAS u GITS. [lprBeserbl pesyIbTaTel MOHHTOPHHIAG T€OAHHAMHYECKHX SB-
/IeHHFt Ha M/1aCTOBOM MeCTOPOXACHHH YIVIA, H310XKEH a/lrOPUTM BbIYHC/ICHHA SHepreTH-
yeckoro kraacca I'/Ifl ¢ yuerom 3atyxanns cericmpdeckux Bo/H. [IpeactaBiersr MeCTHbIF
roaorpagh ceFicMHYecKHX BO/IH M IPaghHK [TOBTOPAEMOCTH CeHICMHYECKHX COOBITHH, pac-

CMOTPEHbI ero OCOBEHHOCTH.

KrtoueBble cr10Ba: ceFicMHYeCKHFT MOHHTOPHHT, roaorpadgd, reodaHHaMHYecKue ABIeHHA(
IZIAl), sHeprus u Kaacc CeBCMHYECKOro COOBITHS

Cemunap Ne 3

A.V. Adushkin, L.I. Belyaeva,

A.l. Goncharov, V.I. Kulikov

THE GEODYNAMICAL MONITOR-
ING DURING COAL MINING AT
VORKUTSKAYA MOULD

Materials are devoted to SDAS and GITS
seismic monitoring stations perfection. Results
of the geodynamic phenomena monitoring on
coal-field are resulted. The dynamical events
power class calculation algorithm taking into
account attenuation of seismic waves is stated.
Seismic wave’s local hodograph and the seis-
mic events repeatability graph are presented,
their features are considered.

Key words: Seismic monitoring, time path
curve, geodynamical occurrences (GDO), en-
ergy and class of seismic event.

P aspaboTka BopKyTckoro yros-
HOTO MECTOPOMKICHUS OC/IOK-

HeHa TeOoAVHAMHUECKUMH  SB/ICHUAMU
(TdA) B maccuBe ropubix mopoa. [las
KOHTPO/IL U MPeayrpexRAeHHsl reoarHa-
MHUECKHX sIB/IGHHM Ha IaxTax «Komco-
MorbcKas» U «CeBepHas» OAO «Bopky-
Tayro/ib»  pPasBepHYT  pa3paboTaHHbIM
OAO BHMMM xkomnziekc GITS. B nHux
BXOAAT Mo 12 [gaT4MKOB-akcenepo-
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METPOB, PasMelleHHbIX B MAXTHBIX I10-
nsx. Yacrora onpoca komrziekca 2 Kl 1,
YTO TO3BO/SET TOAydaTh KUHeMaTHue-
CKYie MapaMeTphbl reoArHAMHUeCKUX SB-
neHuit U onpenensath odark [/1H ¢ BbI-
coko TouHocTsio 10 +15.0m .

B Hacrosiee Bpems nHgpopMaLivs OT
GITS nononusieTcs AaHHBIMK CTAHLIMH
reoAMHaMMYEeCKOro MOHHUTOPUHIA
SDAS, cozmannon UAIN PAH. Cranuus
PacriofiokeHa 3a ropooM, TTPUMEPHO B
B 12-15 kM orT maxtHeiX ronei. OuHa
COCTOWT W3 H3MEpHTE/bHOrO COOpYIKe-
Hus (ByHKep raybuHOM 6 M, COCTOSMNIMI
M3 ABYX OTCEKOB PaCIIO/IOMKEHHBIX APYr
Haa APYroM) U MyHKTa cOopa U repBrY-
HOM 0OpPabOTKU CeiCMHUUeCKOr HMHQOP-
Maumu. Buytpu GyHKepa Ha GETOHHOM
[IOCTaMeHTe YCTaHOB/IeHH 6 cercMo-
rprieMHUKOB. CTaHLIMS OCHallleHa TpeMs
KOPOTKOIEPHOAHBIMU  CEHCMOITPHEMHH-
kamu CM-3KB u Tpemsi 1MpOKOIIonocT-
ueiMu CM3-OC, 6710k0M cOopa U Bbiae-
fleHus1 cericMuueckoro curHama SDAS,
crcteMoit TouHoro Bpemenu GPS, nep-
COHA/IbHBIM KOMITBIOTEPOM /I7Isl apXyBa-



LMW U BU3Ya/IM3alMU 3aperucTprUpOBaH-
HOM HH(OPMALIMKM M CHUCTeMbl pe3epB-
HOTO IMHUTaHMUS.

YacTOTHBINM avarna3oH KOPOTKOIEpH-
oaHBIX KaHarioB coctaBaser 0,5 — 30
['1. /[laHHBlEe C 3TMX AATYUKOB PErucT-
PHPYIOTCS B MaMATU KOMITbIOTEpa C Yac-
torort 100 Tu. YacToTHbIMt auarias3oH
mmpoKononocTHoro Aaturka 0,02 — 20
[, ero maHHbIe 3arllOMMHAIOTCS C YacTo-
tor 20 T'u. /luHaMuuecKuit AuvarnasoH
96 ab. Kaxawbili KaHan perucrpalvu
3aMMChIBAeTCH B aMATh ABAXKALI C HU3-
KM M BBICOKHM YCH/ICHHEM, UTO I103BO-
AsieT He TPOIYCTUThb HU CH/IbHBIX, HU
cnabbix cericMryeckux BonH. Ha kana-
flax BBICOKOIO YCH/ICHHS UYBCTBUTE/Ib-
HOCTh CTO/Ib BBICOKA, UTO TMMOPOT PErucT-
paLyy COOBITUI OIpeesieTcss He UyB-
CTBUTE/TbHOCTBIO arnapaTypbl, a TOMBKO
UPOBHEM €eCTEeCTBEHHbIX MHKPOCEHCMU-
YeCKMX IIYMOB B AaHHOM MECTHOCTH.

Cranimsa SDAS Bener perucrpalivio
Tpex KOMITIOHeHT Ko/ebaHWH B OAHOM
Touke. [Ipy 3TOM CceHMCMOTIPHEeMHUKH
aZleKBaTHO TMepeaaloT Ko/meGaHWs 3eM-
HOM TOBEPXHOCTH, Ha KOTOPOM OHH YC-
TAHOB/ICHBI, TaK YTO Ha CericMorpaMmax
MOTYT ObITb BbiZe/eHbl (pa3bl MPOAO/Ib-
HBIX, IIOMEpPeUYHbIX M TTOBEPXHOCTHBIX
BO/IH. DTO TO3BO/SET 10 roaorpadam 1
MO/IIPU3ALIMU BO/TH PACCUMTBHIBATH OYark
CeMCMHUYECKHX COOBITMI. DTO — CoBep-
meHHo otanyHas oT GITS Meroarka
pacueta KOOPAWHAT CEMCMUUECKOrO CO-
ObiTus. KoHeuno, cranums SDAS ycry-
MaeT Mo TOYHOCTU Ofpe/esieHusi Koop-
avHat 1o cucteme GITS. Oanako y Hee
apyrve npeumyiinectea. [ lepBoe — oHa
pervucTpypyeT U ornpeaenseTr KOOpaAruHa-
Tl COORITHII MO BceMy BopkyTckomy
YrO/IbHOMY MECTOPOKACHHUIO, UTO He
nmoctyrnHo cucteme GITS. Bropoe — naet
muHamudeckue mapametpsl [/IH. Cran-
umsa SDAS nosBoaser Bmpamyio (6e3
YIMPOILEHHH M TPearo/IoKeHui) onpe-
[e/lTh SHEPryio CeMCMUUYECKUX BO/H
Wnn sHepretudeckuit Kaace [/1H. DHep-

reTvika reo/MHaMUYecKHX MPOLIECCOB B
rOPHOM MacCHBe SfB/SeTCH pellalolieit
vHQopMaLlMelt a8 IIPOrHosa KaTacT-
POdHUCCKHK TeOANHAMUYECKHX COOBbI-
Tuii. Kpome Toro, BomHOBHIE (OOPMEI
MO3BO/IAIOT ~ BOCCTAHOBUTbH — MEXaHW3M
BbizenieHusi sHepruu rpu [/ (naentu-
duLpoBaTh ropHbIe Yaaphl, BHE3arHbe
Ibl/Iera3oBble  BBIOPOCHI, TEXHO/IOrHue-
CKrie B3pbIBbl, OOpVIIeHHs B TOPHBIX
BbIPABOTKAX U T.1.).

Okcnnyataiwms cTaHimy SDAS noka-
3asa, 4to OHa peructpupyer Bce [/IH,
KOTOpble  PerucTpUpyIOTCS  CUCTEeMOM
GITS B wmaxTHbIX Moasax «Komcomors-
ckas> 1 «CeBepHas» K/1accoM OT 3 U
Bblllle M BHOCATCA B ee KaTa/zor. Takxke
3KCTIEPUMEHTA/IbHO  6bIZI0  TTPOBEPEHO,
YTO OHa He TPOMNYcKaeT 3arayb/ieHHbie
B3PBIBbI Maccor okorio 1 kr BB Ha sru-
LieHTpanbHoM paccrosHrr 10 kM. Takue
B3PbIBbl OTHOCATCH K COOBITMSAM K/lacca
K= 3.

PernonanbHbiii roaorpad. Ormpe-
nenenve KoopauHaT [/ craHumei
SDAS nmnoapa3ymeBaer oripeneseHye
3MULIEHTPA/TbHOTO PACCTOsAHMS OT oYara
I'/Id v asumyta Ha 3TOT oyar. JrlMiieH-
TpasibHOe PACCTOsIHUE Olpe/ensercs Mo
PasHOCTH BpeMeH IpHxoda IPOoAO/b-
HbIX, [IOM@PEUYHBIX M TOBEPXHOCTHBIX
BO/IH MPH M3BECTHOM rogorpadpe ceric-
MHUECKHX BO/H. TOUHOCTb OIpe/iesieHys
SMULIEHTPA/IbBHOIO PACCTOSHUS  3aBUCHT
OT TOYHOCTU TIOCTPOEHHS roA0rpadoB.
Vimelotcs Teoperuueckue roaorpadebl,
KOTOpble 3a/I0kKeHbl B CHCTeMy obpa-
60TKM AaHHBIX cTaHUMK SDAS. OaHako
[/151 TIOBBILIEHNS TOUYHOCTH pacuera Ko-
OpAMHAT CEeMCMHUYECKOTO COOBITHS Oblr
[O/IY4EeH 3KCIIePUMEHTA/IbHBINA MEeCTHBIN
roaorpad.

[lnsi mocTpoeHusi pPerMoHasbHOTO ro-
gorpacda Obl/1 HCIOMB30BaH B3PbIB Ha
kapbepe OHb-Ara, KoTOPBIN NpoBOAN/-
ca 23 mas 2007 r. BspeiB npoBoauscs
B Or0Ke yris Ha ropusoHTe +158 M.
brok 6bi1 pa3bypeH CKBaKWMHaMM /1H-
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Puc. 1. MaccoBbiii B3pbiB Ha Kapbepe IOHb-flra; mecto pe-

rucTpaumt - celicMocranuus SDAS

Hort or 3 no 10 M u amamerpom 250
MM. KommuectBo ckBaxun — 65. Cetka
ckBaxuH 7-8 M. Kperocts nmopoa 10-12
o ['IpotoabskoHoy. Obias Macca BB B
6noke cocraBisna 6800 Kr. CKBaKUHBI
Obi OObedrHeHbl B 4-pe Tpyrribl 110
1700 xr BB. I'pymre! noapblBavck Io-
crieqioBaTenbHO ¢ 3aMearieHreM 20 Mc.

Peruvctpals ceticMudyeckyx Koneba-
HUM NPOBOAW/IACE B TpeX IYHKTaX: B
rnoc. COBETCKOM, Ha CTaHLMU reo/vHa-
MHUYECKOTO MOHUTOPHHra U Y I7IaBHOTO
cTBO/Ia WaxThl “KoMcoMoribckas”. Imu-
LIeHTpaslbHOEe PacCcTOsHUE OT G/10Ka /10
cericMorniyHkta B T1oc. CoOBeTCKOM co-
craBnsno 1,287 kM, oT 6/10Ka 40 CTaH-
LMW TeOAUMHAMHYEeCKOr0 MOHUTOPHHIa
SDAS cocragnsano 12,18 km u ot 6/10Ka
[I0 CTBO/Ia WaxThl «KoMcoMornbcras» co-
craBnsno 25,522 gm.

B ceiicmonyHkTax B roc. CoBeTckoM
1 Ha maxTe «KoMcoMorbcKas» OblIv -
TAHOB/ICHBI MOOW/IbHBIE CeMCMOCTAHLINH,
B COCTaB KOTOPBIX BXOAW/IN TPU KOPOT-
KOTePUOAHBIX cercMorpreMHrka CM-
3KB. B kaxkaoM MyHKTe perucrpalyu
Ha OMH M3 KaHA/IOB 3alMCHIBA/IMCh MU-
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. Hble  CeMCMOCTaHLIMeH
-B SDAS. Bepxuue Tpu
A KaHazla — KOPOTKOIIe-

pUoAHble, HUXHHE TPH

IIMPOKOTIONIOCTHHIE.
AMIMTYas KorteGaHui
[0 BepTHKa/M Ha KO-
POTKOMEPHOAHBIX KaHa/laX COCTaBU/U
0,055 Mmm/c, no wuHanpasnenuio IOr-
Cesep okomo 0,026 mMm/c ¥ 1o Ha-
npasaenyio 3amnan-Bocrok okono 0,04
MM/c. Ha pucyHKe ueTKO BbLIC/SIOTCS
BCTYIVICHHS! MPOIO/IBHOM BO/MHBI (MeTKa P)
Y TIOMNepPeyHO BO/HBI (MeTKa S).

Ha MoGu/bHBIX CerCMONYHKTax OblIx
IO/TYYEeHBl CeMCMOIPaMMbl aHA/IOTMYHbIE
KOPOTKOINEepHoAHbIM  KaHamaMm  SDAS.
[To mnonyyeHHBIM 3HAYEHWSM BpEeMeH
BcTyrzienns P 1 S BonH 6biK MocTpoe-
Hbl BpeMeHa BCTYIV/ICHUsI BO/H B 3aBH-
CHIMOCTHU OT 3IULIGHTPA/ILHOIO PacCTOs-
HUf, TaK HasblBaeMble rogorpadbl Mpo-
[IO/TbHBIX Y TIOTIEPEUHbIX BO/H, KOTOPBIE
MOKa3aHbl Ha pHC. 2. DKCreprMeHTaslb-
Hble TOUKH /IeXkaT Ha TPSMBIX, KOTOPBIM
COOTBETCTBYIOT CKOPOCTh MPOAOBHBIX
Bo/H 5,5 KM/C ¥ CKOPOCTb TMOTEepeyuHbIX
BorH — 2,8 KM/c. OTU 3HaueHus OT/Iv-
YalOTCA B MEHBIIYIO CTOPOHY TIOYTH Ha
10% oT cKROpOCTell pacyeTHOro pPervo-
Ha/bHOTO roaorpadpa. IJTO  ABAsETCA
CYIIIECTBEHHOM TIOTIPAaBKOM /1l 06pa-
GOTKMU AaHHbIX cucTeMbl SDAS u 11o3go-
IUT TIOBBICUTH TOUHOCTb OIpe/e/IeHuUs



R, KM

BO/IH CBfAA3aHO C TIeOo-

MeTpHUYeCKOM  pacxo-
e [VIMOCTBIO dpoHTa

B BO/IHBI, C TOI/IONIeHHeM

-~ U paccesHHeM CencMU-
YyeckuMx BOMH. Koad-
ULIMeHTBl  TOT7IolIe-

e & P-BecTynnenve
. O S-BcTynriexve
ckopocTb 5,5 km/c
10 4 -7 ———- CKOpOCTb 2,8 Km/C

HUA W paccesiHus OIl-
penensioTcs CBOMCTBa-
MM TOPHOTO MacCHBa,
ero KperiocThio, Tpe-

IIMHOBATOCThIO, B/Iaro-
HACBIIIEHHOCTBIO.
O6b1yHO 3aTyxaHue

At,c \
OITHMCBIBalOT CTelIeHHOU

8 10 3aBHCHMOCTHIO, KOTO-

Puc. 2. PernoHanbHbIii roaorpad) npoaodbHbIX H Home-

PeYHbIX BO/TH

SMULIEHTPA/TBHOTO PACCTOsHUA 70 He-
CKO/TbKUX TTPOLICHTOB.

[Mon onpeneneHvieM MecToNonOKe-
HUS SIHLEHTPa CeUCMHUUECKOTO COOBI-
Tty v [/ Takke moHuMaeTcs orpe-
flefleHre a3uMyTa odara. AsUMYT Orpe-
fensieTcss MO TOAfApU3aLMM  CercMuUe-
CKMX BO/H. B HaieM caydae asumyt
crpoutcsi 6/arosaps TOMY, UTO B peru-
CTpallMM Y4acTBYIOT Bceraa TpY Pa3HO
OPHEHTHUPOBaAHHBIX  CeHUCMOTPUEMHUKA.
AnpropH, TOTPelHOCTb  OIlpe/Ie/leHuUs
asMMyTa BcerZa Bbllle, 4eM IIIHLEeH-
TpanbHOro paccrosHus. Ho “npucrpen-
Ka~ CHCTeMbl perucTpalru Mo TeXHO/IO-
TMUeCKHMM B3pbIBaM T03BO/IM/IA CYIIECT-
BEHHO YMEHbIIIUTh U 3Ty MOTPEeIHOCTb.

A3UMYT oyara B3pblBa Ha Kapbepe
IOnb-fra, paccurTaHHBIN MO MOAAPU3A-
LMK BO/IH, U T10 [I@HHBIM /IOKALIMK oYara
B3pbiBa c rnomonkio GPS  mnokasana
YIOBIETBOPHUTENBHYIO TOYHOCTb CUCTe-
MBI 06paboTKy AaHHBIX — 10%.

3aryxaHHe CeHCMHYEeCKHX BO/H.
XapakTep 3aTyxaHusi  CeMCMHUeCKHX
BO/IH MMeeT 6o/bllioe 3HayeHue /1 Ofl-
peneneHus: 3HePrUy UCTOYHHKA CeHMCMU-
YeCKWX BO/H. 3aTyXaHHe aMIVIUTY/IbI

pasg obObeauHSET Bce
TPU MeXaHH3Ma 3aTyxa-
HUA. DTy 3aBUCUMOCTb
[MIIYT B BUZE:

A
1
= (1)

rae V — aMrzmmtysa CKOpoOCTH Korneba-
HUH, R — anulieHTpanbHOe pacCcTosiHME.

OrIbIT TIOKa3bIBaeT, UTO B PA3/IHUUHBIX
TOPHBIX TOpOJax CTerleHb 3aTyxXaHWA n
M3MeHsieTcsl B Tpenenax oT 3 10 1, mo-
STOMY BaKHO YCTAHOBUTH CTeIleHb 3aTy-
XaHUS CEHMCMHUYECKHUX BO/H, IMPHCYIIYIO
PervoHy, B KOTOPOM BeaeTCsl MOHHTO-
puur I'/IA. [las storo BHOBb BOCIIO/b-
30Ba/IMCh Pe3ynbTaTaMy  PervcTpaLMu
CeiCMUYECKHX BO/IH OT B3pPbIBa Ha Kaphb-
epe IOnp-Ara.

CeticMnueckuit  3ppeKT MacCOBBIX
B3PBIBOB (aMIT/INTY/a CKOPOCTU CEHMCMU-
YeCKUX Ko/eOaHUl) 3aBHUCUT OT SITULICH-
TPa/bHOTO PAaCCTOSHMA OT 3apsada 0
oObeKTa (MecTa pervcrpaiy) U OT Mac-
Cbl 3apsda B rpymne (Ha oAHY CTYIEeHb
samennenus). B 2000-2004 r.r. npu
HICC/Ie[IOBaHUAX MaCCOBBIX B3PLIBOB B
)KenesopyaHsix Kapbepax Kypckor mar-
HUTHOM aHOMa/IMM COTPYAHMKAaMH 71a60-
PAaTOPHK 3KCIIePUMEHTA/TbHOM reodu3u-
KM MHcTutyta avHaMyRya —reocdpepkl
PAH (MUl 6bina monyueHa 3aBUCH-
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OTa 3aBHUCUMOCTb TMPU-
Be/leHa MpPAMOM /IMHMeN B
[ABOWHOM  710rapudmuye-
ckoM Macurtabe. M3 Hee
cneayeT, 4YTO CTereHb 3a-
TYXaHUs aMIVIMTYAbl Cenc-
MHYeCKUX BO/IH C PacCTOs-
HUeM B BOpKyTHMHCKOM pe-
rvoHe n = 1,7. YkazanHas
3aKOHOMEPHOCTh Mo/AyUeHa

10 100 1000

oo 4718 paccTosHmi 1 — 25 kM

Puc. 3. 3aBucHMOCTD aMNIHTYAbBI

MOCTb MaKCUMa/IbHOM CKOPOCTH Korle-

GaHuil OT TMPHBEICHHOTO PaCCTOSHMUS,

KOTOpasi oruchbiBaeTcs dpopmyrioit [1]:
1/3\"

V=4 2
R @

rae V - ckopocTh KoreGaHuil B MM/C, q -
Macca 3apsiga B rpyrre (Ha OAHY CTy-
MeHb 3aMe/rieHus) B Kr, R - smuuen-
Tpa/ibHOe PacCTOSIHUE B M.

EcrectBeHHO ObIIO CUMTaTh, UTO
aHa/IOTHUYHast 3aBMCUMOCTD CIIpaBe//liBa
ansi B3peiBOB B Kapbepe OHb-Ara. Ha
puc.3  3apervMcTpupoOBaHHBIE  MaKCH-
Ma/lbHBle CKOPOCTU Ko71eGaHuil B IIOC.
CoBeTcKOM (TOYKM crieBa), Ha CTaHLIMU
reoMHaMU4eckoro MoHuTopuHra SDAS
(TOukM B LIGHTpe PHCYHKA) M Ha MIaxTe
«KoMcoMornbcKas» (TOUKM cripaBa) OT/0-
JKeHbl B 3aBMCUMOCTH OT IIPUBEAEHHOIO
PACCTOSHUSA, KOTOpPOE paBHO ISIIMLIEH-
TPa/IbHOMY PacCTOSIHHIO, Ae/leHHOMY Ha
KYOMYECKH KOpeHb M3 MacChl 3apsla B
onHoM ctyneHu 3amenneHus. O6pabot-
Ka [aHHBIX [0 MeToAy HaWMEHbIINX
KBaApPaTOB IO3BO/IM/IA YCTAHOBHTb, UTO
MaKCHMa/IbHble CKOPOCTH KO/1IeOGaHUi Ha
pric. 3 ONUCHIBAIOTCH 3aBHCUMOCTHIO:
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CeHCMOB3PBIBHBIX
BO/IH OT NPHBEAEHHOI 0 3MHUEHTPa/IbHOro PacCTOAHHSA

Y MOXKeT ObITb MCIIO/b30-
BaHa /71 pacyeTa 3Hepruu
vy Kiacca [/I4.

OnpeneneHue 3Hep-
reTH4ecKoro Kaacca
I'1A. B «6onbioit ceiic-
MO/IOTHMW» YKOPEHW/IOCh /1Ba TUIIa SHep-
reTUUeCKOM KIacCUUKALIMU 3eM/IeTps-
CeHHH: IO TOTOKY 3HEPruMM CercMuue-
CKHX BO/IH, TepeceKaronmx cdepy cTaH-
[apTHOTO paauyca C LIeHTPOM B pOKyce
3eM/IeTpsICeH s], 1 10 TIO/IHOM SHepruu
CeMICMUYECKHX BO/H, M3/TYyYaeMbIX oua-
roM 3emserpsiceHus. B nepBoM ciyuae
SHEPrviO 3eM/IeTPSACEHUS] XapaKTepPUsy-
IOT K/accoM - K, BO BTOPOM — MarHury-
oot - M. B HacToslillee Bpems roctpoe-
Hbl KOPPesLMOHHbIE 3aBHCHMOCTU Me-
KAy KAACCOM M MarHUTYZI0M U IIO3TOMY
Y CeMCMO/IOTOB HeT TPYAHOCTeHM U Ka-
KOM-MMO0 HEeOAHO3HAYHOCTH B XapakTe-
PUCTHKE 3eM/IeTPSACeHHM Npu BhiBope
THIA SHEPreTUUECKOM KAaCCU(DPUKALIMI.

OpaHako MpakThKa 0OpabOTKU Cceric-
MOTrpaMM I10Ka3aszla, UTo TepBbIi [OAXO
(oripenenenuvie Kmacca) Hauboree Mpo-
OYKTHBEH /1S criydasi criabblX 3eM/1eTps-
CeHHH, TOPHBIX YAapOB, MMPOMBIII/IEHHBIX
XMMUYECKHUX  B3PBIBOB,  Ibl/ICra30BbIX
B3PBIBOB, OBGPVIIEHHM TOPHBIX BhIpabo-
TOK, CXO[a TOPHBIX /IaBWH, TMApPOpa3-
PBIBOB, 3alMCAHHBIX CEeMCMOCTAHLIMAMU
Ha CPaBHUTENbHO HEOO/IbIIMX PaCCTOs-
HusAx oT ouara (no 100 km).



HanoMHuM onpenenenye Kraacca [2).
M3 ofmero KomMuecTBa SHEPrvu, Bbl-
cBoboxaaemor B ouare ['/IH, noamaert-
Cf YueTy AUillb HeKOTopasl ee uyacTh, Me-
pexoasiias B 3HePruio YMpyrux BO/H,
WM TOMBKO ceticMuuecKast aHeprus [/
— E (/Ix). Bennurny ee xapakTepHsyioT
MOTOKOM 3HEpPruu YIpyrux BO/H uepe3
3aMKHYTYIO ChepUyecKyio MOBEPXHOCTh
¢ ueHTtpoM B ovare [/Il 3a Bpemsa 7 , B
TeyeHre KOTOPOro TMPOUCXOASAT Koneba-
HUS.

E= j](ﬁ- A)dsdt (4)
SO

3neck P - BeKTOp M/IOTHOCTU TTOTO-
Ka SHEpPrMM B TOUKAX TMOBEPXHOCTH S,
10 KOTOPOM MPOU3BOANTCH WHTEIPUPO-
BaHWe, N - eAMHWYHBIA BEKTOP HOPMa-
M1 K T7ionaake ds.

Tak Kak BekTop MoToKa P Mensercs
3a CUeT reOMeTPHUECKON PaCXOANMOCTU
BO/IH U 3a CYeT 3aTyXaHWfA aMIVIATYIbI,
Ansl OAHO3HAYHOCTH  OflpeesieHust I10-
TOKa SHepruy B KayecTBe INOBEePXHOCTH
S 6epyr pedepenii-cpepy paamyca Ry
= 10 gm. Toraa Beipaxkenue (1) MoxHO
Trepericarth B BUIE

E=47z~R§j(|3-ﬁ)dt (5)
0

Bektop YmoBa paBeH
P=p-C-V,’ 6)
rae O - IVIOTHOCTb FOPHOro MaccuBa, C

— CKOPOCTb PaCIpPOCTPAaHEHUsT CeMCMU-
yeckor BomHbl, Vo(t) — ckopocTh Kore-
GaHMi B BO/IHE Ha pedpepeHii-cdpepe.
OmHako ceMcMyuecKkass BO/HA OT
['/1d obbuHO pervcTprpyeTcs Ha HeKo-
TOPOM paccTosiHMKU R, koTopoe Moxer
GbITb W O/MKe W aasbliie 3TOr0 PaccTos-
Hus. [losToMy 3aperrcTpUpOBaHHYIO
CercMorpaMMy criealyeT IepecuyruTaTh C
paccrosiHus R Ha paccrosHue Rg , aas
4Yero WCIoNb3yeTcs YCTAHOB/IGHHBIM 3a-

KOH 3aTyXaHHA aMIVIUTY/bl cericMmrye-

CKOM BO/HHI (3):

RZn
V,(t) =V (t)-| — (7)
() =V(©) R

[ToacraBuB (7) u (6) B BhIpameHue
(5), nonyumm:
2

R

E=47-R}-p-C{—-| [Vt (8
0

Knacc I'/Ifl omnpenensieTcsa Bbipaxe-
HUeM:

K=1gE, /Ix )

Ecnu B celicMonyHKTe BeaeTcs peruv-
CTpallvs Tpex KOMIIOHEHT Ko/eGaHuH,
TO MHTerpasibl [/IOTHOCTH SHEPryu BhI-
YUCAIOT A0S KaKAOM KOMIIOHEHTBI OT-
[eflbHO W 3aTeM pe3y/IbTaThl BbIUKC/Ie-
HUM cKraaabiBaioT. Eciv pervictpupyercs
TO/MIBKO O/IHA KOMIIOHEHTa Ko/eOaHui,
TO B 3TOM C/lydyae pes3ynbTaT BblUMCIe-
HUfA UHTerpasia caeayer YTPOMTh, Tak
KaK KOMITOHEHTbl KO/1ebGaHWi 0 TpeM
HallpaB/IeHHsM OT/IMYAIOTCH  HesHauu-
TenbHO [3].

Ecnn  ceiticMonpreMHURU — pacrio-
MOXKeHbl Ha AHEBHOM TMOBEPXHOCTH,
Kak 3TO MMeeT MeCTO Ha CTaHLIUU
reoIMHaMUYEeCKOro MOHUTOPUHTa
SDAS, To cericMMYeCKHe BO/HBI IIPH-
XOAAT Ha CTaHLIMIO PEerucTpaluu U3
rMy6UHHBIX C/I0eB MaccuBa W BC/e-
CTBHE OTpaxeHHs OT CBOOOAHOM I10-
BEPXHOCTH MX aMIVIUTYAbl YaABaHBa-
forcsa. [loaToMy B MHTerpas I/OTHO-
CTU 3Hepruu creayeTr BBeCTH KO3d-
duuvent 1/4 .

Oripenenerre Knacca pPacCMOTPUM
Ha nipumepe [/If, npowusomeaniero 17
monsa 2008 r. B 15:08:08 GMT. 3rto
cOOBbITHE OblZI0 3apPerMcCTPHpPOBaHO Of-
HoBpeMeHHo cvcteMor GITS, craHLmei
SDAS u MOOHABHON CeHMCMUYEeCcKOr
CTaHLIMel, YCTaHOB/ICHHOM Ha 3eMHOM
[IOBEPXHOCTH TPAKTUYECKH Haa TMIIO-
LIGHTPOM COOBITHS.
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Puc. 5. I'/1fl na wmaxre Komcomonnsckasa, 17.06.2008. 15:08:08,212 GMT

Ha puc. 4 npuBeneHb! akceneporpaMMbl
(B KayHTaxX) 3TOTO COOBITHS, 3aAPErucT-
pUpOBaHHble  JaTUMKaMU  CHUCTeMbl
['MTC Ha runoueHTpa/IbHOM PacCTOSHUM
2,51 gm. Kracc I'/14 B cucreme GITS on-
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penensieTcss MO UTENBHOCTH  aKcernepo-
rpammel v aist aadHoro [/IA K = 3,3.

Ha puc. 5 nokasaHsl BeocurpamMmbl
atoro ['/Ifl, 3apervctpupoBaHbl CTaHLIM-
et SDAS.
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Puc. 6. I'/1fl na waxre Komcomonnckasn.17.06.2008, 15:08:08 GMT; perucrpauus B

SNHLEeHTpe COObITHA

[urnoleHTpanbHoe paccTosiHue Co-
craBasano 9,56 kM. BrluncnenvsaMu 1o
dopmyne (8) Gbin monyyeH Kmacc K =
3,97.

Ha puc. 6 nokasaHbl Be1oCUrpaMMbl
atoro [/IH, s3apeructpupoBaHbl MoO-
OW/ILHOM CTaHLIMEeH Ha 3eMHOM MOoBepX-

HOCTW Ha/l TMIMOLIGHTPOM cobbitusA. [u-
MOLIeHTPa/IbHOE PacCTOsIHUE COCTABR/IANO
2,03 kM. Beuncnenusmu no dpopmyrie
(8) 6bi1 monyueH kraacc K = 3,9.

Kak u crenoBano oxumath, orpese-
fleHYe Kraacca TYTeM HHTerpUpOBaHH s
Be/IOCMTPaMM  [IaeT O/IHO3HAUHBINA  pe-

E, Ik

1 1

3ynbTaT, He3aBUCAIIMK  OT
pasMellleHrs] CTaHLIMU peru-
CTpaLUH. Ornpenenetue

knacca ['/I4 mo nponomxku-
Te/bHOCTH  KOoneBaHuil Mnpu-
BOAMT K MeHbIIeMy 3Haue-
HUIO Kraacca. [lostomy Obin
MpoBe/leH  CPaBHUTE/IbHbBIN
aHanu3 sHeprun ans 53 co-
OBITHI, TIONYUEHHBIX CHCTe-
4 Mot GITS - e u craHumMeit
SDAS - E, KoTopbli MpuBe-

e, Ix

100 110° 110*

Puc. 7. 3aBucumocts Mexay sHeprueii I'/If, onpeae-
nenHon no meroauke F'HTC (e), u SDAS (E)

neH Ha puc. 7. VI3 Hero Bua-
HO, yTtO aAna crabeix [/H c
sHeprueit okomo 10° [k
SHepruM B o6erx CHcTeMax

110°
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Puc. 8. I'unoueHTpbl reoAHHaMHYeCKHX coGbITHII o aaHHbIM GITS B npeaenax noaeri
waxt «Komcomonsckas» (1) n «CeBepHas» (2)

OMM3KY, oaHako anf  curnbHbiX  [/1H
SHEPrvr OT/IMYAIOTCH B HECKO/IBKO Pas.
Takum o6pasoM, omnpeneneHve sHepryum
['/1d no npomomkutenbHOCTH Koneba-
HUI, KOTOpOe TMPUMEHSIeTCs 710 CUX TIOP
Ha HEKOTOPBIX CTAHIIMAX MOHUTOPHHIA,
MOXKeT IIPHBECTH K 3HAuWTe/IbHBIM [10-
IPELIHOCTSIM.

leoauHaMHMyeckasi  aKTHBHOCTb
WIaXTHOro monsA. B mepron orbiTHOM
3KCI/IyaTalldd CUCTeMBbl TreoarHaMuue-
ckoro MmouuTopuHra GITS szapervctpu-
poBaHo 10500 cericMocoBrITHi, ccop-
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MUPOBaH KaTa/Zlor CeMCMHUUeCKOM aKTHB-
HocTh MaccuBa. CTaTMCTMYECKHM aHa-
13 BBIABW/ MPSMYIO 3aBUCUMOCTb Ceric-
MHUeCKOM aKTMBHOCTH MacCHBa LIAXTHOTO
o7 OT TEeXHOreHHOTO BO3JENCTBUS Ha
Hero OuMcTHBIX paboT. Ha puc. 8 nokaza-
HO pacrornoxeHyve rvrotteHTpoB /14, ko-
TOpble MMEIOT Olpesie/leHHYIO  YIopsIo-
YeHHOCTb B MMPOCTPAHCTBE M BO BPeMeHH.
O60061eHHbI aHa/M3 LIMK/IOB FOPHBIX Pa-
60T U CeMCMUYHOCTH TMOKasa/l Hasliue Mx
TECHOM B3aMMOCBS3U. YCTaHOB/IEHO, UTO B
npefienax  paspabaTbhiBaeMbX  YUaCTKOB
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Puc. 9. IMoBropsieMocTs reoAHHAMHYECKHX AB/ICHHH

mwaxTtHoro rmons mnpoucxoaut ao 50%
Bcex cobbiThil , 33% - Ha MpH/IEraloNINX
K TOpPHBIM paBoTaM 30HaM, KOTOpPbIC
pacnionoxkensl 10 200 M BrayGh Maccu-
Ba. Ocranbhbie 17% COOBITHIT MOXKHO
OTHecTH K pasmmuHeiM [/IH, npowucxo-
[AIIMM B TOPHOM MacCHUBE BHE 30HbI pa-
6O0T.

HOBTopﬂeMOCTb reoanHaMuve-
CKMX fIB/ICHMH. DTO O/lHAa M3 BaxkHel-
MX  XapaKTepHCTHK CerCcMHYEeCKOro

pexrMa TOpHOTO MacCHBa, KaK ecTecT-
BEHHOIO IIpollecca, Tak WU IPU TeXHO-
TeHHBIX BO3/ICMCTBUAX Ha MacCHUB. 3a-
KOH TOBTOPSAEMOCTU WM 3aKOH [ YTTeH-
Gepra-Puxtepa mnpuitesn u3 «GOMbLUION»
cericMornornyt (3] U YCIemHO NPUMEHs-
ercsi TMpU aHa/u3e TeXHOTeHHOM Cceiic-
MuyHocTH. HakaoH rpaduka oTpaxkaer
COOTHOIIIEHUE MeXK/Yy YMC/IOM CHU/IBHBIX U
cnabwix ['/IH, ypoBeHs rpaduka — cym-
MapHYIO MHTeHCUBHOCTh [ /I B ropHom
MaccuBe.

Ha puc. 9 nocrpoen rpadyk roBTO-
psiemoctu [/l mo naHHBIM KaTasora
I'14 sa nmepuon ¢ 01.09.2007 r. no
01.09.2008 r., KOTOpBIA COAEPKUT
4247 cobuitui. ['padpyk MOXKHO oOIH-
caTb MPSAMOM:

IgN =45-0,33-K (10)

[Ipu noctpoeHun rpadgrka MOBTO-
psieMoctu uucno cobwithii ¢ K = 3 He
yunThIBasioch. OQUeBHAHO, YMCAO C1abbix
cobwrtuit ¢ K ot 2,5 no 3,5 B Karanore
3aHMKEHO M3-3a TOrO, 4YTO CHCTeMa pe-
TUCTPALIMM  «[TPOTTYCKaeT» YaCTh TaKUX
COOBITHH.

Ot™eTrM 0COGEHHOCTH rpadhHKa Mo-
BTOpAEMOCTH. Yrosn Hak/ioHa rpaduka
MOBTOPSieMOCT! MMeeT 3HadeHne 0,33.
OTO CpaBHUTE/ILBHO HM3KOE 3HaueHre — B
OPYrMX pervoHax W APYrux MOPOIAHBIX
MaccHBax yros HakaoHa B 1,5 — 2 pasa
Bbille. BTopass 0coOBEHHOCTh — OTHOCH-
Te/lbHO HeOO/IbIlIoe YKC/IO CU/BHBIX CO-
owiruii ¢ K or 7,5 go 8,5. I'pacuk mno-
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BTOPSAEGMOCTH TpeTeprieBaeT usioMm. Ha-
KOI/IeHHe [aHHBIX ITO3BO/IMT YTOYHUTH
3T ocobeHHoctd. [IpenBapurensHoO
MOKHO CKa3aTb, UTO 3TH OCOOGEHHOCTU
CBUAETeNbCTBYIOT O HU3KOM YpPOBHE Ha-

NpsKeHHO-1ePOPMHUPOBAaHHOTO co-
CTOSIHMSI TOPHOrO MaccuBa (Ha BpeMsi
MpoBe/leHysl aHa/u3a) U B HEeM Ma/ioBe-
posATHbI KaTactpodryeckue ['/If knacca
Gornee 9.
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ABTOp |

Hassanue pabotb1

| CneunanbsHOCTb | Yuyenas crenens

CAHKT-IIETEPBYPI CKHH FOC‘J[IAPC'[BEHHbIFI TOPHbIH UHCTUTYT
uMm. I'.B. INIEXAHOBA (TEXHHUYECKHH YHHUBEPCHTET)

[TMPOZKEHKO Bribop 1 06ocHOBaHUe pallMOHa/TBHBIX
Bramimup MapaMeTPOB  CTYCTHTE/IbHO-CMECHTE Tb-
TMeTpoBuu HOTo 060PYAOBaHUS 3aK/IaJI0UHBIX KOM-

I/ICKCOB /14 TIPUIOTOB/ICHHUA TBEepAelo-
IIel CMecu Ha OCHOBE XBOCTOB oOora-
IIeHWA TMO/TMMEeTa/VTMYeCKUX Py

05.05.06
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