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Pa3paboTka KOMITAKTHBIX T'MAPOAKYyCTUYECKMX HU3KOYACTOTHBIX M3JIydaTesieid BBICOKOU yIeabHOM MOIII-
HOCTHU CBSI3aHa CO CJIOXHOCTSIMU, OOYCJIOBJIEHHBIMU MPOTUBOPEUMBBIMU TPeOOBaHUSIMU K rabapuram,
KT/, uznyyaeMoit MOIITHOCTH, IIUPUHE paboUeil MOJIOCHI YaCTOT, TEXHOJOTUYHOCTBIO U3rOTOBJIeHUS . 15t
KOMMAKTHBIX U3JlyyaTesieit rabapuThl KOpIyca OorpaHUYMBalOT BO3MOXKHOCTh COBMEIIIEHMS] PE30HAHCOB aK-
TUBHOTO 3JIEMEHTa U MEXaHUYECKOI KoyiebaTeIbHOI CUCTEMBI, YTO 3aTPyIHSIET UX pa3paboTky. Komrakr-
HBII TUAPOAKYCTUYECKU I TIpeoOpa3oBaTeib MPOAOJbHO-U3rMOHOTO TUIIA C U3JTy4Yalolleil MOBEPXHOCTHIO
cnoxHoit popmbl — “3D HUM” — pa3zpaboTaH 1151 MaciiTaGHOTO MOIEIUPOBAHUST U TIPOBEPKU TEOPETU -
YECKHUX PacueToB TaKO KOHCTPYKIIMU, 1 TIPU CPAaBHUTEJILHO MaJIBIX pa3Mepax 001a1aeT BbICOKOH 3¢ dek-
TUBHOCTBIO. B paboTte npuBeaeHbI MOoTyYeHHbIEC ITPY MTOMOIIHM JIa3epHOU BUOPOMETPUU PE3yIbTaThl U3ME-
peHuii B BO3ayxe KoJjiebaTeIbHbIX XapaKTepUCTUK IBYX PAa3JIMYHBIX TTO0 pa3Mepy U BapuaHTaMm rodppupona-
HUSI TUTAaHOBBIX KoprnycoB “3D HUM” u cobGpaHHbIX u3nyyaresieit. [IpemiokeHHbIe KOHCTPYKTUBHBIC
peleHus mpeodpa3oBaTeis C MAKCMMaJIbHBIMU rabapuTHBIMU pa3MepaMu MeHee 100 MM 1 BecoM Ipumep-
Ho | Kr oGecrneuynBaoT YyBCTBUTEILHOCTD MO HamnpsikeHuto okoJjio 1 I1a M/B B paboueii mosioce 4acToT u
OCHOBHOM pe3oHaHC B nuara3zoHe 1—2 kI, “3D HYM” obGmamaet BRICOKMM 3HaYeHHEM KoadduiimeHTa
MeXaHUUYeCKOil TpaHchOopMaIliu U UCTIOIb30BaHUsI TIPUCOEAMHEHHOM MACChI, a TAKXKe UMEET PSII APYTUX
MPEUMYIIIECTB M0 CPABHEHUIO C aHAJIOTUYHBIMU pa3paborkamu. [lokazaHo, 4To pa3nnyuus B pazMepax AByX
MpeACcTaBIeHHBIX U3nydareiieil Ha 10—12% v reoMeTpuu u3nydaromux o6oaouek (12 u 16 BoaH rohpupo-
BaHMsI) IPUBOMIST K Pa3IMINIO U3MEPEHHBIX B BO3IMyxe pe3oHaHCHBIX 4acToT (4.0 u 3.5 k111 cOOTBETCTBEH-
Ho). [Ipu 3TOM H3Ty4YaTesb OOJIbIIEro pa3Mepa obIanaeT MEHbIIUM pa30pOCOM 3HAYEHU T MEXaHUYECKOTO
koadduiMeHTa TpaHchopMaliu 1o rpeOHsIM U BITaAMHAM KOpITyca, a TakKe OoJiee TJIOTHBIM pacripee-
JIEHUEM CHEKTPaJIbHBIX KOMITOHEHT 3a TpejieJlaMi OCHOBHOM TOJIOCHI YaCTOT.

Karouesvie crosa: TunmpoakycTuka, TeJieynpaBlieHUe, Mbe303JIeKTPUIECKUI TTpeodpa3oBaresib, 3ByKOITOI-
BOIHAs CBSI3b, TMAPOAKYCTUUECKHIT MOIEM, TUAPOAKYCTUUECKHI U3ITydaTenb, JIa3epHast BUOPOMETPUS
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BBEAJEHUWE

Cdepa nprMeHEHUST HU3KOYACTOTHBIX THAPOAKY-
cruueckux uznydareneit (HYM) HenpepnsiBHO pac-
IIMPSIETCS, @ MHOTOYMCJIEHHbBIE ITPUIOKESHUS TUIPO-
AKyCTUKU YK€ He OTpaHNYMBAIOTCS 3aJa4yaMy B aKBa-
TOopHUsIX Mopeir M okeaHoB [1, 2]. Hampumep, Ha
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camoJieTax co B3JIETHOM Maccoit boee 27 T 0O0OpTOBBIE
CaMOITMCLIbI COJIEpPXKAaT TUAPOAKYyCTHUYECKUE MasKU
JIJ1s1 0OJIerYeHUs TTIOVCKA B ClTydae IaleHUs arraparta
B BOIHOM WJIU 3a00JIOUCHHOM paiioHe.

CoBpeMeHHasI TEHISHLIMS MUHUATIOPU3ALIUU 3a-
TparmBaeT M TUIPOAKYyCTHUECKHUEe ycTpoiictBa [3].
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Puc. 1. KomnakTHbIe HU3KOYACTOTHBIE U3JTydaTelIn.

Kommnaktaeie HYM TpebyloTcs Bo MHOTMX 3agadax
ruapoakyctuku [4]. [abapuTsl n3aydaresas Haudosee
KPUTUYHBI JISI TPAHCTIOPTUPYEMBIX TUAPOAKYCTUYE-
CcKux OyeB [5], ycTpOICTB HaBUTAIIUM U CBSI3HU [6], B
TOM UYUCJIE YCTaHABIUBAEMbIX Ha TTOJBOJHBIX HEOOU-
TaeMbIX arnapaTax U cCUucTeMax aBapuiiHOTO OIoBe-
mieHusi. Bce Oosblilyio akTyaJlbHOCTh MpUOOpeTaeT
pa3zpabotka komrakTHbeix HUU (pazMepom kopmyca
MmeHee 50 cM) BBICOKOI yaeiabHON MouIHocTu |[7].
Kak n3Bectro, KI1JI 1 pabouast yacTora u3aydaress
HaIpsIMyIO 3aBUCST OT pa3Mmepa M3jIydyalouen mno-
BEPXHOCTHU, KOTOPBII oNpeaesseTcsl Kak rabapuraMu
npeobpaszoBaTesisi, TaK M €ro KOHCTPYKTHBHBIM
ycrpoiictBoM. IIpoGireMaTUYHO M3rOTOBUTH KOM-
nakTHbeiii HYU ¢ BeicOKOI 3(h(heKTUBHOCTHIO B M-
POKOIi II0JIOCe YacToT [8], TaK KaK MaJjible pa3Mephl
rnpeobpa3zoBaresist 3aTPyAHSIIOT COBMELLIEHUE Pe30-
HaHCOB aKTUBHOTO 3JIEMEHTa U MEXaHUYECKOM KoJle-
GaTeJIbHOM CUCTEMBI IpeobOpaszoBaTes [9].

HauGonbliieit TeXHOJOTMUYHOCTBIO U3TOTOBJIEHUS
IpH OrpaHUYEHHBIX padMepax u BeicokoM KI1JI 06-
JagaloT TmpeoOpa3oBaTesiM  IIPOJOJIBHO-U3TMOHOTO
tuna (puc. la, 16, 1r) [10]. Kpome Toro, uto mapa-
METPHBI U3JTyyaTesieil TaKOro TUIa CyleCTBEHHO 3aBU-
CAT OT (POPMBI KOpPITyca 1 €ro 3alllUTHOTO NOKPBITHUS,
TUOUYHOI TIpoOiemoit momooHbix HYM sBasieTcs
repMeTr3alMs IPOAOJIbHBIX MPOpe3eil, CHUXKAIOIINX
MOTEPEYHYIO KECTKOCTb KOpPIyca U OINpenesionmnx
padouyto yactoTy. OOBIYHO TaKasi FepMeTU3aliMsl BbI-
MOJTHSIETCSl 2JIACTUYHBIMUA BCTaBKaMM C TOCJENyIO-
IIAM TTIOKPBITHEM BCEro KOpPITyca CJIoeM TOoJIMypeTaHa,
YTO COIPSIKEHO C HU3KOI HAalleXXKHOCThIO KJIEeBBIX
COCIMHEHUN U MOTEPSIMU PHEPTUU B MOKPHITUU. bo-
Jiee 3(P(DEKTUBHBIM SIBJISIETCSI TODPUPOBAHUE KOpPITyca
(puc. 1t), HanpumMep, B KOHCTpyKIuu “3D HUN” —
npeoOpa3oBateisi MPOA0JbHO-U3TMOHOTO TUTIA C U3-
JIyJaroleii 000J1049KOM CI0XHOM (DOPMBI, UTO KpOME
YCTOMUMBOCTU K LIMKJIUYECKUM Harpyskam (pecypc
“3D HUM” cocrasnser 6onee 10'° umkios) umeer
OYEBUIHbBIE TEXHOJOTMYECKUE MpeuMylllecTBa IMpu
CEpUIAHOM M3TOTOBJIEHUU.

Kopmyca “3D HYM” n3rotoBiieHbI U3 CILJIaBa TU-
tana Ti—6Al—4V ¢ npuMeHEHNEM TEXHOJIOTUM I10-
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CJIOMHOIO JIa3epHOTO CIUIaBJIEHUS, YTO obecrieunBaeT
TTOATBEPXKIEHHYIO WCIBITAHUSIMU BBICOKYIO CTaOMIIb-
HOCTb (PU3UKO-MEXaHUUECKUX CBOMCTB MaTtepuaia [11]
B COBOKYITHOCTU C TIOBTOPSIEMOCTBIO IPYTUX TEXHU-
YeCKMX MapaMeTpOB.

Mcrnonb3oBaHue CBSI3aHHBIX KOJeOaTEIbHBIX CH-
CTEM SIBJISIETCSI OTHUM U3 CITOCOOOB ITOBBIIIEHMS 3 -
dextuBHOCTH HUU. TIprMep mogoOHOro KOHCTPYK-
THUBHOTO pPEeIlIeHUs] — KOMITAKTHBII ITpeoOpa3oBaTesb
WHEPLUOHHO-N3TMOHOTO TUIIA C IThe30KepaMuye-
CKMM aKTUBHBIM 3JeMeHToM (puc. 1r). UznyyeHue
3ByKa B 3ToM HUM ocHoBaHO Ha mpeoOpa3oBaHUM
M3rMOHBIX KOJIEOAHUI TUIACTUH C BKJICCHHBIMHU Ibe-
30KEpaMUYECKMMU KOJIbIIAMH B BO3BPAaTHO-TIOCTY-
natejabHbIe KOJIeOaHUs U3IyJalolnX MeMOopaH. AK-
TUBHBIA BJIEMEHT WM3JIy4daTeslsi MMEET IIOIEpeUHYIO
MOISIPU3AIUIO, U3MEHSS TUAMETP TIPU TTogave dJIeK-
TPUYECKOTO HAIpsikeHUsI. BBUIY MCKITIOUeHUS BIU-
SIHUSI BHEIITHEro TMAPOCTAaTUYECKOro NaBJICHUS Ha
aKTUBHBINI 3JIeMeHT B TakoM HY W npakTuyecku HeT
npeiipa yacToThl Mo WiyomHe. OmHako HEOOIBIION
pa3Mep aKTUBHOTO 3JIeMEHTa U OTCYTCTBUE MEXaHM-
YeCcKOTo TpaHc(opMaTopa He IO3BOJSET M3IydaTh
OOJIBIIYIO aKYCTUYECKYIO MOIIIHOCTS [7].

Hng HYU pasmepom okoio 1 M OoNTUMaJbHBIM
TEXHUYECKUM pEIIeHUEM ABigeTcss bukon™ — Mo-
HOITOJIb BCTPEYHO-IIOPIIHEBOIO TUIMA C KOHYCOOO-
pasHbBIM n3nydaomuM koprycom. HYU Bukon™
(puc. 1x) nmeet KITJ 1o 70—80%, pasBuBas aKyCcTu-
yeckoe nasnenue 10 xITa npu pecypce no 102 nux-
710B. Bukon™ MOXHO McCIIoNb30BaTh 6€3 KOMIIEHCA-
TOpa TUAPOCTATUYECKOTO JABJICHUS HA MIyOMHAX 1O
300—400 m.

VMmenblieHue radbaputHbix pasmepoB HUM mo-
no6Horo tura (MeHee 0.2 M) CHUIKAeT 4YyBCTBUTEIb-
HOCTB IpeoOpa3oBaTelis M0 HANPSDKEHUIO M3-3a CO-
KpalleHUsT JUIMHBI aKTUBHOTO 3JIEMEHTA W TTaaeHUsI
aMIUIUTYAbl KoJieOaHUI W3JIydarolieil 0O0O0JOUYKMU.
MununatiopHsblii Bukon™ 6yner UMeTh HEBBICOKYIO
yIEJbHYIO MOIIIHOCTb, TO3TOMY U3JIydaTean BCTpeY-
HO-TIOPIITHEBOTO THIIA IIeJIeCOOOpa3HO MCHONIB30-
BaTh NpU rabapuTHBHIX padMmepax Kopnyca HUYM ne
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Ta6omuna 1. ITapameTpsi koprrycos “3D HUM” No 1 u Ne 2

BPUTEHKOB wu np.

IMapameTp “3D HUN” Ne 1 “3D HYMN” Ne 2

Pasmep kopryca (auameTp X miMHa), MM 86 < 90 102 x 92
Yucno BoiaH roprupoBaHUST 12 16
MakcumasnbHas TOJIIMHA CTEHKM KOpITyca, MM 1.40 1.46
MuHuMasbHas TOJIIIMHA CTEHKM KOpIlyca, MM 0.60 0.55
TommuHa draHa, MM 14 18
AMrunuTyna rodpupoBaHus, MM 4.1 6.0
Macca Kopiryca, KT 0.42 0.61

meHee (0.2—0.3 M. Kpome Toro, 13-3a OTCyTCTBUS Me-
XaHUYECKOTO TpaHc¢hopMaTopa, YBEJIMYMBAIOIIETO
aMIUIUTYIy KoJieOaHUii aKTUBHOTO 3JIeMeHTa, KO3 (-
(GULMEHT UCHOIb30BaHUS IIPUCOCINHEHHON MaCChI
Boabl HUU tuna Bukon™ goctaTouHo HU3KUI. DTO
00CTOSITEILCTBO HE MO3BOJISIET M3TOTOBUTH KOMITAKT -
Hble 1 MuHUaTIopHble HUY U Takoro tura mist 4acToT
1 xI'm m Hmke. Jns nuamazoHa yactot 1.0—2.0 kI
HYU npomonsHO-m3rmoHoro tmna “3D HUYM” n
HYM tuna Buxon™ pasnuyarorca 1o MakcuMalib-
HBIM TabapuTam 0oJjiee yeM B 4 pa3a, a o Macce — I1o-
ytu B 25 pas. Tak, usiyuartenb tuna bukoH™ g
nuanasoHa gyactot 1.5—1.6 xIy (puc. 11, cripaBa) Be-
cut 30 kt, a “3D HYM” (puc. 11, caesa) mist mogo0-
HOTO Iuara3oHa 4acTOT — OKOJIO 1 KT.

CpaBHeHue pa3Hbix TuioB HU4M npuBoaut K 3a-
KOHOMEPHOMY BBIBOJY O TOM, UTO OaJlaHC MEXIY
pasmepamu IpeoOpaszosateinsi, ero KIIJ, mosocoit
U3JIydaeMbIX YacCTOT M MaKCUMaJIbHOIN U3JTydaeMoii
aKyCTUUYECKOI MOIIIHOCTBIO TOCTUTAeTCsl PU TTOMO-
I WCMOJb30BAHUSI U3Ty4alOIIUX 3JIEMEHTOB CO
cnelyalibHO reoMeTpueil U Mbe303J1eMEeHTOB, Ha-
IPYXEHHbIX UYepe3 MEXaHUYECKUiUl TpaHchopmaTop
Ha MIPUCOEIMHEHHYI0 Maccy BoJbl. [TOCKOIBKY mapa-
MmeTpbl HUYM cymiecTBeHHO 3aBUCST KaK OT (pOpPMBI
U3JTyYalolvMX MOBEPXHOCTEN, TaK U OT €ro pa3MepoB,
aHaJIM3 PE30HAHCHBIX XapaKTePUCTUK KOMMAKTHBIX
“3D HYM” (kak KOpIlycOB, TaK M M3JIy4yaTejicii B
cbope) 1 coImocTaBlIieHUuEe C pe3yJibTaTaMu 3JIeKTPO-
aKyCTUUYeCKMX M3MepeHuit [12] mo3BoJisieT cKoppek-
TUPOBaTh HaIpaBJieHUE KOHCTPYKTOPCKOTO MOMCKa
IpH pa3paboTKe U3IydaTesIel TAKOM KOHCTPYKIIH.

1. UCCIIEJOBAHUWE KOJIEBATEJIbHBIX
XAPAKTEPUCTHK U ITPOBEPKA
PACYETOB “3D HYN”

Pa3paboTka HM3KOYACTOTHBIX aKyCTUYECKUX M3-
JlydarteJjied BhICOKOM YIEJIbHOM MOIIHOCTU IIPEaIio-
JIaraeT KCHEePUMEHTAILHYIO IIPOBEPKY BaxKHEMIIMX
napameTpoB “3D HUM”, B nmepByto oyepens 3Hade-
HU1 OCHOBHBIX PE30HAHCOB C 1LIEJIbIO COBEPIIEHCTBO-
BaHMsI KOHCTPYKIIUY 1 NOBHIIIEHUS 3(PDEKTUBHOCTU
U3IydyaTes.

OmnpeneneHre PE30HAHCHBIX XapaKTEepUCTUK
“3D HYM” uenecoobpa3HO NpPOBOAUTH OECKOH-
TaKTHBIM CIIOCOOOM, HAalpUMeEp, MpU MOMOIIU Jia-
3epHOI1 BUOpOMETpUH, OCHOBaHHOM Ha 3 dexre o-
niepa [13]. B otmmume oT n3aMepeHuit BUOpoakceie-
poMeTpaMu, Takoif momxon obecrneuyuBaeT OoJjiee
TOYHOE MpeACTaBJIeHUue O TUHAMMYECKUX XapakKTe-
puctnkax oobekra. HemanoBaxkHoit 0COOEHHOCTBIO
Jla3epHOi1 BUGPOMETPUM SIBJISIETCSI BOBMOXHOCTD 13-
MepeHUsl KojebaTebHbIX XapaKTepUCTUK 000I04YeK
B TPYAHOAOCTYITHBIX MECTaX, TaKuMX KaK BIaJIWHBbI
ro¢ppupoBaHusi. Bo3Oyxnenue kopnycos HYUU
MOXHO IIPOU3BOAUTH Ha BUOpocTeHne, a “3D HYM”
B cOOpe — PJEKTPUYECKUM CUTHAJIOM, MOJIaBAEMbIM
Ha aKTUBHBINA 2JIEMEHT U3aydaTess. Takue crocoObl
BO30OYXIIEeHUSs MPU BBIOpAaHHOM METO/Ie perucTpaiuu
KoJiebaHuit Hanbonee 3PPeKTUBHBI BBUILY MUHUMH -
3alliM BJIMSIHUSI 2JIEMEHTOB OCHACTKHW U U3MEpU-
TeJIbHOTO 00OpPYI0BaHMSI.

CornacHo mnpeaBapuTesibHbIM pacyetam [14],
“3D HUYM” pasmepamu go 100 X 100 MM 1 Maccoi
MpUMEPHO 1 KI' ¢ KOPILyCOM M3 TUTaHa YCTOMYUB K
TUIPOCTAaTUYECKOMY NABJICHUIO B 3IIEIOHE IIIyOUH
1o 800 M, obJragast 9yBCTBUTEIIFHOCTBIO 10 HATIPSTKEe -
Huto 1o 2 ITa M/B B nnanazone 1.5—2.5 xI11. Beauuu-
Ha MEXaHWYECKOro HAIIPSDKEHUSI B KOPITyCe TaKOTO
“3D HYU” nocturaet 3.5 X 10* [1a Ha OCHOBHOM pe-
3oHaHce 1 4.5 X 10* I1a npu Bo3aeiicTBUM rUApPOCTa-
TUYECKOIO AaBjJcHUSI Ha IIyOuHe 1 KM, 4TO Ha He-
CKOJIbKO IIOPSIIKOB HMXKE€ MpPEIeIbHOIO 3HAYEHUS
U1 TUTaHa [15], B TOM 4uciie MoJydeHHOro npu 13-
TOTOBJIEHUU METOIOM IIOCJIOMHOIO JIa3€pPHOIO
CILJIaBJICHMSI.

BOkcnepuMeHTallbHble 00pa3ubl “3D HUM” Ne 1
1 No 2 TIpr He3HAYUTEIbHBIX PA3TAUMSIX B TEOMETPUM
KopIyca U Macco-rabapuTHbBIX TapaMeTpax (Taou. 1)
MOXHO CUYMTaTh MPAKTUYECKU UAEHTUYHBIMU C HC-
MOJIb30BAaHHOM B pacueTrax MOJEbIO Kopryca U3y-
yareJis (puc. 2).

Tak Kak B IpeaBapUTEIbHBIX pacyeTax Mpu MOMoO-
I KOHEYHO-3JIEMEHTHOTO MOIEIUPOBAHUS WC-
TOJIb30BaHBI TPUOIVKEHUS U OIIEHKM TSI KopITyca,
MMEIOIIETO MaKCUMaJIbHbIe pa3Mepbl @ 86X96 MM u
cxonHyto ¢ “3D HYM” Ne 1 aMmiuTymy, YMCI0 BOJH
ropupoBaHUS U TONIIMHY 000JI0YKHM, 00a MCCIIeay-
AKYCTUYECKUM KXYPHAJ Ne 6
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Puc. 2. STL-monens kopiyca “3D HUM”, ucrioiab3oBaH-
Hasl IUIS TIPEABApPUTEIbHBIX PACUYeTOB XapaKTEPUCTHK
peoOpa3oBaTers.

eMbIX namydarens (Ne 1 1 2) MOXHO cUYMTaTh He3Ha-
YUTEJbHBIMU  BapuallMsIMU  PacUeTHOM MOJEeNu.
ITpuMmeHeHne pa3HbIX BUOPOMETPOB (OTHOIYYEBOTO
C HETIOJBUKHBIM JIy4OM U OJHOJIYY€BOTO CKAaHUPYIO-
IIero), CIoco0OB BO30YXKIEHUSI KoJiebaHMid (Mexa-
HUYECKOTO U JIEKTPUUECKOTO) 1 TUITOB BO30YXato-
1ero curuaja (rapmonudeckuii curian, JIYM, po-
30BBII IIIYM U T.J1.) MO3BOJISIET TIOCTPOUTH Haubojee
MOJIHYI0 KapTUHY PE3OHAHCHBIX XapaKTepUCTUK.
IMorpenHoCcTh U3MEPEHUT J1a3epHBIM BUOPOMETPOM
CHEKTPATbHOM MJIOTHOCTH aMILJIUTYAbl BUOPOCKOPO-
CTU B pacCMaTpuBa€MOM YaCTOTHOM Jvaria3oHe Co-
crapisger 2.0—4.0 x 1078 mxm/c Tu~! nmpu nageHun
JIa3epHOTO JIy4ya M0 HOpMaJii Ha pacCerBaIOIILYIO CBET
MoBepxHOCThb. C y4eToM mnepecdeTa 3TUX 3HAUCHU I B
nepemellieHue, MorpelrHoCTh Mpudopa Ha HECKOJIb-
KO TIOPSIAKOB MEHbIIIE 3aperuCTPUPOBAHHBIX B TIPO-
1ecce u3dMepeHui BeJuvuH. bojiee 3HauUTENbHbIE
MOTPEIIHOCTU MOTYT BO3HUKATh NMPU U3MEPEHUU B
TOYKAX Ha KpasX MIOBEPXHOCTHU U3JTydaTesi, TAe YroJl
nageHusl Jiyda CYIIECTBEHHO OTJIMYaeTcsl OT HOp-
MaJIbHOTO U M3MepsieTCsl He HOpMaJlbHasi KOMITOHEHTa
CKOPOCTH WJIUM CMEIIEHHUS TOBEPXHOCTHU U3TydaTes,
a ee MpOeKIMs Ha ayd. g ucciaenyeMbix B paboTte
W3JIy4yaTeseil U pacCTOSTHUS 10 BUOpOMETpa, pa3Hu-
a cocTtaBiisieT He 6oiiee 3%. B 1estom Xe I1sT KOJTH-
YECTBEHHOIO CPaBHEHUS aMIJIUTYI MOXXHO BbIOpaTh
TOYKH Ha HEOOIBIIIOM yIaJeHUH OT IIeHTpa 00JIacTH,
e najgeHue Jiydya MOXXHO CUMTAaTh HOpMaJlbHbIM. Oc-
HOBHBIC TTOTPELIHOCTU MPU TAKOM METOJlle U3Mepe-
HHUN OIPEaeIsITCSI WHCTPYMEHTAJILHOM OIIMOKOI.
Paspermenne 1mo gactore cocrtapisieT He MeHee 1%
JIJIS1 Arara3oHa KosnebarenpbHol ckopoctu 10 20 MM/c 1
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Puc 3. Cxema uaMepeHuil pe30HaAaHCHBIX XapaKTepUCTUK
kKopnycoB “3D HYM” c¢ ucnoiab3oBaHUEM Ja3epHOro
BUOpOMeETpa.

moJiockl yactoT 7o 0.2 MITT mpu COOTHOIIEHUN CHUT-
Haji/mym 6osiee 90 n1b. TakuM 06Gpa3oM, TOYHOCTH
oInpeIe/IcHUSI YaCTOTHBIX XapaKTePUCTUK COCTaBIISI-
et He MeHee 10—20 IT11, MToCcKoabKY aMIUTUTYAa KOJie-
OaHUif TOBEPXHOCTHU HE IMPEBBIIIACT 2 HM.

1. 1. Pe3onancHble xapakmepucmuxku
uznyuarouux obosrouex “3D HIH”

Cxema YCTaHOBKU IJIdA UCCJICOOBaHUA ITPU IMTOMO-
1M JIa3epHOTo BUOpoMeTpa KoyieGaTeabHBIX XapaK-
TepucTuk Kopiryca “3D HYM” na BubpocreHae npu-
BeJieHa Ha puc. 3.

Bo30yxxneHue konebGaHUlT 3aKperuieHHOTO Ha
BHUOPOCTOJIE KOPITyCa OCYIIECTBIISIIIOCh PO30BBIM 111y~
moM u JIUYM-curHaiamu aaurteabHocTblo 20 ¢, TIe
yacrora Hapacraia ot 100 I'm mo 10 xI'11. O6a crioco6a
B paMKax MHCTPYMEHTAJIbHOM TOYHOCTU U3MEPEHU I
JIal0T OMMHAKOBBIE YaCTOTHBIE crieKTphbl. I1pu cxom-
HBIX pa3Mepax IByX U3MIeJINii C pa3IMYHbIMU BapUaH-
TaMM TO(pUPOBAHUS U3JIyYalolleil MOBEPXHOCTHU
(rpeGHM OIMHAKOBOI BBICOTHI MJIst Kopryca Ne 1 u
yepenoBaHUe rpedHel Mo BeIcoTe 151 Kopryca Ne 2),
OCHOBHBIE PE30HAHCHI 00enX 000JI0UEK Pa3INJaroT-
cst Ha 100—150 I'm 1 mexxat B mmoJtoce oT 3.1 go 3.3 kI
(puc. 4). Hanuuue HeCKOJbKUX JTOCTATOYHO Y3KUX
MoJjioc 3a MpeaejaMyu OCHOBHOTO pe30oHaHca 00ouX
WU3NeNnit Takke cBsi3aHo ¢ reometpueit “3D HUN”,
onpeaesolieii COOTHOIIIEHUE MOoTepeyHoil U Mpo-
JIOJIbHOM XECTKOCTU KOopIlyca. XapaKTepHOe CHUXE-
Hue 6osee yeM Ha 20% oTkivKa Kopmyca “3D HU”
Ne 2 Ha BO3OyKIIeHUE B OCHOBHOI1 110JIOCE YacTOT IO
cpaBHeHuU10 ¢ “3D HYM” Ne 1 ¢cBsI3aHO ¢ yBeIUMYEHU -
€M €T0 MPOI0JILHOI XECTKOCTU: MonepeyHoe roppu-
poBaHmue nMeeT Ha 33% OoJblie rpebHei (TlepeMeH-
HOM BBICOTBI) IPU MeHbllIeil Ha 8% TONIIMHE CTEHKA
KopIlyca B TIONEpeYHUKE IO CPaBHEHUIO C
“3D HYM” Ne 1. OTcyTcTBUE SIBHO BhIPpaXKEHHBIX pe-
30HAHCOB 3a MpeaeJaMyu OCHOBHOM IOJIOCHI YacTOT
st kopnyca “3D HUM” Ne 2 (puc. 5) no3BossieT
cleaTh BbIBOI O ero 00Jibllei 3(hHEeKTUBHOCTU B pa-
Ooueii mojaoce 4acToT.
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HesHnauutenbHble pa3inuns OTKIUKOB KOPIYCOB
“3D HYMN” B 0CHOBHOI1 MOJI0CE YaCTOT U CXOIHBIN
XapaKTep pe30HAHCHBIX KPUBBIX (pUC. 5 1 6), ¢ OMHOIT
CTOPOHBI, YKa3bIBAIOT HAa MOBTOPSIEMOCTh MapaMeT-
POB MOJOOHOI0 KOHCTPYKTUBHOTO PELLIEHUS MIPU Ce-
PUITHOM M3TOTOBJICHUU U3JIy4yaTelieil, a ¢ Apyrom —
Ha BO3MOXXHOCTb pa3pabOTKU U3JIEJINI C 3a1aHHBIMU
YaCTOTHBIMU XapakTepucTukamu. IlpuBeneHHbIEe B
pab6ote [12] pe3yabTaTbl U3MEPEHUI 3aBUCUMOCTU
YyBCTBUTEJIbHOCTHU MO HAIMPSKEHUIO OT YaCTOThI CO-
6panHoro usnydarenas “3D HUMU” Ne 1 (puc. 1r) B
BOJIE WUIIOCTPUPYIOT, UTO HaJIW4YME NOMOJTHUTEIb-
HBIX PE30HAHCOB KOpPITyca OTpakaeTcsl M Ha ero dJIeK-
TPOAKYCTUYECKUX XapaKTepUCTUKax. Makcumalb-
HO€ 3HaueHUEe YYBCTBUTEIBHOCTU MO HATPSIKEHUIO
“3D HUYM” Ne 1 BBome nocturaercsa Ha yactorax 20—
22 kI [12], 9yTO cBSI3aHO CO COJMIMXKEHUEM B T1ara3o-
Hax BbIie 10—12 kI pe3oHaHcoB Koprmyca (puc. 6) u
aKTUBHOTO 3JIEMEHTA.

1.2. Mexanuueckuii koaghgpuyuenm
mpauncgopmayuu “3D H4HU”

Kak otmeueHo Bbillle, mpeobpa3oBaTead MpoO-
JIOJTbHO-U3TMOHOT0 TUTIA TIPU CPABHUTEJIBHO BBICOKOM
TEXHOJIOTUYHOCTU M3TOTOBJICHUSI UMEIOT HAUOOJIbIIIYIO
3 GHEKTUBHOCTD TI0 CPABHEHUIO C U3JTyYaTesIsiMU, UC-
MOJIL3YIOLIUMU  IPYIA€  CIIOCOOBI  aKyCTUYECKOTO
odopMIIeHHS. DIIEKTPOMEXaHUYECKUIT TpaHCcPOopMa-
TOp npeoOpa3oBaTessi JaHHOTO TUIA HArpyXXeH Ha
aKTUBHO-PEAaKTUBHYIO Harpy3ky [14], uyto nmpu KoM-
nakTHbIX padmepax HYM wm3-3a npucoenmHeHHOMR
Macchl M, TIO3BOJIAET B OCHOBHOM I0JIOCE YacTOT
00eCIIeYnTh HU3KYIO YaCTOTY COOCTBEHHBIX KoJieha-

HUH fyyp

1k
21\ my, + 0 M,

Jaun = ey
rne k — Ko3PPUIMUEHT YIPyrocTu MeXaHWJIeCKOM
KoJie0aTeIbHOI CUCTEMBbI, OIIPEACIsSIEeMBIil XKECTKO-
CTbIO KOHCTPYKLIMM MpeoOpas3oBaresis, m,, — dKBU-
BaJIeHTHAasI Macca KoJyie0aTeJIbHOM CUCTEMBI, 3aBUCS -
masi OT KOHCTPYKTUBHOI'O YCTPOMCTBA M3JIydaTesis,
n — MeXaHn4eCcKuii KoapGumeHT TpaHcHOopMauu.
IIpucoenmHenHast Macca BOIbI OKAa3hIBAET OOJIBIIIOE
BJIUSIHUE Ha 4acTOTHhIEe xapakTepuctuku HUM, Tak
KaK MeXaHMYeCKUil TpaHchopMaTop IIpeoOpasyeT
BO3BpaTHO-TIOCTYIATEIbHEIC KOJICOAHUST aKTUBHOTO
3JIEMEHTA C MaJIOM aMIUIUTYIOM B IIOIIEPEUYHbIE KOJIC-
0aHMs M3JIyYaIolIMX 3JEMEHTOB O0OJIOUKHM C OOJIb-
el aMIUIMTYOOM:

n=-—, (2)

a
IIe ¢ — aMIUINTYyda IPOIOJbHBIX KOJIeOaHUM Toplie-
BBIX (DJIaHIIEB KOpITyca, A — aMIJIMTY/Ia TTOTIEPEeIHBIX
KoJe0aHUI TOBEPXHOCTU HU3Jydarolleil 00O0JIOUKH.
Takum oOpa3oMm, KO3(hOUINESHT MeXaHUYeCKOM
TpaHchOpMaLIMK SIBIISIETCS OOHUM M3 TJIaBHBIX (hak-

BPUTEHKOB wu np.
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Puc. 4. AYX xopnycoB “3D HUM” B ocHOBHOI1 TTosioce
yacroT. /st kopnyca “3D HUM” Ne 1: / — BnaauHa, 2 —
rpe6enb; st kopryca “3D HYM” Ne 2: 3 — BnaauHa, 4 —
MaUlblii Tpe0eHb, 5 — OOJIBIIION rPeOeHb.
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Puc. 5. AUX kopnyca “3D HUM” Ne 2 npu HenpepbiB-
HOM BO3IEMCTBUM O€abIM (p030BbIM) IIyMoM u JIUM-
curHajamMu Ha BubpocteHae. Ha rpacduke o603HaueHO:
1 — manblii rpebeHb, 2 — BllaarHa, 3 — 00JIbIIOM IpeOeHb.

CwMeleHue, HM
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Puc. 6. AUX xopnyca “3D HUM” Ne 1 npu HenpepbiB-
HOM BO3IEMCTBUM OeabIM (p030BbIM) IiyMoM u JIUM-
curHajaMu Ha BuopocreHme. Ha rpacduke o603HaYeHO:
CUHUI MYHKTUP — IpeOeHb, CIUIOLIHAS KpacHast TIUHUS —
BraJNHA.

AKYCTHUYECKHH XYPHAJ

TOM 69 Ne 6 2023



CPABHUTEJDBHBLIE UCCIIEAOBAHUA 813

TOPOB, onpeAesiomux 3¢dektuHocts HUU [5, 16].
OTcyTCTBYE TIPUCOSAMHEHHOI MaCChI XKUAKOCTU WJIU
€€ MEXaHMYeCKOI0 KBUBaJIeHTa HE MEHSIET BN~
HY MeXaHn4YeCcKoro KoadduumenTa TpancdopMalnm
W3JIy4yaTtesisi, YTO TO3BOJISIET pacCMaTpUBaTh U3MEpPe-
HUE aMIUTMTYAbl Konebanuit kopnmyca HUU B kome-
OarepbHOI crucTeMe “BUOpocTon—0000uka” (puc. 3)
nan “3D HYM” B cOope Kak He3aBHCUMBI METO.,
OLIEHKM ero 3 (PEeKTUBHOCTU.

ITpoBeneHHbBIE B BO3AYyXE NPU ITOMOIIU OTHOTYYe-
BOTO J1a3epHOr0 BUOPOMETpa UBMEPEHUSI aMILTUTY/ bl
KoJieOaHui KopiycoB coOpaHHbix HYM moxkazanm
cXomHble KO3(hOUIIMEHTH MEXaHWYeCKOW TpaHC-
dopManiuu oboux wuszaydareneid. st ycpemHeHUs
pe3yabTaTOB U3MepeHue KoadduimeHTa TpaHchop-
MallMy BBITIOJIHEHO JJIs1 HECKOJIbKUX IPEOHEN U Ba-
JIWH U B HECKOJIbKMX TOYKax (haHIla, pacrooXeH-
HBIX Ha MepeceKalonXcs TMaMeTpaIbHbIX CeKYIIUX
OT LICHTPA K KpasiM ¢ 1marom 2—4 MM, Kak 3TO OIuca-
Ho B [14]. CpenHee 3HaueHHe KO3 DUIIMEHTA TPAHC-
¢dopmaliiu no rpedbHSIM U BIIaAMHaM LIS KaXI0To 13
cobpanHbIX uanydarenein “3D HUM” Ne 1 u Ne 2 co-
craBisieT okojio 26. Takasg BeawunHa coracHo (1)
XapakTepusyeT MCIOJb30BaHUE 3HAYMUTEJIbHOU MpU-
COEMHEHHOI Macchl BOAbI MO OTHOIIEHUIO K KOH-
CTPYKTUBHOI Macce caMoro uajiyJaTesisi, Tak Kak 3¢-
¢dextuBHOCTF HUM (B cMBICTIE TIPUOIMZKEHMSI €TI0 K
HeBeCOMOIi nmyJIbcupymolieit cepe)

x=—1 3)
E+1
onpeacIACTCAd COOTHOILICHUEM
= M
& - %’ (4)

M

np

*
rae an — INpUBCACHHAasA B TOUYKY INPUJTOXKCHUA CUJT
IIpUCOCAMHEHHAasA MacCa BOIbI.

ITockombky KO3 PUIneHT MeXaHU4eCKOMn
TpaHcOpMalUy U3JIydaTeas: MpPoaoJbHO-U3rMOHO-
ro THUIIa BBIpaXaeTcs COOTHOIIEHUEM Mporuda d u
IJIMHBI L M31y4amollIero 3JeMeHTa, TO U3 TeOMeTpU-
YEeCKUX COOTHOIIEHUI ero IpeaesibHO BO3MOXHOE
3HAYEHUE COCTABIISIET

> = 2 . )

ILl1= L

NI +4d
s kopnyca “3D HUYM” pnuHOI 92 MM, Tae 1o
BHYTpPEHHEI ITOBEPXHOCTU OOpa3ylolleil BIaguHBI
Kopryca nporu6 cocrasiser MmeHee 0.5 mm, n,, > 45.
CrnoxHast ¢opMa 000JIOYKM HE ITO3BOJISIET CUMTATh
9TO 3HAYEHUE OPUEHTHUPOM, OJHAKO CYIIECTBEHHO
MEHBIIINE 3HaYeHUsT KO3 PUIIMEeHTa MeXaHNYeCKOM
TpaHcopmanuu ajst rpedHeir “3D HUYM” obGecre-
YUBAIOT O00JBITYIO 3P (HEKTUBHOCTD IO CPABHEHUIO C
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U3JydaTeasiMU MPOAOJIbHO-U3TMOHOTO TUIA Tpaau-
LIMOHHOM KOHCcTpyKIuu [10].

Hedopmaiius reomeTpun (U3MEHEHUE IIpOruoda)
obosouku mocyie coopku HUM u3-3a HarpyxeHUs
AKTUBHOTO 3JICMEHTA IIPUBOIUT K U3MEHEHUIO 3HaYEe-
HIUSI MeXaHMmJecKoro KoaddunneHTa TpaHchopMa-
. Tem He MeHee BEJIMUMHY 3TOro Ko3dduiimeHra
JI0 COOPKHU 1 MOCJIe MOXHO MCITOJIb30BaTh B KAYECTBE
JIOTIOJTHUTEIBHOTO MapaMeTpa, CBI3aHHOTO C 3JIeK-
TPOaKyCTUYECKMMU xapakTtepuctukamu “3D HUYN”.

2. PEBOHAHCHBIE XAPAKTEPUCTUKU
COBPAHHBIX “3D HUMN” B BO3AYXE

s Hekoropeix ThumoB HYM MoxHO mpubim-
JKEHHO pacCYMTaTh PE30HAHCHYIO YacTOTY Ipeobpa-
30BarTelisl, MoJIb3YsICh TOJbKO TaHHBIMU U3MEPEHUI B
Bosnyxe. [IpenBaputenpHas oneHka “3D HYM” tak-
K€ TIOApa3yMeBaeT CHITHE €ro YaCTOTHBIX XapaKTe-
pHUCTUK B Bo3ayxe. Cxema M3MepeHU COOpaHHBIX
uanaydareieit (puc. 7) B BO3ayxe IpU IIOMOIIY OTHO-
JIy4eBOTO JIa3epHOTO BUOpOMETpa MpuBeaeHAa Ha pucC. 3
B pabore [14].

CpaBHeHMe pe30oHaHCHBIX yactoT “3D HYM”
Ne 1 u Ne 2 mo MakcuMyMaM aMILIUTYIbl KoieOaHUit
KOPITyCOB MOKAa3aji0, YTO HE3HAUYUTEIbHOE yBeI4Ie-
HUE pa3MEPOB U3JTyYalollero 3JieMeHTa MOBJIMSIIO Ha
4acTOTy OCHOBHOTO pe3oHaHca. Tak Kak KOpmyc
“3D HUYM” Ne 2 uMeeT HECKOJILKO OOJIbIINE pa3Me-
pol, yeMm “3D HYM” Ne 1, yactora OCHOBHOIO pe30-
HaHca KoToporo B Bo3ayxe paBHa 4.0 kI (puc. 8a),
pe3oHaHc cobpaHHoro “3D HYM” Ne 2 B Bo3myxe
oKazajics 3HauuTeapbHO Huke — 3.5 kI (puc. 80).
Huccunanyst U pa3inyusl CBSI3aHHBIX KoJiebaTellb-
HBIX CHCTEM “000JI0YKa—aKTHUBHBIII B2JIEMEHT”’ U
“00009Ka—TOpIEBbIe (QIAHIBI” TIPUBOINUT TaKKe K
pacxoxiaeHuo AYX akcuanbHBIX U pagduaibHbIX KO-
JIebaHMI KOpImyca, a CIIEKTPpbl 000OMX M3JIydaTescii
colepKaT KOMOMHAIIMOHHBIC YaCTOTHI, 0OYCIIOBJICH -
Hble B3aMMOJIeliICTBUEM HECKOJbKUX OCLULISITOPOB.

Paznuune MakcMMallbHOTO AuamMeTpa KopIiyca
“3D HYM” Ne 2 Ha 14 MM 1 2 MM TIO JJIMHE CYIIIE-
CTBEHHO YBEJIUYMBAET 00BEM €ro MpUCOSIUHEHHO
Macchbl, KOTOpasl B 3HAUUTEIbLHOI Mepe omnpenessier
4acToTy OCHOBHOTro pe3oHaHca (1). C yueTom KBaj-
paTUYHOM 3aBUCUMOCTH OT KO3((dUIIMEeHTa TpaHC-
¢dopmarinu (2), BHOCUMas ITOIIpaBKa TakKKe IMOTpedy-
€T KOPPEKTUPOBKH JIJIsl pacuyeTa 4aCTOThl OCHOBHOTO
pe3oHaHca u3irydaTtelis B Boae (1).

st yTOYHEHUST MOJTy9eHHBIX PEe3yIbTaToOB U I10-
CTpoeHUsI OoJiee MOTHOI KapTUHBI paclpeacacHus
KojiebaHuit uznydatonieit obonouku “3D HUM” Ha
TOpILIaX MPOBEACHBI U3MEPEHUS C IOMOIIBIO TpEX-
KOMITOHEHTHOTO CKaHMPYIOIIETO J1a3epHOr0 BUOPO-
MmeTpa. Hanbonbiiee 3HaYyeHUEe aMIIMTYIbI KoJieba-
HUIA TOpLEBHIX (DIaHIIEB 000MX U3JIydaTeJIeid JOCTH -
raeTcs B OCHOBHOI moJjoce 4acTtoT. Kpome storo, Ha
pa3HBIX YAaCTOTaX BBISIBJIECHO HECKOJIBKO MOJI KOJieha-
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BPUTEHKOB u np.

Puc. 7. Uznyuarenu “3D HYN” ((a) — Ne 1, (6) — Ne 2) B cOope, 3aKperuieHHbIe Ha 3JIaCTUYHOM IOIBECE.
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Puc. 8. CriekTpanbHble pacnpefeicHUs aMIUIMTYObl KoJiebaHWd B BO3AyXe Ha TOpIie COOpaHHBIX MpeoGpasoBaTelieit

“3D HYU” ((a) — Ne 1, (6) — Ne 2).

Hui. PactipeneneHue aMIUIUTyobl KojiebaHMit iaH-
1IEB 000UX U3NETUI MPAKTUIECKU MOBTOPSIET pUC. 7 B
paborte [14]: oT LIeHTpa K KpasiM pa3Max KoJieOaHUt
yBesmuuBaercsd B 5.5—6.0 pas mrg “3D HYMU” Ne 1 u
B 3.5—4.2 paza ng “3D HYM” Ne 2. [Tomo6HOE BO3-
pacTtaHue aMIUIATYAbI KojebaHuil Ha Kpasx (iaHa
10 OTHOILIEHUIO K aMIUIUTY/Ie KoJeGaHUii aKTUBHOTO
BJIeMEHTa CBSI3aHO KaK C 3J1aCTUYHOCTbHIO PE3bOOBBIX
COEAMHEHUI, TaK U C KOHEYHOI XEeCTKOCThIO (hJTaH-
1IeB, OrpaHUYEHHBIX pa3MepaMu Kopityca. Paznuuue
dnanues “3D HUYMU” Ne 1 u Ne 2 3aKOHOMEPHO BbI-
3BIBAET pasjinume paclpeneieHus aMIUIUTYObI KOJie-
OaHUIf Ha TOpLAaX U3TydaTesIeit.

Ochnamenue “3D HUM” akKTUBHBIMU 3JIeMEHTa-
mu, coopanubiMu u3 8 kojerr LITBC-3, 3amaer Ton-
IIUHY TOpuEeBbIX raek (10—12 Mm), 4To mpu HEOOJIb-
IIMX pa3Mepax nmpeobpasoBaTesisi MPUBOAUT K BJia-
CTUYHOCTHU KaK pe3b00BOro COeAMHEHHSI, TaK U BCETO
y3J1a TopiieBoro diaHiia B iejoM. ['adapuTel Kopryca
“3D HYM” orpaHMYMBAIOT MAaKCUMAJILHYIO JUTMHY U
Maccy aKTMBHOTO 3JIEMEHTA M OmNpenesioT 3ddex-
TUBHOCTb IIpe0OpPa3oBaHUS U YyBCTBUTEILHOCTh U3-

JiyyaTtesss no HanpsikeHuto. TToCKoJbKY 4yBCTBU-
TEJIbHOCTb HAIPSIMYIO 3aBUCUT OT KOJIMYECTBA Mbe-
30KepaMUYECKUX KoJiell aKTUBHOTO 3JIEMEHTa, a €ro
JUTMHA OOpaTHO MPOINOPILUOHATIbHA YaCTOTE€ OCHOB-
HOTO PE30HAaHCa, TO OTCYTCTBUE COBMEIIEHUS PE30-
HAHCOB ATUX KOJebaTeNbHbIX CUCTEM TPETSITCTBYET
noBbieHNI0 3dpdekTuBHocT HYM 1 Mmakcumalb-
HOM U3JTy4YaeMOU aKyCTUYECKON MOLIIHOCTH.

3. ObCYXIEHHWE PE3VJIbTATOB
N3MEPEHWW 1 CPABHEHHWE
N3JIIYYATEJIEN Ne 1 1 Ne 2

VYcpenHeHHbIe 111 COOpaHHBIX M3IydaTesiei I10
rpeOHSIM U BHaguMHaM Kod(p@UIIMEHThl MeXaHWU4Je-
CKOI TpaHchoOpMalMU # WUMEIOT MPUMEPHO OIMHA-
KOBBIE 3HaUeHus (Tabu. 2).

3HayeHMUe KoM dUlMeHTa # IPEeBOCXOIUT ITOKa-
3aresn 6ojiee rabapUTHBIX peodpaszosareneii [6, 10],
4YTO AOMNOJHUTEIbHO CBUIIETEJILCTBYET O BBICOKOM
addexTuBHOoCTU KOHCTpYyKLMU “3D HUYM”. Bcuny
ocobeHHocTel reoMeTpun 06os1odku “3D HYM” Ne 2 B
AKYCTUYECKUN XYPHAJ Ne 6
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Ta6mma 2. OcHoBHBIe xapakTepucTuku “3D HUM” Ne 1 m Ne 2

IMapameTp “3D HUMN” Ne 1 “3D HUM” Ne 2
Pa3mep akTuBHOrO 2/1eMeHTa (IIMHA X TUAMETP), MM 71.2 X 34.2 75.6 X 34.3
Macca akTUBHOTIO 3J1€eMEHTA, KT 0.36 0.39
Macca cobpaHHOTO M3JIydyarTesi, KT 0.95 1.20
OCHOBHOI1 pe30HaHC Kopryca B Bo3nyxe, 11 3250 3120
KosdppunmeHT MexaHn4decKoit TpaHchopMalmy KopIryca 2.2/1.8 6.0/4.4
BIaInHa,/TpeOEeHb
Pe3oHaHc cobpaHHOTO n3nydaress (B Bo3ayxe), KI1 4.0 3.5
Koaddunment mexannueckoit TpaHcopMaii COOpaHHOTO U3aydyaTess 24-27 26—28

otmuue ot “3D HYM” Ne 1, aMIunTy bl KoiebaHuii
MaJbIX TpeOHEel M BITAIWH TTOYTW OXWHAKOBEI, a IJIs
OoJIbIIMX IpeOHEl ¥ BIagWH MPpaKTUYEeCKU COBIIaIa-
T ¢ “3D HYMU” Ne 1, rme pa3nudue COCTaBIISET
1.4 paza [14]. XapaxkTep KojiebaHuit 006009k “3D
HYM” npu Bo30yXIEHUU IIYMOBBIMU CUTHaTaMU
IO3BOJISIET CHENaTh BBIBOL O CXOMHBIX pacIipeaciie-
HUSIX MOJI IS 0O0UX U3AEIINIA.

VYBenuueHue pasmepa kopryca “3D HUU” Ne 2
Ha 10—12% otHocurenbHo “3D HUYM” Ne 1 u uame-
HeHue ero (popMbl, KakK BUIHO M3 YaCTOTHBIX XapaK-
TEPUCTUK, CYIISCTBEHHO ITOBJIMSIJIO HAa XapaKTepHU-
CTUKU U3JIydaTeJIsl: B BO3MyXe Pe30HAHCHBIEC YaCTOTHI
uznaenuit pasnuyatrorcs noutu Ha 500 I, IMpennona-
rasi, 4yTo o6a Kopmyca MMEIOT OIMHAKOBYIO KECT-
KOCTh M YYUTBIBast 001b1Mit 00beM “3D HUM” No 2,
yem “3D HYM” Ne 1, B COOTBETCTBUU C MpeaBapu-
TEJIbHBIMU TaHHBIMU 3JICKTPOAKYCTUUECKUX U3MEpe-
it “3D HYM” Ne 1 1 ouieHKO#T pe30HaHCHOI Ja-
CTOTHI B Bozie [14], MoxxHO oxuaaTth, yto “3D HUMN”
Ne 2 crtoco6eH n31ydaTh THAPOaKyCTUYSCKIE CUTHA-
ael B mojioce 4yactoT 1.1—1.3 k1. OmHako, BBUIY
CJIOXXHOCTU TEOPETUYECKUX pPaCcueToB, ITOAOOHBIE
OLIEHKM TPeOYIOT 3KCIIEpUMEHTAaIbHOI IIPOBEPKU.

W3 cpaBHenus “3D HUM” Ne 1 1 2, B YaCTHOCTU
PE€30HAHCHBIX KPUBBIX B BO3ayXe (puc. 8), BUTHO, UYTO
He3HauYuTeJIbHOe M3MeHeHUe (OpMBI M pPa3sMepoB
kopityca Ha 10—12% monTBepskaaeT BIOpaHHOE Ha-
MpaBjieHue KOHCTPYKTOPCKOIO MOMCKA IO yBeJIMYe-
HUIO yaeiabHoOM MolinHocthu HYM omHOBpeMEHHO C
MOHMXXEHNEM YaCTOThI OCHOBHOT'O pe30HaHcA.

SAKJIIOYEHHME

IIpoBeneHHBIE MCCIENOBAHUS MOKA3IH, YTO HE-
3HAUYUTEJbHbIC U3MEHEHUSI pa3MepoOB U TeOMETPUU
kopnyca “3D HUYM” cyliecTBeHHO BIMSIIOT Ha Xa-
paKkTepuCTUKM u3nydatenss. Pazmuaue BuOpomexa-
HUYECKUX XapaKTEPUCTUK COOpaHHBIX W3AeIUil, B
YaCTHOCTU PE30HAHCHBIX YaCTOT B BO3MyXe M pacCIiO-
JIOKEHMST pe30HAHCHBIX TTOJIOC B CITEKTPAX OTKIIMKOB
KOPITYCOB, MO3BOJISIET OLIEHUTDb BIUSIHUE TeOMETPUU
M3Iydaronieit 00onouku Ha napameTpsl “3D HUN”.
ITockoneky yBenmmueHnmne pasmepoB “3D HUYM” Ha
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10—12% n maccel Ha 25% TIpUBEJIO K TTOHUKEHUTO Ya-
CTOTBI pe30HaHca B Bo3ayxe Ha 13%, MOXHO clenaTh
BBIBOJ, O TOM, UTO YBeJIWUYEHME pa3zmepa KopIriyca u
akTUBHOrO 3jeMeHTa Ha 30—40% I03BOMUT MPOEK-
THpoBaTh KoMnakTHbeIe “3D HUYWM” BeIcOKOIT yneab-
HO# MOIITHOCTH IIJIsI TMaIta3oHa 9acToT 1 KI1I 1 Hitke.

Marepuanbl 1 koHcTpykiusa “3D HUM” mormyc-
KaloT TPaHCIIOPTUPOBKY aBUAKOCMWYECKUMU HOCH-
TEJASIMU, YTO MOXKET OBITh HEIOITYCTUMO ISl TUIPO-
aKyCTUYECKUX M3JIydaTesieid Opyroid KOHCTPYKLIWU
M3-3a OCOOCHHOCTEd MPUMEHSIEMBIX MaTEpUAJIOB.
“3D HYM” B normonHeHUE K 1OCTATOYHO HU3KOM OIS
CBOHMX pa3MEepPOB pe30HAHCHOI yacToTe 00J1agaeT 10-
CTaTOYHO BBICOKOM YIEIbHON aKyCTUYECKOM MOIII-
HOCTBIO B CPaBHEHMHU C aHAJIOTUYHBLIMU I10 Tabapu-
tam u macce HUU npyrux tunos [17].

HccnenpoBaHus BUOPOAKyCTUYECKUX XapaKTepu-
ctuk “3D HYM” moarBepXaaloT NEPCIIEKTUBHOCTh
TaKoil KOHCTPYKIMW M aKTyaJIbHOCTh pa3padOTKH
MacCIITaOHbIX MOJEJICi TIPY ITPOSKTUPOBAHUN MOIII-
HBIX TUAPOAKYCTUUECKUX U3JTydaTeIei.

ABTOpBI BhIpaXaloT 0JIarOIapHOCTh 3aBEAYIOIIE-
My OTHeJIOM aKycTuku okeaHa /I.A. KacesaHOBY, 3a-
BelylolleMy JiabopaTopueil 3KCIepUMEHTAIbHOM
anekTpoHuku B.A. IlepdusnoBy, 3aBeaywoliemMy ja-
ooparopueii npukiagHoit ruapoakyctuku b.H. bo-
roo00By, 3aBeayioiieMy cektopom M.C. Jlepsiou-
Hy, BeaylieMy 3J1eKTpoHuKy O.P. ®an3oBy 1 nHxke-
Hepy B.K. baxtnay 3a BHMMaHMe K padoTe, TOMOIIIb
B MOATOTOBKE, OpraHM3allui U MPOBEICHUN JKCIIe-
PUMEHTAILHEIX paboT, a TakKxKe B OOCYXXICHUU pe-
3yJbTAaTOB UCCIEIOBAHUIA.

PaGota BbINoIHEHA B paMKaX TOCydapCTBEHHOTO 3a-
nanust UTI®D PAH “PacnipoctpaHeHure 3ByKa B MOPCKOIA
cpene u 3emHoii Kope” (rmpoekT Ne 0030-2021-0018).
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