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AnHoTtanus. [Ipeuioxena MoeIb BOJIOKOHHO-ONITHYECKOTO TyBCTBUTEIBHOTO 3IeMeHTa ruapodoHa. KoHcTpykuust ruapo-
(oHa cOEePXKUT MOAATIUBEIN CEPICYHUK U3 HOJIMMEPHOr0 MaTepHalla C perylaMeHTHPOBAaHHBIMH yIIPYTHMHU CBOMCTBaMH, Ha
KOTOPBI HAMOTAHO OINTHYECKOE BOJIOKHO. [IpM MOJENMPOBAaHMHM HCIOJIB30BaH BCTPOCGHHBIH Moxayib cpeasl Comsol
Multiphysics — Acoustic Solid Interaction, mO3BOJISIOIINIA OLEHUTH BO3ACHCTBIE aKyCTUUECKOTO MOJIS Pa3INYHON YaCTOThI U
aMIUIUTY Bl HA BEIMYMHY AehOopMaluy MOBEPXHOCTH YyBCTBUTENBHOTO 3neMeHTa. IIpenoxkeHHas MoJIeIb MO3BONISET UMH-
THPOBaTh paboTy ruapodOHa B PA3IMYHBIX CPElaX, MaTepHalIbl U pa3Mepbl UyBCTBUTEIBHOIO 3JIEMEHTA BBIOMPAIOTCS HA
9Tamne MPOEKTHPOBAHUS C LENbI0 0OecTieueHns TPeOyeMbIX SKCILTyaTalMOHHBIX XapaKTePUCTHK — YaCTOTHOH XapaKTepHCTH-
KH ¥ 9yBCTBHTEIBHOCTH BOJIOKOHHO-OIITHYECKOTO THIPO(dOHA.

[IpaBUIBHOCTH MOCTPOCHUS MOJIEIH IIPOBEPEHA CONIOCTABIEHUEM PE3yJIbTaTOB KOMITBIOTEPHOTO MOJEIHPOBAHUS U 3KCIEPH-
MEHTAJIbHOTO HMCCIIEJIOBAaHUS MaKeTa B aKyCTHYeCKOM OacceifHe. MakeT mpencTaBisul co00H BOJOKOHHEIH (a3oBEIH HHTEp-
(depomerpuueckuii ruapodoH Ha OPATrOBCKUX pemieTkax. YyBCTBUTEIBHBIH AJIEMEHT BBIOJIHEH B BUJIE LIMJIHHAPHIECKOTO
CeplIeuHNKa, Ha KOTOPBIIl HAMOTAHO ONTHYECKOE BOJIOKHO. XapaKTePUCTUKH CEpICUHHKA: IT0Ka3aTelb 3aTyXaHus MaTepuaia
(damping) — 0,1, moxynp IOnra cepneunnka — 6 MIla, koaddurment ITyaccona—0,49. Maker uCbITaH B 3KCIEPUMEHTAIb-
HOM OacceiiHe, KOHCTPYKIHS KOTOPOTO MO3BOJISIET MPOBOAUTE U3MepeHHs Ha yactoTax Beimie 3000 'y mpu oTcyTCTBUM Tie-
peoTpaxkeHni aKycTHueckoro curaana. OneHka Bo3JeHCTBUS aKyCTHUECKOTO MO MPOBEJECHA C IIOMOIIBI0 aTTECTOBAHHOTO
MHE303IEKTPUUECKOTO THAPO(OHA: aMILTUTyJa aKyCTHIECKOTo moist miockoi BomHs! 0,5 u 1 Ila, 9acTOTH aKyCcTHIECKOTO
pozgeiictBug 3000-8000 I'n. CornacHO MOyYEHHBIM pe3ysbTaTaM, YyBCTBUTECILHOCT U3rOTOBICHHOIO MAaKeTa COCTaBHIIA
0,1 paw/Tla ma wactore 3000 I'm. MccrmemoBanmst — mokasany, YTO YyBCTBHUTEIBHOCTh MOJEIHPYEMOTO BOJIOKOHHO-
OINITHYECKOTo IHApodoHa OyIeT YMEHbIIAThCS C POCTOM YacTOTHI THAPOAaKycTHYeckoro Bo3neicTBus. Ha wacrore 8000 I'iy
YyBCTBUTENBHOCTh CHIKaeTcst 1o 0,01 pan/Ila. Pe3ynbraTsl MakeTHBIX HUCIBITAHMH MOJATBEPAMIIN a/I€KBAaTHOCTh KOMIIBIO-
TEpHOI MOZENH, YTO AaeT BO3MOXKHOCTh PEKOMEHO0BATh MPEIOKEHHYI0 MOAENb MPH Pa3paboTKe W UCCIEA0BaHUU BOJIO-
KOHHO-ONTHYECKUX THAPO(OHOB.
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Abstract. A model of the fiber-optic hydrophone sensor is suggested. Hydrophone construction comprises a malleable core
made of a polymeric material with regulated elastic properties to which the optical fiber is wound. The built-in module of
Comsol Multiphysics - Acoustic Solid Interaction is used in the simulation; it evaluates the impact of the acoustic field of
different frequencies and amplitudes on the value of the sensor surface deformation. The proposed model gives the possibility
for simulating the hydrophone in various environments; materials and dimensions of sensor are selected at the design stage to
ensure the required performance: frequency response and sensitivity of fiber optic hydrophone. Correctness of the model
construction was verified by results comparison of the computer simulation and experimental study in the acoustic pool. The
prototype was represented as the phase interferometric fiber-optic hydrophone on the Bragg gratings. The sensing element is
formed as a cylindrical core round which the optical fiber is wound. Core characteristics are: the material attenuation
(damping) — 0.1, Young's modulus of the core - 6 MPa, Poisson’s ratio - 0.49. The prototype was tested in the experimental
pool, which design makes it possible to carry out measurements at frequencies above 3 kHz in the absence of reflections of
the acoustic signal. The impact assessment of the acoustic field is carried out by means of an approved piezoelectric
hydrophone: the amplitude of the acoustic field of a plane wave is 0.5 and 1 Pa, frequencies of the acoustic impact are
3000 - 8000 Hz. According to the findings fabricated prototype sensitivity was equal to 0.1 rad / Pa at the frequency of
3 kHz. Studies have shown that the sensitivity of the simulated fiber optic hydrophone will decrease with increasing
frequency of hydroacoustic exposure. At 8 kHz frequency the sensitivity is decreased to 0.01 rad / Pa. Prototype testing
results have confirmed the adequacy of the computer model that makes it possible to recommend the proposed model for the
development and study of fiber optic hydrophones.
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BBenenue

B HacTosmIee BpeMst XOpOIIo U3y4YeHB! M MONTYYWIHA IIHPOKOE PACIPOCTPAHEHUE B THAPOAKYCTHKE MTbE30-
KEepaMHUYECKHE YyBCTBUTEIbHBIC IeMeHTHI [1]. VX IiIaBHBIMH HEIOCTATKAMU SBJISIFOTCS OOJIbIIME Maccorada-
pUTHBIE TTApaMETPhI, CIOKHOCTh O0BEIUHEHUS UX B TUAPOAKYCTHUECKHUE KOMIUIEKCHI (CIOXKHOCTh UX MYJIbTHII-
JIeKCHpOBaHus) [2], BRICOKAs YyBCTBUTEIBHOCTh K 3JICKTPOMArHUTHOMY BO3ICUCTBUIO U HEOOJbINAS aKyCTHYEC-
CKasl 9yBCTBUTEIBHOCTh 110 CPABHEHHIO C BOJIOKOHHO-ONTHYCCKIMH THAPOPOHAMH.
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Ceromnst Bce 06oiiee MHUPOKOE PACTIPOCTPAHEHHE TOTYYAlOT ONTHYECKUE JaTYUKH PA3IMIHBIX THITOB [3]
Onarozapsi BBICOKOM 4yBCTBHUTEIBHOCTH HM3MEPEHHH, OONBIIOMY AMHAMHYECKOMY OHAIa30HY, KOPPO3HMOHHOM
CTOHKOCTH, B3pPBIBO- M T0XapOOE30MaCHOCTH, a TAKXKE YCTOWYMBOCTH K AJIEKTPOMArHUTHOMY H3IydeHuio [4].
OTa TeHASHLMA KOCHYJAch M TMAPOAKyCTUKH. JlaTumku, GUKcHpyoue 3ByKOBOE JaBieHHE B BOLHOH cpene,
Ha3bIBAIOTCS THIPOPOHAMHU.

Llenpto Hacrosiluedl pabOTHI SIBISETCS CO3/aHME MOJIENM YyBCTBUTEIBHOTO DJIEMEHTa BOJIOKOHHO-
ontryeckoro ruapodona (BOI') u conocranenue pe3ynbTaToB MojenupoBanus B cpene Comsol Multiphysics ¢
pe3ysibTaTaMHu, MOJYYSHHBIMU B XOJ€ IKCIIEPUMEHTAIBHOTO HCCIICIOBAHUS MaKeTa 4yBCTBUTEIBLHOTO dJIEMEHTA.

BoJI0KOHHO-ONTHYECKUE TATYUKU 00JIaJAI0T PSAIOM MPEHMYILECTB [0 CPABHEHHUIO C MbE30KEePAMUUYECKHU-
MU 4yBCTBUTENBHBIMH yieMeHTaMu. BOT™ 00nanaroT JyqIiiuMy METPOJIOrHUSCKUMH TTapaMeTpaMu, IMEIOT Goliee
BBITOJIHBIE BECOrabapUTHBIC XapaKTEePUCTHKH, Majoe SHEepronoTpeOiieHue, He3aBUCHUMOCTh OT BIIHMSHHS SJICK-
TPOMarHuTHOTO 10Jis. Bee 9Tn npenmyiecTBa AenaroT BOJOKOHHO-ONTHYECKUE NaTIUKH 0oJiee MepCIIeKTUBHBI-
MH IJIs HCTIOIb30BAaHMS B Ta30HE(DTSAHOM MPOMBIIIIEHHOCTH, a TAKXKE B T€OJIOKAIIMOHHBIX M THAPOJOKAINOHHBIX
komIutekcax [5]. MoaenupoBanue B cpege Comsol Multiphysics mo3BossieT mpoBecTy NpeiBapUTEIbHYO OLCH-
Ky YaCTOTHOH XapaKTepHCTHKH YyBCTBUTEJILHOTO 31eMeHTa BOI' 6e3 HenocpencTBEHHOTO U3TOTOBJICHHUS OIbIT-
HOro 00pasIa.

®a3oBble HHTep(PepoMeTpUUecKHE JATYUKH

B 11100bIX BOJIOKOHHO-ONTHYECKUX AATYMKAX ONTHYECKOE BOJOKHO MOXKET CIYXKUTh JIMOO Cpeion Asl Tie-
penauu uHGOPMAIKMK, TMO0 YyBCTBUTEIBHBIM 3JIEMEHTOM. B mocienHem ciydae IaT4MK OOBIYHO CTPOMTCS Ha
OCHOBE BOJIOKOHHO-ONITUYECKOT0 MHTEp(EpOMETpa, OJTHO BOJOKHO B KOTOPOM CIIYXKHUT CUTHAIBHBIM IUICYOM, a
npyroe — omopHbiM. Ha puc. 1 mpencraBieHa cxema padoThl (ha30BBIX HHTEPPEPOMETPUUCCKUX TATIYMKOB HA
OpATTOBCKUX perieTkax ¢ uatepdhepomerpom Maxa—llennepa.
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Puc. 1. MpuHumn gectBus dpasoBbix MHTEPEepOMETPUHECKMX AaTYMKOB Ha BPIrrOBCKMX peLleTKax:
KW — komneHcaumoHHbI uHtepdepomeTp; BBP — BonokoHHas 6perrosckas peletka; U — dasosbi
NHTEpPMEPOMETPUYECKNI AaTUUK

W3MepeHne napaMeTpoB Cpefbl B 3TOM CIIydae OCYIIECTBIISETCS 32 CUET U3MEHEHUs ONTHYECKON JUIMHBI
IIYTH BOJIOKHA WM (ha3bl M3ITydeHUs] B HeM. MOIyIIsust ONTHYECKOH JUTMHBI WK (a3bl TIPH 3TOM MOKET MPOHC-
XOANTH JHO0 Yepe3 BCIIOMOTaTEIbHBIN 3JIEMEHT, CBA3aHHBIH C BOJIOKHOM, JIMOO 4yepe3 U3MEHEHHE MapaMeTpoB
caMoro BoJOKHa. Hampumep, B BOJOKOHHO-ONTHYECKUX THAPOGOHAX OOBIYHO HCIONB3YeTCs MHTEPHEPOMETP
Maxa-llenaepa 1 KOrepeHTHBIH HCTOYHHK M3JIyYeHHs], CBET N3 KOTOPOTO PaclpoCTpaHsIEeTCsl IO 000UM IuIedam
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unrephepomerpa. HamoTaHHOE Ha KAaTyIIKy ONTHYECKOE BOJIOKHO, BBICTYIAMOIIEEC B POJIM YYBCTBHUTEIHHOIO
JJIEMEHTa, TIOABEPraeTcsi aKyCTHUECKOMY BO3JCUCTBHIO, KOTOPOE MOJYJIUPYET (a3y MPOXOASIIEro 1Mo HeMy CBe-
ta. Vi3meHeHue (asbl cBETa MEHSET UTOTOBYIO MHTEP(EPEHIIMOHHYIO KapTHHY, YTO perucrpupyercs Gorornpu-
emuukom (PIT) [6].

AKyCTHYECKOE BO3/ICHCTBHE H3MEHSIET AUAMETP CEePLICBUHBI, UTHHY U TOKa3aTeIn NPEOMIICHHS 060104-
KU U CEP/LIEBHHBI BOJIOKHA, TEM CaMBIM OCYIIECTBIISIS (ha30BYIO MOMYJIALMIO PACHPOCTPAHSIOIETOCs IO BOJIOKHY
CBETOBOT'O M3JTyucHHs. VI3MeHEeHHEe AJIMHBI BOJIOKHA B 3TOM CIIydae sSBJsIeTCsI peodiianaromum s dexrom [7].

M3meHeHre BO BpeMeHH Je(OopMalii 1yBCTBUTEIBHOTO 3IEMEHTa JaTYMKa M IMOKa3aTelsl MPeOMIICHHS
ONTHYECKOTO BOJIOKHA B PE3yJbTaTe BHELIHETO BO3ICHCTBHUS BBI3BIBAIOT H3MCEHEHHE pasHOCTH (a3 MEexmy
UHTEPYEPUPYIOIIUMHU UMITyJIbcaMu. MHTephepeHIMOHHbIN curHan npeodpasyercs OI1 B M3MeHEHHE BEJIUYHHBI
TOKa, KOTOPOE IMOCIIe IEMOIYIISAIINH HeceT HH(POPMALUIO 00 aKyCTHYECKOM cuTHaie [8].

MojenupoBaHue 4yBCTBUTEJILHOTO0 3j1eMmenta BOT

YyBCTBUTEIBHOCTh BOJIOKOHHO-ONTHYECKUX NaTYMKOB AABJICHUS 3aBHCUT OT MHOTHX (paKTOpPOB, TaKHX
KaK JUIMHA HAMOTAHHOTO ONITHYECKOTO BOJIOKHA, (PM3NYECKHE CBOMCTBA MaTepralia, U3 KOTOPOTO OH U3TOTOBJICH,
KOHCTPYKIHUS YyBCTBUTENBHOTO 3eMeHTa U T.1. [9]. [lox ¢pu3ndyecknMu cBoiicTBaMU MaTepHalia moapa3yMeBa-
IOTCSI TAKUE €ro IapaMeTphl, Kak Moxyis FOHTa u koad¢umnment [lyaccoHa, OTHOCTEIO XapaKTEePHU3YIOMIHE YII-
pyrue cBoiicTBa M30TPOMHOTO MaTepuana. UyBCTBUTEIBHOCTh TUAPO(OHA TEM BbIlle, YeM 0oliblle MoayJib FOH-
ra, ko duuuent [lyaccona gomkeH ObITh MpuMepHo paseH 0,5.

Tak xak gyBcTBHTENbHOCTE BOI' 3aBHCHT OT YIPYTrUX CBOMCTB MaTepuaja M3rOTOBICHHA, OBLTO MpOBe-
JIEHO ¥ccienioBanue AeopMaliii MOJIENIM OT YacTOThl BO3AEHCTBHUS akycTHueckoro nossi. C 3Tol nelnbio Obuia
peanu3oBana Mojeins B cpene Comsol Multiphysics.

Monenupyembiii 4yBCTBUTENBHBIN 37eMeHT BOI' mpeacraBnsier co0oil MOAATAUBBIN [UIUHAPUIECKUI
CEep/ICYHUK, pa3Mepbl KOTOPOT'o 3a/1al0TCsl TapaMeTPUUECKH, IOKPHITHINA OoJee )KeCTKUM HOJIMMEPHBIM MaTepHa-
JIOM, Ha KOTOpBIIl HAMaTHIBAETCSl ONTHYECKOE BOJIOKHO (pHuc. 2). [lomy4eHHbIH 4yBCTBUTENbHBIN JIEMEHT C Ha-
MOTAHHBIM ONTHYECKUM BOJIOKHOM JUISl 3alUTHI ITOKPBIBAETCS TOHKUM CJIOEM 0OoJiee )KECTKOTO HOJIMMEPHOTO
MaTepuaa, TOJILIMHA 3TOT0 CJI0S TAKXKE 3aJaeTCs MAPAMETPUUECKH.
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Puc. 2. l'eomeTpuyeckas mogens BOI™ (macwrtab: 5cm/kneTka)

Jlis mocTpoeHus: MoJieNid ObLT UCTIONIB30BaH BCTPOCHHBIH MOAYIb cpeabl Comsol Multiphysics — Acous-
tic Solid Interaction, Frequency Domain, mo3Bossifoniuii MOJeTMpOBaTh aKyCTHYECKOE II0JIE IIOCKOH BOJIHBI
3aJlaHHOM aMIUTUTYIB! B AMANla30HE YacTOT M OILIEHHWBATh €€ BIUSHME Ha YyBCTBUTENbHBIN 31eMeHT [10]. B mo-
JIeTIM MCIOJIb30BAJIHCH CIIEAYIONIHE MTapaMeTpPhl: aMIUTUTY la aKyCTHYEeCKOTro Mot miockoil BoHsl — 0,5 n 1 [a;
yacToTa akyctmdeckoro Bosgaeiictus — 3000-8000 I't; mokasarens 3aryxanus Marepuaia (damping) — 0,1; mo-
nynb FOHra cepneunuka — 6 MIla; xoaddunment Ilyaccona ceppeunnka — 0,49; moayns FOHra noaumepHoro
nokpeitus — 3,2 I'Tla; koadpdumment I[lyaccona momumeproro mokpeitust — 0,35. Tlpu m3MEHEHUH STHX MapaMeT-
POB pe3ynbTaT OyIeT MEHSATHCS COOTBeTCTBeHHO. [Ipn ymenpmennn ko3¢ ¢unuenta [lyaccona u (vmi) Momys
IOnra Bennunna nedopmannu Oyaer ymeHbmaThes. [Ipr M3MEHEHHN TeoMeTprIecKor GopMbI OyAeT MEHAThCS
XapakTep 4aCTOTHON XapaKTepUCTUKU. YacTOTHAs XapaKTEpPUCTHKA CTAHOBHUTCS MEHEE IUIaBHOM IPH yMEHbIIE-
HUH [TOKa3aTessl 3aTyXaHus MaTepuaia i 0ojee IUIaBHOW Ipu ero yBenudeHud [11].

[TapameTpel CBOICTB CepACYHNKA U MOJUMEPHOTO MOKPBITHS ObUTH 33aHbl TAKAUM 00pa3oM, YTOOBI OHH
OBUTM MaKCUMaJIbHO OJIM3KM K MMEIOLIMMCS B JJa0OpaTOpUH MaTeprajaM, U3 KOTOPBIX MO3Ke IIaHUPOBAJIOCh
M3rOTOBHUTH IKCIICPUMEHTANBHBIA 00pa3ell. /luama3oH MCCIeIyeMbIX 4acTOT aKyCTHYECKOrO BO3IACUCTBHS ObLI
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BEIOpaH B COOTBETCTBUU C IMapaMeTpaMu OacceifHa, B KOTOPOM MPOBOIMINCH UCIBITAHUS IKCIIEPHAMEHTAIFHOTO
oOpasma. [loka3aTens 3aTyxaHus ObUT BEIOPaH B COOTBETCTBHH C MCIIOJIB3YEMBIMH IapaMeTpaMH (KaK y pe3uHBI
—0,1). AMIIIUTYABI aKyCTHYECKOTO BO3ICHCTBHUS COOTBETCTBOBAINA BO3MOXKHOCTSIM T€HEPATOPA, HCIIOIB3YEeMOTO
JUTS TIPOBEICHUS SKCIIEPUMEHTAIBHOTO HCCIIEJOBAHUS.

Ha puc. 3, 4 npexacraBieHbl pe3ybTaThl MOJACIMPOBaHUs. Puc. 3 otoOpakaeT mehopMaiuio 4yBCTBU-
TeNBHOTO 3eMeHTa Ha yactotax 3000 I'iy (puc. 3, a) u 8000 I'y (puc. 3, 0) npu aMIUIUTYIE aKyCTUYECKOTO BO3-
nevictBus 1 I1a. U3 puc. 3 MoxHO caernath BeIBOJ O Oosblieii nedopmanuu Ha 3000 'l 1 0 30HaX MaKCUMaJIb-
HOW aedopmaru moBepxHOCTH TUApPOodoHa. Puc. 4 oToOpakaeT cpeIHEKBAAPATHYHYIO BEIHYHHY CMEIICHUS
[EHTPAILHON TOYKH Ha OOKOBOW IMOBEPXHOCTH HIJIHHIPUICCKON (POPMBI 9YBCTBUTEIHHOTO JIEMEHTA BOJIOKOH-
HOTO THIPOQOHA NP aMILUTUTYe akycTrndeckoro Bosneiictus 0,5 u 1 Ila.
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Puc. 4. CpegHekBagpaTUyHasi BENUYMHa AedopMaLmm B LLEHTpasibHOM To4Yke Ha GOKOBOM NOBEPXHOCTU
LMNUHAPUYECKON (DOPMbl YYBCTBUTENBHOMO 3f1ieMeHTa

Jlns Gosee IeTaabHOIO aHAjM3a MOJYYCHHBIX PEe3yJIbTaTOB MOJCIMPOBAHUS PACCMOTPUM TpaduK 3aBU-
CHUMOCTH cpeﬂHeKBaupaanHoﬁ BCJIMYUHBI CMCUICHHUSA B IleHTpaﬂbHOﬁ TOYKE Ha 6OKOBOI>II TMOBEPXHOCTHU NUIJIUH/I-
pudeckoil GOpMbI YYBCTBUTEIBHOTO 3JIEMEHTA OT YaCTOTHI M aMIUIUTYJIBI aKycTH4ecKoro mois (puc. 4). [pen-
CTaBIICHHAS HA PUC. 4 YaCTOTHAS XapaKTEPUCTHKA CPEAHEKBAIPATUIHON BEITUUMNHBI JE(POPMALIMH B ITOJIOCE Yac-
tot 3000—-8000 ['m moKka3bIBaeT, 9YT0 TyBCTBUTENBHOCTE BOI' cCHIKAeTCs ¢ yBEIMUSHHEM YacTOTHI BO3ICHCTBHA
aKyCTUYECKOTO OIS MPH aMIUTUTyAaX Bo3aelcTBus akyctudeckoro mois 0,5 ITa u 1 I[Ma, a nedopmarus mo-
BEPXHOCTH MOJEH TuApo(OHa MU aMIUIUTYAe aKycTmdeckoro Bo3zaericteus 0,5 [1a B 1Ba pasa MeHbIe, 4eM
npu ammutyze | Ia.

[Mony4eHnas yactoTHas xapakrepuctuka aedopmanuu mozaean BOI™ nommkHa corinacoBarhes ¢ 4aCTOTHOM
XapaKTEPUCTHKON TyBCTBUTEIBHOCTH IKCIIEPIMEHTAIFHOTO 00pa3ia, MOIydeHHON B X0/1€ IKCIIEPIMEHTAIEHOTO
HCCIICIOBAHMS, YTO JJOKAXKET JOCTOBEPHOCTD MPEIOKEHHOI'0 METO 1a pa3paboTku U uccieaosanus BOT .
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MOOEJTIMPOBAHUE U SKCNEPUMEHTAJIbHOE UCCITEJOBAHWNE YYBCTBUTEJIBHOIO...

Co3nanne u IKCIICPUMEHTAJIBbHOEC MCCIE€A0BAHUEC YYBCTBUTEC/IBHOI'0 3JICMEHTA BOI'

Jl1st IpOBEPKHU MOTYYSHHBIX Pe3yIbTaTOB MOJEIMPOBAHUS ObLI H3TOTOBJIEH MaKeT BOJIOKOHHOTO (ha30BO-
ro uarepdepomerpuueckoro ruapodona [12] Ha OparroBckux permeTkax (puc. 5). IIpu U3roTOBICHUH YKCICPH-
MEHTAJILHOTO 00paslia 4yBCTBUTENBHOTO AeMeHTa BOI' ObUT 3aiMT UMIMHAPUYECKUH CeplieduHNK, Ha KOTOPBIH
ObUTI0 HaMOTaHO omrTHdeckoe BOMOKHO [13]. TlomyueHHBIN 4yBCTBUTEIBHBIM 3JIEMEHT ¢ HAMOTAHHBIM ONTHYE-
CKUM BOJIOKHOM JUTS 3aIIIUThI TIOKPBIBAETCSI TOHKUM CJIOEM 00JIee )KECTKOro OJMMEPHOTo MaTepuaiia [14].

N3zrorosnenue 4yBCTBUTENBHOrO neMeHTa BOI' mpoxoauno B HECKOJIBKO 3TAloB!

—3aJMBKa HUIMHAPUYECKOTO CEPCUHUKA;

—HAMOTKa ONTHYECKOTO BOJIOKHA HA LMIMHAPUYECKUN CEPACUHHUK;

— IIOKPBITHE TOHKUM CJIOEM 00JIee )KECTKOTO MOoIUMepa.

cM

Puc. 5. MakeT BONOKOHHO-OMTMYECKOro rmapodoHa

Nsrotosnennsii Mmaker BOI™ Obl1 ucnbITaH B OacceiiHe, KOHCTPYKLMST KOTOPOTO MO3BOJISIET MPOBOANTH
u3MepeHus Ha yactoTax Beie 3000 'y (u3-32 OOIBIIOTO KOJIHYECTBA IEPEOTPAKEHHH Ha O0Jiee HIU3KUX 4acTo-
Tax). [l OLeHKH BO3/EHCTBUS aKyCTHYECKOTrOo MHOJIs ObUI MCIIOJIb30BaH aTTECTOBAHHBINM MbE303JICKTPHUECKHUI
runpodoH, pacroiaraluiics B ogHOH m1ockoct ¢ MaketoM BOI Ha paccrosauum 0,2 M. M3imygaTens ObLT ye-
TaHOBJICH HA PACCTOSIHUM 6 M OT HCIBITYEMOTO BOJIOKOHHOTO THApOo(oHa. Pe3ynpTaTsl ncbITaHNil IpeCTaBIIe-
HEBI Ha puc. 6 [15].
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Puc. 6. Mpacumk 3aBUCUMOCTN YyBCTBUTENBHOCTU MMAPOCOHA OT YacTOThl

CornacHo MOy9eHHOH IKCIEPIMEHTAIEHO YaCTOTHOH XapakrepucTike Makera BOI', 4yBCTBUTETBHOCTD
cocrasuia 0,1 pan/Tla Ha gactore 3000 'y u causminaces 10 0,01 pag/Ila — Ha 8000 I'u. IIpuBeneHHbIC 3HAYCHHUS
YyBCTBUTEIBHOCTH 3KCIEPUMEHTAIBHOro obpasua B pan/Ila coOTBETCTBYIOT OTHOIIECHHIO BEIHYHMHBI (a30BOro
caBura (paz) B 4yBCTBUTEIBHOM IUICYE MHTEPHEPOMETPUIECKOTO AATUYMKA K BEIMUYMHE aKyCTUYECKOTO JaBJie-
Hus (I1a).

[Tpu cpaBHEHHMH IMOJTYYEHHBIX IKCIIEPUMEHTAJIBHBIX JAHHBIX C pe3yJIbTaTaMH MOJEIHPOBaHHS ObUIO YC-
TAHOBJIEHO MX XOpollee coBnajgeHue. HekoTopas paccoriiacoBaHHOCTh MOJIYYEHHBIX PE3YJIbTATOB MOXET OBITh
00ycIioB/IeHa HEOOJIBIINM pa3IMuyieM CBOIMCTB MaTepHajoB MaKeTa-aHalora U MOAEIH. DTO MO3BOJISIET yTBEp-
JKIaTh O JOCTOBEPHOCTH IOJYYEHHBIX pe3ysbTaToB MojenupoBanus B cpene Comsol Multiphysics u koppekr-
HocTH Mojend. IlomydeHHbIe pe3yabTaThl MPEACTABISIOT MPAKTUYECKHH MHTEPEC C TOUYKH 3PEHHUsSI pa3padoTKH
HOBBIX YYBCTBHUTEIBHBIX 3JIEMEHTOB M MOTYT OBITh MCIOJB30BAaHBI ISl CO3AAHHS UyBCTBUTEIBHBIX 3JIEMEHTOB
BOJIOKOHHO-ONTHYECKUX THAPO(POHOB.

3akiouenue

ITpennoxeHna xkoMmmbroTepHass mozaens BOI' ¢ 3agaHHBIMEM mapameTpaMu, MO3BOJISIONAs KaueCTBEHHO
OLIEHUTh YaCTOTHYIO XapaKTEPUCTHKY dyBCTBUTENbHOCTH BOI' 6€3 ero N3roToBIeHUs U UCIIBITAHUH.
JIna moATBepKAECHUS Pe3yNbTaTOB MOAEIMPOBAHUS OBLT M3rOTOBIEH M SKCIEPUMEHTATIbHO HCCIIE0BaH
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M.E. Ecoumos, M.1O. NMnoTtHukos, A.B. Kynnkos

MaKeT YyBCTBUTEIHHOTO AmeMeHTa B Aauanazone 9actoT 3000—-8000 ['u. UyBcTBUTETFHOCTS MaKeTa BOJIOKOHHOTO
runpodona cocrasmia 0,1 pan/Ila va gactore 3000 I'tp u camsmnack 10 0,01 pax/Ila Ha gactore 8000 I'ix.

Pe3ynpTaThl SKCIEPHIMEHTANBHBIX HCCICAOBAHUK TOKA3alM, YTO XapaKTEPHUCTHKA YyBCTBHTEIHHOCTH
Mmakera BOI' kauecTBEHHO COBIAJAeT C pe3yIbTaTaMi MOJACTUPOBAHHUS, YTO MO3BOJISIET CYIUTh O MPABHIBHOCTH
HOCTpOCHHOﬁ MOACIIU U KOppeKTHOCTI/I HOqueHHle B pe3yJ11>TaTe MOﬂeﬂl/IpOBaHI/IH JAaHHBbIX.

AKTyaJbHOCTh MPOBEICHHBIX HCCICIOBAHUIA OMpPEICAeTCS HEOOXOIMMOCTHIO MOCTPOCHHUS aJCKBATHBIX
Mo,ueneﬁ BOJIOKOHHO-OIITUYCCKUX ‘inCTBI/lTeJ'H)HI)IX 3JICMCHTOB, BOCTpeGOBaHHOﬂ JJISL HpOGKTI/IpOBaHI/IH
rUIpO(OHOB C 33JaHHBIMH MTApaMETPaAMH.
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