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KOMINIEKCHBIE UCCJIIEJOBAHUSA TN IPOANHAMAUYECKHUX
U TUJIPOAKYCTHUYECKHUX SABJIEHUMN B ME30- 1 CYBME30OMACIITABHOM
HUHTEPBAJIE U3MEHUYABOCTHU T'HJIPO®U3NYECKHUX MOJIEHR
B APKTHYECKHUX MOPSIX (na npumepe benoro mopst)

[Mpenmerom obcyxeHns: B paboTe SIBISAIOTCS pe3y/IbTaThl HAOMIONEHUH (MOHUTOPHHTA) cyOMe-
30MacITaOHBIX SBICHUI (BHYTPEHHHMX BOJH M BHXpeil) B benom mMope u oleHka BIHMSHHS W3-
MEHYHMBOCTH THUAPO(PU3NYECKHX MOJICH Ha PacHpOCTpaHEHWE TMAPOAKyCTUYECKHX CHTHAJIOB.
CryTHUKOBBIC HAOMIONCHUS, KaK 9aCTh CHCTEMBbI HAOMIOICHNS, TIO3BOMIAIOT ONPEAEINTD Xapak-
TEpHBIC paiOHbI, B KOTOPBIX BCTPEYaEMOCTh CyOMe30MacIITaOHBIX SIBICHUN BHICOKA. B BbIeneH-
HBIX paifoHax MOps BBITOJHSIOTCS CYIOBbIE HAONIONEHHS, KOTOPhIE B COYETAHUU C MOJEIUPO-
BaHHEM PacCIpOCTPAHEHUS THIPOAKYCTUIECKUX CHUTHAJIOB MO3BOJISIIOT OMPEAETSATh XapaKkTep UX
M3MEHYMBOCTH MO BIMSIHUEM cpenbl. [loka3aHo MMpOKoe pacrpoCTpaHEHHE KOPOTKOIIEPHOI-
HBIX BHyTPEHHUX BOJIH M CyOMe30MacITaOHBIX BUXPEBBIX CTPYKTYP Ha akBaTtopuu bemoro mops,
YCTaHOBJICHO WX BIMSHHE Ha JIOKAJIbHBIC M3MEHEHHs pepakiiy rMAPOaKyCTUYECKHX BOJH H
COOTBETCTBEHHO Ha BAPHATUBHOCTH YPOBHEH MPUHUMAEMBIX THAPOAKYCTHIECKUX CUTHAJIOB.

KnroueBble cjoBa: HaOMONEHNS, BHYTPCHHSS BOJHA, BUXPb, NPWINB, pedpakiys, THIPOAKyCTHUECKIHA CHUTHAI,
Benoe mope.
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THE COMPLEX STUDY OF HYDRODYNAMIC AND HYDROACOUSTIC PHENOMENA
IN MESO- AND SUBMESOSCALE VARIABILITY OF HYDROPHYSICAL FIELDS
IN THE ARCTIC SEAS (illustrated by the example of the White Sea)

The paper discusses the results of submesoscale phenomena monitoring (internal waves and eddies)
in the White Sea and the assessment of the impact of hydrophysical fields variability on hydroacoustic
signals propagation. Satellite observations as a part of a surveillance system allow specifying the areas
of the frequent occurrence of submesoscale phenomena. Combining in situ observations of these areas
with modeling of hydroacoustic signals propagation allows determining the nature of their variability
under the impact of the environment. The widespread existence of short-period internal waves and
submesoscale eddies in the White Sea is shown, their impact on the local changes of hydroacoustic
waves refraction as well as on the level variability of the received hydroacoustic signals is found out.

Key words: monitoring, internal wave, eddy, tide, refraction, hydroacoustic signal, the White Sea.

Bo BTOpO# MONIOBHHE MPOIIJIOrO U Havaje HBIHEIIHETO BeKa B CBSI3U C PA3BUTHEM CIIyTHUKOBBIX M
KOHTAaKTHBIX IOJIMTOHHBIX CHCTEM HaONIOACHUM CTaJi HAKAIUIMBAThCS CBEOCHUS O I'MIAPOPHU3MUYECKUX
Iporeccax u SIBICHUSIX B KOPOTKONEPHUOAHOW YacTH ME30MacIITaOHONW M3MEHUYMBOCTH IOJIEH, TaK Ha3bl-
BaeMOM cyOMe3omMaciuTale, ¢ pasMepaMy CTPYKTYpP IO TOPU30HTAIH OT COTEH METPOB JI0 €AUHUL] KHIIOME-
TPOB U XapaKTEPHBIM BPEMEHEM U3MEHYMBOCTH OT HECKOJIBKUX MUHYT A0 CyTOK. OU3NUECKU OHU CBS3aHBI
C TOHKOM CTPYKTYpOH CTparu(uKaluu Bof, KOPOTKOIIEPHOIHBIMI BHYTPEHHIMH BOJIHAMH, MaJIbIMU BUX-
PEBBIMH U CTPYHHBIMH TECUCHUSIMH, ME30MaCIITA0HON TMHAMUKON (PPOHTAIBHBIX Pa3lIEeIOB.

HesnaunrenbHble MPOCTPAaHCTBEHHBIE MACIITAOBI M MaJlble BpEMEHA XKHU3HU 3aTPYAHSUIN PErYIsIpHOE
HaOmofeHue 3TUX SIBJICHWH, OLEHKY X IapaMeTpOB M apeanoB paclnpocTpaHeHus. Bmecre ¢ TeM HH-
TEHCHUBHBIE M€30- M CyOMe30MacIiTaOHble MPOLECChl MOTYT OKa3blBaTh CYLECTBEHHOE BO3ICHCTBUE HA
MIOABOHBIE MOOMIIbHBIE OOBEKTHI M CTALIMOHAPHBIE COOPYKEHHMS, a TAKXKE Ha KaHAJIbl PaclpoOCTPaHeHUS
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THIPOAKyCTHUYECKHUX BOJIH. DTO, B CBOIO OUEPE/b, BIMIET Ha pellIeHHE 33]ad YIpPaBIsieMOCTH U HaBUTa-
LM TOABOIHBIX 00BEKTOB, OCBEIICHUS OOCTAHOBKH U CBS3U IOJI BOIOH, TOOBIYH U TPAHCIIOPTUPOBKH I10-
JIE3HBIX MCKOIMAEMBbIX, CO3JIaHUs U AKCIUTyaTalu HHPPACTPYKTYphl MMOABOAHBIX COOpykeHHid. OcoOeHHO
aKTyaJbHO pELICHHE yKa3aHHBIX 3aJad A apKTU4ecKuX Mmopeil Poccum, nmMmeromux Ba)KHOE BOEHHO-
CTpaTernyecKoe 1 X039HCTBEHHOE 3HAUEHHE.

Heo0xoauMocTh HccieIoBaHrui Me30- M CyOME30MacITa0HbIX SABJICHUN JIUKTYETCS TAKXKe OTPEOHO-
CTAMH HayKH, 8 IMEHHO U3yYCHHEM 3aKOHOMEPHOCTEH Mepeaun JHEPTHH OT CHHONTHYECKUX MacIITaboB
K MHKPOCTPYKType OKeaHa. B cBS3M ¢ 3TUM B MOCJEIHUE IOkl OTMEUAETCs] POCT TEOPETUUECKUX U IKC-
MEPUMEHTAIBHBIX UCCIIEIOBAaHUH MPOLIECCOB B KOPOTKOIIEPUOJHOM MHTEPBAIe H3MEHUYNBOCTH THIAPOQPH-
sudyeckux nonei (I'PIT) [1, 2]. Bricokopa3pemaronye YucieHHbIe MOJIENH, CIIOCOOHBIE BOCTIPOU3BOUTh
9TH CIOXKHBIE THAPOIAMHAMUYECKHE MPOLECCHl B OTPaHMYCHHBIX 00NACTIX, HY>KAAIOTCS B HOBOHM JKCIIe-
pPUMEHTaILHOH MHQOPMALIU O KOPOTKOKUBYILIMX CTPYKTYpaXx IJIsi COINIACOBAHHS KIIIOUEBBIX MapaMEeTPOB
TEOpPEeTUIECKUX MoaxoaoB [3]. st 3Toro ObUIM OPraHM30BaHBI HECKOJIBKO KOMILIEKCHBIX MaCIITa0HBIX
9KCIIEPHUMEHTOB, CPEAM KOTOPHIX MOXKHO OTMETHTh IpoekThl Latex (LAgrangian Transport EXperiment,
2008—2011 rr., Jlnonckuii 3anuB), Latmix (Scalable Lateral Mixingand Coherent Turbulence, 2011—
2012, Capraccoo mope, ['ondcrpum), SubEx (Submesoscale Experiment 2011, 2013, Kanudopuutickuii
3anuB), GLAD (Grand LAgrangian Deployment, 2012, Mekcukanckuii 3anuB). Poccuiickumu crienua-
JUCcTaMy OBUTH BBITIONHEHBI MOJCITYTHUKOBEIE dKcIiepuMeHThl B UepHoMm Mope [4, 5] u B benom mope B
2012 r. [6], kOTOpBIE TTOKa3aJIl HEOOXOJMMOCTD MOTY4YEHHsI BEICOKOPA3PEIIAOIINX CITyTHUKOBBIX JTAHHBIX
1 MOJIE3HOCTH HAOIIONEHHH in Situ A7l U3yUEeHHUS XapaKTEPUCTHK cyOMe3oMacuTabHBIX CTPYKTYp. OaHaKO
B Hay4YHOH JIUTEpaType B HACTOAIIEE BPEMs OTCYTCTBYIOT JaHHBIE O KOMIJIEKCHOM HCCII€IOBaHUM THAPO-
JUHAMHYECKUX M THAPOAKYCTHUECKUX SIBICHUH B ME30- 1 cyOMe30oMaciTaOHOM MHTEpBaje H3MEHYNBO-
CTH THIPOPHU3NUECKUX TOJIeH, B TOM YHCIIE JUIl apKTUYecKHX Moped. B maHHOH cTaThe mpemnaraercs
BOCTIOJIHUTB 3TOT Mpo6en Ha mpuMepe benoro Mopst, 0071aarommero BCeMu THITUYHBIME JJIs1 apKTHYECKOTO
MOpPS THJIPOJIOTMYECKUMHU 0COOEHHOCTSIMHU.

Jis u3ydeHus: 1 HaboOpa CTaTHCTHK MO Me30- M, 0COOEHHO, CyOMe30MacIITaOHbIM SIBICHHSIM He-
MIPUMEHNMBI TPaJAULIMOHHBIE METO/bl OKEAaHOJIOTHYECKUX M3MEPEHHI, OCHOBaHHBIE Ha TONY4YEeHUHU JaH-
HBIX Ha CTaHJIAPTHBIX TOPU30HTaX HAa OTHOCUTENIBHO PEIKON NIl MOJOOHBIX SBJICHHUM CETKE CTaHIUH.
Hccnenopanne HE0OX0IUMO OCYIIECTBISATH HA OCHOBE METOOJIOTHH CHEIMATU3UPOBAHHOTO MOHUTOPHH-
ra, MO3BOJIAIONIEH C OHON CTOPOHBI OXBaThIBAaTh 3HAYUTEIbHBIE aKBATOPHH, a C IPYTroil — MOIy4aTh Je-
TaJbHBIC IPEICTaBICHUS 00 N3MEHUYMBOCTH THAPOGUIUIECKUX MOJIeH Ha HEOOIBIINX MPOCTPAHCTBEHHO-
BpPEMEHHBIX MaclITadax ¢ y4eTOM MX CBSI3U C JUHAMHUYECKUMHU MpolieccaMu Ooubliero macimrabda. Takas
METONOJIoTHs OTpabaTeiBaack aBropamu cratbu B 2006—2014 rr. Ha benom mope. Ee anemeHTHI nipea-
CTaBJIeHbI B pa0boTax [7—11] 1 3amuieHsl aBTOPCKUM CBHJETEIBCTBOM [12].

Cucrema HaOmofeHUH (MOHUTOPHUHIA) KOPOTKOMEpHoAHOH u3MeHunBocTH ['®Il B Mope BKIO4aeT
CYIOBYIO 1 KOCMHYECKYIO MTOJICHCTEMBI HaOmoneHuii. B pamkax cucteMbl 00beHHSIOTCS Pe3yIbTaThl y4ia-
LIEHHBIX CY/IOBBIX HAOIIOIEHUH B OTACIBHBIX paifoHaX MOpS U CITyTHUKOBBIE JaHHBIE BHICOKOTO pa3perie-
HUS1, OXBaTHIBAIOLINE 3HAYUTEIHHBIE aKBATOPUH MOPSL.

Kocmuueckas mopcucTemMa mo3BOJIMIIA MOJYYUTh MPEACTABICHUS O MPOCTPAHCTBEHHOM paclpese-
JICHUU Me30- U CyOMe30MacIITaOHBIX CTPYKTYp Ha aKBaTOpHM Bcero mMopsi. B pabore ucmonbs3oBamuch
nannbie co cmyTHUKOB ENVISAT (ASAR), RADARSAT (SAR) u Nerra/Aqua (MODIS). Ilo cnyTHHKO-
BBIM JIaHHBIM BBEIOMPAJIKCh PalOHBI Pa0OT ISl CYJOBOM MocucTeMbl HaOmoneHuid. OHa BKIIoYaja B ceOs
MHUKpOMAacCIITa0HbIe OKeaHOrpaQHUUeCKHe ChbEMKH M M3MEPECHHUS Ha TMOJUTrOHAX M3 OYHKOBBIX CTaHIIHH,
JIOTIOJTHEHHBIE JTAHHBIMU YYAIlleHHBIX OKeaHOTpa(uyecKux cTaHIui (CKaHUPOBAaHUI) C 3asIKOPEHHOTO B
paiioHe MONIUIOHA CyAHa.

MenkomaciiTabHble OKeaHOTpapHUECKUEe CheMKH BBITTOIHSUIUCH B pa3Hble (as3bl MPUIMBHOTO IIUKIIA.
Kaxnas cpemka cocrosia u3z 2—4 paspesoB. HabmroneHus: mpon3BOAMINCEH 32 TEMIIEPATypOil U COJIEHO-
cThio ¢ moMoIbio CTD-30HI0B ¢ TUCKPETHOCTHIO IO BEPTUKAIIM HE OoJiee OJHOTO METpa.

OO0miee BpeMsi H3MEPEHUIl Ha MONUroHe OYWKOBBIX CTaHIUM COCTABISUIO, KaK MpaBwiio, 26—27 4.
YcraHaBnUBamuCh 3 OYHKOBBIX CTAHIUH:

— Ha CEBEPHOI rpaHMUIIe TIOJIUTOHA HAa THO HA HEMarHUTHOU TuaTropMe yCTaHABIMBAIICS aKyCTHYE-
ckuit npodunorpad reuenus. Kpome nzmepennii TeueHU OH pEerUCTPUPOBAI KOJIeOAHUSI YPOBHS U MPU-
JIOHHOH TeMIIeparypshl;

— B IIGHTPaJBbHON YaCcTH MOJIMIOHA YCTaHABIMBAIACH OYHKOBasl CTAHIUSI C H3MEPHUTEIIEM TCUCHUI B
npunoHHOM cioe U CTI-30H10M, pacronaraBImuMUCs Ha TOPU30HTE CIIOS CKayKa;

— Ha IOKHOW TpaHMIIe TOJINIOHA C 3aSKOPEHHOTO CyAHA MPOBOAMIUCEH pabOThI MO3UITUOHHBIMU U3-
MEpHUTEISIMH TEUEHUH U TeMIIepaTyphl, a Takxke ckaHupoBaHue BonHoM Toimu CT/I 30H10M.
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JMcKpeTHOCTh U3MEpEHNH y BceX MpUOOpOoB 3a1aBanach 2 MiUH. CKaHHPOBaHKE BBITIONHSIIOCH OT TO-
BEPXHOCTH JI0 IHA ¥ BEJIOCH B PEKMUME 2 U HETMPEPHIBHOTO CKaHUPOBAHUS, epepblB — 1 4. OAuH cyck u
HOABEM 30HA 3aHUMAaIA 1—2 MUH.

CryTHUKOBBIE HaOMIOICHUS TIO3BOJIMIIM OXBAaTUTh BCIO akBaropuio Mops (100 CHUMKOB), a KOHTAKT-
HbIC HaOJIOCHNUS BBIIONHSUIACH HA 19 MONMTOHAX, pacloaraBInXcsl B Pa3iUuHbIX 110 THAPOIOTUYECKUM
yCIIOBUSIM paiioHax Mops, B iepuon ¢ 2006 o 2014 rr. BeinonHeHHbIE Hccae10BaHNs TO3BOIMIN CO3/aTh
0a3bl JaHHBIX CyOMe30MacITaOHBIX SBICHUH U TpoueccoB B bemom mope u chopmynupoBats 060011eH-
HbIE JJaHHBIE 110 UX XapaKTepUCTUKaM U apeanaM paclpoCcTpaHEeHHUs.

BriepBrie BBISBIEHO IIMPOKOE pacpOCTPaHEHHE KOPOTKOIIEPHUOAHBIX BHYTpeHHUX BoH (BB) Ha ak-
Baropuu benoro Mops. Tunossle pailoHbI pEruCTpaLi KOPOTKONEepruoHbIX BB:

— yd4acTku meinbga BOIM3H GPOHTATIBHBIX 30H C SIPKO BBIPAXKEHHOH cTpaTH(UKaHMel BOI, B 4acT-
HocTH Ha rpanulle baccelina u I'opna, JIBuackom 3anuBe, ceBepHee COMOBEIIKUX OCTPOBOB;

— yuactku menbda ¢ myonnamu 30—50 M, Kak MPaBUIIO, OKOJIO IPOJIMBHBIX 30H, IJIe MIPH HAIMYUU
AKTHBHOW TMHAMUKHU COXPAHSETCs CTpaTu(UKalns BoJl, U IPUCYTCTBYIOT 3HAYUTEIbHBIE HEPOBHOCTH JIHA!
MoABOAHBIHN keno0 Ha rpanune bacceitna u [opia, paiions! 3anagHoi u Boctounoit ConoBenKUX caiM.

Perynsprocts Habnronenuii koporkonepuoansix BB B onpenenennyio a3y Boans M, 1 3aBUCUMOCTb
KOJIMYECTBA MX MPOSIBIICHUH OT (ha3bl JYHBI MOATBEPKIAECT BHIBOJ O NPEUMYIIECCTBEHHO NPUIMBHOM Xa-
pakTepe ux oOpa3oBaHusl.

Jnunbl kopotkonepuoansix BB B npenenax akBaropuu benoro mops menstorest or 100 M 10 2 kM
(puc. 1, cM. BKIICHKY), IEPUOJIBI OT SIUHUIL JO JECATKOB MUHYT, BHICOTHI JOCTUTAIOT 20 M.

Bo Bcex paccMmarpuBaeMbix paiioHax bemoro mMopsi crmekTpsl KopoTkonepuoanbix BB mo abcomiot-
HBIM 3HA4EHUSIM IIPEBOCXOAAT MOAEIBHBIN cieKTp ['appeTTa—MaHKa, a 110 3aKOHY CIIaJaHus COBIIAJA0T
c HuM. B my0Ookoii wactu Mopsi Haubosnee nHTEHCHBHbIE BB nMeroT momycyToyHbli epuoa U oTMeva-
I0TCS B CJIO€ MPHUIOHHBIX BOJ, a KOpOTKonepuoaHsle BB B TepMoKINHE OTMEUYalOTCs SMU30IMYECKH; Ha
HeryOokux (40—50 M) yuacTkax 1ienb(a ¢ BRIPaXXCHHOH JIBYXCIOWHOM CTPYKTYpOU BOJ mpeodiiagaet
KOpPOTKOTIEPHOAHOE BOJHEHUE.

MHorosneTHue HaOMIOAEHNS 3a TPOCTPAHCTBEHHO-BPEMEHHOW U3MEHYHBOCTHIO CyOMe30MacITaOHBIX
BHUXPEBBIX CTPYKTYp MOKa3ajH, YTO OHU:

— pacnpocTpaHeHbl Ha akBaTopusax JIBuHCKoro 3anuBa 1 bacceiina B palioHax ()pOHTOB U cBana Iiy-
OWH ¥ UMEIOT AUaMeTp 2—8 KM;

— Han0oJee 4acTo PerucTpUPYIOTCS B UIOHE U UIOJIE B TIEPUOJ] CU3UTUITHBIX ITPUIHUBOB;

— 0051a1a10T MPEUMYIIIECTBEHHO IIMKJIOHNYECKUM XapaKTepOM BpallICHHUS;

— Haja 6aHkaMu 0kos10 COJIOBEIIKUX OCTPOBOB X 00pa30BaHHE OTMEUACTCS B OMPEICIICHHYIO a3y
MIPUJIMBA, OHU UMEIOT XapaKTepHOE BpeMs KHU3HU HECKOJIBKO YacOB U MPOCIEKUBAIOTCS B BepxHeM 10—
15-meTpoBOM ciioe.

HccnenoBanus 0coOEHHOCTEH pacpocTpaHeHHs THAPOAKYCTUUECKUX BOJIH MPOBOIMIUCH OHOBpE-
MEHHO C HaOJIIOCHUEM Me30- U CyOMe30oMacIuTaOHBIX SBJICHUH, 8 UMEHHO KOPOTKOTIEPHOIHBIX BHYTPEH-
Hux BoiH. C 3Toil 1enpio Oblia pa3paboTaHa ciieAyromas cxema MpoBelieHUs HaTYpHOTO 3KCIIEPUMEHTa
(puc. 2). N3nyueHne rujipoaKyCTHYECKUX BOJH MPOU3BOIUTCA C Cy[HA, CTOSILEro Ha SKOpe B 3aJlaHHOMN
TOYKE, PH TTOMOIIM M3ITydaTelis, IOTPYXEHHOTo Ha TIyOuHY Ha 3—5 M BBIIIC BEpXHEH TPaHUIIBI TTHKHO-
knuHa. Ha paccrosHum 2—3 M OT m3imyuarens pa3MemacTcsi KOHTPOJILHBIN H3MEpUTETIbHBIA THAPO(OH.
[IpueM cUrHaJIOB OCYIIECTBISETCS BEPTUKAIBHOM JTMHEHKON ruipoOHOB, OMYIICHHBIX C IIABCPEICTRA,
CTOALIETO Ha SIKOpE Ha 3aJJaHHOM PACCTOSTHUH OT Cy/Ha. [ TyOHHBI pacnonokeHus ThAPO(OHOB OXBATHIBAIOT
CIIO¥ OT TITyOMHBI MOTPYKESHHUS U3TydaTels 0 ITyOUHBI HAKE IPaHULIbl MUKHOKIMHA HAa 3—5 M. CHUTHAJIBI
THIPOPOHOB OUU(PPOBHIBAIOTCS aHAIOTO-IH(POBEIM MpeoOpazoBaTesieM U 3alUCHIBAIOTCS Ha JKECTKHN
MarHUTHBIA TMCK MEPEHOCHOTO TEPCOHAIBHOTO KOMITBIOTEPA; B JANbHEHIIIEM OHHU TOJBEPraloTCs CTaTH-
cTryeckoit 00padoTke. C MOMEHTa Hayasia SKCIEPUMEHTA BKIIIOYAETCS TPAKT H3ITyYSHUS M TPOU3BOAUTCS
3allUCh CUTHAJIOB, IPUHSTHIX THAPOGOHAMHE; OJHOBPEMEHHO C Cy[HA OCYIECTBISIIOTCS HEIIPEPBIBHBIE H3-
MepeHUsI THAPOPU3NUECKUX TIONCH.

[IpeaBaputenbHO AN OLEHKHA OXKUAAEMBIX 3(PPEKTOB MPOBOAMIOCH MOJECIUPOBAHUE PACIPOCTpa-
HEHHS TUAPOAKYCTUYECKUX UMITYJIbCOB Yepe3 BO3MYIICHHYIO 00JacTh MAKHOKIMHA TI0 pe3ysibTaTaM Ha-
TYPHBIX HaOJIOJICHUI KOPOTKOTIEPHOIHBIX BHYTPEHHUX BOJH B bemom mope B aBrycre 2013 r. [13] [pu
MIOCTPOCHHH JIBYMEPHOTO MTPOCTPAHCTBEHHOTO PACTIPECIICHNAS CKOPOCTH 3ByKa (puc. 3, CM. BKICHKY) 3a-
JlaBajiach CKOPOCTh paclpoCTpaHeHHs MepBOH MOl BHYTPEHHHX BOJH paBHas 0.3 m/c, UCXOAS U3 JTUC-
[IEPCUOHHOTO COOTHOIIEHHUS ISl CPETHETO pacipeiesieH s IUIOTHOCTH 3a YKa3aHHbI nepros. M3 pucyHka
BUJIHO, YTO B Mara3oHe DIyOWH OT 7 M IPaKTHYECKH JI0 THA HAOIIOAAal0TCsl BHYTPEHHHE BOJHBI, aMIUIN-
TyJla KOTOPBIX MOCTENCHHO YMEHbBIIACTCS TIPU MPHOIKEHUH KO THY.
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Puc. 2. Cxema npoBeieHHs] HATYPHOTO SKCIEPUMEHTA.

PaccmoTpeHo nBa BapraHTa B3aMMHOTO PAaCIIONIOKEHHS U3ITydaTesst U TpUeMHON cucteMsbl. M3mydarens
pacrioyioke Ha TiiyouHe 7 m. [IpueMHas cucTeMa mpeacTaBisieT COO0H BePTUKAIBHYIO JTMHEHKY, COCTOS-
1ryto u3 41-ro ruapodona ¢ paccrossHrueM MexAy HuMU 0.25 M U pacroNOKEHHYIO B IMana30He DIyOHH OT
10 70 20 M. B mepBoM ciiyuyae pacCTOSHUE MEXIY U3ITydaTelieM U IPUEMHOM cucTeMoit cocTanisieT 150 m,
BO BTOpoM — 350 M. /lnama3zoH yIiioB BBIXOAA Iy4el U3 U3ITydaTelis COCTaBIsAeT £5°. DT BapUaHTHI MOJ0-
OpaHbI TaKMM 00pa3oM, YTOOBI B IIEPBOM CITy4ae HCKITIOUUTH MOMaIaHie OTPAKEHHBIX OT JHA U TIOBEPXHO-
CTH JIy4el B IPHEMHYIO CHCTEMY, & BO BTOPOM HA000POT 00eCTIeUNTh IOTaJaHNE B IPUEMHYIO CHCTEMY KaK
MPSIMBIX JIy4ei, Tak U Jy4deil, OTpa)KeHHBIX OT JHA U MOBEPXHOCTH. PacueTsl pacpocTpaHeHUs! CUTHAIOB
OCYIIECTBIISIFOTCS JTyYEBBIM METOIOM B IIPOCTPAHCTBEHHO HEOTHOPOTHOM BOTHOBOIE [ 14] ¢ yueTom Bpeme-
HU 33/Iep>KKHM CUTHAJIOB 0 KaX/10 TyueBoi TpyOKe s KayKJ0ro nMprueMHuKa. Jlanee Takxe i KaXJ10To
OTAETHHOTO TPUEMHHUKA MOJEIUPYETCS CYMMapHBIH HUMITYJIbC aKyCTHYECKOTO TaBIIEHHUsS OT BCEX TPYOOK
U ONpEZETsieTcs ero CpeAHeKBapaTudecKoe 3HaUeHHe. 3aTeM H3JIydaTeb U MpHeMHas aHTeHHa TepeMe-
LIAl0TCA HA OAMH IIIar 0 TOPU30HTAIM, PABHBIN IBYM MeTpaM (MOJEeNUpyeTcs iepeMellieHie BHyTpEHHEN
BOJIHBI) ¥ TPOU3BOJUTCSA CIEAYIOIMNI UK pacyeToB. Ha puc. 4 n3o6pakeHa TydeBasi KapTHHA U B3aMHOE
pacrooKeHne M3IydaTess U AByX MPUEMHBIX CHCTEM JUIA IIara, Ipu KOTOPOM H3JTydaTellb pacroIoKeH
Ha pacctossHuM 702 M, a MpHeMHbIe cucTeMbl Ha paccTostHud 852 u 1052 M cootBeTcTBeHHO. Ha prcynke
XOPOIIIO BUAHBI 00IACTH MTPOCTPAHCTBA, B KOTOPBIX JIYUH CTYIIAIOTCS U pa3peskaroTcsl, TO €CTh IPOUCXOIUT
(dokycupoBKa U JIe(OKyCHPOBKA THIPOAKYCTHUECKUX BOJH O] BIMSHHUEM BHYTPEHHUX BOJH.

Pe3ynbsraTel MOAENUpPOBAHUS IPEJCTaBIEHBl B BHIE JBYMEPHON SIPKOCTHOM KapTHHBI (pHc. 5,
CM. BKJIEHKY ), KOTOpasi 0TOOpa)kaeT 3HAYSHHsI YPOBHS MPUHATOTO CUTHAJIA HA KAXKIOM JJIEMEHTE CHCTEMBI
B 3aBHCHUMOCTH OT LIMKJIA PACYETOB Ha PACCTOSHUH OT Ha4ajia KOOPAUHAT, PABHOM PACCTOSHHIO JIO CEPEean-
HbI 06a3b1. OJTHOBPEMEHHO MPEACTABICHO KOHTYPHOE OTOOPaXKEHUE JIBYMEPHOTO PACTIPEICIICHHS CKOPOCTH
3ByKa B auanazone 1465—1490 m/c ¢ marom 5 m/c.

Ha puc. 5, a (cM. BKJICHKY) IPeCTaBICHbl YPOBHH CUTHAJIOB, IIONTYYCHHBIC C OJIMKHEH PUEMHON CH-
cTeMbl. BUHbI epruofriecKue MojJ0Chl OBBIIIEHHOTO YPOBHS CHUTHANA, UMEIOIINE HeOONbIIONH HAKIIOH.
OTH NOKaJIbHBIE MAKCUMYMBI JJIs1 TPUEMHHUKOB, PACTIONIOKEHHBIX B BEPXHEW YacTH CUCTEMBI, XOPOIIIO CO-
BITAJAIOT C MOJOKEHHWEM IMOJOIIB BHYTPEHHUX BOJNH. Pa3max Bapmanuii ypoBHEH CHTHAJOB C KaXIOTO
rugpodoHa B cpenHeM coctapisier 5—7 ab. Ha puc. 5, 6 (cM. BKIIeHKy) NpHBEICHbI YPOBHU CHI'HAJIOB
C JanbHEll IMpHUeMHON CHUCTEMBI. 3[€Ch TaK)Ke€ BUIHBI MOJIOCH MOBBIIIEHHOTO YPOBHS CHUTHAja, OIHAKO,
OHM HE MMEIOT YEeTKO BBIPAKEHHOW PETYISIPHOCTH IO CPABHEHHWIO C CUTHAJIAMH, MPUHATHIMHU OIFDKHEH
CUCTEMOII.

Pa3zmax Bapuanuii ypoBHEW CUTHAJIOB C KaXJI0T0 THAPOQOHa cCOCTaBseT BenHuuHy nopsiaka 20 nb.
Ha pucynke HaOMOnAI0TCS IEPHOUYECKHE BOTHOOOPA3HbIE KPUBBIE, COOTBETCTBYIONINE MUHIUMATBHBIM
3HAYEHUSIM CHTHAJIOB, YIOBIETBOPUTEIHHO COBITAIAONIHUE IO IEPUOLY U aMIUTUTYE C BHYTPEHHUMH BOJI-
Hamu. JIaHHOE sIBJIEHUE, BEPOSTHO, CBSI3aHO C IIEPUOTUIECKAM U3MEHEHHEM pepaKIuy 1, COOTBETCTBEH-
HO, YCIIOBHM CyMMHPOBaHUS OTPAKEHHBIX OT JHA Y TIOBEPXHOCTH CUTHAJIOB C TPSIMBIM CUTHAJIOM.
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Puc. 4. JIyueBas kapTHHA pacIpOCTPaHEHUS THAPOAKYCTUIECKUX UMITYIbCOB.
W — wuznyuarens, [1C — npuemnsie cucremsl, H — niryOuna, M; I — paccTosiHUE, M.

B utone 2014 1. mpoBeneH HATYPHBIN YKCIIEPUMEHT TIO OIEHKE BIUSHUS ME30MACIITA0HOW M3MEHTH-
BOCTH THIIPO(MU3UUIECKUX TOJIeH Ha PacIpOCTPaHEHNE THAPOAKYCTHUECKUX CUTHAJIOB B YETHIPEX TOYKAX
akBaropun bemoro Mopsi. [ITyOWHBI B 3THX TOYKAaX COCTABJLUIA BEIMYHMHBI mopsiaka 40 m. M3mydarommii
TpakT pacmonaraics Ha 6opty HUC «Dxonory, ero ruapoakycTHIecKas aHTeHHa OITyCcKalach Ha TITyOnHy
ropsiaka 7 M. JIJIst OTCTpOMKH OT TTIOMEX, BHOCHMEBIX ApeiihoM cymaHa, CUTHA H3TYJaJICS OJHUM DJIEMEHTOM
AHTEHHBI, KOTOPHIN He 00J1aan BEICOKOW HAITPABICHHOCTHIO.

[Ipremnas cucrema, cocrosiia U3 4-x I3MEpUTETbHBIX THAPO(OHOB, PACIIONOKEHHBIX B BU/IE BEPTHUKAII-
HOW JIMHEHKH! (PacCTOSHIE OT HIDKHETO TepBoro ruapodoHa 10 BToporo — 10 M; OT BTOPOTO A0 TPETHETO
— 5 M ¥ OT TPETHETO JI0 YETBEPTOTO — 5 M), YeTHIPEXKaHATBHOTO U3MEPHUTENHFHOTO yCHITUTENS, YeThIPEeXKa-
HansHOTO AIIIT M MepeHOoCHOro NepPcoHaNbHOTO KoMITbloTepa. [IpremMHas cucrema pasMeniaiach Ha Karepe,
CTOSIIIEM Ha sikope Ha paccTostaun 150—670 M oT cymHa. AHTEHHA TOTpYKajlach Ha TITyOuHY mopsinka 30 M.
B mporecce npoBeaeHust 9KCIEPUMEHTOB H3TYYaINCh TOHATIBHBIE UMITYIbCHI ITNTeNHHOCTHIO 0.1 ¢, wacToToi
3 k[ ¢ meprooM cIemoBaHus 5 ¢. DTH CHTHAIBI IPHHUMAJIICH TIPUEMHOMN CHCTEMOM U PETUCTPHUPOBAIIICH B
BHIE daitioB AymuTenbHOCTRIO 10 MuH. 1o pesynbraram 00pabOTKH MPUHATHIX THAPOAKYCTHUSCKAX CUTHAIOB
BEJIMYMHBI U3MEHEHHUS yPOBHEH MX quctiepcuit Ayt auctanmmii 150 M coctamm 6...10 nb; 280 M —8...9 nb;
570 M —5...9 nb; 670 M — 10...12 ab, a meprombI KOPPETUPYIOT C IEPHOAAMH BHYTPSHHUX BOJTH.

Ha puc. 6, a (cm. BKIIeliKy) IS MpuMepa NOKa3aHbl Pe3yJAbTaThl pacdeTa BpEMEHHON JUHAMUKHU Bep-
THUKAJIBHOTO pacHpeAeNeHIs] CKOPOCTH 3ByKa MO JaHHBIM MHOTOYaCOBOTO CKaHHWPOBAaHUS THUAPOPU3INIE-
CKHX TIOJICH B Touke 3. B 3T0# Touke MUKHOKINH HAXOAUTCS HA TITyOMHE 7 M C YeTKO BRIPOKCHHBIMHU ITyTa-
MU BHYTPEHHUX BOJIH pa3MaxoM 7...10 M u nepuogamu ot 8 10 20 MuH. LIITpUXOBBIMU JIMHUSMHU ITOKa3aH
BPEMEHHOH MHTEPBAJl PETUCTPAITNN THAPOAKYCTHICCKUX CUTHAIIOB. Ha puc. 6, 6 (cM. BKJICHKY) ITOKa3aHa
BpEMeHHAas JUHAMHKA JUCTIEPCHH THAPOAKYCTHUECKAX CUTHAJIOB, MPUHSITHIX TPHEMHOM CHCTEMON B TOY-
Ke 3, pacnoyiokeHHOM Ha paccTogHuM 280 M OT U3TydaTes.

[Tepuoasl U3MEHEHUS JUCTIEPCUN CUTHAJIA COCTABIISIN BeNnyuHbI opsiaka 10 u 20—25 muH, a ypo-
BEHb U3MeHeHNI — 8—9 nb (3enenast muaMsA) U 3.5—6 nb 11 ee HU3KO9aCTOTHON COCTABIISIONICH (CHHSIS
nanst). CUTHAIBI HIDKHETO THAPOo(OHA COOTBETCTBYIOT HIKHEH KPHUBOH; BEpXHET0 — BepxHEH. Pa3priB
JIaHHBIX B paiioHe 70 MUH O0TOOpaXeH BEPTUKAJIHHBIMHU M TPUXOBBIMH JTHHHUSIMHU.

JI71st mOBBIIIEHUs] JOCTOBEPHOCTH OIICHKH BIIMSHUS BHYTPEHHUX BOJH Ha pacIpoCTpaHEHUE THAPOa-
KYCTHYECKHX CHUTHAJIOB M (hOPMHUPOBAHHE TUIAPOAKYCTUIECKUX ITOJIEH MPH UCTIOIH30BaHUHU MTPOCBETHOTO
METOAa HeOOXOMUMO O0EeCIeUnTh CTAaOMIBbHOE PACTIONOKEHUE W3Iydarolleld aHTeHHBl W MPUEMHON CH-
CTeMBbI (IPHEMHBIX CUCTEM). BakHBIM MOMEHTOM SIBIISIETCA HEOOXOAUMOCTH SKCIIEPUMEHTANBHOMN OIEHKH
HampaBJIeHUS U CKOPOCTH IBIKEHHSI BHYTPEHHUX BOITH.

B 3axiroueHme IpUBEEM OCHOBHBIEC UTOTH TaHHOH paOOTHI:

— BIEPBBIE BBHISIBIEHO IUPOKOE PacIpoCTpaHEHHe KOpOTKoneprnoAaHbix BB Ha akBaropum benoro
MODsI, @ TAKXKE MOJIYYEHBl UX CTATUCTUUYECKHUE XapaKTepUCTUKU. 3a Teruible Mecsaubl 2009—2012 rr. 3a-
perucTpupoBaHo 476 nakeToB BHYTPEHHUX BOJH CO CpeIHEN JJIMHOM BOJHEI 0.5 KM;

— OTIpeneNeHbl PaiioHBl HanboJIee YacThIX MPOSIBIEHUH CyOMe30MacIITAOHBIX BUXPEBBIX CTPYKTYP:
JBuHCKMI 3aMB U bacceiiH, 3a pacCMOTPEHHBIN MEPUOT IETEKTUPOBAHO 162 BUXPS CO CPEAHUM JHaMe-
TPOM 5 KM;
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— MPOBEJICHO MOJICITUPOBAHUE OIICHKU BIWSHUS BHYTPEHHUX BOJIH HA PacIPOCTPAHEHUE THIPOAKY-
CTUYECKUX CUTHAJIOB MOKA3aBIIEE, YTO HAa MAJIBIX PACCTOSHUSIX, KOT/IA BIMSHUE THA U TIOBEPXHOCTH MOXK-
HO HE YYHUTHIBATh, MPU PACIIOIOKCHUH CEPEAUHBI TPACCH PACTIPOCTPAHCHHS CUTHAJIOB IO MOIOIIBAMHU
BHYTPEHHHUX BOJIH Ha IPUEMHON aHTEHHE PETUCTPUPYIOTCS MAaKCUMAIbHbIC 3HAYCHHS YPOBHEH CUTHAJIOB;
B IIPOTMBHOM CIly4ae — MUHUMAaJIbHbIC 3HaYeHHs. Pasmax Bapuaruii ypoBHEH CUTHAJIOB C KaXKJIOTO TH-
npodoHa B cpeaHeM coctapisieT S—7 nb. Ha 00abInx pacCTOSIHUSX, KOTIA YYUTHIBACTCS BIUSHUE THA U
MIOBEPXHOCTH, MPONAAAET BEIPAKEHHAS PETYISIPHOCTD MOJMOKEHUS MAKCUMYMOB; IIPU 3TOM pa3Max Bapua-
uui ypoBHel curranoB gocturaet 20 ab;

— orpaboTaHa METOAMKA OICHKU BJIMSHHUS BHYTPCHHUX BOJH Ha PacHpOCTPAHCHUE TMIPOAKyCTH-
YECKUX UMITYJIbCOB MPOCBETHBIM MeToAoM. [lomydeHHbIe pe3yapTaThl MOKA3hIBAIOT, YTO BEIMYUHBI H3Me-
HEHHUS YPOBHEH AMCTEpCUN MPUHATHIX TUAPOAKYCTHUCCKUX CUTHAIOB Il AucTaHiuil 150 M cocTaBuimmn
6...10 nb; 280 M — 8...9 nb; 570 M — 5...9 nb; 650 M — 10...12 1b, a ux neproAbl KOPPETUPYIOT C
MepuoJaMy BHYTPEHHUX BOJIH.

Jannas paboma 6vina 6binonHeRa npu 4acmuyHou QuUHanco8ou noodepiicke npoekma PODU N 15-05-04639 _a
u epanma POH («Muposoui oxean ¢ XXI eexe: kaumam, sxocucmemsl, pecypcul, kamacmpoguiy Ne 14-50-00095).
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K crarse Poouornog A. A. n np. «KommniiekcHble HCCIeJ0BAHMSA...»

Puc. 1. Pacnpenenenrne MakCUMalIbHbIX JUIMH
BOITH B ITAKETaX Ha akBaTOpuu bemoro Mops.

Puc. 3. JIByxmepHoe pacnpezesieHue
CKOPOCTH 3BYKa B paiioHe.
H — tiiy6una, M; C — CKOpOCTh 3BYKa, M/C;
r— PacCTOsAHUE, M.
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Puc. 5. YpoBHU curHan0B ¢ ONMMKHEH IPUEMHOM CUCTEMHI (a) U JalbHe aHTEHHHI (0).
H — rnybuna, M; P — ypoBeHb 3ByKOBOTO AaBJieHUs, A1b; I — paccTosHue, M.



K crarbe Poouonos A. A. u np. «KoMIiekcHbie HCCJIETOBAHUS...»
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Puc. 6. J/IlnHamMuKa BEpTUKAJILHOTO PACTIPE/IENICHNSI CKOPOCTH 3BYKa (a)
1 TUCTIEPCUH THAPOAKYCTHIECKUX CUTHAJIOB (6) B TOUKE 3.
H — rybuna, M; C — cKOpOoCTh 3ByKa, M/C; { — BpeMs1, MUH; S — IucIiepcHs Curuania, ab.

K crarbe Hocog B. H. n ip. «COBMeCTHBIH KOCMHYeCKHII 1 MOPCKOI IKCIIEPHMEHT...»

e NG
HK-2

Puc. 1. Bocxomsamas (a) u aucxomsmas (60) BeTBu Tpaekropun moiera MKC.

Puc. 8. Pesynbrarsl 06padoTku curnanos CJII (1), SIM (2)
u AJI (3) npu nepeceueHny cOOCTBEHHOTO Clie/ia CY/{HA-TIOCTaHOBIINKA
¢ Bo3pactoM 20 MHH.
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