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IIpencrasmenbr pe3yabTAThH aHAIN3A HATYPHBIX U3MEPEHUN BOTHOBOTO OOpa HA MUKHOKJIIHE
MEJIKOTO MOPsI, BBITIOJTHEHHBIX C IIOMOIIBI0 BEPTUKAIBHO PACIIOIOKEHHBIX TePMUCTOPOB. s
TUAPONNHAMUYIECKON WHTEPIIPETAINN TPOCTPAHCTBEHHO-BPEMEHHON CTPYKTYPHI O0opa uc-
TIOIB3yeTCs MaTeMaTIecKast MOIEIb CIIa00OUCIIEPCHOTO MEIKOTO MOPs, B KOTOPON YINTHIBA~
eTCs BIUSHUE KyOUUeCKON HEIUHENHOCTH W HU3KOYaCTOTHON mucnepcun. OnpenesieHsl mpe-
IebHAs aMINUIATYOAa U MUHUMAJIBHAS IJINTEIBLHOCTH COMTOHHBIX pereHuin Momenu. Ilpemn-
JIOXKEH aJITOPUTM OIIEHKU YKa3aHHBIX ITapaMeTpPOB Ha OCHOBE MAHHBLIX M3MEPEHUN ITYIThCAINN
M30TEPM, MHIYIIUPOBAHHBIX 60pOM. BBITIOTHEHBI OIEHKN TPENeIbHON aMITUTYObLl U MUHU-
MAaJIbHOU OJINTEILHOCTH YEOWHEHHBIX BOJIH HA MUKHOKJIWHE B MPUOPEXHON 30HE IATOHCKOTO
MOpSI.
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JI006Pa3HBIA COTUTOH.
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Beenenue. [lakeTel naTeHCHBHBEIX BHyTpeHHuX BonH (BB) sBisorcs ocobeHHOCTBIO Te-
JeHNH m1enbGoBLIX Boxm okeaHa. OOmamas 3HAYUTEIBHBIME aMIIATynamu, BB okasbBaioT cy-
IIIeCTBCHHOE BIIMSHIE Ha TPAHCHOPMAINIO OIS CKOPOCTH 3BYKa I €r0 PACIPOCTPAHEHNE, B3MY-
YUBAHUE IIPUIOHHBIX OCAIKOB, IEPECTPOCHNE IPUIOHHOTO perbeda u np. [1-4].

CornacHo HeMHEHO Teopun [5| aMINIUTYIa U IIINTEILHOCTE cONMuTOHOB BB orpannuenst
IpenepHBIMI 3HAYEHUIMI Ay U T COOTBETCTBEHHO, KOTOPBIE OMPENEIIOTC (DOHOBBIM COCTO-
SHIEM MEJIKOTO MOps, cTpaTudukaimell IIOTHOCTH U TedeHNUs. B maHHOI paboTe BBIBOIATCH
COOTHOIIEHUs I STUX HapaMeTPOB W IpedsiaraeTcs MeTOANKa UX OINEeHKM, OCHOBaHHAs Ha
OaHHBIX HAOIIOOEHNN 338 BOJTHEHUEM B IIT€ILMOBON 30HE MOPSI.

1. TeopeTuueckue GpopMyJibl [IJis MapaMeTPOB HeJIMHEMHBIX BHY TPEHHUX BOJIH.
Cxema onpeneneHns TPeNeTbHON aMIIUTYIbl U MUHUMAJIBHONW IINTEIBHOCTH YyeINHEHHBIX
BHyTpeHHnX BonH (YBB) dopMmynupyercs B paMkax paCIIIPEHHOTO 3a CUeT BBeNEHUS KyOu-
JecKol HenumHeHHOCTH ypaBHeHHs Kopresera — me ®pusa, mam Tax Ha3bIBAEMOTO yPaBHEHIT
Capnuepa [5]

o
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PaGora BhITOTHEHA B paMKax TOCOIOMXKETHON TeMbl “MaTeMaTrdeckoe MONOETMPOBAHNIE U aHAIN3 TUHAMUI-
ueckux mporeccos B okeane” (Ne AAAA-A17-117030110034-7).
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rme ( — CMeIIeHUe W3OIMUKHBI, PACIIOJIOXKEHHON B HEBO3MYIIIEHHOM COCTOSHHUEU HA TOPU30HTE
MAKCUMyMa YaCTOTHI TJIABYYECTH; T, t — KOOPOUHATA U BPEMS; [, [i1, [} — KOIDPUIMEHTHI
KBaIPATUIHON U KyOMUIECKON HEJIMHENHOCTEN 1 MUCIIEPCUN COOTBETCTBEHHO; C — CKOPOCTH pac-
npoctpanenus auHeiHbIX BB. Ypasuenne (1) mveer crammonapsble peutenus B dopme Y BB,
CBOMCTBA KOTOPBIX U3BECTHHI [5]. B wacTHOCTH, B MEITKOM MOpE TIOCTOSIHHON TJTyOHHBL KOdhdhu-
[UEHTHl ypaBHEeHUs (1) ABISIOTCS MOCTOSHHBIMU U ONPEHENSIOTCS HEM3MEHHOI 110 BDEMEH! U
TOPU30HTAJIBLHBIM KOOPAUHATAM CTPATU(GUKAINEH KXUIKOCTHU O TIJIOTHOCTHU U TeUYeHuio. B pam-
Kax TpenjiaraeMoil METOIUKN OTCYTCTBYeT HeOOXOMMMOCTh (PUKCUPOBATH KaKyl0-Iubo CTpaTH-
ukanmo, HO I ompemeseHHOCTH Oynem momarath p; < 0, p > 0, § > 0. lng BuiOpannoit
KOMOUHAIINY 3HAKOB KOYhPUINEHTOB cTalmoHapHoe pererne ypasaenus (1) B Bune Y BB umeer

dopay

K
t = . 2
CG(J}’ >}t:t0 1+4+bch [(J} — :L’())/Ag] ( )
Bneck b = \/1— (u1/p)K; K = 6(8/a)/A% — mapameTpel, 3aBuCAIIEe OT IPOM3BOILHOTO

mapamerpa Ag, xapakTepusyiorero mupuay Y BB. Ipyrum ¢BobomHBIM TapamMeTpoM SBIIseT-
csa daza YBB, 1. e. ee monoxenune B MOMeHT peructpanuu. llajgee nmpu BbIBOIE HEOOXOMMMBIX
COOTHOITIEHNT (Da3a moJaraeTcs paBHOU HYIIIO.

[Tepeunciium XapakKTepUCTUKE COTUTOHHOTO PeleHus: ypaBuenus (1), moCTyIHbIe I Ha-
TYDPHBIX U3MEPEHUI C [EIBI0 OIEHKN MPEeNebHON aAMIUINTY AL I MUHUMAJILHON IIUPUHLL (111~
TEJILHOCTHU) COJIMTOHHOTO pelneHus: sKkeTpemyM Ag, wiu ammauryna Y BB, mmupuna D ua
ypoBHe A /2 u nepBbiii MOMeHT Mj, KOTOpBIE 3a[al0TCS COOTBETCTBEHHO AHAIMTUICCKUMU

BBIPAKEHISIMI
1 34 2ag
Ag = Au(1 — "D =Ageh (/220
G ( b)? 9 GC < 1+CLG> (3)
My 2—ag ag
L Agdagy | —2C h(,/—) 4
A, SA V. art 2—ag /)’ 4)

rne A = —p/p1; ag = Ag/Ax.

Bsenem muTerpanbHbIl MaciiTab YeOUMHEHHON BOJHBI L, OMpeNennB ero Kak OTHOIIECHIE
nepBoro MomenTa M dyukiuu (2)  ee skerpemyMmy ag. C yIeToM aHAJIUTHYECKOTO BBIPAKEHUS
miist My [miis mHTerpajibHOro Macinraba L B equHHIax mOIymmupuHbl A comuToHa Koprese-
ra — nme $pusa ¢ ammuTymon A, momydaem

Lq 4 ag
=—=—arth(,/———
Ag  ag art <\/ 2—ag)’ (5)

roe A = +/68/(u/Ax); ag = Ag/Ax.

PaccmoTpum 3aBuCHMOCTE HOPMEPOBAHHOTO HUHTErPAIBLHOTO MaciiTaba L colMuToHa OT Ia-
pametpa a¢ (puc. 1). Ha puc. 1 Bumso, 4TO 5Ta 32BUCUMOCTD SIBJISIETCST HEMOHOTOHHON (DY HKITH-
el a¢, uMerortert MuanMyM 1ipu a_— ~ 0,554 A, mpu stom L_ = 5 3. [Ipu ag — 1 uaTErpasbHbBIT
MaciTab COMMTOHA L CTPeMUTCs K GECKOHEYHOCTH, PelieHne (2) NPUHIMAET CTOI00OPa3HYTO
dopmy, a ero ammnTyna Ag CTPEMUTCS K IPENeNbHOMY 3HadeHuio A, = —pu/ .

[IpencraBum amropurs™ omeHknm Ay, ucmosb3ys xapakrtepuctuku (3). Corsacuo (3) mpn
3amaHHol A MU OIEeHKN MpenenbHON aMmuTyasl A, Heobxomumo 3amars mapametp b. Il
ero OmpeleseHns ucnonb3yeM Beipaxkenne R = My /(AqMy), tone My — BTOpPOIt MOMEHT (hyHK-
mun (2). AHanuTudeckoe npencTasieHue s R uveer Bun

1 V1—102/2
R —|1- .
2(1-10) arth (1/(1 = 0)/(1+b))

(6)
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5 . .
0 0,5 1,0 ag

Puc. 1. 3aBucuMmocTh OIMHBI YyeOIWHEHHON BOJIHBI B PACIIupEHHOM ypaBHeHUu Kop-
TeBera — ne Ppusa OT ee aMILIUTY OB

[Tpu 3amansOoM R Boipazkenue (6) mpemncTasisieT coOG0I TPAHCIIEHIEHTHOE YPaBHEHNE, Pellie-
HIIe KOTOPOTO TTO3BOJISIET OMPENeInTb NCKOMBIN mapamMeTp by = b 1, COOTBETCTBEHHO, TTapaMeTp
A, = Ag(1—by) ¢ ucnonbp3oBaHEM XapaKTEePUCTUK COIIMTOHHOTO pelieHus ypasuenus (1), mo-
CTYIHBIX M1 HATYPHBIX M3MEpPEHUH.

Takum 06pa3oM, OHpPENeInB JIeBYO0 JacTh ypaBHeHus (6) M0 DAHHBIM N3MEPEHWUN AMILII-
Tynbsl As COTUTOHONMOMOOHON TyJbcaruu, ee mepBoro M m BTOporo My MOMEHTOB, HAXOMUIM
KopeHb by sToro ypasuenus. [lomaras Ag ~ Ag, nis npenenbHON aMITuTy oAbl cOMuToHOB ["apm-
Hepa nomyuaeMm A, = Ag(1 —by).

CornacHo puc. 1 COMMTOH ¢ MUHUMAJBHOW IupuHON mMmeeT ammautryny A_ = 0,554A.,.
PaccunTaem cOOTBETCTBYIOIIYIO 3TOM aMILUTUTYIE IIUPUHY COIUTOHA, BHIPA3UB €€ B CIMHUIAX
m3mepsiemoro mapamerpa D. s YBB ¢ ammaurynoit A_ mnTerpanbHbiil MacmiTab (mHTe-
rpafbHBIl MacmTab comuTona ['apnHepa) npubnusuTensHo pased L_ &~ 0,53 Ax. YunrbiBas
3aBuCHMOCTh A oT mapamerpoB D u ag = Ag/Ax

1 Dy/ag(ag + 2)
K™ 2arch (24 1/(1 - ag))’ 0

IPEeNCTABIM HHTErPAJIbHBIN MacIITab COTUTOHA ¢ MUHUMAJIBHOM aMiuTynon a— = A_ /A, B

equuuiax mupussl D. [Homyuaem
N 2,65D+\/ag(ag + 2) (8)
~ ™ arch (3=2ag)/(1—aq))

Takum 06pazoM, B COOTBETCTBHN ¢ (8) MUHUMAJIBHBIN UHTETPAIBHBINA MACIITAb COIMUTOHA
Fapmuepa L_ saBucut or ammauTynsl Y BB ag, nHopmuposansoit Ha Ay, u umpuast D (mim-
TenbHOCTH T) Y BB Ha BbicOTE Ag/2, MOCTYNHBIX IJIsi U3MEPEHUI B HATYPHBIX yCIIOBUSIX.

2. Onoucanme metomuku. Kax mokaszaHO BBIIIE, VEOUHEHHBIE PEIEHUS PACIIHPEHHOTO
ypasaenus Kopresera — me ®pusa (conuronsr ['apnHepa) XapakTepusyrOTCs OByMs OCOOEH-
HOCTSIME: CYIIIECTBOBAHUEM COJIUTOHOB C INIOCKMMU BEPIIIMHAMU, IITUPUHA KOTOPBIX HEOTDaHU-
YeHHO yBenmununBaeTcs npu Aqg — A, 1 HaIUIueM COJIUTOHOB C MUHUMAJIHLHON IIINTEILHOCTHIO
T7— = L_/Vg u cooTBeTcTByMOIIEl 5TUM comuToHaM aMmunTynoir A_ = 0,554 A,.

Is1st onipenernieHus IpeneIbHON aMINIUTY Il Ay 1 MUHUMAJILHON MINTEILHOCTH T_ KUCIIOJIb-
3yeM MacCUB 3HAYEHUiT IJIyOUHBI 3ajieranust n30TepMbl (manee Bomuorpamma Y BB) ¢ = ((t;)

A
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C, M

0 15 30 45 60 ¢, mun

Puc. 2. Bommrorpamma nmakeTa yenuHEHHBLIX BHYTPEHHUX BOJIH ¢ MUHUMAJIBHON JIN-
renbrOCTHIO (I, IT) m BosH, Giinskux mo GhopMe K COMmTOHAM CTOI006Pa3HON (HOPMBL

(1-4)

B IUCKPETHBIE MOMEHTHI BpeMenu t;. ['jyOuHa 3ajeranust 5TON M30TEPMBI B HEBO3MYIIIEHHOM
COCTOSTHUU COOTBETCTBYET MAKCHMYMY UYAaCTOTHI IiaBydecTu. Ha BOTHOrpamMe BBIAETISIIOTCS
COJIMTOHOMONOOHBIE BO3BBIIIEHUs. BOMM3M MakCuMaIbHBIX 3HAYEHUN (; C TOMOIIBIO ITapaboin-
YECKOHN AITPOKCUMAIIIE YTOYHSIIOTCS TOJIOKEHNE MAKCUMYMOB U COOTBETCTBYIOIINE STUM BO3-
BBHIIIIEHUSIM aMIIUTyabl Ag. s onpemesienns IINTEIBHOCTH BO3BBIIIEHUS C IEHTPOM, pac-
TIOJIOXKEHHBIM B TOUKE t(, TPOBOMATCS OIEHKU TMOJIOXKEHUT MUHUMYMOB CII€BAa U CIpaBa OT 1.
Takum 06pa3oM ompenessioTes Bee ToUku (t;, (;) dyukuum, dopmupyoreit Y BB. Ioxyuenubie
3HAUEHUS UCTIOIB3YIOTCSI IJTsl YACIIEHHBIX OIEHOK ee dKcTpemyma Ag, mepsoro My u BToporo Mo
MOMEHTOB, UINTEIHLHOCTU Ha BbicoTe A /2, a Takxke orHouenus R = (Ma/My)/Aq.

[IpoBeneM OIEHKY MpEenebHON aMIUTUTYObI A, 1 MEHUMAIBHON mmTernsHocT 7— Y BB B
npubpeXHOI 30He YINMOHCKOro MOpsl Ha MONUTOHE THXOOKEAHCKOTO OKEAHOJIOTMYECKOTO MHCTH-
tyta [IBO PAH ocenbio 2012 r. ¢ XapakTepHBIM I 9TOTO CE30HA TOJI0KEHNEM TEPMOKIIITHA
Ha riaybune z =~ —20 M. [locTaHoBKa sKCIEpuMeEHTa B 5TO BPeMs Iola U YacTh IOJIyUYeHHBIX
pe3ynbTaToB mpuBeneHs! B paborax [6-9]. PaccmoTpum nunynnposanusie naketom Y BB Bapu-
Al TEMIEPATYPHI, 3aPErUCTPUPOBAHHBIE TUIPOTPaduIecKkM OyeM, YCTAHOBJIEHHBIM Ha M30-
6ate 38 M. Ha puc. 2 npencrasnen ¢parment nzorepmbl 8 °C ¢ HAYAILHON TTYOMHON 3aJIer aHUs
z ~ —20 M, T. e. BOTTHOTpaMMa BOJTHOBOI'O TTaKeTa, 3aperucTpupoBaHaoro 19 oxtsbps 2012 r.
(I, II — mynbcarmu, Gnuskue mo GopMme K pelieHusM ypasHeHus (1) ¢ MUHUMAIBHON [yIH-
TeIBHOCTBIO, [—4 — mynbcanuu, 6au3kue mo (GopMe K COMMTOHAM C INIOCKIMU BEPIIUHAMI).
Pesynprarhl ananusa mpuBeneHb B TabinIie.

MapameTpbl CONUTOHOB BHYTPEHHUX BOJIH,
3aperucTpupoBaHHbIX B NpubpexHoi 3oHe AnoHckoro mopsi 19 okTabpa 2012 r.

Homep comuTomomomo6mHoin Ay, M My, Mm-c | My, M- c2 R b A, M | A /A,
IIyJabCalum
1 11,5 1,6-10% | 4,1-10° 0,74 0,12 13,0 0,9
2 10,3 1,5-10% | 3,5-10° 0,75 0,17 12,4 0,8
3 10,1 1,2-10% | 2,6-10° 0,73 0,17 12,2 0,8
4 9,4 9,6-102 | 1,9-10° 0,71 0,24 12,4 0,8
I 7.3 9,1-10% | 1,4-10° 0,69 0,38 11,8 0,6
11 7.1 8,6-10% | 1,3-10° 0,69 0,43 12,4 0,6

IIpumeuanue. b — paccunThIBAEMBIA TaApaMeTp.
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B pacuerax ycTaHOBJIEHO, UTO CpemHee 3HAUYEHUE MPENeTbHON aMIUIUTYIBI I TPEICTaB-
nennbix B Tabmure Y BB cocrasuno A, =~ 12,5 m. Pacuernoe 3uauenune ammmutynst Y BB ¢ mu-
HEMAaIBHON (mpubnusuTensro 105 ¢) mmurensHOCTHIO paBHO A_ &~ 7 M. CoriacHo [5] conuToHbL
C AMIITUTYIAMU, OJIM3KIMA K aMIITATy e 7 M, 6YIyT UMeThb MIUTeIbHOCTE T (tmpuny D), 6im3-
KYI0 K MUHUMAJILHON MINTEIbHOCTU wian mumpuse. M3 Tabmuus! cremyer, 9To comuTonsbr [, 11
IMEIOT aMIUTUTYIbI, Ou3kre K A_, T. €. 9TU COUTOHBI OyIyT UMETh IJINTEIbHOCTHU, OIN3KIe
K MUHUMAJIBHON IJINTEILHOCTH COJIMTOHOB, HAOIIOHABIIMXCs Ha mojurone B 2012 r. DT mmm-
TenbHOCTH Ha BbIcOTe A/2 cocrasuiu 71 = 100 ¢ u 7ip = 95 ¢, a UX HIUPUHBI TIPH CKOPOCTH
V'~ 0,38 M/c Ha Toil ke BbicoTe cocTasmin Dy ~ 38 m u Dy =~ 36 M.

Cornacro mamabiM mst YBB 1-4 (cm. Tabnumy) mapamerp b M3MeHSETCs B AUAIIA30HE
0,1 + 0,2, a OTHOIIEHNe UX aMIUTUTYI K [penesbHoi ammautyne Ag/A, > 0,8, uTo mo3sosnser
kaaccuduimpoBaTh ux kax Y BB, 6muskue k conmutonam ['apmaepa cTonoobpasuoit popmbl. s
YBB I, II mapamerp b ~ 0,4, a oTHOIICHIE UX aMIIUTY/I K TPEOCTHLHON aMILTUTYIE COCTABIISICT
As/Ay = 0,6. Ot YBB cnienyer knaccudunuposars kak Y BB, 6muskue k conuronam [Napmoaepa
C MUHOMAJIBHBIME UIATEIBHOCTAME (IIIpUHAMMT), C(HOPMUPOBABIIIMCS HA THIPOTIOTTIECKOM
(oue B mpubpexHON 30HEe ATOHCKOTO MOpPsT oceHbio 2012 T.

3akimiouenue. [Ipemnmoxxena MeTomuka OmpeneeHns TPeneTbHON aMIIUTYObl U MUHU-
MAaJIBHON [JIUTEILHOCTH (IIMPUHBI) COIMTOHOMONOOHBIX BHYTPEHHIX BOJIH HAIl MOPCKUM IIIEITb-
(GbOM 10 MAHHBIM W3MEPEHWI CMEIeHN U30TepM B 30HE ero MUKHOKJIMHA (BoiHOrpamm Y BB).
MeTtonuka OCHOBaHA Ha YHUCIEHHBIX OIEHKAX MapaMeTPOB U MHTETPATBHBIX XapaKTEePUCTHUK
YBB: amminrymsr, maccsl (mepsoro momenTa M) m sHeprum (Broporo MomenTta Ms) comu-
TOHOIIOIOOHBIX ITYJIBCAIINN TT0 3HAYEHUSM OUCKPETHBIX OTYETOB MX BOJHOrpaMM. B mpemmosto-
JKeHnu, 9To ¢opmbl HabOmonaeMbrx Y BB MoryT OBITH anmpOKCHMMIPOBAHBI COTMTOHHBIMU Pe-
menusivu ypasaerus: Kopresera — ne @pusa u (umm) [apmaepa, onpenensiorces mapamMeTphbl
STUX COJIMTOHOB U HA OCHOBE 3TUX MapaMeTPOB HAETCS OLEHKA IIPENeIbHON aMIIUTYObl U MU-
HUMAJIBHOW IIMPUHBI COJIUTOHOB l'apmHepa Ha 3amaHHOM rumposorudeckoM ¢one. Mertonuka
NPOTECTUPOBAHA HA MAHHBIX HATYPHBIX UCCIENOBAHUNI COJTMTOHOMONOOHBIX BHYTPEHHUX BOJTH,
3apEruCTPUPOBAHHBIX B IPUOPEXHON 30He SnoHCKOTO MOpst ocenbio 2012 r. [lokazano, 1To mpe-
IesbHAs aMIIUTYOa HeJIMHEHHBIX BHYTPEHHUX BOJIH, IO JTaHHBIM 3apPErucTpUpPOBaHHBIX Y BB,
cocTasiseT npubau3uTeasHo 12,5 M (mpu riybuse nopsaka 40 M), a MUHIMAIbHAS [IIMPIHA —
npubmumsnTensao 40 M. OTHOIIEHNe aMIIUTy o 3aperucTpupoBanHubix Y BB k mpenenbroin am-
IJIUTYIEe cOMUTOHOB ['apmuepa mpesbiaeT (0,8, 9T0 moO3BoMsSeT KiaccuduuupoBaTsh 3T Y BB
KaK COJIMTOHBI, OJIM3KNUE K TIJIOCKOBEPITMHHBIM COJTMTOHAM PaCIIUpPEHHOro ypaBHeHus Koprese-
ra — ne $pusa.
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