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[Io pe3ynbraTaM MOHWUTOPHHIA C BPEMEHHOM CEThEO CEMCMOJIOTMYECKUX CTAaHLMM Ha tore Kys-
Oacca B paifoHe CEHCMHUYECKONW aKTUBHU3AIMH TEXHOTCHHOM MPHUPOIBI, CPOPMHUPOBABIIECICS O] OHO-
BPEMEHHBIM BO3/ICHCTBHEM OTKPBITHIX M IOA3EMHBIX paldoT 1Mo J0ObIYe yIiis, AETaJbHO U3YYaeTcs Mpo-
CTPaHCTBEHHAs! CTPYKTypa aKTHBM3ALUM, Pa3BUTHE €€ BO BPEMEHU U CBSA3b C TEKTOHWYECKUMH Hapy-
menusmu. CelicMuueckasi akTUBU3AIMS OKOJIO TTOJ3EMHBIX BBIPAOOTOK OTIMYAETCS JIOKATBHOCTBIO IO
TUIOIIAAM, OOJBIINM KOJIMYECTBOM 3eMieTpsaceHuid ¢ Maruutynamu Ml < 2. Jlns Tpéx 6mu3ko pacro-
JIO’KEHHBIX YTOJIBHBIX Pa3pe30B HaOIoaeTcsi oOlas ceiicMuuecKasi akTUBU3aLuUs, BHYTPU KOTOPOH,
KaK JIOKaJbHasl 30HA, HAXOAWTCS aKTUBU3AIMs IOJ3EMHBIX BBIPAOOTOK, XapaKTEpU3YIOLIasics CUJIb-
Heimmmu 3emietpsicenusiMi ¢ M1 B untepBaie 3+4. [myOuHBI 04aroB MMEIOT IBYXMOAAJIbHOE pac-
IIPEAEICHNE C MAaKCUMyMaMu B MHTepBasie 1+1,5 kM u B uHTepBane 2+3 kM. Kak B palioHe 11axT, TaK U
B palloHE OTKPBITHIX T'OPHBIX BBIPAOOTOK CEMCMHYECKH aKTHBHU3HMPOBAaHbI HEJlpa 3HAYMTENBHO Ooliee
riryookue, 4eM BeIpaboTKu. CelcMUYeCKUi TIPOIIecC BO BPEMEHHU HE CTAlIMOHAPHBIN U MYyJILCUPYOIINH.

KiioueBble ciioBa: 3eMieTpsceHue, HaBeACHHas ceiicMuyHOCTh, Ky3bacc, celicMuuecKuit
PEKUM.
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AND UNDERGROUND WORKS ON THE PRODUCTION OF COAL

Aleksey A. Emanov

Altay-Sayan Branch of Federal Research Center «United Geophysical Survey RAS», 3, Prospect
Akademik Koptyug, Novosibirsk, 630090, Russia, Ph. D., Deputy Director for Research; Trofimuk
Institute of Petroleum Geology and Geophysics SB RAS, 3, Prospect Akademik Koptyug St.,
Novosibirsk, 630090, Russia, Senior Researcher, phone: (383)330-52-66, e-mail: alex@gs.nsc.ru

27



Alexander F. Emanoy

Altay-Sayan Branch of Federal Research Center «United Geophysical Survey RAS», 3, Prospect
Akademik Koptyug, Novosibirsk, 630090, Russia, D. Sc., Branch Director, phone: (383)333-27-08,
e-mail: emanov(@gs.nsc.ru

Alexander V. Fateev

Altay-Sayan Branch of Federal Research Center «United Geophysical Survey RAS», 3, Prospect
Akademik Koptyug, Novosibirsk, 630090, Russia, Senior Researcher; Trofimuk Institute of Petrole-
um Geology and Geophysics SB RAS, 3, Prospect Akademik Koptyug St., Novosibirsk, 630090,
Russia, Senior Engineer, phone: (383)330-52-66, e-mail: fateev(@gs.nsc.ru

According to the results of monitoring with a temporary network of seismological stations
in the south of Kuzbass in the area of seismic activation of technogenic nature, formed under the
simultaneous influence of open and underground coal mining, the spatial structure of activation,
its development in time and connection with tectonic disturbances are studied in detail. Seismic
activation near underground workings is distinguished by locality in area, a large number of
earthquakes with magnitudes Ml < 2. For three closely spaced coal mines, there is a general seis-
mic activation, inside of which, as a local zone, there is the activation of underground workings,
characterized by the strongest earthquakes with Ml in the range of 3 + 4. Depths of foci have
a two-modal distribution with maxima in the range of 1 + 1,5 km and in the range of 2 + 3 km.
Both in the area of mines and in the area of open mine workings, the subsoil is significantly deep-
er than the mine workings seismically activated. The seismic process in time is not stationary and
pulsating.

Key words: earthquake, induced seismicity, Kuzbass, seismic regime.

B camoii roxxHoM yactu Ky3Henkoro yroyipbHoro 0acceitHa B pailoHE MOCETKOB
Kanran m ManunoBka B mocnenneMm kBaptaiie 2016 roma mposiBuia ceOsi HOBas
ceficmuueckas aktuBuzanus [5, 6]. C koHma okts6ps 10 konma 2016 roga mpou3or-
70 6 3eMJIETPSICEHUI ¢ MarHUTyA0u OT 3,5 10 4. OTU ceiicMuYecKrue COOBITHS OIIly-
HIAJIKCh B OKPYKAIOIIHUX MTOCETKAX.

HavanpHplli 3Tanm uccineaoBaHWii omucaH B paborax [5, 6], a B 2TOi cTarhe
IIPEACTABICHO MPOJOJDKEHNE UCCIIEIOBAHUN C BPEMEHHOM CEThIO CTAaHILMM, KOTOPAst
3aBeplInia cBow paboTy Tojbko B KoHile 2018 rona, korga B JaHHOM paiioHe ObLIU
CO3JIaHbl TPU CTAllMOHAPHBIE CTAHIMH, a BeCh 2017 rox oCymecTBISsUICS HENPEPhIB-
HbII MOHUTOPUHI aKTMBU3UPOBAHHOU 30HBI. Hy>)XHO OTMETUTH, 4TO CYIIECTBYIOLIAs
CEMCMMYECKasi CETh IMO3BOJISAJIA K Hayajly JaHHOW CEMCMHUYECKOM aKTMBHU3AalMMU Ha-
JeXKHO (PUKCUPOBATH U JIOLMPOBATH CEMCMUYECKUE COOBITUSI B 3TOW 30HE, HAUMHAs
C MarHUTYbl 2.

Henocpencreenno B paitone aktuBuzaiuu 1 npekadbpst 2016 rona Havyainack ycra-
HOBKa BPEMEHHOW CEMCMHUYECKOW CETHU M3 5 YyBCTBUTEIIBHBIX BEJIIOCUMETPUUYECKUX
craniuii. Ha crannusx ucnonp3oBanuch gatunku CK-111 ¢ coOCTBEHHBIM MepUoO0oM
1 cexkynnma, mpeaBapuTelbHblE yCUIUTENU U peructparopsl baiikan AC-75. Takas
KoH(purypanust o00pyI0BaHUS HUMEET COOCTBEHHBIC IIYMBI HHKE MOJCIH HHU3KHX
cobctBeHHBIX yMoB 3emiii NLNM B nosoce ot 0,14 I'it 1o 10 I'r, 9To mo3BossieT
TapaHTHPOBAHHO PETUCTPUPOBATH BCE CEHCMUYECKUE COOBITHS, KOTOPBHIC MOTYT OBIThH
BBIJICJICHBI HA MUKpOceiicMuueckoM (oHe. B 3uMHUI epro/ CTaHIIMK yCTaHABIHBA-
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JMCh Ha TPYHT IOJ CHET, IIOCJIE CXO0Jla CHEXHOI'0 MOKpoBa 000py10BaHKUE ObLIO Iie-
PECTaHOBJICHO B TPYHT, MOJHOCTBHIO 3aKOMaHO. Bce MyHKTHI HAOMIOIEHUSI TOKA3aHBI
Ha puc. 1.

O6nacTb MHTepeca
CelicMHUYECKME CTaHUMK
A CunbHBIX ABMXKEHWUI
BpemeHHble BbICOKOUYYBCTBUTE/IbHbIE
O6nacTv aKTMBHbIX Ha3eMHbIX ropHbIX paboT
[ eblemka
[ otBanco6bpazosanue
= panuua KysHeukoro yronsHoro 6acceitHa

53.5M"

LLlaxTa AnapauHckan

[ YuacTok AnapamHckmil BoCTONHBIN 2
[ yuacrok AnapamnHckuii Hosbii

[ yyacTok ManuHoBckmit Fny6okuit
WaxTa AnapanHcKan, OCHOBHOE none

53.4 53.4

87.1 87.2 87.3 87.4 87.5 87.6

Puc. 1. Ceiicmuueckas ceTb B 30He akTuBH3auuu. [lokazaHbl palioOHBI
AKTUBHOT'O BEJCHUS FOPHBIX padOT HA3€MHBIM CIIOCOOOM U IIPOEKLUU
Ha MOBEPXHOCTb JIULEH3UOHHBIX YYaCTKOB HIaXThl AJIapIUHCKas

O6paboTKa TaHHBIX CEWCMHYECKON CETH BBIMIONHIIACH B TakeTe seiscomp3 [9].
Jlns  ompeneneHuss KOOPJAWHAT CEHCMHUYECKHUX COOBITHI HCIIOJIB30BAJICS ITaKeT
HYPO71 [10, 11]. IIpu Jlokauuu MCMHOJIb30BaIach CJIOUCTass CKOPOCTHAS MOJIEJIb, T10-
Jy4YeHHas U3 CKOPOCTU MPOAOJIBHBIX BOJH ¢ Koaddumuentom 1,73. Mogens Oblia
coctaBneHa no nanHbiM ['C3 B Ky3nenkoit kotnosune [7, 8]. CKOpocTu B JAaHHOI
MOJICNIA BBIIIE, YeM B MOJCIH, WUCIOJIB3yeMOW HaMH JIsi 00OpabOTKH IEHTPaThHOU
yactu Ky3HElKo#l KOTJIOBUHBI, 3TO 0OJIbIlIE€ COOTBETCTBYET JCUCTBUTEIBLHOCTU JIJIsI
FOKHOM 4acTH.

Kapra snuneHTpoB ceiicMuyeckux coObITUN MokazaHa Ha puc. 2. Bee celicmu-
YecKue COOBITHS OBbLIN pa3JieJieHbl Ha B3PBIBBI U 3eMiieTpsiceHusl. B3pbiBbl ObUTH pa3-
JIJIEHbl Ha JIOCTOBEPHO M3BECTHBIE W Mpe/roJiaraeMbie. B 10CTOBEPHO WM3BECTHBIC
B3pBIBBI IOMAJIU B3pBIBBI, HH(OpMAIUs O KOTOPBIX MOCTYyIWJIa OT TOPHOJ00BIBAIO-
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IIMX KOMIIAHUWA U B3PBIBBI, OT KOTOPBIX HA BPEMEHHBIX CEHCMUYECKHX CTAHIIMIX Ha-
omonanack nHGpa3ByKoBas BOJHA IMOCHE ceiicMuueckoro coOwitus. Karanor ceiic-
MUYECKUX COOBITHH, MOKa3aHHBIM Ha puUC. 2, BKIOYAeT 899 KapbhepHBIX B3PHIBOB
u 1388 3emuierpsicennii 3a nepuon ¢ 2016-09-01 o 2018-09-01.

A CWNbHbBIX ABWXEHWIA
BpEMEHHbIE BbICOKOYYBCTBUTE/IbHbIE
- Ipauunua KysHeukoro 6acceriHa

3emneTpaceHnAa

* -0,143-0,000

O 0,000-1,000

O 1,000-2,000

O 2,000-3,000

(O 3.000-4,000

O 4,000 - 4,062

B3pbiBbl, N3BECTHbIE
-0,143 - 0,000
* 0,000-1,000
% 1,000-2,000
Y 2,000-3,000

¥ 3,000-4,000

‘A' 4,000 - 4,062
B3phIBbI, npegnonaraemble
-0,143 - 0,000
0,000 - 1,000
1,000 - 2,000
2,000- 3,000

*

*

*

Y 3,000-4,000
*

4,000 - 4,062

Puc. 2. Kapra sniuueHTpoB ceiicMUYecKuX COOBITHI 3a IEPHOT
¢ 2016-09-01 mo 2018-09-01

ToyHOCTB JOKALMK B3PHIBOB XYK€, YEM TOUHOCTb JIOKAIIUM 3EMIIETPSICEHUM 110
HECKOJIBKUM IPUYMHAM:

1. B3peiBbl poBOAATCA Ha OOpTY Kapbepa, MO3TOMY ceHcMHUYecKas BOJHA OT
B3pbIBa K CTAHLMAM, KOTOpBIE HAXOAATCS C IPOTUBOIIOJIONKHOW CTOPOHBI, HJET
HE HampsAMYI0, a OTu0aeT BBIPabOTKY, YTO MPUBOIUT K 3aJ€PXKKaM Ha YaCTH CTAHIIUM.

2. B3pbIBBl KOPOTKO3aMEIJEHHbIE, Ha JAJEKHWX CTAHLMIX HE BCErJa BHUJCH
B3pbIB [IEPBOM CTYIIEHH, TOTJa KaK Ha OJU3KUX OH BUJIEH.

Kak cnexyer u3 puc. 2, O0JIBIIMHCTBO B3PHIBOB MOJATBEPKACHO COOOIIEHUSIMHU
rOpHBIX Npeanpuatuil. [1o KonMuecTBy B3pbIBbI 3HAYUTENBHO MPEBOCXOIAT 3eMJie-

TPSICEHMUS.
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JIist Bcex ceMCMUYECKUX COOBITHH, MOMAJAIoNuX B YKAa3aHHYIO Ha puc. 2 00-
JacTh, MOCTPOCHA BPEMEHHAs Pa3BEepTKA B 3aBUCIMOCTH OT MarHUTY bl COOBITHS. Pe-
3yJbTUPYIOIINM rpaduK Mmoka3aH Ha puc. 3.

Maruutyna ML
N

Bpems (nata)

Puc. 3. BpCMGHHaﬂ Pa3BECpPTKa CEHCMHYECKOTO Imponccca B 30HC aKTUBU3AIlUH.

KpaCHI)IMI/I TOYKAaMH ITOKa3aHbl MPOMBIINIJICHHBIC B3PbIBbI HAa KapbhEepax, 3CJICHBIMH TOY-
KaMH — 3EMIJICTPSACCHUA

Hauasno akTtuBu3anuu ¢ UEIbIM PAIOM 3€MIIETPSICEHUN C MarHUTyJ0M OKOJIO 4.
CuiibHBIE COOBITHSI C MATHUTYJION B Auana3zoHe 3-4 BUJIHBI TOJBKO B Hauajie JaHHOM
akTUBU3auu, ¢ HOsAO0ps 2016 roma mo siuBaps 2017 rona, u 3arem JBa COOBITHS
C MarHuTy0¥ Oosbiie 3 Ha MPOTSHKEHUU BCETO MEeproia HaOIIOICHU .

C navanma pa®OThl BPEMEHHOM CETH IMOSBWJIACh BO3MOXHOCTh PErHUCTpalluu
CEUCMUYECKUX COOBITHI MaJIbIX SHEPTHi, YTO OUYE€Hb YETKO BUIHO Ha puc. 3. Xopo-
110 BBIJIEISIETCS O0JIbIIas TpyMna COOBITHI MabIX 3Heprult (marautyna 0-2) B mapTte
2017 roma, celicMuuecKkas akTHUBU3alUsA, KOTOPYIO MbI CBSI3bIBAEM C LIAXTOM Ajap-
TUHCKasi. MOXHO OTMETUTh, YTO U B JAJIbHEHIIEM MEPUOAUYECKH BO3HHKAIOT HE-
OOJBIIE aKTUBU3AIMK, KOT/IAa 32 HEOOJBIONW MPOMEKYTOK BPEMEHH IMPOUCXOUT
OOJBITIOE KOJTUYECTBO COOBITUN MAajbIX JHEPTUH, OCHOBHOE KOJHMYECTBO KOTOPHIX
MPUYPOUYECHO K IIaxTe AJapAUHCKasl.

CeiicMuyeckre aKTUBH3ALMK TIPU OJJTHOBPEMEHHOM BO3JCHCTBUM Ha HEApa MOJ-
36MHBIX U OTKPBITBIX TOPHBIX BBIPAOOTOK MPEACTABISIOT OCOOBIM MHTEpEC, KaKk Ma-
Jou3ydeHHas TeMa. MBI 3aperucTpupoBaid OOJIBIIOE KOJUYECTBO 3€MIICTPSICEHUMN
B JAHHOM aKTHUBU3ALMU, HO CIEAYET OTMETUTh, YTO TOYHOCTh OINpPEIEIECHUsS KOOPAU-
HaT U, 0COOCHHO ITyOUH COOBITUH, HE OJIMHAKOBA.

Hy»xHo noHumars, 4To AJIs1 pa3HbIX 3€MJIETPSICEHUNA YHUCIIO CTAHIUN C XOPOIINM
COOTHOIIIEHHEM CUTHAJI/IIIYM HE OJIMHAKOBO, TOYHOCTh 3aBUCHUT OT IMOJIOKEHUS oYara
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OTHOCHUTEJILHO CTaHILMI ceTu. Pa3o0bem KaTanor 3eMJIeTPsICEHUI Ha JBa Kjacca TOY-
HocTH. Kitace A. B 3TOT Ki1acc monagyT Bce COObITUS, KOTOPBIE YAOBIETBOPSIOT Ka-
KIOMY U3 CJICAYIOIIMX YCIOBHM: ITyOUHA CEHCMHUECKOT0 COObITHS HEe OblIa (hUKCH-
pOBaHa OIEPATOPOM, a BBIYMCIISIIACH UTEPAMOHHO. KOIMYECTBO MCMOJIB30BAHHBIX
(a3 BcTyIUIeHUI celicMMuecKUX BOJH He MeHee 12. CpenHekBaApaThyHas HEBA3Ka
RMS ne 6onee 0,5 cexynanl. Kiace B. B 3T0oT Ki1acc momanaroT Bce 3eMIIeTPsACEHUS,
HE MONaBIINE B KJ1acc A.

Ha puc. 4 nokazano pacnpeneneHue 3eMJIETPSICEHUI MO TIIyOuHe st COOBITUI
Kjacca A. BugHo IByXMoAanbHOE pacIipeiesieHue ¢ IEpBOM MOJIOM MEHEE 2 KM TIIy-
OuHbI, 1 BTOpoii — Oosiee 2 u MeHee 3 KM. TOJIBKO OT/ENbHBIC SIMHUYHBIC COOBITHS
UMEIOT NIyOuHy Oonee 3 KM.

Pacnpenenexnue rnybuH

35

30 +

25

20

KonwdyecTeo

15 ~

10

0 T T T T T T T
0] 2 4 5] 8 10 12

rnybwHa (lWKWpWHa MHTepBana = 0.1), KM

Puc. 4. Pacnpenenenue 3eMieTpsiCeHUI MO rIyOuHe
U1 cCOOBITHH KiTacca A

BBeneHHBIC KJIACCHI TOYHOCTH TAaKKE MEHSIOT M MPOCTPAHCTBEHHYIO KapTHHY
aKTUBU3alluU Ha KapTtaxX (puc. 5). M0OXHO BBIJCIHTh HECKOJBKO aKTHBU3HPOBAHHBIX
obacTem:

1. AKTUBH3AIMSA OTKPBITBIX TOPHBIX BBIpa00TOK. K HEll nmpuypodeHsl OOJIBITIH-
CTBO 3EMIICTPSICCHUI C MarHutyaou 6osee 2. Hy)XHO OTMETHTB, 4TO 00JIaCTh ATOM
AKTUBHU3AIIMU BBITSHYTA M MPOCTHUPASTCS C FOora Ha CeBep.
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2. AKTUBH3aIMs B pallOHE MIaXThl AJapAuHCKas. 37€Ch MPOHU30LLIO OOIBIIOE
KOJIMYECTBO CIA0BIX CEHCMUYECKIX COOBITHIA.

3. B 3anagHOM 4acTU aKTHBU3ALMHU B 3EMJICTPSICEHUSIX C KJIACCOM TOYHOCTH A
BBIJIENISETCSA JBE IPYIIbI 36MJIETPSICEHNI: C BOCTOYHOM M 3aIlalHOM I'PAHMUL] y4acTKa
ManunoBckuii ['myOokuil maxtsl AnapauHcKas. DTOW aKTUBU3ALUU TaKXKE COOTBET-
CTBYET 3€MJIETPSICEHUS C MAarHUTYJaMU MEHbLIE 2.

87.4 87.5

CeicMMYeCKMEe CTaHLMK
A CWNbHbIX ABMXXEHWIA
1 . BpeMeHHble BbICOKOYYBCTBUTENbHbIE
;- - = - paHnua KysHeukoro yronsHoro 6acceriHa

3eMNeTPACeHKA, Knacc A
% s -0,143-0,000
' O 0,000-1,000
O 1,000-2,000
(O 2,000-3,000

(O 3,000-4,000

O 4,000 - 4,062

3emneTpacexmn, knacc B
¢ -0,143-0,000
©  0,000-1,000
O 1,000-2,000
() 2,000-3,000

() 3,000-4,000

O 4,000 - 4,062

87.1 87.2 87.3 87.4 87.5 87.6

Puc. 5. Kapra 3emiuietpsicenunii, pa3ie€HHBIX MO KJlaccaM TOYHOCTH.

Pa3mep kpykka moKas3bpIBa€T MarHUTyy, IIBET — KJIACC TOYHOCTHU: KPACHBIH — KJIacc
A, cuanii — knacc B

CelicMUYeCKUM aKTUBU3AIMSIM OKOJIO HIAXT XapaKTepHO MPOSIBIATH ce0sl B BUJIE
3eMJIETPSICEHNI, HE MPEBBIIIAIOIIMM MarHuTyay aBa [3], B TO BpeMs Kak KpyIHEH-
LIME 3€MIIETPACEHUS OKOJIO pa3pe30B HMEIOT MATHUTYIbI B MHTEpBae 46 [4].

Ha puc. 6 nHanecensl ceiicMuueckue coObITHS, pa30UTHIE MO KJlaccaM TOYHOCTH,
OnpeeeHus] KOOPAUHAT, BEIHECEHBI 30Hbl TEKTOHMYECKOT0 KOHTaKTa, OLM(POBAH-
Hble ¢ JaByX JucToB ['eonornueckoir kaptel CCCP [1, 2]. MOXHO OTMETUTH, YTO
CEHCMMYECKUE AaKTUBU3ALUMUMU KaK IIaXThl AJApAUHCKAs, TAK U OTKPBITBIX TOPHBIX
BbIPA0OTOK HAXOJATCA HA MPOJOJIKEHUU JTUHUN JJOCTOBEPHOTO TEKTOHUYECKOT'O KOH-
TakTa. MOXXHO MPEANOI0XKHUTh, YTO B 3TUX MECTax HJAET MPOLECC PaCIpOCTPAHECHHUS
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JBUKEHUS IO JIOKAJBHBIM PA3JIOMHBIM 30HaM, aKTUBU3WPOBAHHBIM MHTEHCHUBHBIMU
TOPHBIMU pabOTaMHU Ha pa3pe3ax U MaxTax.

87.1 87.2 87.3 87.4

CeicMUYeCKNE CTAHLMK

A CunbHbIX ABUXKEHWNA

Y BDeMEHHbIE BbICOKOYYBCTBUTE/IbHbIE

=== paHu1ua Ky3Heukoro yronsHoro 6acceiiHa
3eMneTpAceHuns, Knacc A

e -0,143-0,000

© 0,000- 1,000

O 1,000-2,000

(O 2,000-3,000

(O 3,000-4,000

O 4,000 - 4,062

3eMNeTpACeHun, Knacc B
* -0,143-0,000

~| © 0,000-1,000
1 O 1,000-2,000

() 2,000-3,000

(O 3,000-4,000
O 4,000 - 4,062

30HbI NOBEPXHOCTHBIX FOPHbIX paboT

[ sblemka |

[] oTBanoobpasoBaHue L ~§| === IocTOBEpHAR

LaxTa AnapavHckas

[ YuacTok ManuroBckuii Tny6okuit
[] yuacTok AnapauHcknii Hosblit

[ yuacrok AnapavHCcKWin BocTouHbIA 2
7] Waxta AnapauHckas, OCHOBHOE none

53.5

Puc. 6. ConocraBieHue KapThl SNULEHTPOB 3EMJIETPSICEHUI
C T€OJIOTUYECKOM KapToi (MCIOIb30BaHA B KAUE€CTBE MOIOKKH)
C U3BECTHBIMU JIMHUSMU TEKTOHUYECKOTO KOHTAKTa

3aknrouenue

CoBMecTHOE TEXHOTCHHOE BO3JICHCTBHE OTKPBITHIX TOPHBIX M TIOJ3EMHBIX paboT
BBI3BAJIO J[BAa BHJIa CEHCMUYECKUX aKTHBHU3AIMI: aKTUBHU3AIMS TOJ3EMHBIX BBIPa0o-
TOK BJIO)KEHa B OOJIBLIYIO MO MPOCTPAHCTBY aKTUBHU3aAlLMIO OT pa3pe3oB. CelicMmuye-
CKUI MPONECC SBIAETCA HE CTAIMOHAPHBIM U MYJbCUPYIOIUM. 3eMIIETPSICEHUS
C MarHUTYJIaMU BbIIIE 2 SIBJISIFOTCS PE3YJIbTATOM BO3JAEUCTBUS OTKPBITHIX TOPHBIX pa-
00T.

['myOuHbl O4YaroB MMEIOT JBYXMOJAJIBHOE pacHpelesieHHe ¢ MaKCUMyMaMu
B uHTepBasie 1+1,5 kM u B untepBasie 2+3 kM. Kak B paiioHe maxT, Tak U B pailoHe
OTKPBITBIX TOPHBIX BBIPAOOTOK CEHCMHYECKH aKTUBH3UPOBAHBI HEApa 3HAUUTEIHHO
6osee riryookue, 4eM BHIPaOOTKH.

CeiicMuyeckre aKTUBU3AIMHU KaK IIaXT, TAK U OTKPBITBIX FOPHBIX pabOT Mo-
I'YT UHTEPIPETUPOBATHCS, KaK PEaKIUs PA3JIOMHBIX 30H Ha TEXHOTCHHOE BO3JIEH-
CTBHE.
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