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Ha ceBepo-BocTouHOM 11esibde YepHoro Mopsi B 2010 r. ObLT TTpoBeeH ToMOorpauiecKrii SKCepuMeHT
10 BCTPEUHOMY pacIpoCTpaHeHUIO (Da30MaHMITYIMPOBAHHBIX aKyCTUYECKUX CUTHANIOB. B TeueHue cyTok
BEJIOCh U3MEPEHUE BPEMEHHBIX OTKIIMKOB CPe/ibl IMTPU U3IYYEHUU U MIPHeMe BBICOKOYACTOTHBIX CIOXKHBIX
¢dazomMaHUNYTUPOBAHHBIX CUTHAJIOB OT TPeX IOHHBIX TPUEMHO-U3JTy4YalolInX Npeodbpa3oBarteieit, pacrno-
JIOXKEHHBIX B yIJIaX paBHOCTOPOHHETO TPeyrojabHUKa co ctopoHaMu okojio 1100 M. TpaHcuBepbl Haxoou-
JIMCh Ha yaajieHun Ooiiee 2 KM oT Toiry6oii OyxThl Ipu riyorHe MecTa okosio 40 M. BOium3u ot Hux Obuta
YCTaHOBJIEHA 3asIKOPEHHAs TUPJISTHIA TEPMOJIATUMKOB JIJISI pETMCTPallMi BHYTpeHHUX BOIH. [1o mTaHHBIM O
BPEMEHHOI M3MEHYMBOCTU OTKJIMKOB Cpelbl Ha aKyCTUUYECKHE CUTHAJIbI TIPU MTOMOIIM METOJIa COIIaco-
BaHHBIX BPEMEHHBIX OTKJIMKOB ObLlla BOCCTAaHOBJIEHAa MH(OpMalMsl O TTPUCYTCTBOBABIIIMX Ha aKBaTOPUU
BHYTPEHHUX BOJIHaX. bbL1a rojyyeHa BpeMeHHas peajin3aliisi BEpTUKAJbHBIX CMEIIEHU TEPMOKJINHA, B
KOTOPOIf 0OHapYKEHbI KOPOTKOIIEPUOIHBIE BOJIHBI BbICOTOi 0.5—1 M 1 nepuoaom ot 5 1o 15—20 muH. Co-
MOCTaBJIEHUE aKYCTUUYECKHUX U3MEPEHUN C HE3aBUCUMBIMU KOHTAKTHBIMU M3MEPEHUSIMU BHYTPEHHUX
BOJIH BBISIBMJIO MX XOpOIllee B3aMMHOE COBITaieHre. B 1iejjoM pe3yabraThl MPOBEIEHHOTO aKyCTUYECKOTO
9KCIIEPUMEHTA TT0Ka3aJIM BO3MOXHOCTb YCIIEIITHOTO UCIIOJIb30BaHUS METO/Ia aKyCTUUYECKO ToMorpaduu

JJId UCCIICJOBaHUA JTUHAMUWKU BOJ JJIs YCJ'IOBI/Iﬁ MECJIKOTO MOPHI.
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1. BBEAEHUE

AKYCTUUECKHE METOIbI CIYKAT BaXKHBIM MHCTPY-
MEHTOM IS MCCIIEIOBAHWIA TWHAMUKU MOPCKOit
Ccpelbl, U UX BO3MOXHOCTH €llle He IO KOHIIa ucuep-
MaHbl. AKYCTUYECKUM WHCTUTYTOM M WMHCTUTYyTOM
okeaHoiorun PAH B TeyeHne HECKOJBKUX JIET IPO-
BOIMJIUCH DKCIIEPUMEHTHI C OpraHU3alueil aKyCTH-
YeCKHUX TPACcC Ha CEBEPO-BOCTOUHOM Ieiabde YepHo-
ro Mops C LIeJdbI HCCIEeIOBaHUI OCOOEHHOCTEH
MPOUCXOISAIINUX 3[AeCh TUAPOPUINIECKUX TTPOLIeC-
coB [1, 2]. B kaxxmom 3KCIIEpUMEHTE Ha OTKPHITOM
menb(de ycTaHaBIMBaJlach aKycTHYecKas Tpacca
JUIMHOM B HECKOJIbKO KMJIOMETPOB, OpPUEHTUPOBaH-
Hasl ImapajuleJibHO OeperoBoii uepte B paiioHe Ie-
neHmxuka HampotuB lonyb6oit 6yxtel. B 2010 T.
37eCh ObLI MpOBedecH HanboJiee COBEPIICHHBIN M3
MMPOBEICHHBIX paHee TOMOTpadUUYECKUIl SKCIIepU-
MEHT IT0 BCTPEYHOMY pacIpOCTpaHEeHUIO (Da3oMaHU-
MYJIUPOBAHHBIX aKyCTUYECKUX CUTHAJIOB C MUCIOIb-
30BaHUEM TPEX TPACC, PACITOJIOKEHHBIX B BUIE paB-
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HocTOpoHHero TpeyroiabHuka [3]. Ilo maHHBIM ©
BpPEMEHHOI1 U3MEHYMBOCTH OTKJIMKOB CPEIbI Ha aKy-
CTUYECKME CHUTHa/Ibl OblIa BOCCTAaHOBJICHA KapTHUHA
TeYeHUIA M CKOPOCTHM 3ByKa Ha akBatopuu [3, 4].
B HacTosieit pabote MBI Bo3BpalliaeMcsl K JaHHBIM
3TOTO 3KCIIEPUMEHTA C HOBBIM ITOJIXOIOM K 00padoTKe
JAHHBIX, KOTOPbIMA TaeT BO3MOXKHOCTb W3BJICYCHUS
vH(poOpMalIM O BHYTPEHHUX BOJIHAX, IMPUCYTCTBO-
BaBIIIMX B TO BpeMsI Ha aKBaTOPUMU.

2. METOANKA S5KCITEPUMEHTA

DKcnepuMeHT MPOBOAUJICS B TeYeHUE CYTOK C 7
o 8 okTsa6psa. B paccTaHoOBKe 3KcnepMMeHTa ObLIA
TPU JOHHO-TIOBEPXHOCTHBIX Oysl, pACIOJIOXKEHHBIX B
yrjax paBHOCTOPOHHETO TPEYTroJibHUKA CO CTOPOHA-
mu okoJjio 1100 M. OHM HaXoOMIMCh Ha YIAJIEeHUU 00-
Jee 2 kM oT ['o1y0oii OyXThl, TOe IyOMHA MOPSI OKOJIO
40 M (puc. la). ITonpobGHOe ommcaHue OyeB TaHO B
[3]. bymn comepxanu oOpaTUMble aKyCTUUYECKHE TIpe-
oOpa3zoBaTteiu, u3fyJyatoliue U NpueMHble YCUIUTEe-
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Puc. 1. (a) — PacrionoxeHue Tpex akycTudeckux OyeB Ha miesibde Bom3u ['omy0oit OyXThl M TUPIISTHIABI TEPMOJATIYNKOB (Kpac-
Hasi TouKa); (0) — BepTUKaIbHble TPOGUIN CKOPOCTU 3BYKa, U3BMEPEHHbIE BOJIM3U OyeB B 9KCIIEPUMEHTE.

JI1 CUTHAJIOB, Majio IOTPEOJISIONINE KOMITbIOTEPHI,
yIIpaBISIoOIINe IIPOBEACHUEM 3KCIIEPUMEHTA, U CH-
CTEMbI TOYHOI BpeMEHHOI CUHXpOHM3alIMU HE3aB1-
CUMBIX OyeB C HCIIOJIb30BAHUEM CITyTHUKOBOM CH-
ctembl GPS. Bce Tpu He3aBUCUMBIX KOMIIbIOTEpaA T'e-
HepUpOBaIU KJIMIIIIMPOBAHHBIE IIMPOKOIIOJOCHBIE
M-II0C/IEA0BATEIbHOCTU C KO3(D(UIIUEHTOM CJIOXK-
aoctn 2047, cpenHeit yacroroit 10 kI, mmpuHoO
nojockl ~2—4 kI ¥ JIUTEIbHOCTHIO ~1 C, a TaKkKe
MIPOBOIWIN 3allCh CUTHAJIOB OT APYrux OyeB C 4a-
croToii Beibopok 100 kI11. M3myyeHue curHajioB mJist
pa3IMYHBIX OyeB MPOU3BOAMIIOCH MOCIEA0BATEIHLHO
yepe3 Kaxable 3 ¢, TaK 4YTO Mepuoj MOBTOPEHUS ce-
aHCOB M3JIy4YeHUS COCTaBIsI 9 ¢. TOUHOCTh CUHXPO-
HU3aUM U3IYy4YeHUS Pa3IMYHBIX OyeB COCTaBIIsLjIa
~10 Mmxc. /111 TIOTyde HUSI BpeMEeHHBIX OTKJIMKOB Cpe-
JIbl Ha pa3jIMYHBIX Tpaccax Ipy o0paboTKe 3aIlcaH-
HBIX CUTHAJIOB MIpPOBOAMIACH MOJIOcOBast (uiabTpa-
LU U BBIYUCIEHUE (PYHKIUIA KOPPEISILIUMA ITPUHSI-
TBIX CUTHAJIOB C KONMSIMM M3JIy4eHHBIX. TaKuM
o0Opa3oMm, OBLIM TTOJyYeHBI (DYHKIIMM OTKJIMKOB Cpe-
JIbI IO TPEM TpaccaM B IIPSIMBIX M OOpaTHBIX HalpaB-
JICHUSIX.

Bo Bpems paGoTHl TpeyrojabHUKa aKyCTHYECKUX
MIpUEeMO-U3JIydaTelieil TakKe IMPOBOIWINCH U3MEpe-
HUSI (DOHOBBIX TMAPOJOTNYECKMX YCIIOBUIA B MOpE C
IMIOMOIBIO CTAHJAPTHBIX OKEaHOJIOTMYECKUX MPUOO0-
poB. Ota uHdopMalirs Obl1a HeoOXoaMa JJIsI COIo-
CTaBJICHUSI C JAHHBIMM, TIOJYYEHHBIMU aKyCTHUYEC-
CKUM MeTogoM. M3Mepsinch Te4eHUsI ¢ TTOMOIIBIO
ADCP “Rio Grande 600 kHz” Ha pa3pe3ax akBaTo-
pUM 1 Ha TpaccaxX pacHpOCTPaHEHUSI aKyCTUUECKUX
curHajoB. Bennch Takke U3MepeHUsT BEpTUKAJILHOM
CTPYKTYPBhI CKOPOCTH 3BYKa M TeMITepaTypbl 30HIOM
miniSVP. Bce paGoThl NMpOBOAMINCH C MAJIOTO MO-
TopHOTO cynHa. Kpome Toro, elie 10 Hayaia aKyCTH-
YEeCKOTo 3KCIeprMMeHTa Ha riyouHe 34 M psiaoM C
TPEYTOJBbHUKOM OyeB ObLIa YCTaHOBJIEHA 3asIKOPEH-
Has Tupagaga n3 9 repmonatamnkoB DTcenti mirst He-

3aBUCHUMOI peruCTpallui BHYTPEHHUX BOJIH. JJaTum-
KM pacIiojiarajiich Ha ropu3oHTax 4.5, 8.5, 12.5, 16.5,
20.5, 24.5, 28.5, 32.5, 33.5 M. IMUCKpPETHOCTb UX U3-
mepenuit — 30 c.

3. ©IBMEHYMBOCTb ®OHOBBIX
TUAPOJIOTUYECKHUX YCIIOBUUA
BO BPEMJ IMTPOBEOEHMA
AKYCTHUYECKOTI'O 5KCITEPUMEHTA

KoHTponbHbIE M3MEpeHUSI 3a M3MEHYMBOCTHIO
BOJIHOWM Cpebl BEISBUJIM XapaKTepHbIE YePThl KaK B
pexXyMe NPUOPEXHBIX TEUEHUI, TAK U B PEKUME BEP-
TUKAJIBHBIX KoJjiebaHuii TepMokiimHa. [lo maHHBIM
MMPOBEACHHBIX 30HINPOBAHUI TEPMOKJIMH pacliojia-
rajcs Hike ropu3oHTa 20 M 1 0611 pe3kuM (puc. 10).
TemnepaTypHast CTPYKTypa OKa3bIiBaeT OCHOBHOE
BJIMSIHME Ha CKOPOCTh 3BYKa, IOCKOJILKY B IIPUOPEXK-
HOI1 30He YepHOTo MOpsI COJIEHOCTb MaJjio U3MEHSIET-
cs ¢ TIIYOUHOM, Mes XapaKTEepHYIO BETUYNHY OKOJIO
18%eo.

PabGora akycTyeckux OyeB Hayajach 7 OKTSIOpsI B
12 4 39 MuH ¥ npogoyKagach B TEYEHUE CYTOK. 3a-
MUCh TUPJISIHIBI TEPMOJATUMKOB OXBaThiBajla OoJiee
MIPOAOJLKUTEIBHEIN IIEPUO BpEMEHM — OHAa Hadalach
2 OKTSIOpS U MIpopoJrKanack okoJjio 12 cyt (288 4). Ha
puc. 2 IpeAcTaBIEHO M3MEHEHHE TeMIlepaTypHOI
CTPYKTYPbl MOpSI MO JaHHBIM TEPMOTUPJSHIBLI 3a
BeCh Iepuoj ee padoThl. I1o JaHHBIM TEPMOTUPISTH-
JIbl OBLT pacCYMTaH CHEKTpP KOJeOaHUI TeMITepaTyphbl
Ha TOPU30HTE, KOTOPHIN BBISIBUJI BEIPAXKEHHBIN UK
Ha JacTtoTe, 6;m3Koii K 0.06 11/49, 4TO COOTBETCTBYET
JIOKAJIbHOII MHEPLIMOHHOI 4JacToTe paiioHa. BHyT-
pEHHME MHEePLIMOHHBIE BOJHEI ¢ MepruoaomM 17 9 xo-
POIIIO TIPOCIEXKMBAIOTCS Ha 3aITMCH TEPMOTUPJISTHIBI.
Mx BbICOTHI focTuramoT 15—20 M. DTU JaHHBIC IO~
TBepXAaoT (pakT, paCCMOTPEHHLII B padoTe [5], 4To
Ha YepHOMOPCKOM I1e/Ib(he MHEPIMOHHEIE BHYTPEH-
HUE BOJIHBI CIyXaT MPUYMHON 3HAYUTEIbHON M3-
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Puc. 2. VIaMeHeHMe TeMITepaTypHOI CTPYKTYPbI BOXHO# ToIIM € 2 TIO 14 OKTSOPSI.

MEHUYMBOCTH CKOPOCTH 3BYyKa, MMEIOIICH Nepuoau-
4YeCKUI XapakTep.

Ha wm3MeHYMBOCTBH TeMIepaTypHOM CTPYKTYpPHI
MIOMMUMO MHEPLIMOHHBIX BHYTPEHHMX BOJIH HAKJIAIbI-
BaJIi CBOM OTIIEYaTOK €Ile OBa BaXXHBIX (pakTopa.
OIuH 13 HUX — 3TO METECOPOJOTrNYECKUE YCIOBUSI.
3 1 4 OKTAOpS IyJl CUJIbHBII CEBEPO-BOCTOUHBIN Be-
Tep, JEUCTBHME KOTOPOro MPHUBEJIO K 3arayOJeHMIO
TepMOKJIMHA Ha TOpU30HT 30 M. 5 11 6 OKTAOpS BeTep
ociabesl M TEPMOKJIMH BEPHYJICSI B CBOE HMCXOOHOE
nonoxeHue. Ha HeM orsiTh ObUIM 3aMe4YEHBI MHEP-
LIOHHBIC BOJIHEBIL. 7 1 8 OKTSIOpST MOpE OBIJIO CITOKOM -
HBIM, YTO MO3BOJIUJIO OCYIIECTBUTH MOCTAHOBKY aKy-
CTUYECKMX OyeB U IIPOBECTU DKCIIEPUMEHT. 9 OKTSI0-
psI oAy CHWJIBHBIN I0XKHBIA BETEp, YTO IIPUBEJIO K
MMOJTHOMY NEePEMEIIMBAHNIO BOIBI B IIPUOPEKHOM 30-
He. Ha cnenyromuii neHb TEPMOKIIMH ITOSIBUJICSI, HO
HaxXoIWJICS B IPUIOHHOM ITOJIOXKEeHUU. J1o KOHIIa pa-
OOTBI TEPMOTUPJISIHABI BpeMeHaMU YCUJIMBaBIIIEeCs
BETPOBOE BO3JCUCTBUE MPUXKUMAIO TEPMOKIIMH KO
JIHY, YTO TIPEISITCTBOBAJIO IOSIBIICHUIO MHEPLIMOH-
HBIX BHYTPEHHUX BOJIH B IIPUOPEXHOM 30HE.

BTtopoit (pakTop OBLI CBSI3aH C MTPOXOXIAESHUEM Ha
aKBaTOpWUM BO BpeMsI aKyCTUYECKOTO BKCIepUMEHTA
AHTULIMKIIOHUYECKOTO CyOMe30MacIliTabHOTO BUXPST —
SIBJICHMSI, XapaKTePHOTO IS 11e1b(MoBoi1 30HEI Yep-
HOI'O MOpsI, B TOM 4YHCJIE UIsI JaHHOro paiioHa [6].
Buxps Ob1J1 0OHapyKeH 7 OKTSIOpsSI BO BpeMsI pa3pesa
¢ ADCP. Ha ero npucyTcTBre yKa3blBajlO FOI0O-BO-
CTouHOe TeueHue cuoit 20 cM/c, KOTopoe oXBaTbiBa-
JIO BCIO aKBaTOpUIO 3KcrnepuMeHTa. Paguyc Buxps
OBLI OKOJIO 4 KM. 8 OKTSIOpSI TeUeHME N3MEHIIOCH Ha
MPOTHUBOMNOJIOXHOE CEBEPO-3aMaJHOE, YTO O3Haya-
JIO, YTO BUXPH Mpoirel. Pe3ynbraTel padoThI [3] mipo-
JIeMOHCTpUpPOBaIn 3(PPEeKTUBHOCTb TMPOBEICHHOIO
ToMorpaduieckoro 3KCrnepuMeHTa Jis oIlpeesie-
HUSI TEYEHUI B MOPCKOI cpene Ha 1enbde. B Heit
JUIST TIPOCTBIX Mozesieit cpenpl (2 mim 3 omHOPOIHBIX
Ne4 2022
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CJ1051), UCTIOIB3Ysl DKCIIEPUMEHTAILHO TTOJIYIeHHYIO
KapTUHY BPEeMEHHOTO XojAa OTKJIMKOB Cpelbl, OblIa
BOCCTAaHOBJIEHA peryJisipHas BpeMeHHash U3MeHYU-
BOCTb BEKTOpa CKOPOCTH TEUEHUsI U CKOPOCTeii 3ByKa
M TIoKa3aHa pe3Kasit UBMEHYMBOCTb TeUEHU S, BbI3BAH-
Hag IIPOXOISIINM B aKBATOPUU BUXPEM.

4. METOONKA OBPABOTKH
AKYCTUYECKHUX USMEPEHUU

I[Ipu 0OpaboTKe HCIIOIBL30BAACh MOJydYeHHAas B
X0Je dKCITepruMeHTa (GYHKIINS OTKIUKOB CPeIbl IS
3BYKOBOM Tpacchl Mexay Oysimu [ u 2 (TipeacTaBieHa
Ha puc. 3), KoTopas pacriojiarajach napajieibHo 6e-
peroBoii yepte (cM. puc. 2). DTa Tpacca HauboJjiee
YYBCTBHUTEJIbHA K BO3ICHCTBUIO BHYTPEHHUX BOIJH,
TMOCKOJIBKY OHa COBMAZaeT C Tpeobiiamaroieii opr-
eHTanmeil GpOHTOB BHYTPEHHUX BOJH, paclipocTpa-
HSIOIIMNXCS B 3TOM paiioHe [7—10]. Ha kapTuHe Bpe-
MEHHOTO XOJla OTKJIMKOB Cpelibl B MepBble Havyajlb-
HBIE Yachl SKCNMEPUMEHTA (f.y,) MOCTATOYHO YETKO
BBIIEJISTIOTCS YeThIpe MMITYJIbCa, OTMEUEHHbBIC Ha pU-
cyHke uudpamu. B xome sakcriepuMeHTa (C pocToM
lexp) AMILIUTY/IA 3TUX UMIIYJIECOB CYIIECTBEHHO MeE-
HSUTach BIUIOTH OO YPOBHS IIyMOB (MCYE3HOBEHUE
nMmIyibca). [ToaToMy I aHaIM3a UCIOJIb30BAINCH
YCpEeIHEHHBIE M0 Pa3JIMYHBIM MHTEPBAJIaM BpeMEHU
aKcrniepuMenTa (Af,,) TaHHBIE. DTO MO3BOJIMUIIO MO~
JIYYUTh TaHHbIE 00 UBMEHEHUH (B X0 IKCIEepUMEH-
Ta) BpeMeH npuxona (7T, k = 1, 2, 3, 4) oTaeNnbHBIX
uMITyJbcoB. B pabotax [3, 4] 9T maHHBIE [J1s1 JIETKO
pa3aesaIoIInXCcs UMITYJIbcoB [ 1 4 Ha puc. 3 Obuin
WCIIOB30BaHbI JUISI BOCCTAHOBJICHMS PETYJISIPHOI
BPEMEHHOI W3MEHYMBOCTU I1apaMeTpOB CpaBHU-
TEeJIbHO MPOCTBIX (YCPENHEHHBIX) MOAEJEe Cpelbl.
B HacTosmeit pabore mpennpuHSTA ITOMBITKA CBSI-
3aTh BapHWallMi BpPeMEH IPUXOHa OTHCIBHBIX NM-
MYJIECOB C BO3MOXKXHBIM TIPOXOXICHNEM BHYTpEHHEI
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Puc. 3. IaMeHeHre BpeMeH npobera /T YeThIpeX Py CUTHAJIOB Ha Tpacce 1—2.

BOJIHBI Yepe3 3BYKOBYIO Tpaccy Mexny oyem [ u 2.
B mrepBy10 odepenb ObUIN BBIACICHBI TaKe MHTEPBa-
JIBI BpeMeH 3KCITepMMEeHTa, Ha KOTOPHBIX OTAEIbHbBIC
UMITYJILCHI [ —4 MOXHO OBLIO OBl OTACIUTH APYT OT
npyra. OTU MHTEePBaJIbl 1 COOTBETCTBYIOIIUE UM WH-
TepBaJIbl BPpEMEH 3a7epKeK OTHEIbHBIX MMITYJILCOB
MMOKa3aHblI Ha pUC. 3 OeJbIMU JIMHUSIMU. JIerKo BU-
IETh, YTO C POCTOM oy, UMITYJILCHI 2 M 3 CONIMKAIOTCS,
1 VX Pa3JIeNIEHUE NIPU £.y, > 270 MUH (4.5 4) CTaHOBUT-
cs Bce 6oJiee 3aTPYIHUTEITBHBIM.

Jst mepBbix 270 MUH 3KCIIEpUMEHTA Pe3yIbTaThl
pacyera BpeMeH npuxona 7T, (f.y,) NPENCTaBIEHbI Ha
puc. 4. 3nech KpacHble TMHUU (A, = 20 MUH) COOT-
BETCTBYIOT PETYJISIPHBIM M3MEHEHUSIM MapaMeTpoB
cpellbl, CBI3aHHBIM B OCHOBHOM C TIOHVKEHUEM ee
TeMmIiepatypbl (cpenHeit ckopocTu 3BykKa). CuHue
JHUK (Af,, = 2 MWH), ONUCHIBAIOLIME Bapralun
BpeMEH MpUXoAa OTHEIBbHBIX WMITYJILCOB OTHOCH-
TEJIbHO WX PETYJISIPHOTO XOIa, IO-BUIMMOMY, 00y-
CJIOBJIEHBI BIWSIHMEM BHYTPEHHUX BOJH Ha BpeMs
pacrpocTpaHeHusI 3BYKOBBIX CUTHAJIOB.

[ BocCcTaHOBJIEHUS TTapaMeTPOB Cpenbl B OC-
HOBHOM MCIOJIb30BaJICs TaK Ha3bIBa€MbIii METO/I CO-
[JIACOBAHHBIX BPEMEHHBIX OTKIMKOB (method of
matched temporal responses), onmucaHHbIN B [11] u
3aKJTIOYAOIITUIC B TTOMCKE HAMIIYUIIErO COOTBET-
CTBUS (HaUOOIbIIEH KOPPESILIUN) MEXIY IKCIIepU-
MEHTaJbHBIM 1 PACCUMTAHHBIM JUISI pa3IMYHbIX Ta-
paMeTpoB cpeabl uMMMyiabcamMu. Pe3ynbTaT Takoit
MPOIIETYPHl TSI OTHOTO M3 3KCIIEPUMEHTATBHBIX
UMITYJILCOB B TepBble 90 MUH dKCIIepUMEHTa Mpe/-
CTaBJieH Ha puc. 5a. 3mech YepHBIMU TOYECUYHBIMH

JIMHUSIMU  TI0Ka3aH pPsii UMITYJIbCHBIX OTKJIUKOB,
BKJIIOYAIOIIMX HanboJiee ObICTpbie U HauboJIee Me-
JIEHHBIE UMITYJIbChI /—4, B epBbie 90 MUH 3KCIepu-
MeHTa. BepTukajibHble IITPUXOBbIEC JIMHUU Ha 3TOM
PUCYHKE OIIpENesIsiioT BpEMEHHbIE MHTEPBaJIbl BO3-
MOXHOIO PAacCIIOJIOXKEHUSI OTAEIbHBIX HMITYJIbCOB
(MHTEpBAJIbI pacueTa Koppeasiud uMnyabcoB). Co-
OTBETCTBEHHO YEPHOM CIUIOLIHOM JUHUWEH MOKa3aH
BBIOpAHHBINA IS CpaBHEHMS B3KCIIEPUMEHTAIbHBIN
nMItyibc. KpacHoit ITpuxoBoil TMHUEI HA 3TOM K€
pUCYHKe M300paxkeH HanboJjiee OIM3KMiL K 9KCIIEpH -
MEHTaJIbHOMY OTKJIMK (Koppensauus = 0.94), pac-
cunTaHHbI 1o 2D nydeBoii mporpamme. LIBeTHEIE
BepTUKAaJIbHBIEC JIMHUM (CUHSIS, 3eJIeHasi, KpacHasl U
MaJIMHOBasl) OTBEYAlOT BpeMEHaM IIpUXoja JIy4ei,
¢dbopMUPYIOIIUX HUMITYJbChl [—4 COOTBETCTBEHHO.
Pacuer nmpoBonuics ajiss rOpU30HTAIBLHO OTHOPO/I-
HOI Moaenu cpedbl ¢ 10-TM TOYEYHBIM 1O IIyOMHE
npoduiem ckopoctu 3ByKa (I1C3) ¢(z,) (n = 1: 10),
WCXOIHBIM 11 KOTOPOTO ObLI B3SIT yCPEAHEHHBIH T10
TpEM IMPOGUJISIM CKOPOCTH 3ByKa, UBMEPEHHBIM B Te-
YeHUM 5-TO 4yaca 9KCIIepUMEHTa BOJIMU3M TOYEK II0-
CTAaHOBKU aBTOHOMHBIX JIOHHBIX CTAHLII. DTOT IpO-
¢uib ¢ (z,) noKa3aH Ha pUC. 56 TOYEUHOU MapKUpPO-
BaHHOI “0” nuHueil. BapbupoBanuch Kak 3HaYCHUST
c(z,) = c,(z,) T Ac(z,), TaKk U OOYCIOBJIEHHbIE BHYT-
peHHeit BonHoi (BB) miybuHs g, + Ag,, toe Az, =
= Aipw 0(2,)5 Ainw — AMIUTUTYOA IEPBOI MOJBI BHYT-
pPEHHEN BOJIHBL, O(Z,) — €€ NpOodUIIb, KOTOPBIA B CUITY
YCIOBUIT MEJIKOTO MOPSI IIPAaKTUYECKM OCTaBaJICs He-
M3MEHHBIM B IIIMPOKOM IMAITa30HE YaCTOT BHYTPEH-
HUX BOJIH. DTOT NpOdIIb MOAHI (CXeMaTUYIHO) ITOKa-
AKYCTHUYECKUM JKYPHAJ Ne 4
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Puc. 4. Pe3yabTaThl pacyeToB BpeMeH MPUXO/a ISl YeThIpeX TPYIIIT CUTHATIOB Ha Tpacce 1—2.

3aH Ha PHUCYHKE INTPUXOBOU JIMHUEH C TOYKAMM.
INpencraBineHHBIE HA BEpXHEM pHUC. S5a pacyeTHBIN
UMITYJIBC COOTBETCTBYET MPOGIUTIO CKOPOCTH 3BYKa,
IMoKa3aHHOMY KpacHOM JIMHUEH Ha puc. 56.

Tpaekropuu cooctBeHHBIX tyueit (CJI), coenmHs-
IOIIUX WUCTOYHUK M MPUEMHUK U (DOPMUPYIOLINX
pacyeTHBI UMITYJIbC, TIPEICTABICHBI HA PUC. 5B TEM
JKe 1IBETOM, YTO M BpeMeHa Mpuxoja Ha puc. Sa (Bep-
TUKaNbHBIe TMHUK). OTCIoNA CIIEAYEeT, YTO UMITYIILC |
OTBeYaeT B OCHOBHOM OJHOKPATHO OTPa3UBIIMMCS
OT MOBEPXHOCTH JIyuyaM U, BO3MOXHO (Kak B JaHHOM
MpUMepe), JiydaM ¢ TOUKOM 3aBOpOTa B MPUITOBEPX-
HOCTHBIX CJIOSIX BoJbl, e C3 6;113Ka K MakCcUMallb-
Hoit. UMmnynbe 3 ¢BSI3aH ¢ ABYKPATHO OTPasKeHHBIMU
OT MOBEPXHOCTH JIyuaMM, a UMITYJIbC 4 — C JIydamMu B
MPUIOHHOM CJIO€, TOUKM 3aBOPOTa KOTOPbIX MOTYT
ObITb U B TepMOKJIMHE. M1 HakoOHell, BeCbMa Y3KUit
(1o yrjiaM BbIXoAa) Iy4OK JIy4eil C TOUKaMU 3aBOpOTa
BOJIM3U BEpXHEU TpaHUIIBI TEPMOKJIMHA CONEPXKUT
CJ1, dbopmupyroniue uMitysibe 2. CiaeayeT OTMETUTD,
YTO MHTepBaJ BpemeH mpuxona Bcex CJI u3 atoro
MMy4YKa BeCbMa IIIMPOK U COOTBETCTBYET (B 3aBUCUMO-
CTU OT YHCJia UX OTPAKEHUI OT IHA) KaK Jydam UM-
myiabca 2 (4aiie BCEero), Tak M JydaM, OJIM3KUM K
dbopMupyloIM UMITYIbC 4. B paccMoTpeHHOM clly-
yae HaOJIIoJaIuCh ciaabdble o aMIUTUTYIE JIyYH C Tpe-
Ms1 TOTIOJTHUTEIbHBIMY OTPpaXXeHUSIMU OT JHa (OUpIo-
30BbIC IMHUY Ha pUC. 5B M TOYKM Ha puc. 5a). [1o-Bu-
JIUMOMY, HMEHHO TaKUM JIydaM COOTBETCTBYIOT
cjlabble OTKJIMKU MEXY 9KCIIEPUMEHTATbHBIMU UM~
nyiabcamu 2 u 4 Ha puc. 3.

AKYCTUYECKUN XYPHAJ Ne 4
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MoOXXHO 0XXUAaTh, YTO UMEHHO UMITYJIbC 2 HAaubo-
Jiee moaBepxkeH BausiHuI0O BB, mockoibKy cooTBeT-
crBytoiire emy CJI 60JbI11yI0 YacTh BPEMEHU CBOETO
pacnpocTpaHeHUsI TPOBOIAT B 00J1aCTU TEPMOKIIM-
Ha — HauOOJBIIEro CMEIIEHUs CJI0€B BOJbI IO
neiicteueM BB. Iloatomy ocobGoe BHMMaHWE OpU
BoccTaHoBJeHUU BB oGpaiianiocs Ha corjlacoBaHue
9KCMEPUMEHTAJIbHOTO U1 JIYYeBOTO MMITYJIbLCOB
WMEHHO 3Toro HoMmepa. B kauectBe ucxoaHoro I1C3
BBIOMpajicsa TIpopuib, OMU3KUI K ONTUMAaJIbHOMY
Ha puc. 50 (KpacHas JTUHUS). 3aTeM IJIsI BCEX IKCIIe-
PUMEHTAIbHBIX UMIYIbCOB Py (f, f.,) U JYy4EBHIX
P.(t, Ac, A;,,,) PaCCUUTHIBAJIACH UX KOPPEJISIIUSL:

Collops AC, Ain) = [ Puclt top) Pt Ac, Ay ),
k= 1,23,4.

3aech Bce UMITYJIbChI MPEAIIOIaraiicb HOpMUPOBaH-
HBIMU, TaK YTO MHTETPUPOBAHNE 1O BPEMEHU ¢ ISt
KaxXIoTo k-TO MMITYyJIbCa IPOBOIUTCS IO COOTBET-
CTByIOIIIEMY €My MHTepBaly (CM. pMcC. 5a), apTyMeHT
Ac oTBeudaeT cpenHeil o rmyouHe Bapuanuu I1C3.
Ha puc. 6 npencrasieH Bun GyHKIIUM KOPPEISIIIAA
Co(fexps Ainy) 111 UMITYIIBCA 2 Y TISATU 3HAYEHUI Ba-
puauuit Ac, = (—0.5, —0.25, 0, 0.25, 0.5) m/c. Jlerko
BUICTh, YTO BCE 3TH 3aBUCUMOCTH ITOJOOHBI IPYT
JIPYTY U ¢ pocToM Ac, cMelalTcs (Kak 1ej1oe) B Ha-
MIpaBJIeHUN OONBITNX A;,,,. TaKoM X0 KOppeIsIIImoH-
HBIX GYHKUMA Cy(fexps Aups Ainy) OOBACHSETCA TEM
dakToM, 9TO CMEIIeHNE TEPMOKIMHA K TIOBEPXHOCTH
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(touku) BB (cxemaTuuHo). (B) — TpaeKTopun COOCTBEHHbBIX JIyUCid.
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Puc. 6. @yHKIIMYU KOPPESIIUA MEXITY KCITEPUMEHTAIbHBIMY U PACUETHBIMU UMITYJIbCAMMU 2.
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Puc. 7. 3aBucumoctu amruiutyasl BB ot BpemeHu skcre-
pUMeEHTA.

(yBenuueHue A;,,) YMEHbIIaeT cpeaHee 3HayeHUe
CKOPOCTH 3ByKa B BOTHOM cj10€ (CM puc. 50).

OnHako MpU 3TOM Bapualuu Makcumyma hyHK-
LIMU KOPPEJISILIMU OTHOCUTEIBHO €€ PETYJISIPHOTO U3-
MEHEHMUS B XO/I€ SKCIIEPUMEHTA OCTAIOTCS TPaKTUUe-
CKu HeudMeHHbIMU. IloaTBepxkaeHue 3Toro ¢akra
WUTIOCTPUPYETCS Ha puc. 7. 3aBUCUMOCTb MOKa3aHa
Ha puC. 7a OCUMJUIMPYIOLIEH CHUHEel NWHWEeN, cria-
JKeHHbIE IMHUU Ha 3TOM PUCYHKE OTBEYaIOT YCpe.-
HEHHbIM 110 20 MMHYTHOMY MHTEpBaIy 3HAaY€HUSM
bynkuunit (A, (fep)) 11 Ac,(m/c) = —0.5 (3eneHas
mmnus), 0 (cunss), 0.5 (kpacHas ). Ha puc. 76 Tem Xe
LUBETOM IPEACTABIEHBl PasHOCTU  AA,,(f,) =
= App(texpy) — (Ap(fexp)), KOTOPBIE BeCbMa OJM3KHU
npyr K npyry. [IpakTuuecku K Takoi ke 3aBUCUMO-
CTU TIPUBOAUT U JPYTOid METOA BOCCTAHOBJIEHUS aM-
winTyasl BB, ocHoBaHHBIM Ha cXxeMe JIMHEIHOM JTy-
yeBoil ToMorpacpun Manka [12] u Tmoka3aHHBIN Ha
puc. 76 4yepHOi1 ToueuHoit ntuHuei. UMeHHo 3Ty Be-
TnauHy  AA,,,(fe,) MOXHO CYMTATh IOJYYEHHOMN
OLIEHKOU aMIUTMTYObl BHYTPEHHEI BOJTHBI.

Takue Xe 3aBUCUMOCTU, KaK U MHpeACcTaBIICH-
Hble Ha pUc. 6—7, ObUIM MOJYYSHBI W IJIST IPYTUX
MHTEPBAJIOB BPEMEHM ODKCIIEPUMEHTA, OTMEUYECH-
HBIX Ha puc. 3. B pe3ynbrate Obl1a BOCCTAaHOBJICHA
amiumutyga BB Ha BceMm aHanm3upyeMoM MHTEpBa-
e O MmuH < 7., <270 MUH.

exp

5. PESVJIBTATDI

BoccranoBneHHast peanu3aliyst BHyTPEHHUX BOJIH
Ha otpe3ke 270 MUH 1 ee YaCTOTHBIM CITEKTp IToKas3a-
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Puc. 8. (a) — Peasinzaiiust BHyTpeHHUX BOJIH, BOCCTAHOB-
JIEHHasI O aKyCTUYECKUM JaHHBIM; (0) — KOPOTKOIEpU-
OIHbIe BHYTPEHHME BOJIHBI; (B) — YaCTOTHBINA CIIEKTP
BHYTPEHHUMX BOJIH, PAaCCUMTAHHBII IS BCETO aHAIU3UPYye-
MOTO BpeMEeHM aKycTh4yecKoro aKcrnepumenTa (0—270) muH;
(r) — cnektp 1-ro yuactka: (0—100) MuH (CUHSIST TUHUSA
Ha puc. 80); (1) — crexkTp 2-ro yyactka: (100—270) muH
(KpacHasi TMHUS Ha pUc. 80).

HbI Ha puc. 8. [Ipuyem Ha puc. 8a mpuBeAcHa peaiu-
3aysl BHYTPEHHUX BOJH (CHHSS JTUHUS) BMECTE C
ee ycpeaHeHHOoI 1o 20-MUHYTHOMY UHTEpBajy Bep-
cuent (cupeHeBast 1MHUA). MIX pa3sHOCTB IMoKa3aHa
Ha puc. 86. DT0 3aNMCh BHYTPEHHUX BOJIH C yOpaH-
HbIM TpeHaoM. OOpaialoT Ha cebsl BHUMaHUE TTUKU
CIIeKTpa Ha yacToTax 2.5 1 4 11/4, a TaKKe B AUaIas3o-
Hax 6—8 u 10—12 /4 (puc. 88). OOpaTUBIINCH K VC-
XOITHOM peaqn3ay MOXXHO 3aMETUTh, UTO B TIEPBHIiA
yac HaOJIONEHUI MPOXOIMIM KOPOTKOIEPUOTHEIC
BOJIHBI C TIEPUOIAMU OKOJIO S MMH, a 3aTeM BMECTE C
HAYaBIIMMCS TOCTETICHHBIM YXOIOM TEPMOKIMHA
BBEpX CTaJIM Mpeo01agaTh BOJHBI OOJBIIUX TTePUO-
0B (15—20 MuH). BBICOTHI BOIH JIeXKalIu B IIpeaesiax
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XOBbBIC JIMHUU, paCCYUTAHHOEC ITO BOCCTAHOBJICHHBIM aMIUIMTylaM BB — crutoniHble ¥ TOY€YHbIE TMHUM.

ot 0.5 g0 1 M. OTMeUYeHHBII TPEHI TEPMOKJIMHA, IIPO-
JOJIKaBIIMCS 3 4, cocTaBUI 4 M.

[MonmyyeHHbIe TaHHBIE O BHYTPEHHUX BOJIHAX U3
aKyCTHUYECKOIo 3KCIIEpMMEHTA ITOATBEPKIAIOTCS 3a-
MYCSIMU TEPMOTUPISIHIABLI. B pe3yibTate mojydaercs
clienyrolast KaptuHa. Bo BpeMs1 akyCTUYEeCKOro 3KC-
rneprMeHTa 110 1Ieb(}y B HarpaBjJeHUU Oepera pac-
MPOCTPAHSJIUCh MHTEHCUBHbIE MHEPLIMOHHbBIE BHYT-
PEHHUE BOJHEI C IIEPHUOIOM OKOJIO 17 4, 4TO SIBJISIETCS
XapaKTepHOU 4epToil IjIs1 BHYTPUBOJHOBOTO MOJISI
Yepuoro mops [13, 14]. O6paboraHHas peann3amnus
OTHOCHWJIACh KO BPEMEHU IIPOXOXKICHUS Yepe3 aKBa-
TOPUIO DJKCIIEpUMEHTa TOAOIIBbl MHEPIIMOHHONK
BHYTPEHHEM BOJIHBI, MOCJIE YETO OIS IepeaHUiA
(GpOoHT BOJIHEIL. B 3T0 BpeMsI TEpMOKJIMH MepeMelai-
¢Sl U3 IPUIOHHOTO MOJIOXEHUS BBEPX. DTUM OOBsIC-
HsIeTCS TTOSIBJICHME Ha peajin3alliy TpeHIa, a B 3aI11-
CSIX TUPJISTHIBI 3TOMY COOTBETCTBOBAJIO IMMOXOJIOIaHUE
BonHOM Tonmu. Ha puc. 9 mITpUXOBBIMU JTUHUSIMU
IIOKa3aH X0 TeMIlepaTyphl Ha yKa3aHHBIX Iu(paMu
nyouHax Ze (B M) BO BpeMsl aKyCTUUECKOIO 3KCIIe-
pumenTa (0—270 MUH), U3MEPEHHBIN 3asIKOPEHHOI
LIETIOYKOM TEPMUCTOPOB. 31eCh K& TOYSUHBIMU JIM-
HUSIMM IIPEACTABIIEHO PaCCYMTAHHOE 110 BOCCTAaHOB-
JIEHHBIM aMIuiuTygaM BB n3aMeHeHue B xole 3KcIe-
prMeHTa TeMIiepaTypbl Boabl ¢ mraroM 0.5 M Ha rny-
ouHax Zr = (14—35) m. CiutomHbIe LIBETHBIE JIMHUN

COOTBETCTBYIOT NIYyOMHAM TePMUCTOPOB. MOXHO OT-
METUTh JOCTATOYHO XOpOoIllee KauyeCTBEHHOE COOT-
BETCTBHME BOCCTAHOBIICHHBIX KOJIEOAHUIT TEPMOKITH-
Ha ¢ pe3yJibTaTaM1 He3aBUCHUMBbIX UBMEPEHUI C yue-
TOM TOTO, UTO MOCJeAHNE OBIJIN TIPOBEICHBI B OoJice
MEIKOBOTHOM (34 M) MecTe Ha yoaJIeHMH OKOJIO 1 KM

ot AIIC.

Ha nepennem ¢ppoHTe IIMHHON BHYTPEHHEH BOJI-
Hbl IPUCYTCTBOBAIU KOPOTKOINEPUOAHBbIE BHYTPEH-
Hue BojHbl. CHavaja 3To ObUIM 5S-MUHYTHBIE BOJHBI
HeOobImx amMmuTya (mo 0.5 M), a 3ateM, o Mepe
YKpy4YeHUs1 (hpoHTa JIMHHOIN BOJHbBI, aMIUIMTYIbI
KOPOTKOIEPHUOIHBIX BOJIH BO3pOCu 10 1 M, a nepu-
OBl yBeIMYmiInuCh 10 15—20 muH. Bo3pacranue am-
TUIUTYJI KOPOTKOMNEPUOAHBIX BHYTPEHHUX BOJIH, Be-
pPOSITHO, ObLIO BBI3BAHO BO3HUKHOBEHWEM CIABUIO-
BOM HEYCTOMUMBOCTHU TEUECHUI Ha IIepeaHeM (DPOHTE
WHEPLUMOHHON BHYTpeHHeil BojHbL. Heobxomumo
MOJYEPKHYTh BBICOKYIO TOUHOCTb IPENCTABIEHHOTO
aKyCTUYECKOro MeToAa W3MEPEeHUs] BHYTPEHHUX
BOJIH: C €r0 TMOMOIIbIO yIaJIOCh HAaJEXHO 3aperv-
CTPUPOBATh BOJIHbI TaKUX MaJIbIX aMIUIATYHA, PErv-
CTpalusl KOTOPbIX KOHTAKTHBIMU METOAaMU ObIBaeT
3arpynHuTesnbHa. Conocrtapisiss JaHHbBIE, TOJy4yeH-
Hble B JAHHOM 3KCMEPUMEHTE, C TEM, UTO U3BECTHO O
BHYTPEHHUX BOJHaxX YepHOro Mopsi, MOXXHO clieiaTh
BBIBO/IbI, YTO HAMM HaOJI0ATMCh TOMUMO BHYTPEH-
AKYCTUYECKUN KYPHAT Ne 4
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HUX UHEPLIMOHHBIX BOJIH TaK Ha3biBaeMble (DOHOBbIE
BHYTpPEHHUE BOJHbI BICOKOYACTOTHOTO JMaNa3oHa.
BcnencTBue orcyreTBus B YepHOM Mope TIPUINBOB
KOPOTKOIEPUOIHBIE BOJHBI 3[AECh MO aMIUIUTyAaM
CYIIIECTBEHHO MEHbIIIE CBOMX aHAJIOTOB U3 OTKPBITHIX
Mopeii M oKeaHa, 4To ObLIO IToKa3aHo B [15]. B to
Ke Bpemsl JIpyrue MpupoaHble UCTOYHUKMU TeHepa-
1IMM, CBSI3aHHbIE C aTMOC(hEpPHBIM BO3AECHCTBUEM,
MOTYT NPUBOJUTH U MPUBOJIT K BOBHUKHOBEHMIO Ha
YEPHOMOPCKOM 111eJib(h€ MHTEHCUBHBIX COJUTOHO-
MOIO0OHBIX BHYTPEHHUX BOJIH BBICOTOM B HECKOJIBKO
MeTpoB [16, 17]. [TogoGHbIE BOJTHBI JaXe MOTYT J0-
CTUTaTh BBICOTHI 15 M (3TO cityyaii 3aperucTpupoBaH-
HBIX PEKOPIHBIX BHYTPEHHUX BOJIH Ha YepHOM Mope)
[8, 9], HO mJIs1 BBISIBJIEHUSI TAKMX CIydaeB HaI0 Mpo-
BOJIUTD JUIUTEIbHbIE HAOTIOICHUSI.

SAKJIIOYEHHME

Bce xapakTtepucTukKM BHYTPEHHUX BOJIH, ITOJY-
YEeHHBIE B aKyCTUUECKOM TOMOTrpaUYeCKOM DKCIIe-
pUMEHTE, TUIWYHBI IS BHYTPUBOJIHOBOTO MOJIS
YEePHOMOPCKUX HIEIb(OB, U OHU MOATBEPXKIASHBI OJ1-
HOBPEMEHHBIMU KOHTAKTHBIMU U3MEPEHUSIMU, OCY-
LIECTBJICHHBIMU C TIOMOILBIO TePMOTUPISTHABL. B pe-
3y/JIbTaTe MOXHO c/elaTh BHIBOI O MPUMEHUMOCTHU
MPEIIOXKEHHOIO B JaHHOM paboTe METOJa aKyCTUUe-
CKOM ToMOTpadu MEITKOTO MOPSI IJISI UCCIIeTOBAHUIA
HE TOJILKO T€YCHUM U CTPYKTYPbl CKOPOCTH 3BYKa Ha
mrejibde, 4To ObLUIO MPOJAEMOHCTPUPOBAHO B paboTe
[3], HO Takoke M BHYTPEHHUMX BOJIH BCEX TMAIIa30HOB
(OT MHEPLIMOHHBIX 10 KOPOTKOMEPUOAHBIX BOJIH).

O06paboTKa pe3ysbTaTOB 3KCIEPUMEHTA BBITIOJ-
HEHa B paMKaX TeMbI Toc3ananus MuHoopHayku PO
Ne FMWE-2021-0010 1 npu (opHaHCOBO# ITOAAEPK-
ke rpaHta PO®U Ne 20-55-S52005.
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