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BBEAEHUNE

HeobGxonuMocTh n3yyeHUst ocobeHHOCTel pac-
MpocTpaHeHus B aTMOc(epe MHTEeHCUBHBIX HEJTUHET -
HBIX BOJIH U 3aKOHOMEPHOCTE UX TpaHchOopMaLluu
B aKyCTMYECKKE BO3MYILIEHHUS 3aKJII0YAETCsl B pa3HOM
OLIEHKE CO CTOPOHBI IBYX 00J1acTeii eCTeCTBO3HAHUS
(¢pu3uku B3pbIBa U aKyCTUKU B3pbIBA) OMHOIO U TOTO
K€ SIBJIEHUSI — M3MEHEHUs (POpMBI HEJIMHEMHOI BOJI-
HBbI 10 Mepe ee pacrpocTpaHeHus: B aTMocdepe. Ta-
KUM HCCJIETOBAHUSM TTOCBSIIEHA TOCTATOYHO O0OUIb-
Hasl JuTepaTypa, cM. Haripumep, [1—35].

Tak, cnmeumanucTsl 1Mo (GU3KUKE B3pbIBa, M3yda-
I0lllMe MHTEHCUBHbBIE B3PbIBHbBIE BOJIHbI, ONIUPASICh
Ha UCCJIENOBAHUS YPAaBHEHUN ra30BOM NTUHAMUKMU,
NPUXOAST K BbIBOAY O COXpAHEHUU HEJIMHEHHOM
(bopMBbI BOJIHBI C CUJIBHBIM Pa3pbiBOM MapaMeTpOB
TedeHUs Bo ¢ppoHTe (puc. 1a) Ha Bcex yaaqeHUsIX R
OT MecTa B3pbiBa (maxe 1mpu R — o). JIpyrumu cio-
BaMu, IMpuHa ¢ppoHTa, Jaxe IMpu TpaHchopMaLuu
MHTEHCUBHOI B3PBIBHOM BOJIHBI B 3ByKOBOE BO3MY-
LIeHWE, JOJKHA OIIPEeAe/ISIThbCSI MacIITadOM IIMHBI

cBOGoIHOTO TIpobera Mosekyr rasa (/, ~ 1077 m), T.e.
CTPEMUTBLCA Ay, = /.

HamnpoTus, crienuajiucTbl-aKyCTUKH, UCCIEaYIO-
e 3aKOHOMEPHOCTH HaJbHETO pacIpOCTPaHEeHMUS
B aTMocdepe 3ByKa OT B3pbIBa, OMUPAsICh B KOHEU-
HOM UTOTE Ha BTU Xe YpaBHEHUsI Ta30BOM TMHAMUKU
(TouHee, Ha MaTeMaTUYECKUI anrapar, OJy4YeHHbI
W3 HUX B MMPUOIVKEHUN TEOMETPUIECKOM aKyCTUKH
HEOIHOPOAHON NBUKYILEKCS cpenbl) U Habmonas B
MHOTOYMCICHHBIX 9KCIIEPUMEHTaX B3PbIBHBIC BOJHbI
¢ pacmIupeHHON (PpoHTOBOI 00acThio (puc. 10), He
TOJBbKO BOCTIPUHMMAIOT MX KaK BOJHBI CXKATUS aKy-
CTUYECKOU MPUPOIBI, HO U SKCTPATIOJUPYIOT HOpMY
BOJIHBI C pacIIMpeHHBIM (GppoHTOM (Korma Ay, >> [,
pHuc. 2) K MecTy B3pbIBa [6—7].

B HacToguieii padore, B COOTBETCTBUHU C [2—3],
(poHTOM MU PPOHTOBOI 00JACTHIO BOJHBI CUMTA-
€TCs YacTh Ta30AMHAMUYECKOTO TTOTOKA, B KOTOPOM
napamMeTpbl TCYCHUST U3MEHSIOTCS OT HayaJbHOTO He-
BO3MYIIIEHHOTO COCTOSIHUSI 0 CBOEI0 MaKCUMaJIbHO-
ro 3HaueHus1 (obsactb /—2 Ha puc. l1a).
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Puc. 1. ®opma BoJHBI OT B3pbiBa 1 KT TpoTwia: (a) — pe3yabTaThl pacueToOB 0 ypaBHeHUSM Ditepa [4]; (6) — sKcre-
pUMeEHTaIbHbIE JaHHbIE [5]; I — mpu3eMHass MHBepCUs; 2 — HelTpaabHas cTpaTudUKALIUS IOTPAHCIOS aTMOCKhEPHI.

AKTYaJbHOCTb M3YYEHHUSI OCOOEHHOCTEl pacnpo-
cTpaHeHUs B aTMochepe MHTEHCUBHBIX HEJIWHEMH-
HBIX BOJIH M 3aKOHOMEPHOCTEI X TpaHchopMalluy B
aKyCTMYECKHEe BO3MYILEHUST 0OyCIOBIeHA TaKXKe pe-
LIeHWEM pPsIIa BaXKHBIX TIPUKIATHBIX 3a1a4. B vacT-
HOCTH, B 3aJa4ax aKyCTU4YeCKoli aKonoruu [8] peub
WIET O TIPOTHO3¢e apaMeTPOB HETMHEHBIX aKyCTH -
YeCKMUX BOJIH ITPU MAaCCOBBHIX B3phIBaX Ha Kapbepax
WJIW B3PbIBHOM U3BEP>KEHUU BYJIKAHOB, CBEPX3BYKO-
BOM JBUXXEHUU B aTMOC(epe MeTeopouaa Uin BbIXO-
JIe BBICOKOCKOPOCTHOTO TO€3/1a U3 TYHHEJsI, a TaKXkKe
0 MPOTHO3€ BO3ACHCTBUSI MHTEHCUBHBIX BOJH Ha 4Ye-
JIOBEKAa U APYrue KUBbIe OpTaHU3MBI.

OTANYUTENbHON YepTOoil HacTosIIel paboThI SIB-
JISIETCS VICTIONIb30BAHUE ISl aHAJIU3a U COMOCTaBJIe-
HUS C TEOpUEW 3HAYUTENBHOTO KOJIUYECTBA UMEIO-
LIVXCS DKCTIEPUMEHTAIBHBIX TaHHBIX, B TOM YUCIE U
JAHHBIX, MTOJYYEHHbBIX aBTOPAMU HACTOSI1IEH paOOThI.

JlaBneHnue

Bpemst — >

Puc. 2. Moxenb akKycTUYEeCKOTO UMITYJIbca BOJIM3U
ncroyHuka [6—7].

2. OCOBEHHOCTH PACITPOCTPAHEHMH A
B ATMOCO®EPE HEJIMHEWHBIX
AKYCTUMYECKHWX BOSMYILIEHNU

B [2—3] noaydeHbl aHAJIUTUYECKUE PEIICHUS 3a-
Jadyd O CTPYKType (ppoHTa MIOCKON HEIMHENHOMN
BOJIHBI B ra3e, 00J1aaaiolieM BI3KOCThIO U TEIIOIpPO-
BoAHOCTbIO. [TpubaMXKeHUe NMI0CKOM BOHBI B HACTO-
silee BpeMsl LIUPOKO MIPUMEHSsIeTCsl 1 UccieqoBa-
HUS CTPYKTYPbl (DpOHTA chepuvecKoii BOJHBI Ha OT-
HOCHUTEIbHO OOJIbIIIOM €€ yaaJleHUU OT UCTOUHMKA.
B [2—3] moka3aHo, 4TO XapakTep M3MEHEHUs Ma-
paMeTpoOB TeuyeHHUs BO (DPOHTE OMMCHIBACTCS
COOTHOIIIEHUEM

s 1
1+ Ke % W

ne(€) =

e Mg = {p/py; 0/00; Up/u; T/T,} — 6e3pasmepHbIe
JlaBJIeHUE, TNIOTHOCTb, MACCOBAasi CKOPOCTb U TEM-
neparypa, Mg 1 Mg, — HayaJbHbIE U MAKCUMAJIbHbBIC
3HaYeHUsl MapaMeTpoB raza, K u o — onpeaensio-
e mocTosiHHbIe. 3aBUcUMOCTb (1), 0003HaUeHHas
Ha pUC. 3 cepoil TNUHUECH (==), CIIpaBEIIMBaA KaK JJIsl
cnabbIx BOJH (korna Ap, = p, — p, << p,), TaKk ¥ 175
YMEpPEHHBIX (Ap, ~ p,) WIK UHTEHCUBHBIX (Ap, >> p)
BOJIH.

CornacHo puc. 3, UCIIOJb3yeMble B HACTOSIIIEE
BpeMs MOAEIU BSI3KOTO M TETUIONPOBOMIHOTO Tra3a
¢dopMaabHO NPUBOIAIT K OCCKOHEUHOMN IIMpPUHE
dbpoHTa Ap, Y BOJTHBI 11000 MHTEHCUBHOCTH [2—3].
[To aToit mpuuMHE BBOAUTCSI MMOHATUE dphpexmus-
HoU wupunsl GPOHTA, B Mpeaenax KOTOpoi mpouc-
XOJIUT OCHOBHOE M3MEHEHMEe BCeX BEJIMYMH. YKa-
3aHHasg mWUpUHa A/p, OTNpeneNseTcs paBeHCTBOM
AKYCTHYECKHWU XYPHAIJ Ne 3
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Puc. 3. Onpenenenue 3 heKTUBHON MUPUHBI HPOH-
Ta [2—3]; I — To4yHOe pelieHue; 2 — NpUOIUKEHHOE
peleHue.

ldNg / del ax = (e — M) /A 4 (PHcC. 3) M 10151 Hee

noJjyJaeTcs cienyioiias oneHka [2—3]:

2

Benuuuna A/, 06paTHO MPOMOPIIMOHATBEHA aM-
TUIMTYIE Ap, BOJHbBI, IPUYEM MACIITA0OM €€ CIYKUT
nnuHa pobera Monekyn /, ~ 1077 m. C yBennueHreM
WHTEHCUBHOCTHU BOJIHBI TIpU Ap, — o°, 3hheKTUBHAs
HIMPUHA CTPEMUTCS K HYIIO A/p, = 0, 4TO He UMeeT
(pusnueckoro cmeicna. OTciona aeaaeTcs JTOTUIECKUA
BBIBOJ, YTO IMPHHA (ppoHTa Ap, BOJH Ha BCeX yla-
JIeHUsIX R oT ucTouyHUKa (Jaxe mpu R — o) cocTaB-
JIIeT HECKOJIBbKO JJIMH CBOOOIHOIO IIpobdera MoIeKyl
[y (4TO y>Ke OBIJIO OTMEUYEHO BO BBEIEHUN).

JaHHBII BBIBOJ SIBJISIETCS MATEMaTUUYECKUM CJIe-
CTBUEM U3 YPAaBHEHUI ME€XaHUKM CIUIOIIHOM Cpe-
JIbl, OCHOBHBIM TOCTYJIaTOM KOTOPOWi SIBJSIETCS CY-
1ecTBoBaHue dusnyecku mMajaoro oorema (PMO)
C XapaKkTepHBIM pa3mepom O, >> /. [Ipu aTom xa-
PaKTEpHBIN pa3Mep 3ala4u TOJIXKEH OBITh Og >> J .
B paccmarpuBaemom ciydae d; = Ag,. Torna BeIBOL,
4T10 Ag, ~ [y, paBHOCHIIEH nomyleHuto 8, << /. Ilo-
CKOJIbKY 3TO JOMYyIIeHWE TPOTUBOPEUYUT MOCTYJIATy O
DdMO, T10 cooTHOMIeHUd TUMNA (2) clieayeT NPpU3HATh
HemocToBepHBIMU. McciaenoBaTenu, n3yJaromme He-
JIMHEHHbIE BOJIHBI B ra3ax W UCIOJIb3YIOLIUE IJISI 3TO-
r0 YpaBHEHUSI MEXaHUKU CIIJIOIIHOM Cpeabl, HE UMe-
0T IIpaBa BBIXOJAUTH 34 OTpaHUYECHUAI (‘5E >> 1, nam
Agy >> I,

OueHku TUNa (2), HECMOTPSI HA CBOIO MPOTUBO-
pPEUYMBOCTD, MOATBEPKIAIOTCS HE TOJBKO pe3yybTa-
TaMU YMCJIEHHOTO MHTETPUPOBAHUS KUHETUUECKOTO
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Puc. 4. OnbiTHBIe 3HAYeHUsT 9D (HEKTUBHOMN IIMPUHBI
(poHTOBOII 06J1aCTM UHTEHCUBHOUN HEJIMHEHHON BOJI-
HBI B ynapHbIX Tpybax [11].

ypaBHeHUsI boabiiMaHa [9—11] nJist MHTEHCUBHBIX
BOJIH B BSI3KOM U TETIJIOMPOBOIHOM ra3e, HO U dKCIe-
PUMEHTAJIbHBIMU JaHHBIMU, TTOJYYEHHBIMU B yaap-
HbIX TpyOax. Ha puc. 4 ot pe3yabTaThl mpeacTasie-
HBI B BUJe 3P PeKTUBHON IIMPUHBI GPPOHTOBOI 00-
nactu A/ p,, HOPMUPOBAHHOM HA JIJTMHY CBOGOIHOTO
rpobera MOJIEKYJIHI /.

BmecTte ¢ Tem, pe3yabTaTbl MHOTOUYMCJIEHHBIX
AKCTIEpUMEHTANbHBIX MCCIEeAOBaHUN B aTMocde-
pe HEIMHEWHBIX BOJH OT UMITYJIbCHBIX UCTOYHUKOB
pa3InMyHOl MPUPOIbl CBUAETEIbCTBYIOT O MPEBBI-
IIEHUN (PUKCUPYEMBIX B ONBITAX MapaMeTPOB Ay, U
. (pucC. 2) Han TEOPETUYECKUMU OLIEHKAMHU THIIA
(2) B 10°—10° pa3. Tak, nmokazaHHble Ha puc. 16 3mo-
pbl Ap(f) BO3OYLIHOI B3pPBIBHOM BOJHBI CYIIIECTBEH-
HO OTJIMYAIOTCS 1Mo popMe OT IMPOTHO3UPYEMOit (puc.
la) u oGaagaroT caenyromuMu (GpOHTOBBIMU Tapa-
MeTtpamu: amopa I — A, =2.14 M u 1z, ~6.3x1073 ¢;
smopa 2 — A, 2.0l M u 15, =5.9%107% ¢ (3mech u
Jajnee NJIUTeIbHOCTh GPOHTOBOM 00JaCTU OMpeaes-
ercd Kak fg, = Ag,/D,, tne D, — CKOPOCTb BOJIHBI
[2—3]). YuuTbiBas, 4To a¢pghexmuenas wupurna GbpoH-
Ta COmIacHo (2) AOJKHA COCTaBISITh HECKOIbKO JUITMH
npo6era Mosiekys Bozayxa (A, < 10X/,), nonyyaem,
YTO IKCMEPUMEHTATbHbIC 3HAUEHUSI A, TIPEBHIIIAIOT
TeopeTnyeckue A/, Ha 6 MTOPSIKOB.

Ha neBpix rpadukax puc. 5 mokasaHbl 3KCIEpHU-
MEHTaJIbHbIE TIPOMIIN UMITYJILCOB JABJICHUS, 3ape-
TUCTPUPOBAHHbIE B HEMOABUKHOM BO3yXe Ha yjaa-
neHussx R = 0.15—2 M OoT MCKpOBOro pa3psiiHUKaA C
SKBUBaJeHTHOI sHeprueit Q ~ 1078 kr THT [12—13].
[Tpu aHanu3ze 3TUX rpadUKOB MOJyYeHbl BEIUYU-
Hbl LIUPUHBI PPOHTOBOI 06nacTu Ay, = 1—1.4 MM
(tg+ = 3—4 Mkc). TakuM oOpa3oM, y UMIIYJIbCOB
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Puc. 5. (a) — 3apeructpupoBaHHbie U (0) — paccuMTaHHbIe MPOMUIN HETUHEIHBIX aKYCTUUECKUX UMITYJIbCOB Ha pas-

JIMYHBIX YAAJEHUSIX OT MCKPOBOro McTouHuKa [12—13].

NaBJIeHUs, MPUBEACHHBIX Ha pUC. 5a, SKCTIEPUMEH-
TajJbHble 3HaYEHUS Ay, MPEBBILIAIOT TEOPETUUECKUE
A/, Ha 3 nopsanka. Ha puc. 56 npeacrasieHbl pac-
CUUTaHHbIE TTPOGMUIN HETUHEWHON BOJHBI JJIsI TEX
K€ YCJIOBUI 9KCIIEPUMEHTOB C YUeTOM TEPMOBSI3KOit
JVCCUTIAllU U AUCTIEPCUM 3BYKA.

PesynbraThl cTaTucTUYECKO 0OpPaOOTKM OIBIT-
HBIX JAHHBIX JIJIS1 HEJIMHEMHBIX BOJIH Ha pa3IUdHbIX
yaajeHusIx R OT UCTOYHUKOB pa3IUuIHON MPUPOIBI

102

102
R/Q'3, mc/xr!/3

10

U pa3iIudHoil oHepruu Q mokasaHbl Ha puc. 6. OHu
CBUIETEILCTBYIOT 00 nHTEepecHOM (akTe. CpenHee
BpeMsI 5, 32 KOTOPOE U30BITOUHOE AaBieHue Ap(f) BO
(bpoHTOBOI1 06JaCTU JOCTUTAET MaKCUMyMa Ap., , 3a-
BUCHUT OT paccTosiHUS R 1o uctouHuka [14—135],

tr+/ Q' = 0,016x(R/Q'?)", mc/xr'/3, 3)

¢ Koa(ppuumentoMm kKoppenguuu 0.933 npn
R/0'3=0.5-400 m/kr'/3. DTa 3aBUCUMOCTH OTMEYEHA

Puc. 6. Bpemst HapacTaHUST U30BITOYHOTO JaBJICHUS 10 MaKCUMyMa Ap, B HETMHEMHBIX ChepruecKUX BOTHAX OT TOYEY-
HBIX UCTOYHUKOB [14—15]: 7 — ocpenHeHHOe chepruueckoe paciuinupeHue; § — ocpenHeHHOe HUJIMHIPUIECKOe pacIliu-
penue; 9 — cepuueckoe paciImpeHue oI BIUSHUEM JUCIIepCrr 3ByKa. OcTajbHbie 0003HAUYeHUS YKa3aHbI B TEKCTE.
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Ha puc. 6 YePHOU CIIOMIHOM JuHMe. OHa 1eMOH-
CTpUpyeTcsl Ha (pOHE OMBITHBIX JaHHBIX JJIs BOJHO-
BBIX BO3MYILEHUI OT B3PBIBOB KOHJAEHCUPOBAHHBIX
I ¥ Ta30BBIX 3 XMMHUYECKUX B3PLIBYATHIX BEIIECTB,
SIIEPHBIX 2 B3PHIBOB, CBEPX3BYKOBBIX UMITYJIbCHBIX
CTPY# 4 M 2IEKTPUUYECKOT0o Mpo0OOos Bo3myxa J,
B3PBIBHOTO M3BEPXKEHUS BYJIKAaHa WJIU B3pbIBA Me-
Teopouna 6. B ob1eit cioXHOCTH, Ha pUC. 6 TIpel-
ctaBiieHo 3250 OonbITHBIX TOYEK JJISI UMITYJIbCHBIX
uctoyHukoB sHeprueit 1078 < Q < 10" kr THT.

Bcst cOBOKYIHOCTB TpeACTaBIeHHBIX Ha puc. 6
OIBITHBIX TAHHBIX TTOKAa3bIBA€T, YTO BOJHOBbIE BO3-
MYIllleHusl, (popMuUpyolmrecs B atMmochepe npu um-
MyJbCHOM BbIIEJIEHUU DHEPTUU COBEPIIEHHO pa3-
JIMYHOU MPUPOABI, HE UMEIOT YIapHO-BOJIHOBOTO
xapakTtepa. s ux onvMcaHus yMecTHee UCIOJIb30-
BaTb TEPMUH «HEJMHElHHas aKycTU4YecKasl BOJIHA»,
YTO U JeJaeTcs B HAacTosIIe padoTe. st onucaHus
’Ke 00J1acTu HapacTaHUs U30bITOUHOTrO AaBJIEHUS 10
MakcuMyMa B BojiHe (pucC. 2) yMeCTHee UCII0Ib30-
BaTh TEPMUH He «PPOHT», a «PPOHTOBAST 00JIACTh».

DT XKe 9KCTIepUMEHTaAIbHbIE TaHHbIE CBUIETEb-
CTBYIOT O HEIOITYCTUMOCTHU TIPUMEHEHMST IPUOIIITKE -
HUS TIJIOCKOM BOJHBI — U COOTBETCTBEHHO TEOPETU-
YEeCKMX OLIEHOK (2) — IJIST MCCIemOBaHUS CTPYKTY-
pbl (PPOHTOBOI 00JJACTU HEMMHEMHBIX aKYCTUUECKUX
BOJTH, pacIpoCTpaHAIOIINXCsI B aTMochepe chepu-
YyecKU WU UMJIAUHAPUYECKU CUMMETpUuYHoO. Tak, B
omHoit u3 panHux padbot K.A. HayronbsHbix [1], B KO-
TOPOIi MCCIeN0BaINUCh YCIOBUS Mepexoaa HeJIuHe -
HOM BOJIHBI B aKyCTUUECKYIO, OBLJIO YCTAaHOBIICHO,
YTO B OTJIMUME OT MJIOCKOI BOJIHBI B pacxopsiiieics
chepuyecKkoit BOJIHE IJUTEIbHOCTh (P)POHTOBOI 00-
JJaCTU MOXET CTaTh MEHbIIE MTJIUTEIbHOCTU (DPOH-
TOBOIi 00JIaCTH COOTBETCTBYIOIIEI CTallMOHApHON
yAapHOM BOJIHBI BCAEACTBUE MEIJIEHHOCTH TUCCU-
naTUBHBIX IpolieccoB. boyee kopoTkas ¢ppoHTOBas
o0JiacTb (4eM y cTallMOHAPHO yIapHOU BOJHEI) Oy-
JIeT pacIIupsAThCS MOMA AeHCTBUEM OUCCUIIALIUM, HE
WUCTIBIThIBAsI BJAUSIHUSI HEJIMHENHBIX 3(p(DEeKTOB, U
BOJIHA CTAHOBUTCS JUHEMHOM aKyCTUUYECKOMA.

Jns manabHENIero N3M0KeHWST UMeeT 3HaYeHIe
nepeas u 0CHO8HAs 0COOEHHOCMb PACTIPOCTPAHEHUS
B aTMocdepe HeIMHEHHBIX aKyCTHIECKUX BO3MY-
IIEHUN OT UMIYJIbCHBIX UCTOUHUKOB — BHEPTETU-
4yeckoe 1ofodue BpeMeHU HapacTaHusl f,, B OYEHb
HWUPOKOM nuarnaszoHe snepruu Q ~ 1078—10" kr
THT u 3HauuTeNbHBIN JUHEHHBIN pa3Mep PpoH-
TOBO# oOsactu Ay, = D,f,, ¢ TOUKU 3PEHUS TEO-
peTuyecKux npeacrabiaeHuin (2). Hanpumep, npu

AKYCTUYECKUM KYPHAT Ttom70 Ne3 2024

B3pbiBe Yensi0MHCKOTO MeTeopouaa ¢ dHepruei
0 ~ 5x10% kr THT [16], wumupuHa ¢ppoHTOBOI 00-
nactu popMUpPyeMoOil BOJHBI (puc. 2) JoJKHA ObLIa
cocTaBaATbh Ag, = 2—3 M. [Ipu B3pbIBe ByJaKaHa XyH-
ra-Tonra-XyHra-Xaamnaii B Tuxom okeaHe ¢ SHepTu-
eit O ~3x10" xr THT [17], nomxHa 6bl1a GopMUpPO-
BaTbhCA BOJHA C INUPUHON GpoHTa B Ay, = 20—30 M.

C a¢pdexToM pacmimpeHus PPOHTOBOI 00JIacTH
10 MEpE pacnpoCTpaHEHUS HEJIWMHENHON BOJHBI
CBsI3aHa émopas 0cobeHHocmb PACIIPOCTPAHEHUS B
aTMocdepe aKyCTUUECKUX BO3MYILIEHU OT UMITYJTb-
CHBIX UCTOYHHUKOB.

ITockoJbKy Tmpoliecc CXKaTus ra3a B 3TOi o6Jja-
CTHU SIBJISIETCSI HENIPEPBIBHBIM M BEJIWYMHA Iy, yBe-
JIMYMBAETCS C pacCTOSIHUEM R, a aMIIJIMTYJa BOJIHBI
(Touku 2 Ha puc. 1) B LIeJIOM pacIpoCTPaHsIETCs CO
CBEPX3BYKOBOI CKOPOCTbHIO, TO BCTYILJIEHHE BOJIHbI
(Touku [/ Ha puc. 1) TakxKe pacnpocTpaHseTCsI CO
CBEPX3BYKOBOI CKOPOCThIO D, 10 mokosiieiics cpe-
ne. OcoOeHHOCTh COCTOUT B TOM, UTO TOUKa / SIBJIS-
eTcsl ¢/1adbIM Pa3pblBOM U JIOJIKHA PACIIPOCTPAHSITh-
Csl C MECTHOM CKOPOCTbIO 3BYKa (.

C HenpepbIBHOCThIO CXKaTusl rasa u 0OJbIION
APUHON (PPOHTOBOM obnacTh Ay, cBgA3aHa elle
olHa mpembsi 0COOEHHOCMb PACIIPOCTPAHEHUS B aT-
Mocdepe HETMHEHHBIX aKyCTUUECKUX BO3MYIIEHU
OT UMITYJIbCHBIX UICTOYHUKOB. A UMEHHO, B paMKax
npeacTaBjeHuit 06 aguadbaTuyeckoM mpoiecce B
uaeaabHOM UK BI3KOM cpegaX HEBO3MOXHO 00bsIC-
HUTb 3(PheKT Bo3pacTaHUsI SHTPOIIUU BO (PpOHTO-
BOI 00J1aCTH CUJIbLHOM HEJIMHENHON BOJIHBI.

Haxowner, mocnenuss uemeepmas 0cobeHHOCMb
pacmpocTpaHeHUs] B aTMocdepe aKyCTUYECKMX
BO3MYIIEHHU OT UMITYJIbCHBIX UCTOYHUKOB MPOSIB-
JisieTcs Ha OOJIBIIMX yOaJeHUsIX OT UCTOYHUKA —
r/q'? > 400—500 m/kr'/3. 3nech sHEPreTUUECKOE MO-
Jobue pacimupeHus GpoHTOBOI 00J1aCTH BOJHBI Ha-
pyuraercs. Ha puc. 7 mokazaHo, 4TO ONBITHbBIE JaH-
HBIC IS SIIEPHOTO B3pbIBA 2 U B3PHIBOB BYJIKaHA UJIN
MeTeopuTa 6 pacrnojiaraloTcs BOKPYT MYHKTUPHOM
JIMHWY, a aHAJIOTUYHBIC TaHHBIE IS B3PhIBA TPOTH -
Ja [ pacriojiaratotcsl BOKpYr HelpepbIBHOMN JUHUU.
OnbITHBIE TaHHBIE 4 UMITYJIbCHOM CTPYM paciiojia-
raloTcs MeXay IByMs JuHUsIMU. ClieayeT OTMETUTD,
YTO aHAJOTUYHOE HapyIIeHNEe SHEPTeTUUECKOTO T0-
100K B 3aBUCUMOCTHU OT TUIIA UICTOYHUKA HAOJI0-
JaeTcs U U1 OCTaJIbHBIX aMIIJIMTYAHO-BPEMEHHBIX
napaMeTpoB BOJIH (puc. 7).
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Puc. 7. AMIUTUTYIBI ¥ TJTUTEIBHOCTH (ha3 cxKaTusl U pa3pekeHUs HEJTMHEHHBIX ChepUIECKUX BOJTH OT TOYCYHBIX UCTOY-
HUKOB, [15]: 7 — ocpenHeHHOe chepudeckoe pacnpocTpaHeHue; & — OCpenHeHHOe HUJIMHIPUUYECKOEe paclipoCcTpaHeHUeE.

OcTayibHbIe 0003HAYCHMUST YKa3aHbl B TEKCTE.

3. OFbSICHEHUE OCOBEHHOCTEM
PACITPOCTPAHEHU S B ATMOCDEPE
AKYCTNMYECKHUX BOSMYILIEHNUU OT

UMITYJIbCHBIX NICTOYHUKOB

B [18] BbIABUMHYTaA rumoTe3a, YTO BOJHOBbIE
BO3MYILEHUS OT CIabbIX MCTOYHUKOB (dHeprueit
0 ~ 0.01-0.1 xr THT) moyKHBI pacpoCcTpaHIThLCS B
YCTOMYMBOM MOTPAHUYHOM cJIoe aTMOCchepbl LIUTAH-
JIPpUYECKN CUMMETpUUHO. Onupasch Ha 3Ty TUIOTE3Y,
Mo ypaBHEHUsIM Ditjiepa METOIOM KPYMHBIX YaCTUII
MNpoBeIeHbI PacyeThl aMILUIMTYIHO-BPEMEHHBIX I1a-
paMeTpoB BOJIH (puc. 2) 1 1St chepudeckKu CUMMe-
TPUYHOTO, W JJIs UMJIUHAPUUECKH CUMMETPUUYHOTO
ciaydaeB. Ha puc. 7 usmMmeHeHne nmapamMeTpOB BOJIHBI,
pacnpocTpaHsoueiics chepruuecKr CUMMETPUIHO,
JEMOHCTPUPYETCS CIUIOMIHBIMU JIUHUSIMU. OO03Haue-
HUE 3[IeCh OMBITHBIX JAHHBIX AHAJIOTUYHO 0003HaYe-
HUIO Ha puc. 6.

Jnsa maHHBIX, OOBENEHHBIX Ha PUC. 7 IIYHKTHP-
HBIMU DJUIMIICAMU, PACUYEThl MPOBEAEHBI B IIUJIMH-
IpUYECKOil cUMMeTpuU. Pe3ynbTaThl 3TUX pacyeToB

MNpencTaBieHbl CIJIOIIHBIMU JUHUSIMU Ha puc. 8.
AHaM3upyeMble OTBbITHBIEC TaHHBIE 3€Ch TAKXKe OT-
MeYeHbl MYHKTUPHBIMU 3Jurncamu. CuMmBogaMu 2
BHOBb 0003HAYEHBI JaHHbIC [IJIs SIAePHBIX B3PHIBOB,
CUMBOJIaMH 4 — CBEPX3BYKOBBIX UMITYJIbCHBIX CTPYii,
6 — B3PBIBHOTO M3BEPXKEHMs BYJIKaHA WJIM B3pbIBa
MeTeoponaa. OHU TeMOHCTPUPYIOTCS Ha (DoHe aHa-
JIOTUYHBIX JaHHBIX OT UCTOYHUKOB HIUJIMHIPUIYECKUX
BOJIH: B3PbIBOB YIJIMHEHHBIX 3apsiI0B KOHIACHCH-
pPOBaHHBIX / U Ta30BbIX 3 XUMUUYECKUX B3PBIBYATHIX
BEIIECTB, a TAKXKe TeJ, JETAIINX CO CBEPX3BYKOBOI
CKOPOCTBhIO 5. BCsl COBOKYITHOCTD OIIBITHBIX JaHHBIX
HOATBEPXKIAaeT U yCUJIMBAeT runoresy [18].

B ycinoBusix ycToMYMBOM IIPU3EeMHON MHBEPCUU
JUIST c1a0bIX MCTOYHUKOB OoJiblllasi 4yacTh 3HEPTUU
BOJIHBI «3aXBaThIBAETCSI» B aKYCTUUECKUIA BOJTHOBOJ,
toamuHoi 60—130 M. ITo 3T0i NMpUYKHE Ha paccTo-
aHugx R > 600—1300 M BosiHaA pacIpocTpaHsIeTCs
HUJIUHAPUYECKU CUMMETPUYHO, TTOCKOJbKY MPO-
CTPAHCTBO, Ill€ OHA pPacHpOCTpaHseTCs, MpeacTaB-
JIieT UMJAUHADP, paauyc Kotoporo B 10 u 6ojee pa3

AKYCTUYECKUM KYPHAT TtomM70 Ne3 2024
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Puc. 8. AMIUIMTYIBI U JUTMTETBHOCTH (pa3 CKaTUS U pa3peXeHUs] HETMHENHBIX IMIMHAPUYECKUX BOJH OT MPOTSKEHHBIX
UCTOYHUKOB [15]: 7 — ocpenHeHHOe HUJIMHAPUIECKOoe pacrpocTpaHeHue. OcTalibHble 0003HAYEHUsI YKa3aHbl B TEKCTE.

MPEBBINIAET BEICOTY BOJIHOBOAA. OMHAKO Ha OJIM3KUX
yIaJeHUsIX BOJIHA paclpocTpaHsercs elle chepude-
CKU CUMMETPUYHO.

s akycTMYeCKMUX BOJH OT MEraTOHHBIX S1I€PHBIX
B3pPbIBOB, B3pbIBOB ByJKaHa XyHra-ToHra-XyHra-Xa-
amaii uau YeassOMHCKOro MeTeopuTa Ha yaadeHUIX
R > 500—1000 xm atMocdepa 3eMIu Takxke Tpe-
CTaBJIsIeT TOHKW CI0i BO3ayxa, MO0 KOTOPOMY BOJIHbI
W pacrpocTpaHsoTcs. B pe3ynabrate U B 9TOM cydae
MPOUCXOIUT U3MEHEHUE XapaKTepa pacnpocTpaHe-
HUSI aKyCTUKO-TPaBUTALIMOHHBIX BOJIH CO chepuye-
CKOI'0 Ha LWJIMHIPUYECKU CUMMETPUYHBINA.

[TOBTOPUM 3TOT XK€ METOAUYECKUIA TIPUEM I
aHaJIM3a TaHHBIX 10 MMAPaAMETPy f,, HEIMHEHHBIX
BOJIH. ONBITHBIE JaHHBIE 2, 4, 6 U3 puc. 6, pacnoa-
rajoumecs Ha ynageHusax R/Q'3 > 500 m/xr'/3 Bokpyr
MYHKTUPHOM JIMHUN (---), TIPEACTaBUM B TIPUBEICH-
HBIX 110 SHEPTUM UCTOYHUKA LIMJIMHAPUYECKUX KOOP-
AuHaTax t,,/Q,/* AHanu3upyemble TaHHBIE OTMeYe-
HbI Ha puc. 9 aHaJIOrMYHO puc. 8.

31ech ke YepHOU CIUIOLIHON IMHUEN 0003HaueHa
3aBUCUMOCTH [19]

AKYCTUYECKUM KYPHAT Ttom70 Ne3 2024

tre/Q)? = 0.05(R/Q,/?)**, me(m/xr)' 2, (4)
rae 0, — MOTOHHAas SHEPTUS UMITYJIbCHOTO TPOTSKEH-
HOTO UCTOYHWKA, KT/M. BBUAY MEHBIIIEro KOJTU4ecTBa
AKCTIEPUMEHTAJIBHBIX TOUEK, YeM TSI ChepruIeCKMX
BOJIH, 3Ta 3aBUCUMOCTb UMEET CKOpee KaueCTBEHHBII
xapakTep. OqHaKO OHa JIEMOHCTPUPYET 3aKOH dHEep-
TFETUYECKOTo Moa00UsT paciiupeHusi GpoOHTOBOI 00-
JIaCTH, HO YXe Y HIMJIMHIPpUYeCKUX BoJH. B BUny cBo-
el yHMBEPCAJIbHOCTU 3aKOH (4) MO3BOJISIET OLEHUTD
IUPUHY (PPOHTOBOI 00JIacTU HEJIMHEIHOI BOJIHBI,
BO3HMKaloIIel B aTMocdepe, HarmpuMep, Ip1u MOJIHU-
€BOM pas3psifie B Ipo3y WK MPU MPOJIETE CO CBEPX3BY-
KOBOI1 CKOPOCTbIO METEOPOUIA.

Takum 06pa3oM, pa3peLieHne TOCNIENHE uemeepmoil
ocobenrnocmu Ha ynanenusx R/Q'3 > 400—500 m/ xr'/? ot
MCTOYHMKA COCTOMT B yYeTe TeOMETPUYECKOTO (haK-
TOpa PaCNpPOCTPAHEHUs aKyCTUYECKUX BO3MYILEHUIA
B TOHKOM CJIO€ YCTOIUMBOTO MIOrPAHUYHOTO CJIOS aT-
Mocdepbl WK B aTMocdepe LIeTuKoM. BmecTe ¢ TeM,
OCTaJIbHbIE OCOOEHHOCTHU TaK MPOCTO HE OOBACHUTD.
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Puc. 9. Bpemsi HapacTaHUs U30BLITOYHOIO NABJIEHUS 10 MaKCUMyMa Ap, B UMJIMHIPUYECKUX BOJIHAX OT MPOTIKEHHBIX
HUCTOYHUKOB [19]: 7 — ocpenHeHHOE MIIMHAPpUYECKOe paciiupeHne. OcTaibHble 0003HAYEHUS YKa3aHbI B TEKCTE.

MosieKynIsIpHO-KMHETUYECKUI MeXaHU3M, nud-
dby3us u TepMopenakcanusl 4acTul, aTMOCGhEepHOTO
asposzond [2—3, 12—13] obnagaoT oOLIMM CTPYKTYp-
HBIM HEZOCTaTKOM. B 1x pamMkax pacuimpeHue ¢GppoH-
TOBOI1 00acT — cM. popmyiy (2) — omnpenesercs
(bpoHTOBBIMU 3HaUEeHUSIMU TTapameTpa Ap,. CienoBa-
TeJbHO, Ha OMMHAKOBOM NPUBEICHHOM PaCCTOSTHUM
R/Q' 0T MCTOUHMKA B CUJTy SHEPTETUYECKOTO TOIO0-
oust Ap, abcomnoTHas MpuHa (POHTOBOI 00J1aCTH
Ag, OyIeT onMHaKOBOM 7151 BOJIH OT ICTOYHUKOB pa3-
Hoit aHepruu Q. JlaHHBIN pe3yabTaT MPOTUBOPEYUT
OTBITHBIM JAHHBIM Ha puc. 6.

Hpyroe HeraTuBHOE cooOpakeHue oOlIero xa-
pakTepa COCTOUT B CleAylolleM. YKazaHHbIe MeXa-
HU3MBI, TeMIIepaTypHasi UHBEPCHUSI MOTPaHUYHOTO
cliost atMocdepbl U aTMochepHast TypOYJIEeHTHOCTD,
BETEp WM MOACTUIAIONIAS TTOBEPXHOCTh OKa3bIBAIOT
HECOMHEHHOE BJIMsIHUE Ha (pOHTOBBIE MapaMeTphl
Ag, 1tz HeMMHENHHOW BoJaHBI. OLHAKO 3TO BIUL-
HUE HE SIBJISIETCS PelIaoIIUM. B COBOKYITHOCTH BCeX
OIIBITOB, HAlllEALINX OTPaXKeHUE Ha puc. 6, peaanuso-
BaJIOCh MHOXECTBO Pa3IMYHBIX CUTYAIIUH C TTOTOMI-
HBIMHA 1 KIUMAaTHIECKUMHU YCIIOBUSIMU, BpeMeHaMU
CYTOK M TOJIa, TUTIAMU TTONCTIIIAIONIEH TOBEPXHOCTH,
TUIIAMU UMITYJIbCHBIX UICTOYHUKOB. Bce 3To BHeco
CBOI BKJIaJ B pa30opocC OIMBITHBIX TaHHBIX. Ecim ke

HMCXOMUTh U3 TOTO, YTO CPEIHSS OMbITHASI 3aBUCHU-
MocCTb (3) oOycnoBieHa NepeYrncIeHHBIMU (paKTopa-
MU, TO TOTJA U3 COOOpakeHUI MOA00UsT U pa3Mep-
HOCTH CJIeAyeT 3aKJIIOYUTh, YTO C YBEIUUYCHUEM JIU-
HelHOro Macitaba NCTOYHMKA (XapaKTepU3yeMOro
sHaueHreM Q') MpoONOpPLUUMOHAIBHO U3MEHSIOTCS
XapaKTepUCTUKU OKPYXKAWIIel cpeabl — MHa4Ye He
OymeT obecmedyeHO reoMeTpuieckoe nogooue. Jua-
Ma30H HEPTOBBIACIICHU B UMITYTbCHBIX UCTOYHM -
Kax, HallleJIInX OTpaXkeHWe Ha pUc. 6, CoCTaBlIsIeT
1078 < Q < 10" xkr THT. CnenoBaTeabHO, UX JIMHEMN-
Hble MacIITabbl OTIMYAIOTCS Ha 6 TmopsiakoB. Dusm-
4ecKU TPYIHO MPEACTaBUTh U3MeHeHue B 10° pa3 xa-
PaKTEPUCTUK OKPYXKaIIIE cpeabl B Mpeneaax Tpacc
pacrpocTpaHeHUsT HeJTMHEMHBIX BOJIH.

B [12—13] npenmosnaraeTcsi, 4TO pacllupeHue
(bpoHTOBOIT 06JJaCTU MPOUCXOIUT 3a CUET PACTITU-
BaHUSI BOJHOBOIO IakeTa B pe3yjbTaTeé MOHOTOHHO-
IO OTCTaBaHWS HU3KOYACTOTHBIX TApDMOHUK, COAEP-
JKAIMXCs B CIMIEKTPEe BOJIHBI, OT BHICOKOYACTOTHBIX
rapMOHUK, T.€. TIOJ BIUSIHUEM Iucriepcuu 3Byka. O0
3TOM CBHIETEILCTBYIOT PE3yJIBTAThl TEOPETUICCKUX
ucciaenoBanuii [12—13], npeacraBieHHbIe TpadruKoOM
(--*-) Ha puc. 6, MOCTPOEHHBIM 10 pe3yabTaTaM aHa-
JIn3a MpaBbIX TpauKOB Ha puc. 5.

AKYCTUYECKUM KYPHAT TtomM70 Ne3 2024
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Puc. 10. Anantanusa HeycroitunBoctu KenbBuHa—I[enbMrosiblia K YCIOBUSIM MHTEHCUBHOM BOJIHBI [20]: (—) U (---) — u3-
MEHEHME MapaMeTpOB TeYeHUs BO DpOHTE; (~~~) — HavyaJIbHbIe BO3MYILIEHUS TeYCHUS.

CpenHuii TeMIl pacluupeHusi poOHTOBOM 0bJa-
CTU HEJIMHEHHON BOJIHBI MOJ, BAUSIHUEM AMCIIEPCUU
3ByKa HE 3aBUCUT HU OT (PpOHTOBBIX MapaMeTpOB
BOJIHBI, HU OT TUIIa U 3Heprumn Q ucrouHuka. Ciemno-
BaTeIbHO, MUCIIEPCHS 3ByKa MOXET 00eCTIeYnTh Te-
OMETpHUYecKoe ronodre BeMYrH Ay, ¥ f5,. Ho rpa-
(K (----) Ha puc. 6 TOKa3bIBAET, YTO Ha YIAICHUSIX
R/Q'3 < 10° m/xr'/3 pacimpenue GppoHTOBOI 061a-
CTU 3a CUeT JUCIIePCUU 3ByKa OKa3bIBAETCS HA TOpPSI-
JIOK HUKE, UeM BTO HaOJI0JaeTcsl B OIbITaX. DTOT (pakT
MO3BOJISIET MPEANOJIOXUTh CYIIIECTBOBAHUE HEKOTO-
poro MexaHu3Ma, 00ecIIeunBaloIero Ha MopsiIoK 00-
Jiee UHTEHCUBHOE pacluupeHne (pOHTOBOM 00JIaCcTH.
Ecam aTOT runoTeTyecKuii MEXaHU3M TIepecTaeT aeii-
CTBOBATh, TO PACITUPEHNUE TOJIKHO OCYIIECTBISTHCS
3a CUeT AucTepcuM 3ByKa. Mcxons U3 aTtoro, rpadpuk
(- - -) MOXHO CcUMTaTh MpeAeIbHON 3aBUCUMOCTHIO,
HUXE KOTOPOii 9KCIIepUMEHTAIbHbBIE TaHHBIE 75, /0"
He TOJIKHBI MTOoMaaaTh.

M3 Bcero Bblllle TMEPEUYUCTICHHOTO CIAEAyeT BaXK-
HbIil BBIBOA — TUIMOTETUYECKUI MEXaHU3M pacCIlIu-
peHust GpoOHTOBOM 00JlacTU, MO KpaliHeit Mepe, Ha
paccrogausax R/Q'? < 400—500 m/xr!/? Heobxonu-
MO pa3bICKMBaTh B paMKax IPEICTaBICHUI 00 umie-
aJbHOI cpeme. DTO aBTOMAaTUIECKHN O00ECTIEYUT Te0-
meTpuyeckoe nomoodue. B [20] npenmnoyioxxeHo, 4To

AKYCTUYECKUM KYPHAT Ttom70 Ne3 2024

pacipeHre o0yClIOBJIEHO UHTEHCHUBHBIM TepeMe-
IIMBaHUEM BO3/yxa BO (DPOHTOBOI 00JacTH, U3-3a
pa3BuTUs 31ech HeycToliuuBocT KenbBuHa—Ienbm-
rosbla (HKI) mpu OGbicTpoM cxkaTuu rasa.

Cxema agantauuu HKI k ycinoBusim ¢ppoHTOBOI
00J1aCTM UHTEHCUBHOM HEJTMHEMHOI BOJHBI IIIUPUHOMN
Ay, puBeneHa Ha puc. 10a. UsMeHeHue B aT0i1 0061a-
CTU CPEAHUX XapaKTepUCTUK (MACCOBOU CKOPOCTH U,
TUTOTHOCTH P, JaBJeHUs1 Ap Bo3ayxa) Mpearnosaraercst
moHoTOHHBIM. MO Bo3myxa B ¢hopMe Kyba pasiaeum
TJIOCKOCTBIO «7T», HAKJIOHEHHOM K HAIlpaBJIEHUIO IBU-
JKeHMSI BOJIHBI, Ha JBa paBHbIX o0beMa 1 u 2. LleHTp
TSIKECTH 00beMa 2 pacTooXeH OrKe K UCTOUHUKY,
TO9TOMY MOXKHO CUUTATh, UTO U, > U; U P, > P,. [Ipo-
€LMpys Ha 3Ty IUIOCKOCTb CPEIHIOI0 MACCOBYIO CKO-
POCTb U, U U, COOTBETCTBYIOLINX MOJOBUHOK (hr3NYe-
CKM Majioro oobemMa, nojayyaem JIOKaJIbHYIO KapTUHY
CABUTOBOIO TEUEHMUS CILIOIIHOM Cpebl, BHI3BAHHOTO
rpagrveHTOM CKOPOCTH, TUMIUYHYIO 17151 pa3Butust HKT
[21]. Ponb BHelIHell MaccoOBOi CUJIbI UTPAIOT CUJIbI
nHepuuu raza J, = —p,a, nJ, = —p,a, (a,, a, — ycxo-
pPEHMSI IBMKEHUSI COOTBETCTBYIOIIMX 00BEMOB), KOTO-
pble TOCTUTAIOT B MHTEHCUBHOM BOJIHE BEJIMYUH a ~
10°—107 m/c2.

B cuny crietuduku HKI Bo3mylieHust mapameTpoB
JBUKEHMSI Ta3a B IJIOCKOCTU «JT», O0YCJIOBJIEHHbIE UX
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Puc. 11. Kaptuna pa3Butust HeycToitunBoctu KenbpBuHa—IenbMronpiia BO GpOHTOBOIT 061aCTH BOJIHBI.

(baykTyanmussMu m HepaBHOBECHOCTBIO CABUTOBOTO
necOopMUPOBAHUS, TOMKHBI 9KCITOHEHIIMAIBbHO Ha-
pactaTb. HauanbHble BO3MYILIEHUSI MOTYT BO3HUKATh,
HampuMep, BCISICTBUE MPOCTPAaHCTBEHHO-BPEMEHHOM
HEOTHOPOIHOCTH TIpoliecca pefakcallii BO30yKIeH-
HBIX KoJieOaTeIbHBIX U BpalllaTeIbHbIX CTeTIEHe# CBO-
00l MOJIEKYJT, SHEPTUSI KOTOPBIX MEPEXOIUT B SHEP-
TUIO WX ITOCTYNATEIbHOTO IBVKEHMS.

s ynipoiiieHuUs 3ana4u TpaHcopMupyem dusu-
yecku Maiblit 00beM B kBajapaT ABCD Ha puc. 106
CO CTOPOHO Ar M pa3BepHEM ero Ha yroia ¢ = m/4
(puc. 106). Touka No / 0603HavaeT LIEHTP Macc TPey-
ronbHuka BCD, Touka Ne 2 — 11eHTp Macc Tpeyrojb-
Huka ABD. JIBuxkeHue Bo3ayxa pacCMaTpUBAETCS B
CHUCTEME KOOPAMHAT, IBUXKYIIEHCA CO CKOPOCTBIO U;.
Torma tpeyronbHuk BCD mokourcs, a TpeyroJbHHUK
ABD cxonp3ut no nunuu BD u BHenpsieTcs B Tpey-
roJbHUK BCD co ckopoctamu v u w. Ha nBuxeHue
BO3/lyXa HAaKJIaAbpIBalOTCs BosmywmeHus v/, w/. Takum
00pa3om, Mo aHaJOTUHU C 3aJa4aMu pa3BUTUS TypOy-
JICHTHOCTU TIpEAIoJaraeTcsl, YTo UCTUHHOE 3HAUCHUE
CKOPOCTH T€UEHUS MOXKET OBITh IMPEACTABICHO B BUIIE
CYMMBI CpeIHEN U MYJbCALIMOHHOM YacTi — vV + v/ 1
w+ w.

Pacuer paszButus HeyctoiiunuBocTu KenbBuHa—
T'enpMronbua npousBoauicsa B oonactu MNPQ (Ha
puc. 100), GoJbineil Mo pa3Mepam, 4eM 00JacThb
ABCD (Ha puc. 106). OTum obecnieynBagoCch yMeHb-
lIeHWEe BJAMUSHUS I'PAaHUYHBIX YCIOBUI Ha pa3BUTHE
Bo3MmymeHuii HKI. Pacuetr npoBoauiics MeTogom
KPYMHBIX YaCTHUII.

UwnciaeHHas TTOCTaHOBKA 3aMadul M1 000CHOBaHME
JOCTOBEPHOCTHU MPUMEHEHUSI METOAA KPYITHbIX Ya-

ctull npu MoaeaupoBanuu HKI nemoHcTpupyet-
cs1 B [22]. B pacuetax pasmep ®MO Ar = A,,/400.

HavanpHbIe BO3MYIIeHNS TPUHUMAINCH TIEPUOTNIC-
CKMMMU U uMenu nauny A = Ar/4, Ar/40 u Ar/400. Ux
aMIUTUTYIbl v/ 1 W/, coctaBisuii 5x 1074, 2.5% 1073,
5%x1073 u 1072 goa OT MaKCMMAaJIbHOI MaccoBOii
CKOpOCTHU u, B BoJiHe. KoJmuecTBO siueek KOHed-
HO-Pa3HOCTHOM pacyeTHOI CeTKU 3a/1aBajioCh U3 yC-
JIOBUSI, YTOOBI Ha AJMHE A yKiaanbiBajoch 100 cuer-
HBIX STYeeK.

XapaxktepHas kaptuHa pa3zsutusg HKI, monyuen-
Has B pacyeTax IpU HaydaJbHBIX yciaoBusax Q = 103
kr THT, R/Q'3 = 10 m/kr'/?, A, = 0.628 M u
v/y =w/y=10"%u,, oka3aHa Ha puc. 11 U30IMHUSIMU
pPaBHBIX TJIOTHOCTEH (BO3pacTaHue BpeMEHH ¢ ciieBa
HampaBo U CBepXy BHU3). XOPOIIO BUAHO (POPMUPO-
BaHWE MUKPOCTPYH, BO3HUKAIOIIUX HA IPaHUILIE pa3-
nena. 3aTeM HaoOutonaercs ux poct. Ha rpanuue pas-
JleJla TPOTUBOTIOJI0XHO HAIPaBAEHHBIX MUKPOCTPYI
nopn BaussHueM BropuyHoil HKI Bo3HuKamoT 3aBux-
peHus, KOTOpble HAUMHAIOT MCKaxkaTh MUKPOCTPYH,
ONpOKUIbIBAg UX. B nasibHeiieM MUKPOCTPYU OMpoO-
KMABIBAIOTCSI U pa3pyllIaloTcs, co3aaBasi Ha TpaHUlIe
paszaena BUXPEBYIO MEJICHY.

[Tocne pa3pylieHUs MUKPOCTPYH CIIENYET OXU-
nathb ciaenyrouyto ctaguio HKT. ITpu 3Tom Bo3my-
IIEHUS Ha HOBOI CTaauMM MOTYT BO3HMKATh U3 HE-
OITHOPOJHOCTEN B BUXPEBOM IMEJEHE, OCTABIIECUCH
Ha rpaHule pas3neia oT npeabiayumiei craguu HKI.
B manpHeiineM mpoiecc MoXeT BHOBb ITOBTOPSITHCS.

ITpOTUBOIONOKHO HANPaBJIEeHHLIE MUKPOCTPYH,
JABVKYLIMECH C PA3JUYHBIMU JOMOJTHUTEIbHBIMU
CKOPOCTAMM 4/ B KaXIOM (DU3UYECKU MAJIOM O0b-
eMe BO3/yXa, JOJDKHBI TPUBOIUTH K OOMEHY Mac-
coit Am/, umnynscom AS/ u sHeprueit AE/ Mexny

AKYCTUYECKUM KYPHAT TtomM70 Ne3 2024
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rpynnamu coceqHux ®MO BHyTpu GpoOHTOBOI 06-
Jnactu (puc. 12). B pe3yabraTe 10JKHO MPOUCXOIUTD
HapylIeHNUe JIaTPaHXEeBOCTU TeueHUs (CTAHOBUTCS
HEBO3MOXHbBIM YPOBEHb OMUCAHUSI, UACHTUDULUDY-
oyt MHIMBUAYaIbHBI PMO Bo3ayxa) U JOJKHA
BO3HMKATh opraHu3oBaHHas nuddysus (nubdysus
HE Ha MUKPO, a Ha ME€30yPOBHE). DTO JOJKHO IIpHU-
BOIUTDH K pacIIMpeHUI0 (PpOHTOBOI 001aCTU BOJHEIL.

IlupunHa 30HBI O = A,/2 Macco-3HEproooMeHa
OTpenessieTcss CpeaHeil NIMHOI BOJMHBI A, CIIEKTpa
HEYCTOMYMBBIX MOJl BO3MYIIEHU. B cooTBeTCTBUM C
NpUHATON Kiaccudukaumeii [23] mpolecc pacrnpo-
cTpaHeHus1 GPOHTOBOI 00JaCTU B ra3ax MOXKXHO Ha-
3BaTh aBTOBOJHOBBIM IPOIIECCOM C KOHBEKTUBHOM
(CHOCOBOI1) HEYCTOUMBOCTHIO.

Huxe nist chepryeckoit cMMMETpUM TIpeacTaBiIe-
HBI YPaBHEHMS HEJIOKATBbHOM TPEXITOTOKOBOM ra3oau-
Hamuueckoi (HJITIT) Mmonenu TpaHchopMauuy MH-
TEHCHUBHOM HEJMHENHOI BOJIHBI B c1aboe 3ByKOBOE
Bo3myuieHue [20]:

@4_ a(pur2) _(X,_er+6
ot r2or ) s

r+8

o) A0 r) 90 _ Ao o o (1)) - (st (r) P1f (= )

ot r*or o r’8 7

ApE) dpuEr’) o(pur’) _of,’T
+ + =L

ot r2or r2or s

)

3nech f(r'— r) — GYHKUUS MJIOTHOCTU MPOCTpaH-
CTBEHHOTO paclpeaeeHUsT JOTOTHUTENbHBIX TOTO-
KOB MaccChl, UMITYJIbCa U DHEPTUU B 30HE Me30aud-
(by3umn, o — oTHOCUTEIbHAs COBOKYITHAS IIOIIAb
MOIEPEYHBIX CEUeHUN cTpyii, mokugaiux ®MO.
Ipu sTOM Q,, f, = u//u u & — MarepuaibHbie GyHK-
UM, TTOIJIeXallre OTpeneIcHUIO MO pe3yabTaTaM
pacueToB 1 3KCIIEPUMEHTOB. 3aMBIKAIOT cuctemy (5)
YpPaBHEHMUSI COCTOSIHUSI BO3ayXa.

AHajlornyHoe HapylIeHHUe JIarpaHXeBOCTU Teue-
HUs (KOTma HeBO3MOXKHO OIMCAaTh MHAWBUAYAIbLHBIN
(buznyecku manblii 00beM BO3ayXa) MPOSIBISIETCS U B
M3BECTHBIX YpaBHeHMAX PeitHonbaca o1 TypOyneHT-
HOTO IBMKEHMS ra3a. B MX mpaBbIX 4acTIX MOSIBIIS -
JOTCSI MICTOYHUKOBBIE YJIEHBI, ONpenesgeMble Koppe-
JISIIUASIMUA MEXIY MYTbCAllMOHHBIMM COCTABIISIFOLLIM -
MU II0TOKA. DTU MUCTOYHUKOBBIE YWIEHBI 3aMBIKAIOTCS
TaKUM 00pa3oM, 4YTOOBI 00eCHeYnBaINCh 3aKOHBI
COXpaHEHUs AJIs CPEeIHUX XapaKTepUCTUK MOTOKA.
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Puc. 12. ®usnueckuii MeXaHU3M paclIUpeHNsT HPPOH-
TOBOMI oOyiactu BoHHBI [20]: (—) — M3MeHeHue napa-
METPOB TeYeHUsI BO GPOHTE; (|) — rpaHUIIBI DUBNIECKU
MaJlbIX 00b€MOB BO3/IyXa.

j [P(’”/,t)u(l”/,l)(r/)z— p(r.t)u(r.t)r1f (v - r)dr,

5)

j [p(r/,t)E(r/,t)u(r/,t)(r/)2— p(r,t)E(r,t)u(r,t)rz]f(r/ - r)dr.

MatemaTndeckasi Moaesb (5) MoCcTpoeHa B MOJHOM
COOTBETCTBUU C OMUCAHHBIM MOAXONOM. 31eCh BEIU-
YUHBL P, U, E, p B JIEBbIX YACTSIX YPABHEHUIl — 3TO
CpelHNe XapaKTepUCTUKHU Ta30AUHAMUYECKOTO M0-
Toka. [IpaBble Xe yacTu ypaBHEHUU TPEACTaBIsI-
I0T CO00If MCTOUHUKOBBIE YJIEHBI MyJIbCallMOHHOMN
TIPUPOMIHI.

ITpoBepka NpUHUUNUATBHON BO3MOXHOCTU BOC-
IIPOM3BEAEHUS MAaTEMATUYECKON MOZAENBIO (5) aKC-
MepUMEHTAIBLHO HA0I0JaeMOro paciuiupeHust GpoH-
TOBOI1 00JIaCTH HEJIMHEMHOI BOJIHBI IMMPOBEIEHA Ha
3amayde o chepuuecku CUMMETPUYHOM paclpocTpa-
HEHUU B BO3IYXE BOJHbBI OT B3pbIBA 3apsiia TPOTUIIA
maccoii ot 0.1 go 103 kr.

WHurerpupoBaHue ypaBHeHUi (5) OCyIIECTBIs-
JIOCh METOJIOM KPYNHBIX YyacTull [24, 25] Ha ceTke
C paBHOMEpPHBIM 11arom Ar = 1 MM, KoTaa BIAUSTHUE
CXEMHOI BS3KOCTU METOJa Ha pacliupeHue (ppoH-
TOBO# obyactu He mnpesBbimaer 10%. Bennuunb
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a, f, 1 O 3amaBanuch KoHcTaHTamu o = 0.5, f, = 0.2
nd=2x10"3m, a pynkuuu f(r’/— r) — MIOTHOCTHIO
PaBHOMEPHOTO pacIpeneeHUs CTPYIHOTO MOTOKa o
[IPOCTPAHCTBY

frl=r) =

Ha puc. 13a myHKTUPHBIMU JIMHUSIMU (---) TTOKa3a-
HBI PE3YJIbTAaThl pacueTOB. DKCIIepUMEHTaIbHAS 3aBH-
cuMocTb (3) obo3HavyeHa kak (—). [lITpux-nyHkTupom

J°p

0

KOCAKOB u ap.

(---*-) obo3HaueHa pacyeTHasl 3aBUCUMOCTb 111 O = 1
kr THT Ha cetke ¢ marom Ar = 1 mm. Hakoner, cum-
BoJIaMU (¢ ) TTOKa3aHbI 3HAYEHUS IKCITEPUMEHTATbHBIX
JOaHHBIX U3 puc. 6. Ha ynanenuax R/Q'3 < 10 m/kr!/?
pacyeTHble TpadUKHU (---) IJIS ¢, , TOTYYEHHBIE NTPU
U3MeHEeHUU dHeprur Q B3pbIBa Ha YEThIpEe MOPSIIKA,
pacIrorararloTcs OKOJI0 3aBUCUMOCTH (3), OTIIMYasiCh OT
Hee He Oouee, yeM Ha 30%.

st cinydyast HeOOJIbIIOrO yaaJIeHUsI OT UCTOYHMKA
MHTETpaJbHbIC YWIECHBI B TIPABbIX YACTSIX YpaBHEHMI (5)
cBoasATCs K AudGy3MOHHBIM YeHaM B ypaBHEHUSIX
JiokanbHoro npubmkenus HJITII-monenu (5) [26]:

2

dp  d(pur’) u
W AP ) P Y
ot " r*or " or? HeG or*’
d(pu) d(pu’r’) Ip d°p o’u
D _pulPiopplt
ot " rior " or M or’ AP or*’ ©®
2 2 2 2 2
a(pE)_i_a(pztEr )+8(];ur ):DuEa 8+DEa L;+Dupa 12?
ot ror ror ar " or or

3neck ko puumenrsr nuddysuu D, = L,u, D, =
=L,0ou Dy = L, E He ABIAIOTCS KIACCUUYECKUMU,
TaK KakK MPONOpIMOHaJbHBI JUHEHHOMY MacIiTa-
oy Mmezonuddy3umn (MyTu nepeMelimBaHUS) —
L, = "0f,0. Ucxonsa u3 aToro pesynsraTa, MOXHO 3a-
METUTh, YTO HeJIoOKajbHasl TPEXIOTOKOBAas ra3oau-
HaMu4ecKas Monaeib (5) B LIeJIOM OIMCHIBaeT Iud-
(by3MOHHO-KOHBEKTUBHBII MPOIECC TTPU BHICOKUX
CKOPOCTSX cxXaTusl, npudyem auddys3us ocyliecTt-
BIIsIeTCS HE HAa MUKpPO-, a Ha ME30ypPOBHE.

E F
~~ ~~
O Q
= =
N Q
+ +

1 Illll[l 1L 1 Illllll 11 Illlu_l

1 10 102 103

R/QV3, m/xr!/3

Ha puc. 1306 nyHKTUPHBIMU JTUHUSMHU (---) BHOBD
MOKa3aHbl pe3y/IbTaThl pACUETOB pacIIupeHus GpoH-
TOBOI 00JIaCTY BO3IYILIHOII BOJHBI OT B3phiBa 3apsi-
na tporuia maccoii ot 0.1 go 10° kr. Ha ynanenusx
R/Q'3 < 100 M/xr'/? OHM yIOBIETBOPUTEILHO COTIA-
CYIOTCSI C DKCIIEPUMEHTAJIbHOM 3aBUCUMOCTBIO (3),
0003HaYeHHOI KaK (—), OTIMYasiCh OT Hee He OoJiee,
yeM Ha 45%. B pacyeTax TUHEHBIN MaciITad Me30-
nuddy3un ornpenensics Kak [26]

L, = 8.7%10-3,(1+0.15/%),

L€ 7, — PaAuyc 3KBUBAJIEHTHOTO 3apsiia TPOTUIIA.

(6)

102

1 ||||||l
103

10

R/QV3, m/xr!/3

Puc. 13. Pesynbratsl uHTerpupoBanus (a) — ypasHeHuit (5) HJITII-monenu u (6) — ypaBHeHMit (6) ee JIOKATbHOTO MPU-

OJIMKeHUsT METOIOM KpyMHBbIX yacTull [20]: 1 — ocpenHeHHOe chepudeckoe paciiupeHue; 2 — pacyeThl IJ1s B3pbiBa
0.1 kr THT; 3 — pacuets! 14 B3pbiBa 1 kr THT; 4 — pacuers st B3pbiBa 10° kr THT.
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CrnenyeT OTMETUTh, YTO MaTeMaTUUYECKNE MOJIE-
i (5) u (6) He UCXOIAT U3 MPEACTABICHUI O BI3KHMX
cBoOIicTBax rasza. HemocpencTBeHHOI NpUYMHOI pac-
mupeHus: GPOHTOBOI 00JaCTU HEIMHEHO BOJIHBI
sapisiercst Mme3oauddysus, T.e. IepeMellliBaHue BO3-
JlyXxa, BOBHUKaloIIee B UIeaTbHOM Ta3e BCJEACTBUE
passutusg HKI. JanHbIi MexaHu3M nHAeGhEepeHTeH
10 OTHOIIEHUIO K MIPUPOAE UMMIYJIbCHOTO UCTOYHU-
Ka, MOCKOJIbKY CBSI3aH CO CBOMCTBAMU U MPUPOAOI
BBICOKOCKOPOCTHOTIO CXAaTHs Ta30B. YUeT IIpeaiarae-
MOro MexaHusma mezogudoysun (nnddy3um Ha Me-
30ypPOBHE) TO3BOJISIET OOBSICHUTH YKa3aHHbBIE BbIIIIE
0COOEHHOCTHU HEJIMHEWHBIX BOJIH.

Taxk, Mmukpoctpyu, popmupyoiimecs: Bo GppoH-
T€ BOJIHBI B pe3yJibTaTe pa3BUTUSI HEYCTOHUUBOCTU
KensBnHa—I'enpMrosnnpiia, 0071aga10T JOMOJHUTEIb-
HBIMU CKOPOCTSIMU U OOTOHSIIOT (pa3y MaKCUMabHO-
ro JaBjieHUs1. DTO oOecreyrnBaeT CBEPX3BYKOBYIO CKO-
POCTb IBMXXKEHUS BCTYIUJIEHUS BOJHBI. [Ipon3BoaCTBO
SHTPONUU TaKKe 00eCTIeunBAETCS 3a CYET Pa3BUTUS
MUKPOCTPYU BO (DpOHTE HEJIMHEIHOM BOJIHEI B pe-
3yJibTaTe HEOOPATUMOTIO TepeMelllMBaHus BO31yXa,
TO ecTh Me3onuddy3uu.

3AKJIIOYEHUE

B 3akiiroueHHE OCTaHOBUMCS Ha nep8oll U 0CHOG-
Holl ocobenHocmu pacIipocTpaHeHUs B aTMocdepe
HEJIMHEMHBIX aKyCTUYECKUX BO3MYILEHUMN OT UM-
OyJIbCHBIX UICTOYHUKOB. M3 aHAaIUTUYECKUX pellIe-
HuU# Tuma (2) aist WUpUHBI GPOHTA MIOCKOI BOJTHBI
cJIeyeT, UTO Y BOJTHOBOTO BO3MYILEHUS JItOOOI KO-
HEYHOU aMIJIUTYIbl (DPOHT HE PACIIUPSIETCS U CO-
CTaBJISIET HECKOJIBKO JUIMH CBOOOJHOTr0 mpobera Mo-
JIEKYJ Ta3a. DTOT BbIBOJ HAJEXHO MOATBEPXKAAeTCS
pe3yabTaTaMy MHOTOUMCJIEHHBIX 3KCIIEPUMEHTAJb-
HBIX MCCJIEIOBAHUM B yIapHBIX TpyOax, B TOM YMCJIe
JIEeMOHCTPUPYEMBIX Ha puc. 4.

BmecTe ¢ Tem, B cTathe IpeacTaBiIeHBI MHO-
TOUMCJIEHHBIC OMBbITHBIE JaHHbBIE O paCUIUPEHUU
¢poHTOBOIT 00JlacCTU HEAMHEMNHON BOJHBI IPU €€
pacripocTpaHeHUHM B aTMocdepe Kak chepudecKu
CUMMETPUYHO, TaK U MINHIPUIECCKN CUMMETPUY-
Ho. IlpakTnka, KaKk KpUTepUili UCTUHBI, HE MOXKET
MPOTUBOPEUUTH cama cebe. OTCIoaa MOXHO ceaTh
BBIBOM, YTO Ha pacliMpeHue (GpoHTOBOK obJacTu
omnpenenspllee BAMSIHAE OKa3bIBAET TeOMETpPUYE-
cKasl pacXoIMMOCTb 3aJauMu.

COOTBETCTBEHHO, B CTaThe HU B KOE Mepe He
CTaBSITCSI IOl COMHEHUSI Pe3ybTaThl MHOTOUMCIIEH-
HBIX TEOPETUUECKUX U IKCTIEPUMEHTATbHBIX UCCIIE -
MOBAaHUM TIJIOCKUX BOJH. 31eCh CTaBUTCS BOITPOC
00 000CHOBAHHOCTHU U AOIYCTUMOCTHU IlepeHoca
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OpeACcTaBICHUN O pacIIMpeHUU (PpOHTA MIOCKOM
BOJIHBI Ha cllydyau c(pepuyeckd M UUJIUMHAPUYECKU
CUMMETPUYHOTO PACHPOCTPAHEHUS HEJTWHEWHBIX
BOJIH B aTMOcdepe.

B yacTHOCTHU, BCSI COBOKYITHOCTD OITBITHBIX JTaH-
HBIX M UX TeOpeTUYeCKasl MHTePIIpeTalus, IpeacTaB-
JIEHHbIE B HACTOSIIEH CTaThe, MOATBEPXKAAIOT BHIBO-
1nel K.A. HayronbHbix [27], 94TO 3aga4ya o pacipocTpa-
HeHUU chepruecKUX BOJIH MOXET OBITh pellieHa C
IMOMOIIbIO KBUBAJEHTHOM 3a/1a4M O paclpocTpaHe-
HUU TUIOCKUX BOJIH, HO B Cpelle He C MOCTOSIHHOM, a
C DKCIIOHEHIIMAIbHO MEHSIoIIeiics BI3KOCThI0. Torma
JUJTSI HEJIMHEMHBIX BOJIH, PACIIPOCTPAHSIOIIMXCS B aT-
Mocdepe, SKCITOHEHIIMaJIbHO MEHSIONIAsIC BI3KOCTh
BO3AyXa JOJKHA OBITH 00YCIOBIIEHA pa3BUTHUEM HEy-
croiiunBoctu KenbBuHa—IenbpMrospia mpu ObICTPOM
CXKaTHUM BO31yXa BO (PpOHTE BOJIHBI, YTO CYLIECTBEH-
HO BIMSET Ha AUCCUITIATUBHBIE MPOIECCHl B BO3IyXE,
C>KMMaeMOM BO (DPOHTE BOJIHBI.

HakoHel, npencTaBjieHHbIE B CTaTbe JaHHBIE MO-
Ka3bIBaIOT, YTO MIPU (HOPMUPOBAHUU HEITMHEHHOTO
aKyCTUYECKOI'o MMMyJbca B aTMochepe B KauyecTBe
ero Mojeaud BOJIM3U MUCTOUHUKA ClielyeT BbIOMpaTh
CUTHaJ Ha puc. 2.

Pa6ora BBEIMOJIHEHA IO Toc3amaHulo: 1. Tema
FMWR-2022-0017 — BBenenue, pasnensl 1, 2; u 2.
Tema 17.1 — 3akioueHue, pa3men 3.
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FEATURES OF PROPAGATION IN THE ATMOSPHERE OF NONLINEAR
ACOUSTIC DISTURBANCES FROM PULSE SOURCES

S. I. Kosyakov®* *, S. N. Kulichkov® ?, A. A. Mishenin’, E. V. Golikova®

“FGBUN Institute of Atmospheric Physics named after. A.M. Obukhov Russian Academy of Sciences,
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The features of the propagation of nonlinear pulsed acoustic disturbances in the atmosphere are considered.
Data are presented on the experimental observation of the formation of a shock front and the transition of a
shock wave into a low-intensity acoustic wave with transformation of the pulse shape and expansion of the
front at distances of more than 1000 km under conditions of both spherical and cylindrical propagation.
The influence of Kelvin-Helmholtz instability during rapid gas compression on the formation of the shock
front structure is discussed. Under atmospheric conditions, such instability significantly affects dissipative
processes in the air and forms the front of a nonlinear wave.

Keywords: feature; weak shock waves; rupture front; Kelvin- Helmholtz instability; energy
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