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The problem of predicting the geoecological effect of various technogenic explosions, namely, short-
delay quarry blasts, test site ones, falling rocket stages etc., on the natural environment and social
infrastructure is of primary importance. Mass explosions that have been made recently for the purpose
of eliminating the utilizable ammunition stock are a serious hazard. Powerful natural explosions include,
first of all, eruptions of magmatic and mud volcanoes and falls of celestial bodies. It is well-known that
the major geoecological effects of explosions are due to the formation of air-shock and underground
seismic waves, formation and propagation of dust clouds and electric pulses. Investigation of the seismic
and acoustic effects of mass explosions damaging industrial and residential objects and the shock action
on bio-objects is of greatest interest. Such effects were considered earlier. Nevertheless, it should be
noted that the dependence of these effects on external factors, such as the wind direction and velocity,
temperature inversion, atmospheric turbulence, and the surrounding area relief and landscape, has been
poorly studied. This is all the more important since the influence of such factors can greatly enhance
the destructive ecological action of explosions on the environment. It is proved that meteo-dependent
processes of propagation of infrasound from explosions in the atmosphere can enhance many times the
ecological loading on the social and natural environments.

Taking into account the above factors,it is necessary to predict the geoecological risk of powerful
explosions, which calls for additional investigations of the physical effects of propagation of seismic
and acoustic waves from mass explosions. The objective of this paper is to present a methodological
approach to carrying out such investigations and obtaining experimental and numerical results. The
approach being proposed is based on seismic vibrators as sources imitating explosions, but having, in
contrast to them, a much smaller power. In this case, as compared to explosions, ecological cleanness
and repeatability of experiments are achieved. This is due to a high-precision power and frequency-
temporal characteristics of vibrational sources. The approach proposed to prediction with seismic
vibrators was used because of the ability of vibrators to simultaneously generate both seismic and
acoustic oscillations. This was proved earlier both theoretically and in numerous experiments for this
class of sources.The use of the approach of active monitoring of the natural environment makes it
possible to achieve ecological purity, high repeatability and precision accuracy of the measurement
parameters being estimated.

As an integral characteristic in studying the destructive properties of infrasound from explosions
for the environment, we take the specific acoustic energy density. Admissible acoustic effects on objects
of social infrastructure are determined by the specific energy density values.

The determining factor for acoustic energy density values is the wave pressure. The acoustic pressure
is a function of many parameters determined by the radiation conditions and the propagation of acoustic
oscillations. The multi-factor model of integral pressure can be described by the energy balance equation,
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which includes: the pressure at the recording point at distance r from the source; the frequency-
dependent acoustic pressure of the vibrator;the absorption of infrasound depending on the distance
determined by the inhomogeneity of the atmosphere and the state of the Earth’s daily surface; the
pressure at the recording point as a function of meteorological parameters: the pressure resulting from
the spherical divergence of the wavefront. In general case obtaining of estimates of integral pressure
in analytical form is difficult, since there are no full a priori data about the meteorological conditions
along the long propagation path of acoustic oscillations. There are also factors due to the peculiarities
of absorption of the energy of acoustic oscillations caused by the presence of forested areas, snow
cover, and geological irregularities of the Earth’s daily surface (hills, mountains, etc.) along the long
propagation path of acoustic oscillations.

One way to avoid prior uncertainty is obtaining the estimates of integral pressurein experiments
with seismic vibrators as emitters of infralow-frequency acoustic oscillations. The both (analytical and
experimental) variants are considered in the present paper. The results of the works are illustrated by
data of numerous experiments and numerical calculations.

Key words: geoinformation technology, acousto-seismo-meteo fields, interaction, seismic
vibrators, technogenic and natural explosions, geoecological risk, prediction.

References

1. Adushkin V. V., The main influencing factors of open cast mining on the environment //
Gornyzhurnal. 1996. N 4. P. 49-55.

2. Adushkin V. V., Spivak A. A., Solov’yov S. P. Geoecological consequences of mass chemical
explosions in quarries // Geoekologiya. Inzhenernaya geologiya. Gidrogeologiya. Geokriologiya. 2000.
N 6. P. 554-563.

3. Khairetdinov M. S., Avrorov S. A. Detection and recognition of explosion sources // Vestnik
NYATS RK (NNC RK Bulletin). June 2012. 1. 2. P. 17-24.

4. Modern and Holocene volcanism in Russia. Ed. By Laverov N. P. Moscow: Nauka, 2005.

5. Alekseev A. S., Glinskii B. M., Kovalevskii V. V., Khairetdinov M. S. et al. Active seismology
with powerful vibrational sources / man. ed. G.M. Tsibulchik. Novosibirsk: ICM&MG SB RAS, ,,Geo*
Br. of the SB RAS Publ. House, 2004.

6. Alekseev A. S., Glinskii B. M., Dryakhlov S. 1., Kovalevskii V. V., Mikhailenko B. G., Pushnoi
B. M., Fatianov A. G., Khairetdinov M. S., Shorokhov M. N. The effect of acoustoseismic induction
at vibroseismic sounding // Dokl. Akad. Nauk. 1996. V. 346. N 5. P. 664-667.

7. Zaslavskii Yu. M. Radiation of seismic waves by vibrational sources. Institute of Applied Physics
RAS, Nizhny Novgorod, 2007.

8. Alekseev A. S., Glinskii B. M., Kovalevsky V. V., Smagin S. I., Fatianov A. G. et al. Methods
for direct and inverse problem of seismology, electromagnetism and experimental investigations in
problems of studying geodynamic processes in the Earth’s crust and upper mantle / Editors-in-Chief:
Academician Mihajlenko B. G., academician Epov M. 1., 2010.

9. Glingkii B. M., Kovalevsky V. V., Khairetdinov M. S. Relationship of wave fields from powerful
vibrators with atmospheric and geodynamic processes // Russian Geology and Geophysics. N 40 (3).
P. 422-431.

10. Gulyev V. T., Kuznetsov V. V., Plotkin V. V., Khomutov S. Yu. Infrasound generation and
propagation in the atmospheric during operation of high-power seismic vibrators // Izv. Akad. Nauk
SSSR. Physics of Atmosphere and Ocean. 2001. V. 37. N 3. P. 303-312.

11. Brekhovskikh L. M. Waves in layered media. Moscow, Nauka, 1973.

12. Razin A. V. On Propagation of sound in an inhomogeneous moving atmosphere // Izv. Akad.
nauk SSSR. Physics of Atmosphere and Ocean. 1982. V. 18. N 6. P. 674-676.



M. C. Xatipemodunos, B. B. Kosaaescrut, I M. Bockoboiinuxosa, I". @. Cedyruna 3

13. Gubarev V. V., Kovalevskii V. V., Khairetdinov M. S., Avrorov S. A., Voskoboinikova G. M.,
Sedukhina G. F., and Yakimenko A. A. Prediction of Environmental Risks from Explosions Based on
a Set of Coupled Geophysical Fields // Optoelectronics, Instrumentation and Data Processing. 2014.
Vol. 50. N 4. P. 3-13.

14. Khairetdinov M. S., Kovalevsky V. V., Voskoboynikova G. M., Sedukhina G. F. Estimation
of meteodependent geoecological risks from explosions by means of seismic vibrators // Seismic
technologies. 2016. N 3. P. 132-138.

15. Isakovich M. A. General Acoustics. Moscow: Nauka, 1973.



QR 1pobaemn ungopmamunu. 2018. N 4

BUBPAIIVMMOHHA YA TEXHOJIOT'NA AKTUBHOI'O
MOHUTOPUHIA B I3YUYEHNU B3ANMOJIEVNICTBU I
IT'EOPU3NYECKUX ITIOJIEN

M. C. Xaiiperaunon, B. B. Kosasiescknii, ['. M. Bockoboitnukosa, I'. @. Cemxyxuna

NucTuTyT BRIYUCINTEIBHON MaTeMaTuku u Maremarundeckoit reopmsnkn CO PAH
630090, Hosocubupck, Poccus
*HoBocubupcKuii rocyJapcTBeHHbI TeXHUIeCKUil YHIBEPCUTET
630092, HoBocubdbupck, Poccus

VIIK 534:621.382

PaccmarpuBaerca mpobiiema m3ydeHus: B3aUMOIEUCTBUAA TEOMUINIECKUX IO PA3HON MPUPOIBI
Ha OCHOBE TIPEJIJIOYKEHHOI0 aBTOPaMU BUOPO-CeHCMO-aKyCTHIECKOTO METOIA 30HIUPOBAHUS TPUPO/I-
HO# cpeasl. OBOCHOBBIBAETCH TTPUMEHUMOCTE TOAX0/a, JIJI TPEeNCKA3aHus NeOIKOJOTUIECKUX PUC-
KOB, MOPOKJAEMBIX TEXHOTEHHLIMIA W TPUPOTHLIMU B3pLIBaMu. B KadecTBe OCHOBHBIX MCTOUYHWKOB
30HAUPOBAHUA IIPU TOM HCHOJIL3YIOTCH MaJ/IOMOIIHbIE B CPABHEHMU C MOLIHBLIMWU B3PbIBAMU Celi-
cMUYeCKre BUOPATOPBI, UTO OMpe/esisdeT UX BBICOKYI0 SKOJOTMYHOCTb B PEIIEHUH 33724 aKTUBHOTO
MOHUTOPHUHIA, IPUPOIHON U TeXHOreHHOH cpejbl. [IpuBoggaTCs pe3ybrarsl UCCAEI0BAHUN 110 U3Y-
YEHUIO B3AUMOJECHCTBUSA CEUCMUYCCKUX, AKYCTUUYECKUX U METEO HOJICH C HPUJIOZKCHUEM K DEIICHUIO
3aJa91 OIIEHUBAHUS Te09KOJOTMIECKUX PUCKOB I COTMAIBLHON cpenbl. Pe3yrbTaThl uccaenoBanmit
000CHOBBIBAIOTCS TEOPETUIECKHU W IKCIEPUMEHTATIBHO.

Korouessbie ciioBa: akycro-ceficMUIeCKue T0JId, METEOTIO I, TEONH(DOPMAITMOHHAS TEeXHOTOTH,
dyHIaMeHTaIbHBIE B3AUMOJEHCTBYSA, ceiicMudeckue BUOPATOPHI, TEXHOTEHHBIE U IIPUPOTHBIE B3DbI-
BbI, '€03KOJIOTMYCCKUE PUCKHU, IIPOTHO3ZUPOBAHNE, IKCIICPUMEHTAJIbHBIC UCC/ICLOBAHNA.

Beeaenune. Muorue npupo/inbie 1 TeXHOT€HHBIE HPOIECCHl CeHCMUIECKON MTPUPOJIBI COMPO-
BOXKJIAIOTCS 0DOPa30BaHUEM COIPS>KEHHBIX IIpoleccoB B arMocdepe. B mepByio odepenb 3T
KacaeTcss oOpa30BaHUs aKyCTHYECKUX MoJeit. B KadecTBe mpumepa Ha puc. 1 HmpoIecc akyc-
THYECKOI0 BO3MYIIEHUS aTMOChepbl ULIIOCTPUPYETCS 110 OTHOIIEHUIO K TPEM Pa3HbIM UCTOY-
HUKaM — TEeXHOTeHHOMY 3eMJIeTDSICEHHIO (SMUIEHTD — YroJbHbIH paspe3 ,Bauarckuii, nara
19.06.2013, marautyna 5.3-5.6), ceiicmoBubparopy 11B-40, mouroHHBIM B3pbIBAM MAJIOI MOIII-
HocTu. [IpuBejieHHBIE 3alIUCH OTPAXKAIOT MPOIece 00pa30BaHKusa aKyCTHIECKHUX BOJIH, COPOBOK-
JIAIONIUX TTPOIECChl U3JIYUYeHUs ceficMuIecKuX BOJIH. [Ipu 9TOM ypOBHM aKyCTHYECKHX BOJH B
OTJICJIbHBIX CJIydasX COIMOCTAaBUMbI, & WHOI/IA BbIlE ypOBHEN ceiicMuueckux. B 1mepByio odve-
pe/ib 3T0 OTHOCHTCS K MOBEPXHOCTHBIM B3PBIBHBIM HCTOYHHKaM (puc. 1, ¢). D10 onpemenser
HEOOXOIMMOCTD YUeTa aKyCTUUEeCKUX BOJIH HAPSLy ¢ CEHCMUYECKUMHU B 33/1a9aX aKTHUBHOIO T'e€0-
dpu3mIECKOro MOHUTOPUHTA OKpyzKalomieit cpebl. C TOYKM 3peHus TpeboBaHUs SKOJOIHIECKOM
YUCTOTHI IPOIECCa MOHUTOPUHTA B KAYeCTBE UCTOUYHUKOB JIJIsI 9TUX IeJiell Hanboiee moIxoIsIm-
MU SIBJISIOTCH HU3KOYACTOTHBIE CeCMUYeCKrue BUOPATOPbI, KOTOPbIE U3HAYAIbHO ObLJIM CO3/1aHbI
118t TIy6uHHOTO BUOparmoHHoro 30HupoBanus Semin (BII3). V ucTtokos cranoBienns u pas-
BUTHsI paboT 110 310ii mpobiteme crosan A. C. Anekcees, A. B. Hukomaen, 1. C. Ununawun [1-4].
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a) 3aIMCh 3eMJICTPSICCHUS Ha 0) 3amMch CEHCMUUECKHUX U C) 3aIiCh TECTOBOTO
yaaneHun 205 kM (3MULEHTP — aKyCTHUUYECKUX KoseOaHuil IIOBEPXHOCTHOI'O B3pBIBA MAaCCOU
Crapo-Bauarsr 19.06.2013) BuOpatopa 1[B-40 Ha ynaneHun 3apsana 200 r Ha ynajgeHun 956 m
50 km

Puc. 1. Bammcn ceficMutIecKnX W aKyCTUYIECKWX BOJH OT PA3HOTO KJIACCa MCTOYHNKOB

B paszButTune paboT TeOpeTHYeCKH U SKCIEPUMEHTAJIBHO MOKA3aHO, YTO ceficMuyeckue BUOpATO-
pbI Hapsly ¢ U3JIy9eHUEeM CefiCMUYeCKUX BOJIH OJIHOBPEMEHHO M3/IYyYal0T aKyCTUYEeCKHE BOJIHBI
uH}Pa3ByKOBBIX 9acToT |5, 6|, 9TO ompemesseT UX YHUKATBHOCTh B KAYECTBE HCTOYHHKOB AK-
THBHOTO aKyCTHYECKOTO 30HIUPOBAHUs BO3IYIIHON cpelbl. B TakoM KadecTBe OHU He MMEIOT
AHAJIOTOB B MHpe. YKa3aHHOe CBONCTBO MCTOYHUKOB MO3BOJISIET MPOBOIUTH HCCIEIOBAHUS TIO
PEIIEHUIO PsiJia FIKOJOIHIECKUX 33/1a4, CBA3aHHbIX C BO3JICHCTBUEM aKyCTUYECKUX KoJjieDaHuil, B
9aCTHOCTH, HH(PPaA3BYKa HA CONMAIbHYI0 NHMOPACTPYKTYPY U 4dejioBeka. [Ipu sTom moapasyme-
BAIOTCS MeOIKOJIOTHIECKHE PUCKU KaK OJuH n3 (PaKkTopoB BozjeiicTrus. Buibop ceificMudeckux
BHOPATOPOB B KaUeCTBe MHCTPYMEHTApHA aKyCTHIECKOr0 30H/INPOBAHIS aTMOChEPHI Opeiess-
eT HeoOXOMMMOCTD U3YUeHHS TTapaMeTPOB MPOTecca JAJIbHET0 PACIPOCTPAHEHH aKyCTHIECKHX
BOJIH, & TaKKe 00pa3yoIuXCcs PU ITOM METEO3aBUCUMbIX (pusndecKux spjienunii. K yuciy no-
CJICJTHAX OTHOCHUTCS $BJIEHUE TTPOCTPAHCTBEHHON (DOKYCHPOBKH aKyCTUYECKUX BOJIH. B cBa3m c
3TUM B paboTe MPUBOIATCS PE3YAbTATH UCCACTOBAHUN 10 STHUM HAIIPABICHUSIM.

1. 'enepanug u pacupoCTpaHeHUE aKyCTUYECKNX BOJIH OT CeCMUYIeCcKOro Bubpa-
topa. [lorHaa MomHOCTh HHMPA3BYKOBOIO U3IyUeHNs aKyCTHIeCKUX KoJiebaHuil BUOpaTopa B
armocdepy W opueHTUPOBOYHO MOKET OBITH OIeHEHA JIJTS CJIydasi, KOTJA CKOPOCTD aKyCTIIe-
CKOI BOJIHBI C, PaBHA CKOPOCTH MOIEPEYHOI CeliCMUYeCKON BOJIHBI Uy, T. €. Cq = Ug, & CKOPOCTD
IIPOIOJILHON BOJIHBI COCTABIACT U = V/3v,. B 9TOM ciiyuae aKyCTHYeCKasi MOIIHOCTh M3JIyde-
HUA B arMocdepy U MONTHOCTDH U3IYyYeHH MPOIOTbHON ceiilcMIIecKOil BOTHBI COOTBETCTBEHHO
coctapar [6]: W = 3,16 - p,F*w? /mp*vs, WP = 0,085F%w?/mpus. 3aech pg, p — IIOTHOCTD
BO3J/IyXa M IPYHTA MO UCTOYHUKOM; F' — BO3MYIIAIONIAS CUJIA UCTOYHUKA, W — JACTOTA U3JTY-
JeHusd, v, — CKOPOCTb NPOJOAbHBIX BOIH. I3 cpaBHenns npuBeeHHbIX COOTHONIEHHIT cieyer,
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aro W /WP ~ 0,02. Tak manpumep, eciu F' = 1001, f = 10 Tu, p, = 1 kr/m3, p = 2000 kr/m3,
ca = 340 M/c, v, = V3¢, = 590 M/c, Torma WP = 1500 Br, W* = 30 BT.

Taxum 06pa3oM, akycTHUECKasi MOIIHOCTh U3JIydeHus: cocTaBuT Juib 30 BT. Hecmorps Ha
3HAYUTEIBHYIO PA3HUILY B COOTHOITEHUU U3/IYYaeMbIX MOITHOCTEH, aKyCTHIeCKIe KOJIeOAHI OT
BUOPATOPA IPHU OMPEJIEIEHHBIX METEOYCIOBUSIX MOTYT PACHPOCTPAHSITCS U PEruCTPUPOBATHCS
Ha 3HAYATESbHBIX YJIAJEHHSIX OT UCTOYHHKA [7-8]. DT0 00bICHSIETCS TeM, 9TO aKyCTHIeCKHe
BOJTHBI B aTMOC(epe 3aTyXaloT B MEHbIIel CTeMeHn B CPABHEHUN C CeHCMUYIECKUMU BOJIHAMHU B
3emMJIe, obJiaaaronieit 6oee BRIpaXKeHHONH HEOAHOPOITHOCTBIO reodu3nuecKoro crpoenns. ab-
HEMY PacIpOCTPAHEHHIO aKyCTHIECKHX BOJH CIOCOOCTBYET psi APYIUX OJarONPHATHBIX (DH-
3UYeCKUX (DAKTOPOB: MPU3EMHOE PACIPOCTPAHEHNE AKyCTHYECKOTO BOJHOBOrO (pponTa OJ1ar0-
Japs ABAEHUIO TeMIIepaTyPHO WHBEPCUH, CBA3AHHOMY ¢ 00pa30BaHNEM HU3KOTEMIIEPATYPHOTO
CJIOS BO3/IYXa Y TOBEPXHOCTH 3eMJIM IIPU MePexXojie 0T XOJOJHOH HOYHM K Teraomy o [9]; me-
TeobaKTOpHAS 3aBUCHMOCTD, 00YCI0OBINBAIONIAS BO3pACTAHIE CKOPOCTH PACIPOCTPAHEHHUS aKy-
CTHYECKON BOJTHBI M aKYCTHYECKOTO JIaBJICeHUs IPU COBIAIeHIN HAIIPABICHUN pacIpoCTpaHeHUs
aKyCTHYIECKOI'O BOJTHOBOIO (pouTa u Berpa. Cloja xKe cjepayer OTHECTH MET€03aBUCUMOCTD OT
BraxuocTu. [l s1ux hakTopos ¢ yaerom [9] 3aBHCHMOCTH aKyCTHYECKOTO TABJIEHHS, KOTODOEe
HeceT B cebe BOTHOBOI DPOHT, MOXKeT OBITH ITPEJICTaBIEHa B BUIE

p= 5(331 + 0,6t + 0,07 + wo cos p)*. M)

31ech t, e — TeMIepaTypa u BJIaKHOCTH BO3/IyXa COOTBETCTBEHHO, Wy — CKOPOCTDb BETPA, (© —
YTOJI MeYKJy HallpaBjieHHeM (ppoHTa PACHpOCTPAHEHUS aKYyCTUYECKONH BOJIHBI U HAIPABICHUEM
BeTpa, p, — IJIOTHOCTD BO3IYXA, Y = C,/¢, — KOI(DDUIMEHT, XapaKTePU3YOMUi OTHONICHHE
TEIIOEMKOCTEH cpeibl IpH HocTosHHOM Jasiennu (C),) n npu mocrosaHoM obbeme (C).

JlanmbHeMy pacnpoCTPAHEHHIO aKYCTHYECKUX BOJIH Ha OOJIBIIME PACCTOSHUS CHOCOOCTBYET
SIBJICHUE OTPAXKEHMS aKyCTUYECKUX BOJH OT BepXHUX cjioeB armocdepnl. Ha puc. 2 npuBojugrcs
TEOPETUYECKN PACCUYUTAHHBIEC TPACKTOPHH UH(MDPA3BYKOBBIX BOJH, MOCTPOEHHBIE C yY€TOM -
dexTOB OTpaKeHud Ajg ycaoBuil arMocdepsl, OJU3KUX MO BPeMeHH K 9KCIePUMEHTATbHO BBI-
HOJITHEHHBIM CeaHcaM BHOPAIMOHHOTO 30H/IMPOBAaHUS Ha JHHEHHOM Mpoduie MpoTaKeHHOCTHIO
100 k™ [8]. Ha puc. 2, a, npeacrasiensl BbicoTHble poduan Temnepatypsl T (°C), KOMIOHEH-
ThI TOPU30HTAIBHOIO BeTpa Uzr(M/c) BIOIb HANpaBIeHUs] HCTOYHUK-IPUEMHUK. Kak cie/yer
U3 pacyeToB, YBEPEHHAsd PErHCTPAIMU OTPAKEHHBIX aKyCTUYECKUX BOJH MOXKET MPOUCXO/IHUTD
Ha JaabHOCTSX B paiione 50 m 100 KM OT MCTOYHHKA. DTO O0BACHIET MPHHIUIHAILHYIO BO3-
MOYKHOCTB PETHCTPAIAN CJIA0BIX aKyCTHIECKHX BOJH HA OOJIBIUX JAJbHOCTSX.

DKCIePUMEHTATBHBIM MOATBEPKIEHUEM ITOTO BBIBO/IA ABJISIOTCS PE3YIBTATHI OTHOBDEMEH-
HO¥ perucrpanuu 1 o0padOTKU CECMUYECKUX U aKyCTUYECKUX BOJIH C IOMOIIBIO B3aUMOKOPPe-
JSAUOHHON cBePTKHU [4] IPOAOIKUTENbHBIX BO BDEMEHH CEHCMUYECKUX M AKYCTHYECKUX KOJIe-
Gauuit (puc. 3) or nearpobekuoro subparopa 11B-40 Ha auHeitnoM mpoduie MPOTAKEHHOCTHIO
100 g™ (puc. 4).

B cBepTKe B KauecTBe OMOPHOTO UCHOIB3YETCS CUTHAJ, TOBTOPSIONIUI 110 hopMe 30HIHPYIO-
Ui CUTHAJ BUOpaTOpa B Aualna3oHe yactoT 6,25-9,57 I'n. Ha puc. 3 npeacraBieHbl pe3yIbTaThl
ceeprku Jyis yuajenunii 0,2, 10, 48, 90 km. Paccrosnusa nmomedennt cjieBa or pucynka. Ha yna-
jgenusx 0,2, 10, 90 KM BUIHBI pe3yJIbTaThl BbIJEICHU aKycTuueckux BoyrH. Ha yipamenunn 48 kv
KaHAJIbl TPEXKOMIIOHEHTHOT'O CeCMIIECKOro JaTuuKa X, V, Z Ha BpeMeHu 8,27 ¢ WITICTPUPY-
IOT BCTYILIEHUs] TPOJOJIBHBIX CeHCMUYIECKUX BOJH, a Ha BpeMeHH 146 ¢ — aKyCTHYECKWX BOJIH.
CoOoTBeTCTBYIONIW TUHEHHBINH TPOMUIH perHcTPalud 000UX TUTIOB BOJH MIPOTIKeHHOCTHIO 100
KM IIpeJicTaBjeH Ha puc. 4.
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pUXOoAay aKyCTUYEeCKUX BOJIH
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Puc. 4. Jluneitabiit mpodusib perucTpanuy CeHCMIIECKUX W aKyCTUIECKUX CUTHAJIOB

C yuyeroM MOJy4YeHHBIX JTaHHBIX KCIIEPUMEHTOB Ha rpadurax puc. 5 B Jjorapudmudec-
KOM MacIrTabe IpuBeeHbl HOPMIPOBAHHBIE 3HAUEHNS YPOBHEN aKyCTHIECKUX W CEHCMUIECKHUX
BOJIH, a TaK»Ke IIYMOB, IOJYYEHHBIX B OTJEIbHBIX TOYKaX perucrpanuu. ['pacduku ypoBHeit
BOJIH HOPMHPOBAHBI 10 OTHOIIEHUIO K YPOBHIO BOM3U BHOpaTopa Ha yxaaenun 200 M. Kax
caeyeT U3 SKCIePUMEHTAIbHBIX JAaHHBIX, YCpeaHeHHoe ocaabyieHne CHIbl 3ByKa | B mpegenax
100 kM cocrasasger 4 mopsaxa, T.e. B genubesax 3ro cocrasut: D = 101g10* = 40 x6. Co-
OTBETCTBEHHO, OTHOCHTEIbHOe 3aTyxaHue coctaBut 0,4 16/km. [IpuHuMas BO BHHMaHHe, 4TO
BCJIEJICTBHE I€OMETPHYECKOI'0 PACXOKJIEHHS CHJIA 3BYKa yOBIBAeT OOPATHO-IIPOHOPIUOHAIBHO
KBaJIPaTy PACCTOAHUA OT MCTOUHMKA, B JaHHOM ciaydae B 1002 pas (40 16), HPUXOIUM K BBI-
BOIY O TOM, 9TO Ha HH(PPAHU3KHX YACTOTAX OCJA0JIEHHEe 3BYKA MO PACCTOSHUIO HPAKTHUYECKH
ornpeiesieTcss yKa3aHHbIM (DaKTOPOM. DTO O3HAYAET, YTO B ITOM CJIydae MOIJIONEHUE aKyCTH-
9eCKOil Heprum B arMocepe Urpaer MeHee CYIECTBEHHYIO POJib. JTO ONpesesser MeHHOCTh
npuMeHeHnsT THOPAHU3KUX YACTOT I PENeHnsT Psia MPaKTHIECKUX 3a1a9 TeodU3nIecKOro
MOHUTOPHUHTA, B YaCTHOCTH, B U3YUYEHUU NPOOJIEMBI B3aHUMOICHCTBHUS reOpU3MIECKUX IIOJICH,
paccMaTpuBaeMoil B JaHHOI pabore.

Teoperuueckuii jiorapudmuydeckuii K03 UIMEHT 3aTyXaHusd OLEHUBAECTCH B BUJIE: (v =
(101g I, — 101g 1) /(re — r1), vme Iy, Iy — MHTEHCHBHOCTH 3BYKa Ha PACCTOSHHSX T1, Ty COOT-
BeTCTBEHHO. B TO ke Bpemsi koaddunuenT o nmeer KBaAPATUIHYIO 3aBUCUMOCTD OT YaCTOTHI,
T.e. @ ~ fo. DTO O3HAYAET, YTO IPH MEPEXOe ¢ YACTOTH 30HIANPOBaHUA aTMocdepsl oT 10 I'n
j0 100 ' ypoBenb ocyradjieHusT aKyCTHYECKON BOJIHBI B OJHOM W TOH 2Ke TOYKE COCTABUT JIBA
nopgaaka, T.e. 100 pa3. C ydeToM 000UX paccCMOTPEHHBIX (PaKTOPOB OUYEBUIHO TPEUMYIIECTBO
paboThl HA MH(PAHU3KAX YACTOTAX [IjId U3YyUYEHUs B3auMOJeHcTBUl reousnydeckux mnojeil na
3HAYUTEJbHBIX (MHOTO GOJIbINE JUIMHBI BOJIHBI) YIAJTEHHSIX OT HCTOYHUKA.

MeteozaBucumbie haKTOPbl pacIpOCTPAHEHUS aKYCTUHIECCKUX BOJH OOYCJOBIUBAIOT PAa3BU-
THEe TPAKTUIECKH BayKHOT'O ABJIEHUS IIPOCTPAHCTBEHHON (DOKYCHPOBKH aKYCTHYECKHX KoJeda-
uuit B armocdepe [10, 11, 12, 13]. OuncsiBaercst Takoe sBJIeHHe ¢ TOMOIIBIO parmopa Poky-
cuposky |10], pABHOr0 OTHOIIEHUIO HHTEHCHBHOCTH WH(MPA3BYKA B HEOTHOPOAHOMN JABUKY IIEHCsI
cpejie K MHTEHCUBHOCTH ero B 6e3rpaHuvHOll HENOIBUKHOII cpejie:

f =1 [Z7‘97¢] /]07 (2)

rie cepudeckue yriabl 6 (3eHUTHBINA yToa) U ¢ (A3UMYT) XapaKTepu3yIoT HAYAIbHOE HATIPAB-
JIEHHE JIy4da OT MCTOYHHKa 110 OTHOIICHUIO K BepTI/IKaﬂbHOﬁ KOOp/iuHaTe 2 " FOpI/IBOHTaJIbHOﬁ
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Puc. 5. I'padukn 3aTyxanus aKyCTHUECKHX U CEACMUYECKUX BOJH IO JAJIBHOCTH

ocu x coorBercTBerHo |2, 3|. TIpu 9TOM HampaBjieHHe MOCJeJIHeNl COBNAIACT ¢ HANPABICHUEM
Berpa. Jljisg oneHuBanus mapaMeTpoB SBJICHUS IPOCTPAHCTBEHHON (DOKYCUPOBKU IKCIIEPUMEH-
TaJIBHO Oy YeHbl Tpaduku (puc. 6) a3uMyTaJIbHON 3aBUCHMOCTH aKyCTHIECKOTO JTABJIEHUS /15T
cJaydaeB KPYroBoil pacCTaHOBKH JATUYMKOB M UCTOYHHUKA B IEeHTPe Kpyra: rpaduk 1 — jid Bub-
paropa [IB-40 u paamuyca kpyra 6 KMm; rpadpuk 2 — i B3pbIBa ¢ TPOTUIOBBIM IKBUBAJICHTOM
125 kr u paamyca xkpyra 10 kM. 3HaYeHUs JaBJAeHHN OT B3pbIBA IPUBEIEHBI HA OCH OPJIUHAT
cjieBa, Jiyid BuOparopa — cupaba. MakCUMyMbl NPUBEJIECHHBIX 3aBUCUMOCTEH COOTBETCTBYIOT
CJaydasiM COBIAJEHUs HAlpaBJIeHUil (DPOHTA PACIPOCTPAHEHUS BOJIHBI U BETPA M B KOHETHOM
UTOTe XapaKTepU3yIoT HalpaB/jeHne TJIABHOTO yaapa WHMOPa3BYKOBOW BOJIHBI Ha OKPYIKaIOIINe
00bekTHI. [losrydennbie rpaduki XapakKTepu3yIoT ABHO BBIPAXKEHHYIO 3aBUCUMOCTH aKyCTHYe-
CKOI'0 JIABJICHHSI OT COOTHOINEeHHs ODOMX a3MMyTaJIbHBIX HampapieHuit. KoaudecTBeHHO -
deKT HAPaBJIEHHOCTH XapaKTepu3yercs HUPUHONR pacKpblBaHUus (DYHKIUU HALPABJIEHHOCTH
B a3UMYTaJIbHOM HallpaBJICHHUH, OTCYHUTHLIBAEMOI1 Ha yYpoBHE 0,7 OT MaKCHUMAJIbHOI'O 3HAYECHUI.
[To orHomenwnto Kk BuOpaTopy ero 3uadenne cocrapasier 60 rpajg. C yueToM npuBeIeHHOTO Tie-
pepacipeesieHAs aKyCTHIeCKOro JIaBIeHUs MO HMPOCTPAHCTBY CJieyeT BaKHBIM BBIBOJ, YTO
BO3JeiicTBIE WHMPA3BYKA JlazkKe OT MaJIOMOIIHBIX B3PBIBOB MOYKET CTAHOBHUTCS IKOJIOTHYECKH
OTMACHBIM BCJIEICTBUE METEO3aBUCUMOTO MHOTOKPATHOTO YBEJUUEHUS MOTOKA SHEPTHU B OMpe-
JIeJICHHOM Harpajiernu. B vactnoctu, rpaduk 1 myuocTpupyer COOTHOIIEHIE MAKCUMAJILHOTO
1 MUHUMAJILHOTO 3HaUeHWil fAaBjeHnii, papaoro 5H0.

C momoInpio ceifcMuaeckux BuGpaTopoB — rujpopesonancuoro tuma 'PB-50 [4] — Bbi-
HOJTHEHBI 9KCHEPUMEHTHI 110 perucTpanuu (peHoMeHa TeMIepaTyPHOl MHBEPCHH B IPU3EMHOM
HU3KOTEMIIEPATYPHOM CJI0€ BO3JAyXa B YTPEeHHHE Yachl MPH Mepexoe ¢ HOUM KO JHI0. JKCIe-
PUMEHTBI BBIIOJIHSAIUCH C IPUMEHEHUEM U3J1yYeHUN CeCMUYeCKUX U aKyCTHYeCKUX KO/j1e0anmii
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Puc. 6. AsumyTaanHas 3aBUCUMOCTh aKyCTUYECKOTO JABJICHUS IJIT KPYTOBOH PACCTAHOBKY JATUYNKOB U
HUCTOYHUKA B IeHTpe Kpyra: rpaduk 1 — mia subparopa 1IB-40 u paguyca kpyra 6 km; rpacduk 2 — mis

B3PbIBa C TPOTUJIOBBIM 3KBUBaJIeHTOM 125 Kr m pajnyca Kpyra 10 km

Date Time Z X

30.09 00:50 reifjesetnee . -
30.09 03:50 weffjbeetmen - -

30.09 06:55 '

Puc. 7. 3anucu ceiicMuiecknx u aKyCTUIECKUX BOJIH B HOYHOE W YTPEHHEE BPEMsi, M3JIyIaeMbIX BUOPATOPOM
I'PB-50 B quanasone yacror 3—7 'y na yjnasnenun 20 kM or ucrounuka. Ilepsble Beryiuienust Bosin (na 4-6 c)

COOTBETCTBYIOT CEfICMUYECKHM BOJHAM, Ha 5859 ¢ — aKyCTHYECKUM BOJHAM

B Jinana3one 4actor 3—7 ['m u paccrosgnun ,ucrounuk-—tpueMuuk 20 km. HacTublii pesyabrar
TaKOTI'0 IKCIEPUMeHTa IIpe/ICTaBJIeH Ha PHUC. 1.

3/1ech TpeJIcTaBIeHbl 3aPEerUCTPUPOBAHHBIE CelfiCMUIecKre BOJHBI Ha KOMIIOHeHTaX Z, X Ha
BpeMeHAaX TPUXOo/a BOTH 4-6 ¢ U aKyCTHIeCKOi BOTHBI Ha BpeMenu BeTymienus 60 c. Ciaesa ot
3armceil npeJicTaB/eHbl JaTa U HOYHbIE U yTpeHHue 4achl. Kak BUIHO U3 3aluceil, BOSHUKHOBE-
HHE aKyCTHYeCKOH BOJHBI IPOUCXOJAMT MPH CMeHe HOYM U JHs (B JaHHOM CJydae Ha BpeMeHH 6
dac 55 mMuH). Takum 06pa30oM, XOPOIIO MPOCIEKHUBACTCsI IPOSIBJICHAE SBJIEHHs TeMIEPATyPHO
WHBEPCUU B MPU3EMHOM CJIO€ BO3/IyXa.

Brusinue BIaKHOCTH BO3yXa HAa YPOBHH aKyCTHYECKHUX KOJIeOAHUI ONEHUBAIOCH B CEPUU
skcnepumMenToB ¢ uOparopom [IB-40 na ynanenwn 50 kM. /luanaszoH 4acToT 30HAMPYIONIAX
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Puc. 8. Yposuu akycrudeckux kojebanwnii Buoparopa CB-40 B 3aBuCHMOCTH OT BJIAXKHOCTH HA, yaajaeHuu 50 KM

KoJiebanuit B 3roM caydae coctasus 6,25-11,23 I'n. Ha puc. 8 npejcraBieno MHOXKECTBO W3Me-
PEHHBIX 3HAYEHUN aKyCTHUIECKOI'O JIABJICHHS B 3aBHCHMOCTHU OT BJIAYKHOCTH.

KpuBasg MakcuMaJIbHBIX 3HAYCHHH aKyCTHYECKOTO JaBJCHHS XapaKTepuzyeT 2—3-KpaTHoe
Bo3pacranue ero 10 95 %, nocse wero upoucxomur cuag. Cuax MokeT ObITh 00bACHEH HAPAC-
Tammeﬁ IIJIOTHOCTBIO BJIaKHOCTH B BO3AyXe€, YTO BBI3BIBACT IIOBLIIIIEHHOE pacCedHHue U IIOIJIO-
IIEHUEe aKYCTUYeCKON 3HEePruu.

3aksrouyeHue. Paccmorpena mnpobsema B3auMojeiicTBUs reoU3UIeCKUX IoJell pa3Hoi
HPUPOABI HA OCHOBE IPEI0KEHHOI'0 aBTOPAMU BHOPO-CEHCMO-aKyCTUIECKOTO METO/a 30HIH-
POBaHUSI IPUPOIHOIN Cpeabl B cucTeMe auTochepa—aTMocdepa.

TeOpeTI/IqGCKI/I 1 3KCIIEepUMEeHTaJIbHO O6OCHOBaHa IIPUMEHUMOCTD IIOAXOa JJIA IIPpeJCKa3aHu A
I'e€09KOJIOTHYECKUX PUCKOB, MOPOXK/IAEMbIX TEXHOT€HHBIMHU U TPUPOJAHBIMU B3pbiBaMu. [IpuBo-
JIATCS Pe3YAbTaThl UCCICTOBAHUIT 110 U3y YCHUIO B3AMMO/ICHCTBUA CEHCMUYIECKUX, aKyCTUICCKUX
U METeOIIO0JIeH ¢ MPUJIOKEeHUEM K PEIIeHHIO 3a/1a491 ONEeHUBAHUS M€OIKOJIOTHIECKUX PUCKOB JIJIsT
COIMAJIBHOI CpEbI.

B KaueCTBe OCHOBHBIX HMCTOYHHKOB 30HAUPOBaHUA HCIIOJIB3YIOTCA MAJIOMOIIHBIC B CpaB-
HEHUU C MOIMHBIMH B3PbIBAMHU ceficMu4YecKne BHOPATOPBI, YTO OMpPEAEeIsieT WX BBICOKYIO
9KOJIOTUYHOCTD M BBICOKYIO IIOBTOPSIEMOCTb PE3YJIbTaTOB SKCIEPUMEHTOB B PEIIeHHH 3a/1a4
AKTUBHOI'O MOHMTOPHUHIA HPUPOIHON U TEXHOIE€HHOHN CpeJIbl.
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