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B 2015 r. BO BpeMsi NpoBefeHUs celicMopa3BefoK Ha CeBePO-BOCTOHHOM LUefbge 0. CaxanvH y Ha B TOUKaX,
pacnofioKeHHbIX Ha FPaHULAax 1 BHYTPW PaioHOB /TIETHE-0CEHHEN0 HarynacepbiX KUTOB, MPOBOAUMUCK CTa-
LMOHapHbIE M3MEPEHNS BapyaLnii akyCTUYECKOro AaB/IEHMSA B YaCTOTHOM AnanasoHe 2—15000 My c gnHa-
MWYeCKMM gmana3oHoMm 145 gb. B akyCTUYeCKOM MOHWTOPWHIe 6bIn 3af4eiicTBOBaHbl 40 aBTOHOMHbIX
NoABOAHbIX perucTpatopoB. CymMmapHas MNpPOLO/HKUTENBHOCTb aKyCTUYECKMX WU3MepeHWi cocTaBuia
4312 cyToK. Llenblo npeAcTaBneHHOro B CTaTbe MOHUTOPUHTIA 6b1/10 NOy4YeHWe OLLeHOK NapameTpoB aKy-
CTMYECKNX MMMNYNbCOB, CHOPMUPOBAHHbLIX Ha Lefbje ceiicMopas3BefOYHbIMU CUTHANaMU U 3abUBKOIA
(hyHAaMeHTHbIX CBaii Ha 6epery, /11 MHOro(haKTOPHOro KOppensiLMOHHOr 0 aHam3a BANSAHUA aHHbIX pa-

00T U 1cCnefoBaHMii Ha MOBeAeHNe CepPbIX KATOB.

KntoyeBble €/10Ba: CEMCMOaKYyCTUYECKME U3MEPEHUS, PacnpoCTpaHeHNe UMMNY/bCHbIX aKyCTUYEeCKUX CUT-
HaN0B Ha LWenbe, ceicmopasBegka, 3abnBKa cBali Ha bepery

DOI: 10134/30320/219190/0166

BBEAEHWE

OcBOeHMe YrneBoLOPOAHbIX MECTOPOXAEHUN Ha
CEBEPO-BOCTOYHOM LLenbde 0. CaxannH CONPSXKEHO C
NOoTeHUMANIbHbIM  aKYCTUYECKUM  aHTPOMOreHHbIM
BO34eCTBUEM Ha paioHbl NeTHe-oceli Hero Haryna 3a-
nagHoin nonynsaumun cepbiX KUTOB, 3aHeCEeHON
“KpacHyt KHUry” P®. MHoro4ncneHHble Habnwge-
HUA rMoKas3anu, 4YTO BaXHbIMW palioHaMu neTHe-
OCEHHero Haryna cepbiX KMTOB [1,2) aBnswTca Men-
KoBogHaa (6—20 M) o6nacTb CeBepo-BOCTOYHOrO
wenba o. CaxanuH, npocTuparLasacsa Baonb bepera
N OTHOCUTENbHO rNy60KoBOAHbIN (30—50 M) Mopckoii
paioH NuTaHusa. YaliBUHCKNA, APKYTYH-JarnHCKuii n
OZONTUHCKUIA NNLEH3NOHHbIE YyY4acTKW Yr1eBo4OpOa-
HbIX MECTOPOX[AEHWI BKIOYAOT 4YacTb akBaTopuu
3TUX palioHOoB, W NMO3ITOMY' KOMMNaHuUA 3KcoH HedTe-
ra3/IumMmmTef Npy 0CBOEHU M AaHHbIX MECTOPOXAEHNA
NPoBOAMT 6MO00r0-aKyCTUYECKUA MOHUTOPUHT CO-
CTOSAHUSA JaHHOW NoNynsunmn cepbiX KUTOB, UX KOp-
MOBOW 6a3bl U YPOBHEe aHTPOMOreHHbIX aKycTuye-
CKMX LUYMOB Ha rpaHuuax u BHYTpWU paiioHOB UX feT-
He-OCeHHero Haryna.

PaunoHanbHOe 0CBOEHWE YrneBOAOPOAHbIX Me-
CTOPOXAEHMU TpebyeT aNM304UMYeCKUX NpoBefeHN
3-D n4-D ceiicmopa3BefjoK, BO BpeMsi KOTOPbIX 0CO-
Oblli aKLEHT fefaeTcsd Ha MOHUTOPUHT NapameTpoB
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aKyCTUYECKMX MMNYNbCOB, POPMUPYEMbIX B BOAHOM
cnoe ceiicMopasBefjOYHbIMW CUrHanamu, usny4yae-
MbIMWU KOMMJ/IEKCOM M3 cha3upoBaHHbIX MHEBMOMY-
wekK, 6yKcupyemblx 3a creynanin3mMpoBaHHbIM Cy[-
HOM, UAYWWUM N0 3ajaHHOMY TreoaKyCTUYECKOMY
npodunto [3). Kpome Toro, 3abmBKa PyHAaMEHTHbIX
cBail Ha 6epery opmmpyeT Ha wenbde HU3KOoYa-
CTOTHOe UMMYNbCHOE none [4), napaMmeTpbl KOTOPOTo
Haj0 Tak>XXe yYMTbIBaTb MPU NOCTPOEHUUN B 3aaHHOWA
aKBaTopuu LWenba IKCnepuMeHTasbHbIX U Teope-
TUYECKUX OLLEHOK YPOBHEWN aKyCTUYECKOM 3KCMNo3un-
UMW OT AaHHbIX aHTPOMOreHHbIX UCTOYHUKOB. Kak
npaBuso, BO BpeMs TaAKMUX UCCMeL0BaHNI NPOCTPaH-
CTBEHHbIE MAaCCMBHbIe aKYCTUUYECKNE N3MEPEHMNSA CO-
YeTaTCA C aKyCTUYECKUM MOHUTOPUHIOM, MPOBO-
OVMbIM B pealbHOM BpeMeHU (3) ¢ MOMOLLbIO aBTo-
HOMHbIX MOABOAHbIX aKyCTUYECKUX PerucTpaTtopoB
(ATTAP), OCHaleHHbIX MOBEPXHOCTHbIMU OysAMKM C
YNbTPaKOPOTKOBO/IHOBLIM —Y KB paguoTtenemeTpu-
YyeCKMM KaHanom [5), a TakXe CMNYyTHUKOBbIM
KaHanom Vpuguym [6).

B neTHe-oceHHUI nepuog 2015 r. roga KOMnaHu-
AMUM SKCOH HedTeras inmuTes n CaxanuH JHEPAXKN
MHBecTMemMT KomnaHu JITA. ¢ NOMOLWbLIO YeTblpex
creymann3npoBaHHbIX Cy40B MPOBOAUIUCE CEACMO-
pasBefoYHble MCCMNEA0BaHUA B Tpex palioHax, noka-
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Puc. 1. Kapra ¢ yKasaHvem Tpex parioHOB, B KOTOPbIX
NPOBOAWINCL ~ CEMCMOpa3BeloYHbIe  UCC/ea0BaHMA.
3Be3fo4KaMy  0603HAaYeHbl  TOYKM  PacrosioKeHUs
LLlenbtp-2014, 3Haukammn B BUe 6alleHOK —TO4YKN pac-
NOSIOXKEHUST HedpTeaobbIBAIOLLMX NIAT(OPM, 60bLLION
TPeYrosleHNK — 6eperoBoli MPOV3BOACTBEHHbIN KOM-
rnekc Odoptu-N. /1 Kaxkaoi TOUKX NPUBELEHO ee Ha-
3BaHVe.

3aHHbIX Ha puc. 1. Ha3ToM pucyHKe TakXXe MoKasaHbl
TOYKW, B KOTOPbIX C MOMOLLbK TMAPOGOHOB HOBbIX
ATTAP [6), HazBaHHbIX LLlenbh-2014, npaKTUYeCKM He-
npepbIBHO MPOBOAWU/INCL M3MEPEHUS Y IHA BapuaLuii
aKyCTMYecKoro gaBneHus p(l) B YacTOTHOM AManasoHe
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2—15000 Ty c gnHamuyeckum auanasoHom 145 ab.
Mocne akcnegmunm 3anucaHHble LLelbh-2014 Bapuna-
UMM aKyCcTMYecKOoro gaBneHus p(t) 6biam npoaHann-
3MpoBaHbl C MOMOLWLbIO CMeLuLHOro KoMmrmaekca
nporpamm, paspaboTaHHoro B TOW 1IBO PAH.
Llenbto aHanusa aBnseTcsa onpegesieHe napamer-
pOB aKyCTMYeCKOro mMmnysbca, chOpMUPOBAHHOIO
cecmMopasBefOYHbIM CUTHA/IOM WA yaapoM “Mofo-
Ta” no cBae, 3abnBaemoli Ha 6epery, B4aHHON TOYKe
MOHUTOPUHTra. TakKMMun napameTpamm ABNAIOTCA:
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3pecb p(r) — Bapuaumm aKycTU4YecKoro jasie-
HUS, N3MepeHHble TnapodoHom LLenbt-2014B820cm

HaZ AHOM B TOUYKE MOHWUTOpUHra, 7% — UHTepBas
BpeMeHU, Ha KOTOPOM cocpefoToUeHo 90% aHepruu

aKycTuyeckoro wumnynbca, p0= 1mkla, 0= 1c,
G {f) —nepnogorpamma Bapunauymnii />(/) Ha BpeMeH-

HOM MHTepBane " SP L (Af) —ypoBeHb cpefHe-
KBaApaTMYHOr03HaYeHMS aKyCTUUYECKNX LLIYMOB B Ya-

cTOTHOM gmanasoHe Af =fi - / BAab oTH. 1 mklla.

SEL,mp{Af) —ypoBeHb aKyCTWUYECKOr0 BO3AENCTBUS
WUNU aKycTUYecKas aKCMo3uLmsa B 4aCTOTHOM Auana-
30He Af Ha BpeMeHHOM WHTepBane B 4B OTH.
1mkMa2c.

JTa3alauaoc/ioXHsSeTCsA, Korga BMope paboTaroT
napannenbHO HECKO/TbKO CeiicMopa3BefjoUHbIX Cy0B
B OTHOCUTENIbHO 6/IM3KO PACMONOXEHHbIX paioHax.
Kpome Toro, Bo Bpemsi MpoBefeHUsi celicMopasBe-
JOOYHbIX UCCNEf0BAHUI B6IM3N PalioHOB KOPM/IEHUS
KUTOB, MOMUMO CTAHAAPTHOTO U3NyUYeHUsa Npu 4Bu-
YXEHUM cyaHa Nno reocakycTuyecKomMy Npouio, anu-
30ANYECKN MPUMEHSIIOTCS OTNyruBaloL e CUrHabl
MeHbLIeli MOWHOCTW, MO3TOMY MpPK 06HAPYXKeHUN B
3anucy p(r) HM3KOYACTOTHOFO aKyCTMUYECKOro um-
nynbca Hafo OLEHUTb He TONIbKO ero napameTpbl, HO
MonpeaennTb ero UCTOUHMK.

PesynbTaTbl onpefeneHns napaMeTpoB BCeX aKy-
CTMYECKUX UMMYNbLCOB, U3MEPEHHbIX Y flHA B TOUKAX
MOHUTOPWHIa BO BpeMs MpOBefeHWUs Ha wenbge
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celicMopa3BeA0YHbIX MCC/eL0BaHWI, B COr1acoOBaH-
HbIX (hbopMaTax nepefaHbl 6uonoram Ans McNosb3o-
BaHUA B MHOTO(YaKTOPHOM KOPPeNsAUuMOHHOM aHanum-
3e, 0CHOBAHHOM Ha HECKO/MIbKNUX MHOronapameTpuye-
CKUX MOAensx, KOTopble Ha OCHOBaHWU Kak
aKyCTUYEeCKUX, TaK N He aKyCTUYeCKMX napameTpoB
(nepemMelwieHNs 1 NoBefLeHUE KUTOB, baTuMeTpuue-
CKMWe napamMmeTpbl, NOrofAHbIE YC/I0BUSA U Ap.) NO3BONSA-
0T BbISSBUTb BO3MOXXHOE B/INSIHUA celicMOopa3Befoy-
HbIX UCCNeA0BAHNI Ha CePbIX KATOB, MUTAKLLMXCA B
JaHHbIX palioHax. B pa6oTe |7] npeacTaBfieHa MeTo-
AVKa W HeKOoTOopble pe3ynbTaTbl TakKoro aHanusa,
NpoBefEeHHOr 0 Mo pesynbTaTam aKyCTUYeCKMX n3me-
peHnii |8] nHabnwaeHWI 3a cepbiMN KUTaMU BO Bpe-
mMs 4-D ceiicmopasBefkKn Ha [MunbTYH-ACTOXCKOM
MeCTOPOXAEHUNN.

B 2010 rogy BO BpemMs NpoBeAeHNs ceincmopasBe-
[OYHbIX MUccnepoBaHui Ha JlebeguHckom (pacnoso-
XeH ceBepHeli OJONTUHCKOr0) JNLLEH3VNOHHOM
yyacTKe ¢ NMOMOLW b TPeX AOHHbIX LN(PPOBLIX aKy-
CTUYECKUX CTaHLMIA, CBA3AHHbIX C BeperoBbIM MoO-
CTOM 2.5-KM/IOMETPOBbIMU KabenbHbIMU IMHUAMMU,
OCYLLLEeCTBNANCA MOHUTOPUHI YPOBHEN aHTPOMOreH-
HbIX aKyCTUYeCKUX LIYMOB W rnapaMmeTpoB HU3KOYa-
CTOTHbIX aKYCTUYECKUX UMMY/IbCOB B PeXNME peasib-
Horo BpemeHu [9). B 2014 rogy npu opraHusaumu
aKyCTMYEeCKOro MOHUTOPWUHIa, NO 3ajaHni0 KoMna-
HUWM PoCHe(Tb, BO BpeMs MNpoBefeHUA MNOAOOHbIX
celicMopa3BeAoYHbIX UcCnefoBaHUA Ha YalBMHCKOM
NVLEH3NOHHOM Yy4acTKe aKyCTU4YecKue M3MepeHus
NPOBOAMNNCE BABYX TOUKAX C MOMOLLbI LUPPOBbLIX
aKyCTMUYeCKMUX CTaHLui, paboTarouwmx B aBTOHOM-
HOM pexume [10]. Ocob6eHHOCTb AAaHHbIX CEMCMO-
pa3BeflOYHbIX NPOEKTOB ABMAETCA TO, UTO NPohuaun
ceicmopasBefKun pacnonoXeHbl B MPUOGPEXHON 30He
MOpPS C BbIXOLOM Ha 6eper, Mpu aTOM OHW NepecekarT
NPUOpPeXHbI HarynbHbI paiioH KOPMJIEHUS CepbiX
KUTOB. B CcBA3W € 3TUM 6bI/10 NPUHATO peLleHne npo-
BOAUTb ceiicMopa3BefoYHble McCef0BaHNA C NOMO-
LWbIO CTALMOHAPHO YKNaablBaeMbIX HalHe N Ha bepe-
ry NpUeMHbIX TMHW, OCHALWLEHHbIX TMApooHaMU U
reooHamu, 4YTO MO3BOSIMMNO MNPUMEHUTL B MOpe
MHEBMATMYEeCKME UCTOUYHUKMN MEHbLUEN MOLLHOCTHU,
yeM NpU UccNefoBaHUAX, MPOBOAUMbIX C MOMOLbIO
6yKCHMpyeMbIX NpuUeMHbIX cuctem [3|. 4na opraHumsa-
LMN MOHUTOPUHIa aKyCTUYECKUX LUYMOB 1 NapamMeT-
POB HWM3KOYACTOTHbIX aKyCTUYECKUX WUMMY/bCOB B
Mope Ha usobatax 10 1 20 m ycTaHaBnMBasuUChb ABa
aBTOHOMHbIX MOABOAHbIX aKyCTUYeCKUX perncrpa-
Topa [11), KoTopble NogHMManucb Yepes 10—15 gHel.
3anucaHHble UMW aKyCTUYeCKMe aHHble CUMTbIBA-
NUCb 1N Ha CNeAyl W N feHb OHU CHOBa ycTaHaBM-
Banncb B Mope. OCHOBHbIe 3afja4uun, KOTopble peLua-
NIMUCb NpUW opraHusauum M NPoBefeHUMN aKycTude-
CKUX N3MEPEHMWUI, COCTOANN B CNIEAYIOLLEM:

* KOHTPONMPOBATb YPOBHU aHTPOMOTeHHbIX LUY-
MOB 1 NapaMeTpbl UMNYbCHbLIX CUTHA/I0B, HabMoaa-
eMbIX B 3aflaHHOM paiioHe ceiicMopa3BefoUHbIX UC-
CNnefoBaHUM B BYX XapaKTepHbIX TOUKax, pacnoso-

XXEHHbIX Ha u3ob6atax 10 u 20 m, u pesynbTaThbl
npeacTaBnATb HabnwgaTensamM 3a MOPCKUMU MIEKO-
nuTalLwmnmu;

e uccnefoBaTb NOTEPU NMPU PacrnpocTpPaHEHUU B
LaHHOU aKBaTOPUY 3HEPTUN TUMOBbIX aKYCTUUECKUX
UMMNY/NbCOB, TFEHEPUPYEMbIX CelicMOpa3BefoYHbIM
CyAHOM W nogpbiBamun Ha 6epery. CoobuwaTtb Habnwo-
faTensm 0 XapakKTepHbIX JUCTaHLMAX, COOTBETCTBY-
IOWMX pasHbIM KPUTEPUSM BO3MOXHOIF0O BO3[ei-
CTBUSI aKYCTUYECKUX CUTHAN0B Ha MOPCKUX MJ/IEKO-
nUTarLWmX;

e OueHNTbL BO3fAeNCTBME MOPCKOWM ceicmopas-
BeAKU Ha aKyCTUYeCcKYyH 06CTaHOBKY BAAHHOM pali-
OHE CeBep0-BOCTOUHOTO Wenbda 0. CaxanmH.

B pa6oTe [9]| 6e3 aHanuTM4yeckKoro o6ob6uieHns
6bl1n NpeacTaBfeHbl pe3ybTaTbl aHanNM3a HaTypPHbIX
n3mepeHuin, npoeegeHHbIX B 2010 r. Ha JlebefMHCKOM
NNUEH3NOHHOM y4acTKe. B pa6oTte [10) npeacTaBne-
Hbl pe3ynbTaTbl aHann3a akKyCTUUYeCKUX U3MepeHUit,
nposBegeHHbIX B 2014 1. Ha YaBUHCKOM /INL,EH3NOH-
HOM Y4YacTKe, C aKL,eHTOM Ha BO3MOXXHOCTAX NOCTPO-
E€HUA TeopeTMYECKNX OLLeHOK MmapameTpoB akKycTuye-
CKUX MMNYbCOB, (hOPMUPYEMbIX B HEOLHOPOAHbIX 3-D
reoakyCTM4YeCKMUX BOJIHOBOJAX, BK/OYawoLWwmx bepe-
roBOi yyacTok. UucneHHoe MofenupoBaHue 6bino
BbIMO/IHEHO C MOMOLLL LI MOLOBOI0 Napabdbonnyecko-
ro ypaBHeHus — MIMY [12], onupatouwerocsa Ha pe-
3yNbTaTbl HaTYpPHbIX W3MEpPEeHWN, MPOBEfEHHbIX B
OMOPHbIX TOUYKAX.

Ha ocHOBaHMWM CTAaTUCTUUYECKOrO0 aHaausa aky-
CTUYECKUX N3MepPEHU, NPOBEAEHHbIX B JIETHE-0CEH-
HUlA nepunopg 2014 r. Ha nsobate 20 m, B paboTe [10| cae-
NaH BbIBOf, YTO celicMopa3sBefoYHbIe UccaesoBaHus
Ha YalBMHCKOM NULEH3WOHHOM Y4acTKe Bbl3Basn
NOBbILIEHMNE YPOBHEN aKyCTMYECKUX LymMoB B 50%
LaHHbIX, T.e. BTeueHue 31 cyToK. Takoli xe pesysb-
TaT 6bin nonyyeH n 82010 r. Ha Jle6eMHCKOM NNLEH-
3MOHHOM y4acTke [9].

Ha puc. 1BugHo, uto B 2015 r. akBaTopus, Ha Ko-
TOpPO NPoOBOAMNUCH CelicMOpa3BefOYHbIe UCCeno-
BaHWA, oxBaTbiBaeT npumepHo 150 KM ceBepo-BO-
CTOYHOro wenb@a o. CaxainH. AKyCTUYECKNE N3Me-
peHns NpPoBOAMMNCH C MOMOLLbIO 39 aKyCTUYECKUX
cTaHuunii Tuna Wenb-2014 n ogHoro ctaporoAIMNAP
¢ 3BM “Prometheus”.

OT Hawmx npeawecTByOWUX paboT akycTu4e-
CKMN MOHMTOPUHT 2015 r. oTAnYaeTCca KOMMIEKCHO-
CTbIO U TeM, YTO aHaNU3NPYTCA NapameTpbl BCeEX
aKyCTUYECKNX MMMNY/IbCOB, FeHepnpyemMbIX celicmopas-
BelOYHbIMM CyAaMun 1 3a6MBKOI cBal Ha bepery. Ham
n3BecTHa ogHa paboTa [13]|, B KOTOpPOIi ANA KOHTpONS
OCEHHEeN Murpauum rpeHNafcKUx KWUTOB B palioHe
AnAckn B Mope 6bl/IM ycTaHOB/eHbl 35 aBTOHOMHBbIX
aKyCTUYeCKNX perncTpaTtopos. B pesynbTaTte 6b1711 3a-
nucaHbl 3BYyKW KUTOB U UMNY/IbCHbIE CUTHaMNbl OT Ye-
Tbipex celicmopasBefoK. [Nns Kax[oro Mmnynbca Ha
BpeMeHHOM WHTepBane, cogepxawem 90% ero sHep-
rMn, pacCYNTbIBA/IUCb 3HAYEHUS YPOBHS aKyCTUYECKO
AKYCTUYECKUW XYPHA Ne 5
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3KCMO3NLMN UIN 3HEPTUN aKYCTUYECKOro CurHana —
SEL v ypoBHSA 3HaUYeHUA CpeHEKBaAPATNYECKOrojaB-
neHna —SPLT 3Tu pgaHHbIe MO3BOAUAM MPOBECTU
aHanus3 xapakTtepa pacnpocTpaHeHUsa WMNYNbCHbIX
CMIHa/I0B B apKTMUYECKON aKBaTOPUMK.

B faHHO paboTe NpMBOAMNTCS ONMCAHUE YACTOT-
HO-BPEMEHHbIX XapakKTepucTUK WU napameTpoB MUM-
NYNbCHbIX aKyCTUYECKUX CUTHAN0B, (hOpMUPYEMbIX
Ha Me/IKOBOLHOM LWesnbge TUNOBbLIM celicMopa3sBe-
JOYHbLIM CUTHaNOM M ygapomMm “mosiota” no csae, 3a-
6uBaemoii Ha 6epery. [NMpuBOAMTCA OpPUTMHANbHasA
MeTOoAMKa, NO3BONMBLUAA NMPAaKTUYECKN BaBTOMaTU-
YECKOM PeXMMe Haxo4NTb 3TU UMNY/bCbl U afeKBATHO
OLEHUBATb MX NapaMeTpbl, HacTo pasfesias UMMNYbC BO
BPEMEHU Ha HU3KOYACTOTHbIW MpeaBec THUK, pacnpo-
CTpaHUBLUWICA B AHE, U 3HAYNTENbHO OMepexaroLnii
BOAHbI MMNYNbC, 3HEPTUIO KOTOPOro NPUHOCAT BOA-
Hble U JOHHO-BOJHbIEe MOJbI.

Kpome Toro, npmBefeHbl pesynbTaTbl YNCAEHHO-
ro MoAennMpoBaHnNsa aKyCTUUYeCcKOro nons, GopMmumpy-
eMOoro B npunerawuieii akBaTopumn ceBepo-BOCTOU-
Horo wenbMa 0. CaxanuH, celicMOaKyCTUYECKUMM
UMNynbCaMun, FeHepupyemMbiMK Ha bepery npu 3a-
6uBKe hyHAAMEHTHbIX cBail. PesynbTaTbl MoAennpo-
BaHVS XOPOLUO COr/lacyrTCcsa ¢ pesyibTaTaMu HaTyp-
HbIX M3MEPEHNIA.

AKYCTUYECKWWN PEFTNCTPATOP
LWWENMb®-2014

BbicTpble NpUANBHbIE TeHeHUA (40 1.5 m/c) n ma-
nas rnybnHa Mmops BTOYKax akyCTU4ecKoro MOHUTO-
pvHra (10—20 m) notpeb6oBanu pa3paboTKu crneym-
a/flbHbIX aBTOHOMHbIX aKyCTUYECKUX W3MEepUTesb-
HbIX CPeAcTB. Oro MOAMMDULMPOBAHHbLIA TNAPOKDOH
Tnna N'M-50 ¢ aKTUBHbIM BbICOKOYACTOTHbIM (USb-
TPOM Ha BXofe NnpeABapuUTeNbHOro MNHENHOro ycu-
nutens rugpodoHa (CM. puc. 2a), obecnevmBaroLLero
YacTOTHYI 3aBUCUMOCTb €ro YyBCTBUTE/IbHOCTN —
M(f), nokasaHHyH Ha puc. 26. Ha aTom pucyHkKe
BUAHO, 4YTO B rnosioce nponyckaHusa 10—15000 Iy
M(f) npumepHo paBHa 63 gb oTH. 1 mkB/lMa, a Ha
2 NuoHacHmxkaeTcsa 6onee yem Ha 40 4b. Takas M(f)
npyu COGCTBEHHOI YYBCTBUTENIbHOCTU KepaMUKU
rugpodoHa, nNpubnusnTenbHo paBHoi 1 MB/Ma,
obecneunmBaeT HeOOXOAUMbIVA AUHAMMUUYECKUN guna-
nasoH namepeHns sapuauunii />(/), Bbi3biBaeMbIX aKy-
CTUYECKUMU BOSIHAMU U MNceBAOWIYMaMKN 06TeKaHUs
rugpooHa NPUANBHBLIMU TedeHUaMKU. OpbuTanb-
HOe ABM)KEHWE YacTUL, BoAbl Y AHa B LUTOPMOBbIX MO-
BEPXHOCTHbIX BOJ/IHAX U B A/IMHHbIX BOJIHaX 3bl6M Ya-
CTO BbI3blBalOT Ape6e3r pe3snHOBbIX amMOpTMU3aTOpPOB,
obecrieunBalOLLMX YCTAHOBKY ruapogoHa BHYTpuU
MeTanIM4ecKon nupammuaku (CMm. puc. 2B).

Kpome Toro, Ha 10 M n3o6aTte MUTPUPYIOLLUIA Nog
OecTBMEM MOBEPXHOCTHbLIX BOJIH 3bIGW MECOK MO-
)eT 3aMbITb CTaLMOHAPHbIN TMAPONOH WUAN LOHHbI
KOHTeilHep, pPacnoioXeHHble Ha fHe, T.e. MOMWMO
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obecreyeHNsT KOPPEKTHbIX aKyCTUYECKMX Mn3Mepe-
HWIA HE06X04MMO 6blNI0 PEWNTb U TUAPOANHAMUNYE-
CKMe 3ajayu, HaliTu onTuMMa/sbHble COOTHOLUEHUS
MEXJy TreoMeTpUu4YecKMMW pasMepamu U BECOM
YCTPOWNCTB, YyCTaHaBNMBaeMbIX Ha AHeE.

K 2015 r. TOW ABO PAH yXe vMen MHoroneT-
HWUIA oNbIT NpuMeHeHnsa ATTAP, N3roToBAEHHbIX Ha
OCHOBE MPOMbILIJIEHHOr0O KOMMbloTepa opmarta
PC-104 “Prometheus” npousBogctea Diamond Sys-
tems Corporation ¢ UHTerpMpoBaHHbIM 16-pa3psAfHbIM
aHanoro-ungposbiM npeobpasosaTtenem (ALM) [5).
[JaHHbI TN KOMObLIOTEPOB NpeAHa3HayYeH ana npu-
MeHEeHNS B KayecTBe 60PTOBbIX U BCTPOEHHbIX CUCTEM
yrnpaBJ/ieHUs BcucTemax cbopa nHpopmaymm ¢ LLnMpo-
KM fMana3oHOM JONyCTUMbIX YCNIOBUI 3KCn/yaTa-
umn. OfHaKo AMHAMUYECKNIA guanasoH U3MepuTenb-
Horo TpakTa ATTAP coctaBnan Bcero 96 4b, 4To Bbl-
HYy)Xano npu peweHUn 3agady aKyCTUYecKoro
MOHUTOPWHIa WCNOMb30BaTb TUAPODOHbLI pasHol
YYBCTBUTE/IBHOCTU M yCTaHaBNMBaTb pasHble KO3(d-
PULMEHTbI YyCUleHUs B aHal0roBom TpakTe. [lo-
Tpebnsemas perncTpaTopomM MOLLHOCTb paBHAMAaCh
5 BT, 1 Npu BPeMeHU HenpepbiBHOM 3anuncu 2 mec. [5]
Bec perucTpartopa c 6aTapessMu 3IeKTPONMUTaHUA 40-
cTuran 155 Kr.

HeobXoAMMOCTb M3MEpPeHUs KakK MOLLHbIX WUM-
NYNbCHbIX CUTHANOB, (POPMUPYEMbIX NPU CEACMO-
pasBejke, Tak 1 (hOHOBbIX WYMOB noTpebosana pas-
paboTKN aKyCTUYECKNX PErMcTpaTopoB ¢ 60see LLNPO-
KUM JMHaAMWYECKMM Amana3oHoM. OTu TpeboBaHUA
yfanocb coBmectuTb B AINAP HOBOro noKosfeHnsa —
LWenb-2014 [6]. MpumeHeHMe BbICOKOMNPON3BOAM-
TeNlbHbIX ManonoTPe6bAALWNX MUKPOKOHTPO//1EPOB U
TBEpPLOTeNbHbIX HaKONUTeNel faHHbIX (SD KapT) CHU-
31Mn0 sHepronoTpebneHue 6onee yem B 15 pa3. Kom-
naekTaums fOHHOM cTaHumn Wenbt-2014 4Bymsa 6n0-
Kamy no 40 6aTapeek Tunopasmepa D obecneunBaeTt
BPEMS HernpepbIBHOM 3anucy (C 4acToToN AUCKpPeTHU-
3aumm 30.2 kKI'y n 24-pa3psafHbIM NpeacTaB/eHNEM
[aHHbIX) 60nee 6 mec. 24-pa3psAgHbIA cUrma-genbTa
ALLM obecneymBaeT u3MepeHUss Bapuauyuii p(t) B
Avianos3oHe 2—15000 Ny ¢ AMHaAMM4YecKUM amManaso-
Hom 145 gb. MpeacTaBneHHble Ha puc. 3 rpagukm
WNNICTPUPYT TeXHUUYECKME XapaKTepUCTUKU aky-
cTU4yeckon ctaHymun Lenbh-2014 Ha npumepe n3me-
peHwnii, NpoBefeHHbIX B 2015 r. Ha ceBepo-BOCTOU-
HOM Wenbge 0. CaxanH BTOUKE aKyCTUYECKOro MO-
HuTopuHra Odoptu-5 (cm. puc. 1).

Ha pwuc. 3 nokasaHbl Bapuauuu p(t), namepeHHbIe
y AHa B Mope rny6uHoi 20 m BO BpeMsi celmcmopas-
BeAKN — rpacmkun CeilcmopasBefoUHbIA UMNYNLC U B
LWTUAEBbIX YCNOBUAX Npu oTCyTCcTBUN BO6NM3n ATMAP
CcyaoB —rpadunky ®oH. Ha 3ToM pUCYHKe BUAHO, YTO
cornacywuwmun  ycunnTenb-KOppekTop ruapodoHa
FN-50 n 24-pa3psAgHblii curma-gensta AL, npu-
MeHsieMble B LLenb$-2014, Ha npakTUKe peasn3ytoT
OVHAMWYeCKUI fnana3oH aKkyCTUYECKUX U3MEPEH WA
BlluokHe BM® 6onbwe 12046.
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B 2015 r. BO BCeX TOUKaX aKyCTUYeCKOro MOHUTO-
pvHra, NoKasaHHbIX Ha pUC. 1, N3MepPeHUs NPoOBOAU-
nnce ¢ nomow,bio LWenbt-2014 n ToNbKO B TO4UKe
OFA n3-3aonacHocTu 3auenneHns ANAP pbi60710B-
HbIM TpasoM MU3MepPeHUs NMPOBOAUNUCHL C MOMOLLbIO
ATMAP, ocHoBaHHOro Ha 6a3e 3BM “Prometheus”.

OCOBEHHOCTW N3MEPEHHbIX

AKYCTUHYECKNX NMMMNYNbCOB

M METOAONKWM PACHETA OLLEHOK
X MAPAMETPOB

CornacHo puc. 1y Hac ecTb BO3MOXHOCTb M0 pe-
3yNbTaTaM CUHXPOHHbIX U3MePEeHUIA, NPOBEAEHHbIX,
HanpuMep, B TOYKax aKyCTMYECKOro MOHUTOPUHTIa
Odoptu-N-KO n Odoptu-N-20 BO Bpems celicmopas-
BeAOYHbIX UCCNefoBaHUM 1 3abUBKN hyHAAMEHTHOM
cBau Ha 6epery, pacCMOTpPeTb aKyCTU4yecKue WM-
NynbCbl, POPMUPYEMbIE 3TUMU aHTPOMOreHHbLIMMU
MCTOYHMKaMKn Ha 10- u 20-meTpoBOi u3ob6aTax. B
JaHHOM cfy4dae aKycTu4yeckas aHeprusa oT 3TUX McC-
TOYHMKOB OyfeT pacnpocTPaHATbLCA BAO/b reoaky-
CTUYECKOI TpacCbl, OPUEHTMPOBAHHOW NepneHAn-

KYNsSipHO GeperoBoii TMHUK, N CPaBHEHUE Pe3y/bTa-
TOB U3MEPEHUiA, MPOBeAEHHbIX B 9TUX ABYX TOYKaXx,
Nno3Bo/isieT OLUEHUTb OTHOCUTENbHblEe MOTepu Ans
HM3KOYaCTOTHOr0 3BYKa MpW pacnpocTpaHeHUn B
NPUBPEXHYI0 30HY U ¢ Gepera B Mope. Pe3ynbTaTbl
TaKUX W3MEpeHUil M KX chneKTpaSbHOro aHanusa
npuBefeHbl Ha puc. 4.

Ha pwuc. 4a BMAHO, 4YTO Npu pacnpocTpaHeHUun
3Hepruun ceiicMopasBefjlOMHOro CUrHana B Npnopex-
HYI0 30HY 3HayeHWA CNeKTpasbHON MNOTHOCTU
MOLWHOCTU B (DOPMUPYEMOM Y AHA aKyCTUYECKOM
nMmnynbce, n3mMepeHHoM Ha 20 M m3obarte, Ha Bcex
yactoTax 10—10000 Ny npeBbiWwatoT 3HaveHnsa G (f B
CUTrHane, MamepeHHoM Ha 10 m m3obate. OTHOCK-
TeNbHble MOTEPU NPU pacnpocTpaHeHU Hajg NOgHU-
Marwmmca fHOM Ha yactotax 30—60 Ny gocturawT
20B, a nMKoOBOE 3HaYeHUe Bapnaymin akycTu4ecko-
ro gaBneHns B Touke Odoptu-N-20 npumepHo B
4 pasa 6onbwe, yem B Odoptu-N-HO. CnekTp uUM-
nynbca, N3MepeHHOro Ha 20 M n3obate, UMeeT XOPO-
WO BblpaXeHHbI MUK MOLLHOCTU BAaMana3oHe 10—
100 Ny n gBa NMKa ¢ MakCMMasbHbIMW 3HAYEHUAMM
Ha yacTtoTax 150 1 300 I'u. Mpwu pacnpocTpaHeHUN 4o
AKYCTUYECKWUW XYPHAJT  Tom 65

Ne 5 2019



METOONKA OUEHKW MAPAMETPOB 667

()
Ma,/?(/), Odoptu-5, Ceiicmopa3BegOYHbIA UMMYSIbC

180
w
120
100
&0
a0
0
/.rn
P 3 Bpal Ww&m %
%-be 10001 llenbd)>-2014 Ty
ADm(@) —BoFAEA Ceif-
Hbllj no)——.8
q:OH),'zB

Toukn Odoptu-N-HO aKycTMyecKue BOJSIHbI C YacTo-
Tamu MeHbwe 70 'y nornoTunnce gHOoM. B rpaguke
Gif) akycTnuyeckoro curHana, N3MepeHHoOro Ha 10 m
n3obate, He BbIpaXXeH MUK MOLLHOCTW Ha 4YacToTe
300 I'y. Mo-BMAMMOMY, 3TO BbI3BaHO 0CO6EHHOCTAMM
NPOCTPaHCTBEHHON WHTep(hepeHLNOHHOW CTPYKTY-
pbl HOPMUPYEMOTO Ha 3TOI YacToTe aKyCTMUYECKOro
nons.

Ha puc. 46 nokasaHbl aKyCTUUYECKNE WMMY/bChI,
N3MEPEHHble BO BpemMs 3abMBKWM (YHAAMEHTHOM
cBau Ha 6epery. lNepuof cnefoBaHnsa aKyCTUYECKNX
MMNYNbCOB OT 3abMBKW CBau NpMMepHO paBeH 1.7 ¢,
a nepuog cneaoBaHUs ceiicMopasBefoOYHbIX CUTHa-
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TOM 65 2019

JI0B 3aBUCUT OT CKOPOCTU BYKCUPOBKY M3/yyaroLero
KoMMnnekca. B Hawem cry4yae aToT nepuog npumep-
HO paBeH 9.5 ¢c. Y gap “M010Ta” Mo NOBEPXHOCTHOMY
KOHLUY CBau repefaeTca ee HWXHeMY KOHUY W B
rpyHTe B036YXJalTCA BOMHbI pa3HOro Tuna, KoTo-
pble pasHOCAT 3Hepruio “yaapa” BpasHble CTOPOHLI. B
pa6oTe [10| 6b1/10 NOKa3aHo, YTO Ha pacnpocTpaHeHne
Ha wWenbde 3HEPrn 0T B3PbIBHONO UCTOYHMKA, 3a/10-
XEHHOT0 B CKBaXXWHY, NpobypeHHYl0 Ha 6epery, oka-
3bIBAET CYLUECTBEHHOE B/IMSIHNE BOAHbI C/10M. BaTom
cnyvae B Mope (hOpMUPYETCHA NPOCTPAHCTBEHHAS WH-
TephepeHLNOHHAA KapTWHa C XOPOLIO BblpaXeHHbI-
MW MakCUMasibHbIMU N MUHUMaNIbHbIMW 3HAYEHUAMN
WHTEHCUBHOCTU  KonebaHWii, NPOCTPAHCTBEHHbIE
MacLTabbl KOTOPbIX 3aBUCAT OT YaCcTOThl 3BYKa.

Ha puc. 46 BUAHO, YTO paccTosiHMe OT TOYKM 3a-
6UBKWN cBan Ha bepery 0 TOYEeK aKyCTUHeCKUX n3ame-
pPeHnin paBHO 2 1 3.9 KM, T.e. Ha guctaHumm B 1.9 Km
AHO onycTunocbc rnybuHsl 1040 20 m. Mpwu pacnpo-
CTPaHeHNM Ha 3TOM y4dacTKe aKyCTU4YeCKO# Tpacchbl
OTHOCUTENbHbIE TpaHchopMaunm GopmMupyemblx y
AHA aKyCTU4YeCKMX MWMMYNbCOB BO BPEMEHHOW W
CMeKTpanbHOM 06NacTax crefylouiMe: 3HaJYeHUe
MaKCMMasbHOW aMNAnTyAbl B UMMY/bCaxX YMeHbLIN-
NoCb B 2 pa3a M NPMMEPHO B 2 pasa YAJMHUIICA NM-
nynbc, HavactoTax 50—300 'Y 3HayYeHUA cneKTpaib-
HO MIOTHOCTU MOLLHOCTU B UMMNYJibCE, U3MEPEH-
HOM Ha 10 m n3obaTte, BcpefHeM Ha 1046 Bbiwe, YeM
B MMNy/nbcax, M3mepeHHbIXx B Odoptu-N-20, HO Ha
yactoTtax 20—40 Ny OHM nNpaKTUYecKU paBHble. T10-
BMAMMOMY, 3TO CBA3aHO C 0OCO6GEHHOCTAMM pacnpo-
CTPaHeHMS 3Hepruu, NepeHoCMMON MPOAOSbHbLIMU
BO/IHaMW ¢ 6epera B mope. NpoBepumM 3TO C NOMO-
Wb YNC/TIEHHOT 0 MOLENNPOBAHUA.

Ha 6epery reoakyCTUYeCKMin UMNY/bC FeHEPUPO-
Ba/ICA HWXXHUM KOHLOM 20-mMeTpoBOii cBau, 3abuBa-
emMoli BTOYKe S, NoKasaHHOI Ha puc. 5a. Ha puc. 56
nokasaH MOAeNbHbI FeoaKyCTUYeCcKnii BOSTHOBOJ C
M3BECTHbIMW BEPTUKA/bHbIMU pacnpefeneHnssMu
3Ha4YeHWn ckopocTw 3ByKa B Boge CHz) n nogobpaH-
HbIMW NPOCTPAHCTBEHHbIMMW 3HAYEHUSAMU OCHOBHbIX
aKyCTMYeCKMX NapaMeTpoB BAHe. PacueTbl NpoBeje-
Hbl ¢ nomouwbio 3D MopoBOro napabosnnyeckoro
ypaBHeHuns [12| B agunabatvyeckoM MApUBAMKEHUN
nepBbIX TPeX HOPMasibHbIX BEPTUKANbHbIX MOA U Y3-
KOYroflbHOro napa6osiMyecKoro ypaBHeHUs B ropu-
30HTaNbHOM nnockocTu [15—17].

Ha puc. 5B, r nokasaHbl pacnpefeseHus B BepTu-
Ka/NbHOW MAOCKOCTU 3HAYeHUl (PYHKUMU NOoTepb
TUy =0,x,z,f) BAaHHOM MOAe/IbHOM BOJIHOBOJE,
paccunTaHHble AN TOHa/IbHbIX aKyCTUYECKMUX CUT-
Hano0B ¢ Yactotamu 27 n 70 'y, N3ny4YeHHbIX B TOUKE S
Ha rnybuHe 20 m (cm. puc. 56). Kak mbl 1 npegnona-
ranm, Touka MoHuTopuHra Odoptu-N-HO, cornacHo
puc. 5B, pacnosioxxeHa B UHTEPHEPEHLLMOHHOM MU-
HYUMYyMe B none, POPMUPYEMOM TOHA/IbHbIM CUTHA-
noM ¢ yacToToi 27 'y, aTouka Odoptu-N-20 6numxe
KUHTepdepeHULMOHHOMY MakcumyMy. B none, dhop-
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MVUPYEMOM TOHa/IbHbIM CMTHAMOM C YacToToi 70 Iy,
WHTepepeHLNOHHaa CTPYKTypa B BOLHOM c/oe
nMeeT ropasgo MeHbLIWA NPOCTPaAHCTBEHHbIW Mac-
wTab. Kpome Toro, Ans nNpojosbHbIX BOJIH C 4acTo-
Tol 70 Iy noTepu MpuM pacnpocTpaHeHUW B [JHe
6onblle, Yem A4s18 BOMH € YacTtoTon 27 'y, Ha puc. 5r
BUAHO, YTO Ha AUCTaHUMAX 60Mblle 2 KM JOHHbIE
MOAbl YXe& MNpaKTUYecKM He BAUAT Ha BOAHbIN
CNOW, Yero Hesib3s cKasaTb 0 MoJse, GOPMUPYEMOM B
BOAHOM C/10€ CUTHA/IOM C YacToTon 27 Iy,

Ha puc. 6 nokasaH aKycTUYeCKUA UMNYbC, U3Me-
pPeHHbI Ha 10-meTpoBOW M306aTe B TOUKE aKyCTUYe-
ckoro moHmtopuHra Odoptu-N-10. Ha ero ocHose,
OrpaHUYMBLINCHL YaCTOTHbLIM gnanaszoHom 10—180 My,
¢ noMouwbio MIMY gna MoAeNbHOro recakycTU4ecKo-
ro BO/IHOBOJA, MOKa3aHHOro Ha puc. 56, nocTpoeHa
3KBMBasleHTHasa ToyeyHas (YHKUMA UCTOYHMKaA S1,

PYTEHKO u ap.
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COOTBETCTBYHLLAA HUXHEMY KOHLY 3abuBaemoi
cBau, yKazaHHOMY Ha puc. 56 kKak S.

[Ona npoBepKn KOPPEKTHOCTU YNC/IEHHOTO MOJe-
NupoBaHuda, NpoBejeHHOro ¢ nomowbio MIY, ona
NOCTPOEHHOT0 3KBUBAJIEHTHOI0O TOYEYHOI 0 UCTOUYHM-
Ka Ha puc. 6 NpuBeAeHbl N3MEPEHHbIN N MOLENbHbINA
MMNYNbCbl A1 TOYKN MOHUTOpUHra Odoptu-N-20, a
TakXe nokasaHbl UX CNeKTPbl. BaHHOM cny4yae rpa-
(DUKKN N3MEPEHHbBIX U MOJeNbHbIX Bapnayuin akycTu-
yeckoro gasneHns p(t) n nx cnektpos G(f) nogobHbI,
npuyem Ha vactoTe 27 'L 3HAYeHUA CNEKTPasibHOM
NJOTHOCTM MOULHOCTM B Touyke Odoptu-N-20 npu-
MepHO Ha5ab 6onbwe, yem BToUKe Odoptu-N-10, a
Ha yacTtoTe 60 Iy 3HayeHue Gif) Ha 6 ob 60nblUe B
Odoptu-N-10, yem B aKyCTUYECKOM MOJENbHOM U
namepeHHoMm BTo4ke Odoptu-N-20 nmnynbce.

B T1abn. 1 Ana cpaBHeHWS MpUBeAeHbl 3KCNepu-
MeHTafIbHble U MOAeNbHbIe 3HAYEeHUSA aKyCTUUYECKOl

AKYCTUYECKUI XXYPHAN Tom 65 Ne5 2019
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Ta6bnmua 1. CpaBHeHMe 3HauYeHWIn SEL aKyCTMYECKMX MMMYNbCOB B YAaCTOTHbIX AnanasoHax 10-40 n 10—180 Iy,

SEH&J), g6, Odoptu-N-10

My
akcnep. (ONOPHbI cUrHaU)
10-40 1176
10-180 124.6

3KCMO3ULMKN NN YPOBHSA Bo3dencTBus —SEL BABYX
YacTOTHbIX gnanasoHax 10—40 wn 10—180 Iy. AnA
NnepBOro gMmanasoHa 3KCNepumMeHTa/ibHOE 3HayYeHue
SEL(10-40, u) B Touke Odoptu-N-HO Ha 4.5 gb
MeHbLUE, YEM 3IKCMEPUMEHTA/IbHOE 3HAaYeHNe B TOU-
ke Odoptu-N-20 n Ha3.44b MeHbLUe MOAeNbHOrO0. B
AnanasoHe yactoT 10—180 Iy 3HauyeHums SEL(10—
180, Nu) MakcumanbHo BTouke Odoptu-N-HO 1 paB-
HO 124.6 4B oTH. 1 mKIl1a2c, a BTouke Odoptu-N-20
JKCNepnmeHTanbHOe 3Ha4yeHMe MeHblle Ha 11 ab,
MOJenibHOe MeHbLle Ha 1.6 4b.

Takum 06pa3omM, MOXXHO KOHCTaTUpoBaTb, UYTO C
nomMmolibo MIMY, onupatoLierocsa HaonopHoe U3mMe-
peHve, Mbl MOXeM C 40CTAaTOUYHOM ANA NPaKTUKN TOY-
HOCTbIO MOCTPOUTbL Ha MpuaerawlemMm wenbge UM-
NynbCHOe aKycTuyeckoe none, hopmupyemoe ypa-
pom “monoTa' no 3abnMBaemoil Ha 6epery cBae.

Ha puc. 3 nokasaH HM3KOYacTOTHbI aKycTuue-
CKUA UMNYNbC, U3MePEHHbI B TOUKe aKyCTUYEeCKOro
MOHUTOpUHra Odoptu-5 (cm. KapTy Ha puc. 1) BO
BpemMs rnpoxofa celicMopa3Befo4HOro cyfgHa Ha pac-
cToAHMM 1.3 KM. Ha 3TOM pUCKYHKe BUAHO, YTO Ba-
puauunn p(t) B 3TOM Mnynbce AOCTUTAN aMNINTYAbI

Ma,p(/), Odoptu-5, 19.06.2015, 14:34
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3500 IMa. B ero crnekTpe MOXHO BbIAeINTb TPU MUKa
MOLHOCTK Ha4vacToTax20-70,90-200 1 250-350 I'y,
Bo BpeMeHHOM 06/1acTU XOPOLIO BblipaXeHbl Bapua-
unm pit), o6ycnoBneHHbIe 3HEPTuel, NepeHoCUMon
LOHHbIMWU (NpeaBecTHUK) M BOAHbIMWU (BOAHbLIA NM-
nynbLCc) Mogamu.

Mpu yBeNNYEHUN MPOTSHXKEHHOCTU Tpacchbl pac-
npocTpaHeHnss 4o 10 KM 1 0CO6GEHHO MpPU ee OpUeH-
Tauum napannenbHo 6epery opMuUpyemMbiii B TOUKE
MOHUTOPUHTA aKyCTUYECKU/A UMNYNbC NPUHUMAET
C/TIOXHYI BPEMEHHYH U CMEKTPasbHY CTPYKTYpbI.
MpuMepbl TaKUX WMMMY/AbCOB MakasaHbl Ha puc. 7.
PaccmoTpum nx 6onee nogpo6Ho.

Ha puc. 7 BUAHO, 4YTO NPeABECTHUK UMEET CMOX-
HYI0 BPEMEHHYI0 CTPYKTYpY, 06YCMOBJ/IEHHYI0 0CO-
G6EHHOCTAMM PacnpoCTPaHEHUs 3HEePruu ceicmo-
pasBefo4YHOro CUrHana B [He, XapaKTepusyemoMm
NPOCTPAHCTBEHHLIMU aKYyCTUYECKMMU HEOAHOPOA-
HOCTSAIMMW, OKa3blBalOWMWMKU CUNbHOE BAWSHUE Ha
pacnpocTpaHHWe HU3KOYACTOTHbIX (MeHble 40 L)
NPOAO/bHbLIX BOJH. Hampumep, MOXHO Mpegnosno-
XWUTb 3axBaT MPOCTPAHCTBEHHbIM PE30HAHCHbIM
BO/THOBO/AOM aKyCTMYeCKMX BOJIH ¢ YacToToit 31 Iy,

@)
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10 2030 5070HO0200300500 1000 3000 /, Iy,

AB oTH. 1mKMa2ly, Gif)

FO 2030 5070HO0200300500 1000 3000 /, 'n

Puc. 7. BapuiaLym akyCTUHECKOT0 Sa&3enmnspit) 1 OLEHKN 1X CriekTpoB Gif), nsmepeHHbie rigpodgoHom LLenst-2014y aHa B
Mope rnyérHoli 20 M B TOUKE aKyCTUYeCKOro MOHMUTOpUHra Odopiu-5, COOTBETCTBYHOLLIME CEICMOPA3BEA0UHOMY UMMY/ILCY,
N3/Ty4eHHOMY Ha I/Ty6rHe 6 M B TOUKE, yaasieHHOM Ha (a) —18 1 (6) — 14 km.
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NOCKOJ/IbKY Bapuauuu pit), nokasaHHble Ha puUc. 7a
Ha WHTepBane 2, NPakKTUYeCKU CUHYycoujasnbHble, O
YeM CBUAETENbCTBYET U UX cnekTp Gif) — npaBbiii
rpamk. BonHbl ¢ yactotamn 10—26 'y NnpoHuKaoT
rnyé>xe B AHO U pPacnpocTPaHSATCHA CO CKOPOCTAMMU
1900 m/c, pedparupytoT U 03BYYMBalOT BOAHbIN
cnoii, onepexas BOAHble MoAbl. B gaHHOM cnyuae
nepBbI NpeiBeCTHUK UX onepeamnn Ha 3.8 ¢c. B cBA3M
C IPKO BbIpaXeHHbIM pa3fefieHVeM BO BPEMEHHON U
YacTOTHOW 06N1acTAX 3HEPTrUK, NPUHECEHHOW B TOY-
Ky MOHWUTOPMUHra JOHHbIMW W BOAHbIMW MOfaMw,
6bl1/10 MPUHATO pelleHne OUeHMBATb MapameTpbl
aKyCTMYEeCKOro mMnysnbca, PopMmMpyemMoro B TOUKe
MOHUTOPUHTa celicMOpa3BefOYHbIM CUTHa/OM, Ha
6-CeKYHAHOM BpPEMEHHOM WHTepBase, 0XBaTblBalo-
LLeM Kak npeaBecTHUK, TaK M BOAHbIA umnynbc. 3a-
TeM N0 cheuuanbHOW MeTogMKe, KoTopas 6ygeT
npeicTaB/ieHa HUXXeE, OLLeHUBAIUCb NapaMeTpbl BOA-
HOro uMnynbca Ha 1- n 2-ceKyHHbIX UHTepBasnax.

Ha puc. 76 BUAHO, YTO Ha BOAHbIA MMMY/IbC MOXET
Ha/TIOXMUTbCA 3Heprusa Bapuauuin pit), npuHeceHHas
BOAHO-AOHHbBIMW MOAaMW, 3aXBaYeHHbIMU KaHasa-
MU, 06pa30BaHHbLIMU 0CafA0YHbLIMM NMOPOAAMHU, B KO-
TOpPbIX CKOPOCTb pacnpocTpaHeHUs MNPOAC/bHbIX
BO/IH HEMHOIO MeHbLUIE, YeM B Bofe (CM. Ha puc. 76
rpaukpit) Ha BpeMeHHOM MHTepBase 2 U COOTBET-
cTBytowmnin emy rpaguk Gif)). OTHOCUTENbHO Y3KO-
NOMOCHbI UMNYNbC, OTMEYEHHbIN Hapuc. 76 MHTep-
BaJIOM 2, UMeeT OAMH MWK MOLLHOCTU Ha 4acToTax
40-70 Iy (npaBblii rpaguk Gif)).

CornacHo puc. 3 akycTU4YecKue MMNYysbCbl C aM-
nantygamn Bapuauunii p(t) 6onbwe 1000 Ma nmeroT
ONUTENbHOCTb BPEMEHHOT0 MHTepBasa, Ha KOTOpOM
cocpepgoToyeHo 100% wux aHepruu, meHbwe 0.5 c,
npuyemM AINTENbHOCTb BOLHOrO UMMYy/bCa MeHbLUe
0.2 c. PacyeT OLEHOK UX NapaMeTpOB He NpeicTaBNNA-
eT NpobsieMbl, HO NPU OLLEHKE aKyCTUYECKON 3KCNOo-
3MLUN HALO OLEeHUTb NapameTpbl BCeX MMMY/bCOB,
hopMMpyembIX B 3afjJaHHbIX aKBaTOpMUAX ceicmopas-
BeJOYHbIMU CUrHaNaMm n CEUCMUYECKUMU UMNY/b-
camu, reHepupyembiMn 3abMBKOI cBail Ha 6epery.
MoaTomy aHanusy noganexar BCe UMNYNbCbl, aMMun-
Tyfa KOTopbiX Ha 6 4B npeBbiwaeT hOH UM KBa3ucTa-
UMOHapHble WYMbl OT CYOB W APYTNUX aHTPOMNOreH-
HbIX UCTOYHUKOB. [JNA NpoBefeHNs TaAKOro aHanansa B
TOH ABO PAH 6bina pa3paboTaHa 1 ycnewHO Npu-
MeHeHa MeToAMKa, NpeicTaB/IeHHAsA HUXeE.

3aneTHe-oceHHWUI nepunop 2015 r. Ha ceBepo-BO-
CTOYHOM wWenbde 0. CaxanumH ¢ nomowbio Lenbd-
2014, ycTaHOBJ/IEHHbIX B TOYKAaX aKyCTUYeCKOro Mo-
HUTOPWHTa, NOKas3aHHbIX Ha puc. 1, OAHOBPEMEHHO
3anncaHbl CelicMoaKyCcTUUYecKUe CUrHanbl cymmap-
HoW gnutenbHocTm 4300 cyToK. Mocne akcnegnumumn
AN MHOro)aKTOpPHOro KoppensuMoHHOro aHanusa
coTpyaHukn TOW ABO PAH nposenu 06pa6oTKy u
aHasin3 BCex aKyCTUUYeCKUX AaHHbIX, 3annUCaHHbIX Ha
TBEpPAOTeNbHbIX hnew-guckax Wenb-2014, ¢ uenbto
00HapyXeHMSA aKyCTUUYECKUX UMMY1bCOB, CHOPMUPO-
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BaHHbIX BaHHOW TOUYKe aKyCTUYeCKOro MOHUTOPUH-
ra celicMopasBefoUYHbIMM CUTHAMAMU U UMMYbCaMU
0T 3a6MBKM CcBail Ha 6epery. Kpome T0ro, 415 Kaxgo-
ro MmMnysbca 6bia OnpeaesieH ero UCTOYHUK (B Mope
pa6oTano 4 ceiicmopasBefovHbIX CyfHa). NS Bbl-
NOMTHEHNSA TaKOro aHanusa 661710 MO4EPHU3NPOBAHO
nporpamMmMHoe obecneyeHue AN aBTOMaTUYECKOro
nouckKa MMMyAbCOB U OLEHMBAHUA UX NapaMeTpoB,
paspabotaHHoe B TOH BO PAH [14].

ANropuTm paboTbl NporpamMMbl aBTOMaTUYECKOT 0
NnonucKa OCHOBaH Ha aHa/in3e U3MepeHHbIX B 4acTOT-
HOM AunanasoHe 2—15000 "y Bapuayui pit) Ha nocne-
foBaTeNbHbIX 1-MUHYTHbIX BPEMEHHbIX MHTepBasiax.
AHanu3 HayuHaeTCsa C UEHTPUPOBAHUS WCXOLHbIX
JaHHbIX, 3aTeM 3Ha4YeHUs aKyCTUYecKOoro gaBfieHUs
6epyTca No MOAYNO U CrNaXXUBaKTCA Ha UHTepBase
20 mc, nonyyaetcsa Habop AaHHbIX |[d,,,(/)j. B pe3ynb-
TaTe nony4yaem rpauk ornbatoLlei, nokasaHHbIl Ha
puc. 8.

Ha 1-MMHYTHOM WHTepBane paccynTbiBaeTcsa

NPOUEHTUNbHOE pacnpegeneHne BenndmnHsbl |>0r«(O|
N onpegenseTcs IMHNUSA ypoBHA L, COOTBETCTBYHOLLAs

[PAny(f)j < 97%. Touka nepeceyeHUss NMHUN YPOBHA U
orvballLen ABNAETCA MNPU3HAKOM aKyCTUYeCKOoro
umnynbca. OT3TOW TOUKM OTCTyNnaeM Brepes v Hasaj
Ha 3 CeKyHAbl N HalileHHbIN 6-CEKYHAHbI NHTEpPBa

Mbl HasblBaeM 77°°*. Ecnu cnepytollee rnepeceyeHune
orvbaroweli c NMHWel YpOBHSA, Hanpumep, Ha 3agHeM
(DPOHTE aKYCTNUUYECKOro UMNYyNbca NPOn30iAeT Ha UH-

TepBane 7/°°*, To OHO nponyckaetca (cM. puc. 8a).
Mpn noncke MMNynbcoB 6b110 BBELEHO YC10BUE —eC-
M NNKOBOE 3HaYeHue BapmaLunii akycTU4eckKoro fas-
neHus pit) B 06HapyXeHHOM WMNYy/bCe MeHbLUe
HOgB oTH. 1 mKIa, To fjaHHbI MMOynbC He obpaba-
TbiBaeTcA. NS onpejesieHUs YPOBHSA LLyMa UCMO0/b30-

Basiocb 3HaveHue N = Pe%(\p20m,('/1) + 6 ab. B cny-
yasix, Koraa nMHus ypoBHsa L Huxe nuHum wyma N, B
KauecTBe IMHUU YPOBHS UCMOMb3YyeTCa NMHNUSA wyma N.

PesynbTaToM pa6oTbl 3TOli NporpamMbl ABAAIOTCA
Habop OAHOMMUHYTHbIX KAPTUHOK U TEKCTOBbLI thaiin
C mapameTpamu 06HapyXeHHbIX UMMNYNbCOB. Kax-
Abli OAHOMMWHYTHbI WHTepBan MNpPocMaTpUBaETCs
onepaTopoM, KOTOPbIA C MOMOLbI MNpPOrpaMmbl
PYUYHOI0 aHanM3a MOXeT BHOCUTb KOPPEKTUPOBKU B
pe3ynbTaTbl aBTOMATUYECKOro aHanmsa u yaanaTb
MUMNYNbCbl, UCTOYUHUK KOTOPbIX HE N3BECTEH.

Mocne aToro NporpaMmma npw BbINOMHEHUMN ONpe-
OeNeHHbIX KpUTepueB NMPOU3BOAUT pasfefieHne 06-
Hapy>XeHHOro UMMynbca Ha NpefBecTHUK U BOAHBbIiA
umnynbc. N5 3TOro 4Be MporpaMmbl HE3aBUCMMO
aHaM3npyoT N3MepPeHHble Bapualynmn akyCcTu4YecKo-
ro flaBfieHuns pit) Ha 6-CeKYHAHbIX BPEMEHHbIX WH-
TepBanax, onpeaeneHHbIX NepBoit NporpammMoli, Ho B
3TUX NporpamMmmax NoMcK aKycTMUecKoro MMnyJsbca Ha-

UMHAETCA C KOHLLA 7/A°°* KaK3TOo nokKasaHo Ha puc. 86.
B aToM cny4dae Mbl onpefensieM Mo nepecevyeHno /in-



672

e

P 8 (@ —BvBuMakCTVHEOO B EH/AIp() U
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H/F?ﬂ/H/MypOBHH LC %

NYHaANaEH/Ba0ItH
Horo VM\HIOB

InpepsecTHmka ViBoa-

HM YPOBHS C orvbatolLein (cm. puvc. 86) 3aaHuiA
(PPOHT Boaroro UMMy/IbCa. VIHTEPBaN OT Havaria BOd-

HOro MMIMy/bca A0 Hauaria 7% npryHUVaETCH 3a
npenBecTHUK.

Ha focTaroqHo 6/IM3KOM pacCTosiH M OT UCTOM
HVKaBoaHbI VIMITY/IEC3aHUMAET He 60/TbLLE 1CeKyH-
bl (cm. puc. 86). OoHako Ha JaribHVX Q/CTaH
BoAHbI VMITY/IEC MOXET PacTAHYTECA Ha L C.
CriefioBaTe/ibHO, e/ MblI MY aHarv3e IMIMY/sC0B,
G/IMBKX K UCTOHHIKY, BOCTIONb3YEMCS! MpOrpaMMOoin

C 77°°*, TO 3aXBaTVM npepggecTHuk, & 15 OVIBHUX

VIMITY/ICOB ITOPUTM C 7]j°°%/4He 3aXBaTUT BCHO 3HED-
[VFO BQZHOMO VMIMY/IBCA, TIOSTOMY OLIEHKM MapavET-
OB VMIY/IECOB PACCHMTLIBAKOTCH ZIBYMS! MpOrpai:
VeV s TP TP,

[11 TOro YTodb! VCKIHOHMTL OLLIMOKIA, J0MyLLIEH-

HbE aHanvize VBVEPEHHbIX IMIMY/IbCOoB, Obi
bl CreLVa/bHbie anropuUTVbL CHavana
MPOBOAVIIACH T Ha NPaBIHOCTL OTpee e

HS1 CTOUHVKA (Cy/IHa CEMCMHECKOI [Pa3BEIKN).

PYTEHKO wn gp.
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[prCcBOEHVE UMIMY/ILCY UCTOYHMKA OCHOBLIBAIOCH
Ha pacnmcaHmmlvp%Glbl cericMopasBea0HHb X Cy/0B;
KCOXa/IeHMIHO, He BOE VIMIMY/ICh, U3TyHeHHb E Cy/ig-
MU, BOLLIM B pacnmcaHve. B crydae OTCyTCTBUS UV
My/bCOB B PACTIICAH OMNEpaTOp MpVICBaviBar! C-
TOYHVIK, OCHOBbIBasACH Ha JaHHbLIX aBTOMATHECKON
NOEHTVWMIKALIYIOHHOW cvicTeMbl —A I S. [ mposep-
KA PacriofiokeHHbE PAOOM TOUKW MOHUTOPMHIA
00LEOVHICE B MPYMNbl U [ KEXKOOA U3 TakX
M CTPOWACH T K/, Ha KOTOPbIX LBETOM
Haua/mCb cyaa (CMm. puc. 9a).

COOTBETCTBEHHO, BC/yUae BEPHOMO OMREE EHMS
VICTOUHIIKA ONEpaTopavii Cy/IHO [IO/DKHO ObITb QAHO
NTOXE, a e/ Ha CTAHLWSIX Cy/Ia Pa3ibarivch, TO
3TO SBMI0CH CUTHAMIOM /11 MPOBEPKIA. B gHHOM
C/ydae Takowi (pparveHT Ha pric. SaoTvieYeH arymrk

COM YepHoro LiseTa. Mocsie 3Toro MpovisBoawach
MpoBePKa. C MOMOLLLIO AaHHBIX AlS. [1nA Kevkaon
CTaHUMM GbI MOCTPOEHbI MPadKA - 3aBYICVIMOCTA
YPOBHSI SE L OT Cy/aHa A0 TO4KA MOHUTOPUHIa (CM.
puc. 96). Yem gariblLie HaXQOUTCA Cy/AHO, TeM MeHb-
LLE IO/DKEH ObITb YPOBEHb SEL . KaK TO/NbKO Mbl Bt
LWIM PE3KO OT/INHaHOLLEC 3HaYEHS, BOrbLLVE 3Ha-
YeHWA SE L Ha JarbHEM PacCTOSHAW, TO 3TO SIBMSET-

Cl CUMH/IOM ONepaTopy [ MPOBEPKUA  ITUX
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UMNYyNbCOB. MoAo06HbIA cnyyali oTMedeH Ha puc. 96
3NNMMNCOM YEpHOTOo LBeTa.

Ecnn HalfeHHbIA MMNY/bC HE OTHOCUACA K Celi-
cMopasBeAKe, TO TakKoi UMMynbC ygananca n3 pe-
3yNbTaToB aHanmsa. MNMapameTpbl UMMNYbCOB B ClIyYasax
HanoXeHus ceicMopasBefiKn U UMMNYNbLCOB HEU3BECT-
HOW NPUPOAbl paccynTbIBa/IUCh KaK cpefHee 0T napa-
METPOB 61MXaiL X ceMcMopasBefovHbIX UMMY/bCOB.
Ownbo4Hoe npeacTaB/eHNEe M3MEPEHHOr0 HU3KoYa-
CTOTHOrO MMMy/bCca CeicMopasBefjOYHbIM KOHTPONU-
poBasiock C MOMOLLLbK 3HAUYEHUI ero NapameTpoB: Ko-
ahhuymeHTa sKcLecca—aTOT NapameTp XxapakTepusy-
eT OoCTpoTy orubawlein UMNYAbLCHOrO CUrHanNa;
Be/INYnHbI 90% nHTepBanaun 3HadyeHUAa SP L.

O6Luee KONMYECTBO MMMYNbCOB OT ceilicmopas-
BeAKW, HaligeHHbIX B 2015 r., coctaBuno 11876463. B
pe3yfnbTaTe NPOBEPKWN BbIN0 3aMEHEHO 2722 UMNY/b-
ca, UM NPUCBOEHbI CpefiHUe 3HAYeHNA NapameTpoB,
paccyMTaHHbIX Ha OCHOBe 6AMXaliLWMX UMNYNbLCOB
ceicmMopa3sBefKMu.

SAKNMTKOYEHWE

Bnarogaps 601bWLIOMY fJUHAMUYECKOMY Ananaso-
HY WU3MepUTeNbHO-PErnMCcTPaLmMoOHHOro TpakTa aky-
CTUYecKo cTaHummn Llenbg-2014, KOTOpbIA paBeH
145 nBb, B 2015 r. Ha CeBEpPO-BOCTOYHOM Lefbpde
0. CaxanuH B0 BpeMs NPOBeLEHNS KOMMNAHNAMU JK-
coH HedTeras inmnTeg n CaxanuH 3Hepa>Kun WH-
BECTMeHT/ITA. ceficmopa3BefoUHbIX NCCE[0BAHMNA
NoNyyeHbl YHWKaNbHble JaHHble O pacnpocTpaHe-
HUW 3HEPTUN cecMmopasBe0UYHbIX CUTHANO0B B MeJl-
KOBOJHbIX HEOAHOPOAHbIX Fe0aKyCTUYECKNX BOJTHO-
Bogax. MNMocKobKY Ham WU3BEeCTHO BpeMs M KOOPAU-
HaTbl U3/1ly4YeHNA ceicMopa3BefovYHOro curHana, 1o
cTaunmoHapHble MNPOCTPAHCTBEHHbIE aKyCcTU4YecKue
n3MepeHus (cMm. puc. 1) No3BONASAT pewaTb C UX NO-
MOLLbIO KaK MpakTuyeckue, Tak U (pyHLaMeHTalb-
Hble 3aJauu recakyCTUKM MenKoro Mops.

BriepBble Npu pacyeTe NapameTpoB HU3KOYACTOT-
HbIX aKyCTU4YeCKUX WMNY/AbCOB, (OPMUPYEMbIX B
BOAHOM C/I0€e ceicmMmopa3BeoUYHbIM CUTHANOM, Npej-
NOXXEHO MMNYNbC pasfe/inTb Ha NpefBecTHUK U BOA-
Hbll umnynbc. lMOCKOAbKY aMnauTyfja Bapuauuii
aKycTMyecKoro faBneHns p(t) B npeaBec THUKE MOXeET
6bITb flaXke 60/bLUe, YEM B BOAHOM MMMY/bCe, TO pas-
paboTaHHbIN KOMMNIEKC NporpamMmm s OLeHKM napa-
METPOB TaKUX UMIMY/IbCOB NO3BOJIAET NPUMEHUTb AN
MHOro(haKTOPHOro KOpPPeNnsAuMOHHOro aHanms3a Kak
MHTerpanbHble NapameTpbl, onpegesieHHble Ha 6-ce-
KYHOHOM BPEMEHHOM WHTepBasie, OXBaTblBalLLEM
oba Mmnynbca, Tak U 48 Kaxgoro uMnynbca no ot-
JenbHOCTU. B nocnefHem cnydae MOXHO pasfefibHO
OUEHUBAaTb BNVSAHWE HA MOPCKUX XWBOTHbIX NPOLOJI-
XUTEeNbHOro npeABecTHMKaA ¢ yactoTamu 1040 Iy wm
KOPOTKOI0 BOAHOro MMnysbcac yactotamum 50—300 Iy,

Mpwn oueHMBaAHUM MapamMeTPoB UMMY/bCa Ha 6-ce-
KYHAHOM MHTepBase, Ha Hall B3rnsj, Han6osee UH-
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hopMaTUBHLIMU N OTHOCUTENbHO CTAbUIbHBIMU AB-
nawTcs 3HavyeHna SPLAN, SELnoo% n SEL7Yi%. 3Ha-
yeHne SPL, npu OUEHWBAHUUN HA BPEMEHHOM
nHTepsane TO%CNNbHO BapbUPYET B COOTBETCTBUN C
N3MEHEHMAMMWN 3HaUYeHUA 7% B paboTe [6] Nnokasa-
HO, YTO 3HayeHue SPL”™ MOXET M3MEeHUTbLCA npu
nepexofe oT O4HOro umnysnabca K gpyromy Ha 1046,
npuv 3ToMm 3HaveHnsa SPL™  un SELjx>0% n3meHsA0TCA
Tonbko Ha 0.5 n 1546, COOTBETCTBEHHO.

JKCNepyMeHTaNbHO M TeOPeTUYEeCKMU MoKasaHo
(cM. puc. 6), 4TO B aKyCTUYECKUX UMMYNbCax, reHe-
pvpyemblx Ha Gepery ygapom “monoTta” no 3abuBae-
MOW B rPpyHT PYyHAAMEHTHOW CBae U U3MEPEHHbIX Y
AHa Ha 20 meTpoBOW n3ob6aTte, 3HaYeHUE CNeKTpasb-
HOWM NMOTHOCTM MOLLHOCTU Bapuaynii p(r) Ha 4yacTo-
Te 30 Ny noutn Ha5ab 6onblie, Yem B UMNyNbCe, N3-
MepeHHOM Ha 10 meTpoBoOli nsobate. ITOT aPdPheKT
06bACHSAETCA 0COBEHHOCTAMM BEPTUKAIbHOW WH-
TephepeHLMOHHOW CTPYKTYpbl (hOPMUPYEMOFO Ha
wenbge aKyCTUYECKOro noss Ha pasHbiX yacTtoTax
(cm. puc. 58, 5r).

ABTOpbI BbIpaXalT 61arogapHoCcTb KOMMaHuu
JKCcOoH HedTeras /iumnTef 3a NOAAEPXKKY AaHHON pa-
60Tbl 1 coTpygHnkam TOH ABO PAH, npuHABWNUM
aKTUBHOE y4acTue B NnosieBblx paboTax naHanuse napa-
MeTPOB W3MEPEHHbIX AaKYCTUYECKUX  WMMY/IbCOB:
T.A.AHTuneHkosoli, C.B. Bopucos)', N.B. MeaBege-
By, B.I'. Ywmnnosckomy n B.B. Jlnxaues)'.
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