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I., TIOCBSIILIEHBI JIMIIb OTACIbHbIC pPadoThI [19, 21, 22,
24, 26]. Pe3ynbraThl TEOPETUYECKUX MCCIIEIOBAHMIA
cymMMMpoBaHbl B MoHorpaduu [17]. B orimume ot
pabortsl [19], B HacTosieit cratbe, Kpome CCA s
BCEX OCHOBHBIX SHEPrOBBIIEICHU, MTOCTPOEHBI pa3-
JIMYHbIC KOPPEJSIUIMOHHBIE TMOJsI. DTU pe3yJIbTaThl
CYILIECTBEHHO JIOTOJIHSIIOT pe3y/bTraThl padoThI [19].
Ectb uenbiii psia cOXHOCTEH B MCClIeIOBAaHUU
MHOPa3BYKOBBIX BOJIH, CTEHEPUPOBAHHBIX BO BpeMsI
KatracTpod Ha BOEHHBIX cKJanax. Bo-mepBbix, Mac-
COBBIC B3PBIBBI IMIPOMCXOIIT Ha (POHE MHTEHCUBHBIX
ITOXapoB, KOTOPBIE TAKKE ABISTIOTCS MCTOUHUKAMU
AT'B B mmpokoM amaria3oHe NEpUOIOB, BKIIOYA-
IOIIMX B ce0s1 1 MH(MPA3BYKOBbIE BOJHBI (MIEPUOIbI
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0.05...300 ¢). UccnenoBaHue mapaMeTpoB 3TUX BOJTH
MPEACTaBIISIET CAMOCTOSITEIbHBIN MHTepec. Bo-BTO-
PBIX, BOSHUKAIOIIME TIPY MTOBTOPSTIOIINXCST B3PBIBAX
Bo3mymieHus: B cucteme 3AWUM u B atmocdepe, B
YaCTHOCTH, HAaKaIlJIMBAIOTCS HaJl MECTOM KaTacTpO-
¢u1. B pesynbraTe obpasyeTcsi cBOeoOpa3HbIi «Ky-
MOJI», TapaMeTpbl KOTOPOTO MOTYT 3HAYUTEITHHO
OTJIMYAThCSI OT TapaMeTPOB HEBO3MYIIEHHOI cpe-
Ibl. B-TpeTbuX, «KyIoJj» MOXeT 3aMEeTHO BJIMSITh Ha
YCJIOBUSI MpeoMIIeHUsT UH(Mpa3ByKa 1 €ro 3axmsaTa
B aTMocepHble BOJIHOBOALI. HakoHell, cujia B3phI-
BOB pa3Hasl, MOCJIeN0BaTeTbHOCTh UX SHEPTOBBIIE-
JIEHWST BO BPEMEHU SIBJISIETCS CirydaifHoil. Bc€ ato
orpezeNsieT UHTeHCUBHOCTb U CIEKTPaJbHBIN CO-
cTaB MH(pPa3BYKOBBIX CUTHAJIOB, TCHEPUPYEMBIX B
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TeYeHNE MACCOBBIX XMMMUYECKHX B3PHIBOB Ha apce-
HaJtax O0eIpUIIacoB.

DKcnepuMeHTaIbHasE OIleHKa a3uMyTa HCTOY-
HUKa MHOPa3BYKOBbIX BOJIH, MeXKaHaJlbHasl KOpP-
peIIMoHHas 00padoTKa M OlIEHKAa CKOPOCTH TTPU-
X0Jla BOJIH MO3BOJIMIN HAJEKHO BbIICIUTh U3 BCEi
PErUCTPUPYEMOIl COBOKYITHOCTH HH(MPa3BYKOBBIC
CUTHAJIbI, 3apETUCTPUPOBAHHBIE MACCOBBIMU XUMM -
YeCKMMHU B3pbIBaMU. [1pu 3TOM IJIsT OIICHKU SHEep-
TUU B3pHIBOB 1 MOMEHTOB BPeMEHU TTPUBJICKAINCH
IaHHBIe ceficMorpadoB, pacIlOIOXEHHBIX BOJIU3H
MHGPa3ByKOBOM CTAHLIMU.

O0e METOAMKM OLICHKM JJIUTEJIbHOCTU MH(Ppa3-
BYKOBOTO CHMT'HaJla JaioT Onu3kuii pe3ynasrar. OO
5TOM CBUJIETEJILCTBYET 3aBUCUMOCTH (1), rie 3Haue-
Hue Koo duumenta npu AT ¢, 611M3K0 K 1, 3Haye-
Hue R~ 0.94.

3aBUCUMOCTB TTeprOIa OCHOBHOTO KOJICOaHUS OT
SHEPrUM B3phIBa JaeTcsl cooTHomeHusMu (2), (3) u
(4). Han6onbiee 3HaueHue R ~0.90 u HauMeHblee
o =~ 0.19 ¢ umeeT MecTo IpU IOKa3aTeye CTeNeHU
okoJio 0.44. B To e BpeMsl TeOpeTUUECKUI 3aKOH
Moao0usl, a TAKXKe IMITIMPUYECKUI 3aKOH Aat0T 3Ha-
YyeHue 3Toro rnokasaress, oauskoe K 0.33 [30]. ITpu
noka3zaresie 0.34 3HaueHue R Juillb HE3HAYUTEb-
Ho ymeHbinaetcs (no 0.88), a ¢ yBesuMuuBaeTcs: He
6omee yeM Ha 10 %. 3aBUCHMOCTD (4) cemyeT MpH-
3HaTh HEYIOBJIETBOPUTEIILHOM.

3aBUCUMOCTb  JJIUTEJIBHOCTU ~ MH(Pa3ByKOBOTO
CUTHAJIa OT SHEPruy B3pbIBa JO HACTOSIIIETO BpeMe-
HM, HACKOJIbKO U3BECTHO aBTOPaM, HE UCCIIeI0BANIACh.
Hamu nosrydeHbI IMHEHbIE PerpecCOHHbIC 3aBUCH-
moctu (5) u (7) u creneHHble 3aBucumocT (6) u (8).
O0e 3aBUCUMOCTHY UMEIOT OJIM3KKe 3HaYeHusI R 1 ©.

Ha otHocurenbHo HebobIux (~200 KM) paccTo-
SIHUSIX OT MecCTa B3pbIBa MOTEPU 3HEPrUuu UHGbpas-
BYKOBOI BOJIHbI He3HauuTeabHbI. [loaTOMYy 3HEp-
rusi MHGPa3BYKOBOU BOJIHBI, MTPOIMOPLMOHATbHAS
SHEPIuu B3pbIBa, NOJLKHA ObITh MPONOPLUUOHAIBHA
MPOU3BENEHUIO Ap’AT . Kak ciieayeT U3 COOTHOIIE-
Hus (9), necTBUTENbHO TOKa3aTesb CTeNeHU TPy
E munis He3HAYMTENTbHO OTINYAETCS OT SAUHMITBI 1
coctabisieT 1.07. ITpu aTom R ~ 0.56. 3aBUCUMOCTD
(10) He sBAISIETCS TpUEMJIEMON, TaK Kak R ~ (.25.

N3MepeHust aMIIIMTYabl curHaia Ap(t) ipu pas-
JIMYHBIX DHEPTOBbIAEACHUSIX £ Mokas3anu, 4To npo-

u3BeleHne Ap?AT,,; TIPUMEPHO TIPOTOPLIHOHAIBHO
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E (cm. perpeccuto (9)). Tak u 10JKHO ObITH B CUITY
3aKOHa COXpaHEHWs SHEPTHUM, MOCKOJBKY TOTepH
SHEPrum Ha Tpaccax MIMHOI okoo 200 KM el He-
3HauuTesbHbI. Perpeccuto (10) cineayer nmpusHath
HEYIOBJIETBOPUTETLHOM M3-3a 3aHMKEHHOTO 3Ha-
YeHMS TToKa3aTessl CTeNeHW W HU3KOro 3HAaYeHUsI
K03GhdUIIMeHTa TOCTOBEPHOCTH.

Pesynbrarel Hactosieil padbotbl U padotsl [19] B
1IeJIOM COTJIacyloTcs. B maHHBIX MCCIenoBaHUSIX CKO-
pOCTB TIpUX01a MHGPA3BYKOBBIX BOJIH ObLTIa HECKOJTb-
ko 6osbiiie (300...330 m/c), uem B padorte [19], rie oHa
coctassiia 300 ...310 m/c. K coxaneHuto, uaMepeHust
Ha OTHOI CTAHIIMY He TMO3BOJIMIIN OLIEHUTh CKOPOCTh
aTMoc(depHOro BeTpa TakK, KaK 3TO ObUIO CIeJlaHO B
pabore [19]. ITonyyeHHbIE OLIEHKU CKOPOCTH ITPUXOaa
MPEACTABISIIOTCS BIIOJTHE Pa3yMHBIMU.

OCHOBHBIE PE3YJIBTATBI

1. Tlpu yBenuueHUM sHeprowbiaesieHust ot 4.1 1o
49.9 T THT nHaOnonanach TeHIGHUMST K yBeauve-
HUIO aMILTUTY bl (TpuMepHo ot 1 1o 4 I1a) u nepu-
ona (mpumepHo ot 0.5 go 1.5 ¢) npeobaaaaroLIero
KoJyiebaHus1. JIUTeNbHOCTh IIyTOB KOJIeOaHUSI MIPU
9TOM yBeJu4uBajgach ot 2.5 10 7 c.

2. Ipu sHeproBoiaeaeHnu, paBHoM 49.9 T THT,
B CIIEKTpe KoyiebaHWit Tpeodamaad TapMOHUKHU C
nepruogoM oT 1 1o 2 ¢. JIuTenbHOCTD IIyTOB KOJIe-
OaHMIi C TAKMMU MepUOIaMu cOCTaBJsiia 7 C.

3. CpeaHsist CKOPOCTh ITpUXOAa BOJTH U3MEHSIach
B npeaenax 300...330 m/c.

4. PerpeccuoHHas 3aBUCUMOCTbL IepuoAa WH-
(pa3ByKoBOIi BOJHBI OT PHEPTUHU B3pbIBA B 1IEJIOM
0JIM3Ka KaK K TEOPETUIECKOM, TaK M K AMIIUPUIE-
ckoit (T oc E%-3%). Ipu aTom R ~ 0.88.

5. PerpeccroHHasT 3aBUCUMOCTbH JJIUTEIHHO-
CTU MHOPA3BYKOBOTO CUTHAJIA OT SHEPTUHU B3PHI-
Ba Oim3Ka K juHeiHo#. [Tpu stoM R ~ 0.64 (ms
ATgpr) 6o R = 0.68 (mnsa ATy,p). IpuemneMbivu
TaKXKe ABJISAIOTCS U CTENIEHHbIE PETPECCUN.

6. PerpeccoHHast 3aBUCUMOCTb Ap’AT OT DHEp-
MM B3pbIBa OJIM3Ka K JIMHEIHOI, YTO OTpaXKaeT 3a-
KOH COXpaHEHMST 9HePTUM WH(GPa3BYKOBOM BOJIHBI.
ITpu sToM R ~ 0.59.

Paboma Yepnoecopa JI. @. u Illesescsa H. b. ¢hu-
HaHcuposanacs 6 pamkax eocordxcemuoii HUP yu-

pexucdenuii MOH Ykpaunoi, Homep eocpecucmpayuu
0119U002538.
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YACOBU I CUCTEMHUWM CITEKTPAJIbHUMN AHAJII3U IHOPA3ZBYKOBUX
CUTHAJIIB Y ATMOC®EPI, 3STEHEPOBAHUX BITPOJIOBX TEXHOTEHHOT KATACTPO®U

MeToto po6oTH € BUKITaJeHHSI pe3y/IbTaTiB CIIOCTEPEXEeHHST XBUJIEBUX (DOPM i CICTEMHOTO CIIEKTPaTLHOTO aHallizy iH(pas-
BYKOBMX CUTHAJIB, 110 CYITPOBOKYBAJIM MacOBi BUOYXM BITPOMOBXK HAMCUIBHIIIIO! TEXHOTEHHOI KaTacTpo(du HeToJaliK M.
Iuns, YepHiriBcbka o06i1., Ykpaina, 9—10 xoBtHst 2018 p. Ha BiiichKoBUX CKJIagaX 3HAXOAUJIOCS OJM3bKO 69.5 TUC. TOHH
Goenpuracis. [Troura apceHany — 682 ra. Moro reorpadiuni koopmuHaTi: 50°51'45” . mr., 32°23'39” cx. 1. st crioctepe-
JKeHHSI BUKOPUCTOBYBaJIMCS iH(PPa3BYKOBI Ta ceiicMiuHi cTaH1ii [oJIOBHOTO LIEHTPY crieliiaibHOro KOHTpoutto. [Hhpa3ByKkoBa
craHuis ManuH obnaaHaHa Mikpobaporpadom, 1o ¢pyHkUioHye B mianazoni yactot 0.3...10 Tir. Meroauka oOpoOKM 1IUX
CIIOCTEPEXeHb B LIUX AOCITIKEHHSIX 3BOMIIIACS 10 HACTYIHOro. CIIOYaTKY pe3y/IbTaTH BUMIpIiB YaCOBHX 3aJI€3KHOCTEll THCKY
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JI. D. Yepnoeop, A. U. Jlawyx, H. b. lllesenes

B iH(pa3BYKOBill XBUJIi MEPEeBOAMINCS 3 BiTHOCHUX OAMHMUIIL B abcomoTHI. Jlami 1i 3a71eXXHOoCTi migmaBaivcs ¢iabrpallii B
nianaszoxi nepioais 0.2...5 ¢. I1otiM 31ilicHIOBaBCS CUCTEMHMIA CIIEKTPaIbHUIA aHajli3 BiadiIbTpOBaHUX 3aJIEXKHOCTEN TUCKY
B iH(pa3BYKOBiil XBUJIi 32 JOMOMOTOI0 B3A€MOIOMOBHIOIOUNX BIKOHHOTO MepeTBopeHHst Dyp’e, aganTHBHOTO MePETBOPEHHS
®dyp’e i BeliBIET-TIePETBOPEHHS 3 BUKOPUCTAHHSIM 6a3ucHOi GyHKIIiT Mop:ie. BuBueHO 0cOOIMBOCTI XBIIIEBUX GOpM iHb-
Pa3BYKOBUX CUTHAJIIB, IXHIX aMIUIITY] i CIIEKTPAJbHOIO CKJIaay Mpu Aajekomy (218 KM) MONMIMpPeHHi XBWib, 3T€HEPOBAHUX
BIIPOIOBX TEXHOTEHHOI KaTacTpodu Ha apceHasti boernpumnacis. [TokazaHo, 1110 pu 30iIbIIEHHI eHeproBUAICHHS Bin 4.1 10
49.9 Toun THT crnioctepiranacst TeHAEHIIis 10 30iMbIIEHHS aMIUTITYIX Ta TIepiofy MepeBakaouoro KonuBaHHs. TpuBamicTh
LIyTiB KOJIMBaAHHS MPY LIbOMY 30iJblryBaacs Bin 2.5 g0 7 ¢. BusisiaeHo, 1110 npu eHeproBuaiieHHi, piBHoMy 49.9 Ton THT, B
CIEKTPi KOJIMBaHb TMepeBaXkaau rapMOHiKM 3 nepiogamu Bia 1 1o 2 ¢. Po3paxoBaHo, 1110 cepeHs IIBUIKICTh MPUXOAY XBUIb
3MiHtoBanacs B Mexax 300...333 m/c. [ToOynoBaHO OCHOBHi KOpeJIsLiiiHi MoJs.

Karouogi caoea: TexunorenHa xkatactpoda, iHOpa3ByKoOBUI CUTHA, OCHOBHI MTapaMeTpy CUTHAITY, YaCOBi (hOopMU, CUCTEMHUTA
CHEeKTPaJIbHUI aHAJIi3, KOPEJsILiHe 10Je, perpecis.
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TEMPORAL AND SYSTEM SPECTRAL ANALYSIS OF INFRASONIC SIGNALS
IN THE ATMOSPHERE GENERATED DURING A MAN-MADE CATASTROPHE

The work objectives are to present the results of observations of waveforms and the system analysis of the infrasonic signals ac-
companying the multiple explosions that occurred during a great man-made catastrophe near the Town of Ichnia (Ukraine)
on October 9—10, 2018. The depot (50°51'45” N, 32°23'39" E) occupying a 1.685-acre surface area contained 69,500 tons of
ammunition. The observations were conducted using infrasound and earthquake monitoring equipment of the Main Center of
the Special Monitoring of NCCTOSM, SSAU. The Malyn infrasound station is equipped with the microbarograph recording
fluctuations in the 0.3—10 Hz range of frequencies. The technique of data processing in the present study was as follows. First,
the temporal dependences of relative pressure in the infrasonic wave were converted into units of pressure. Further, these de-
pendences were filtered by band-pass filtering in the 0.2 — 5 s period range. Then, the system spectral analysis of filtered depen-
dences was applied using mutually complementary the short-time Fourier transform, the Fourier transform in a sliding window
with a width adjusted to be equal to a fixed number of harmonic periods, and the wavelet transformation employing the Morlet
wavelet as a basic function. The features of the waveforms, amplitudes, and spectral content of the infrasonic signals generated
during the man-made catastrophe and propagated over long distances (218 km) from the ammunition depot near the Town of
Ichnia (Chernihiv Province, Ukraine) on October 9—10, 2018 have been investigated. It was shown that an upward trend in the
amplitude and the period of the predominant oscillation were observed when the energy release increased from 4.1 to 49.9 tons
of TNT. The duration of the oscillation trains increased from 2.5 to 7 s. The analysis revealed that the harmonics in the 1-2 s
period range were predominant when the energy release was equal to 49.9 tons of TNT. It was calculated that the average celerity
of waves varied within 300—333 m/s. The main scatter diagrams are plotted.

Keywords: man-made catastrophe, infrasonic signal, signal main parameters, temporal forms, system spectral analysis, scatter
diagram, regression.
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