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IIpoBeneHO HSKCIIEPUMEHTAILHOE HCCIIEAOBAHUE AKYCTHUECKOro (DOHTaHa,
BBI3BAHHOTO aKyCTHYECKHM MOJIEM (OKYCHUPYIOUIEro H3Iydarens. AKYCTHUECKUM
(oHTaHOM Ha3bIBAIOT CTPYIO JKUJIKOCTH HaJ IpaHULEH pa3jena *UAKOCTU U rasa
WY JIBYX JKMJIKOCTEHM, WHIYIHPOBAHHYK AaKyCTH4YeCcKOW BOJIHOW. [Ipemnoxken
OPUTMHAJIBHBIA METOJI U3MEPEHUs MIPOU3BOAUTEILHOCTH aKyCTHUECKOTo (POHTaHa
1 pa3paboTaHa 3KCcIIepUMEHTalIbHas ycTaHOBKA. [loiydeHHbIe SKCIIEpUMEHTAIbHbIE
pe3yabTaThl  IMOKa3blBAlOT JIMHEWHOCTh 3aBUCHUMOCTU  NPOU3BOAMTENBHOCTH
aKyCTU4ecKoro (oHTaHa OT akycTuyeckod MomHoctu. Ilokasano, 4yro mnpu
ONTUMAIBHOM BBIOOPE TI'€OMETPUYECKOTO TOJIOKEHHUs (POoKyca H3IIydaTelis
JOCTUTaeTCsl YBEJIWYEHHUE MPOU3BOJUTENIBHOCTH AKYCTHUECKOro (OHTaHa Ha
25-30%.

KitroueBsie cnoBa: akycTuueckuii poHTaH, (OKYCHPOBAHHBIN YIbTPa3BYK.

BBEJIEHUNE

W3BecTHO, 4TO TpH pacHpOCTpAaHEHHUH AKYCTHMUYECKOW BOJIHBI B JKHAKOCTH BO3HHKAECT
aKyCTHMUYECKOE€ TEeYeHHe, BbI3BaHHOE morjomeHneM 3Byka [1,2]. Eciu >xe HampaBuTh
aKyCTMUYECKYI0 BOJIHY Ha TpaHUIy pasliena XUAKOCTb-Ta3, TO BO3HUKAET aKyCTUYECKHUIl
donTan [3, 4] (Tak Ha3BIBAIOT CTPYIO >KUJIKOCTU HAaJ TPaHULICH pasiena >KHIKOCTh-Ta3 WU
KUAKOCTb-KUAKOCTh, HHIYLIUPOBAHHYIO  aKyCTHUeckod BonHOi). KonnyecTBeHHOM
XapaKTePUCTUKON aKyCTUYECKOTO (POHTaHA SBISETCS €ro MPOU3BOAUTEIHHOCTE — OOBbEMHAas
CKOpPOCTh mepeHoca kuakocTu. I[Ipomecc oOpasoBaHusi aKycTH4ecKoro (OHTaHa,
WHIYIUPOBAHHOTO (DOKYCHPOBAHHBIM YIBTPA3BYKOBBIM TOJEM, SBISETCS JOCTaTOYHO
CJIOKHBIM U JI0 HACTOSIIETO BPEMEHHU MAJIOM3Y4YE€HHBIM siBJieHHEM. [0 HalmuM cBeeHUsM, Ha
JaHHBIH MOMEHT HE CYIIECTBYeT HHU TEOpHUH, OIMCHIBAIONICH TMpolecc oOpa3oBaHUs
aKyCTHMYeCKOTO  (poHTaHa, HHM  KOJMYECTBEHHBIX  OKCIEPUMEHTOB,  CBSI3BIBAIOIINX
MIPOU3BOIUTENHHOCTh (JOHTAHA C MapaMeTpaMu TOPOKIAIOIIETO €ro 3BYKA.

I'oBopst 00 akycTtudeckoMm (OHTaHE, Yalle BCEro MOAPa3yMEBAIOT MEPHEHAUKYISIPHYIO
OPHUEHTALIMI0 CTPYH OTHOCHUTEIBHO IMOBEPXHOCTH BOAbL. OAHAKO €Clu MpU JOCTATOYHO
OOJBIION WHTEHCUBHOCTH HAMPaBUTh AaKyCTUYECKYI BOJHY TOJ OCTPBIM VYIJIOM K
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MOBEPXHOCTHU BOJIbI, MOXKHO HaOII0/1aTh HAKIOHHBINA (hoHTaH (puc. 1). MI3MeHss yron najaeHus
BOJIHBI MOKHO M3MEHSTH YTOJI BBIXOJA aKyCTUYEeCKOro (hOHTaHa, a U3MEHsSI MHTCHCUBHOCTD
— W3MEHATH JIMHEHHbIE pa3Mepbl cTpyd. Kak mokasanu mpeaBapUTeIbHbIE SKCIIEPUMEHTHI,
HAKJIOHEHHBIN aKyCTHYECKHI (OHTaH MO3BOJSAET d(P(PEKTUBHO OYHIIATH MOBEPXHOCTH BOJIBI
OT pa3IMYHBIX 3arps3HEHUH, TAKMX KaK MacisiHble Wi HeTsIHbIC TIeHKH. B padorax [5-7]
OTHCaHBI MOJ00HBIC SKCIEPUMEHTHI W cJelaH BBIBOJ 00 3((eKTHBHOCTH HCIOJIB30BAHUS
yIpTpa3Byka. B Hacrosimeidl paboTe SKCIEPHUMEHTAIBHO HCCIEJOBAHBl 3aBUCHMOCTH
MIPOU3BOIUTEIIEHOCTH aKyCTUYECKOTO (DOHTaHA OT MHTCHCUBHOCTH 3BYKa, yIila HAaKJIOHA OCH
u3NyyaTelis U KOOPAMHAT TEeOMETPUYECKOro (OKyca OTHOCHUTEIBHO KPOMKH COOpHOM
€MKOCTH.

1. OKCIIEPUMEHTAJIBHAA YCTAHOBKA 1 METOAMKA 3KCITEPUMEHTA

Jlisg pemieHusi TOCTaBJICHHOM 3agaud Oblla CKOHCTPYMpPOBaHA AKCHEpHUMEHTaIbHAast
ycraHoBka (puc. 1), KoTopas TO3BOJIsIa HW3MEPSATh IMPOU3BOJAUTENIBHOCTH (DOHTaHa,
WHAYIIUPOBAHHOTO aKyCTHYECKHM TOJIeM (OKYCHPYIOMIETO C(epHuecKoro H3mydaress B
3aBUCHUMOCTH OT T€OMETPUYECKOTO MOJ0XKeHHs u3nydatens. Dokycupyromuid chepudaeckuit
M3ITy9aTeNb — STO BOTHYTas Mhe30KepaMHUECKasi MOBEPXHOCTh, BHIITOJHEHHASI B BUE YaCTH
chepbl U MO3TOMY CO3JAIOLIasi CXOMAILIUINCS BOJHOBON (DPOHT, YTO MO3BOJSET CO37aBaTh
3BYKOBOE TIOJI¢ BBICOKOM HWHTEHCHBHOCTH Ha HEKOTOPOM ((OKaabHOM) pPACCTOSHHUU OT
MMOBEPXHOCTH M3Iydareias B 001acTH, HaspiBaeMoil ¢okaapHOi [8]. Pe3onancHas dacrtorta

uznydarens f =1 MI'u, nuamerp aneptypsl 2a = 65 MM, pokansHoe paccrosaue F =70 mwm.

[Ipu sToM (okambHas 00MacTh MpEACTAaBISET CO00M Aumrncous BpameHus [9], KOTopbeIi

umeer JumHBL oced | =276 MM, 2r;=39 MM (pacuer cMm. Humxke). [lomoxenue

(OKYCHPYIOIIETro M3JIydaressi, Kak U MoJIoKeHue (QoKyca U3ydaresis, MOXHO ObLJIO MEHSTh
BJIOJIb BEPTUKAIBHOW ocH Z (W3MEHs BEIMYMHY 3ariayOseHust ¢okyca H3JIydarels) M
TOPH30HTAIBHOU OCH X (M3MEHsISI BEIMYMHY YAaleHHUs (OKyca U3JTydaTelis OT HEMOIBUKHOM
KpOMKH cOopHuka) ¢ miaroM 1 M. HysneBomy ypoBHio 3armyosienust dokyca (Z=0)
COOTBETCTBOBAJIO €ro TOJIOKCHUE HA TPaHMIIC pasfielia BOJA-BO3AYX, HYJIEBOMY 3HAUYCHUIO
ynanenust ¢oxyca usnydartens (X=0) COOTBETCTBOBAJO TMOJOXKEHHE (POKyca Ha KPOMKE
coopHuka. Takke MOXHO OBLJIO W3MEHSTH Yroj HakJIOHa (DOKYCHUPYIOIIEro W3IydaTelis
OTHOCHTEJILHO TOBEPXHOCTH BOJBI C TOYHOCTHIO 10 1°. HyneBoMy 3Ha4YeHHWIO yria HakJIOHa
COOTBETCTBOBAJIO TaKO€ TOJOKEHUE HW3Tydarens, P KOTOPOM HMHIYLIUPOBAHHOE TEUYECHUE
ObUIO HamMpaBliEeHO MapajuIeNbHO TpaHUIlEe pa3/iena BOAa-BO3AYX, a YIiy HakioHa 90° —
MOJIOKEHHE, TPU KOTOPOM HHAYIMPOBAHHBIM aKyCTUYeCKUU (OHTaH ObUT HampaBleH
MEePIEeHIUKYIAPHO TPaHHIIE pa3fesia BoAa-BO3AyX. Bemmuuny akyctudeckoil momrHoctu W
BappUpoBanu B auana3oHe 21-76 BT. AkycThueckas MOIIHOCTh H3JIydaTelsl HU3Mepsiiach
CTaHJAPTHBIM pagroMeTpruuecKkuM metoioM [8]. Jiis uckimroueHust caMoTéKa BOJIbI B COOPHUK
YpOBEHb KPOMKH COOpHHKA yCTaHABIUBAIH COBIAIAIOIIUM C YPOBHEM BOJIBI.

CJ'IC,I[yeT OTMCTUTb, YTO CYHICCTBYHOT CCTCCTBCHHBIC OTI'PAHUYCHUSA Ha B3aUMHOC

PACIOJIOKCHUEC HU3JIYHATCIIA OTHOCUTCIIBHO TMOBCPXHOCTU BOJBI U KPOMKHU C60pHI/IKa. HpI/I
AOCTHIKCHUU HCKOCIO0 KPUTHYCCKOI'O0 3HAYCHHUA OJHOTO0 M3 TCOMCTPUYCCKUX I1apaMETpPOB
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3HAYEHHE MPOU3BOJUTEIBHOCTH MajaeT A0 Hyis. Hampumep, eciau OYCHb CHIIBHO YIaJIHTh
dokyc m3my4arens OT KPOMKM COOpHHMKA, TO aKyCTHYeCKuil (OHTaH (IIPpU HEHM3MEHHOM
3HAYEHHH WHTEHCHBHOCTH) MOXXET HE JIOCTHYb COOpPHMKA. AHAJOTHMYHO, €CIM OYEHb CHUIILHO
3arnyouth (okyc wu3nmydartenss Oe3 M3MEHCHHs 3HAYCHUS MHTCHCHBHOCTH HW3JIy4CHHS,
aKycTH4yeckuil (oHTaH wucye3HeT. KpuTHueckue 3HAYCHHS YIJIOB HAKJIOHA H3JIydaTelis
OTIPECIISIFOTCS, OMSTh )K€, BHIOPAHHOW MHTEHCUBHOCTBIO aKyCTHMYECKOW BOJHBL [Ipu maibix
3HAYEHMSX MHTCHCUBHOCTU M MAJbIX 3HAYCHHUSAX yrila HAKIOHA M3JIydaTessl aKyCTHYCCKUi
¢dontan He oOpaszyercs. Bmecto akyctmueckoro (oHTaHa HaONIONaeTcs HEKOoe Moaodue
«BOJSHOTO TOpOa». JIOTMYHO MPEANOJIOKHUTh, YTO C IOBBIIICHUEM WHTCHCHBHOCTH
YBEJIMYMBACTCS TUANA30H JTOMYCTUMBIX YIJIOB. YUUTBHIBas TH OTpaHUYCHHS, ObUT BhIOpaH
CIIEYIOLIHIA JIMana30H U3MECHEHHUs MOJI0KEHHsS U3JTydaTessi: paccTosHue (Gokyca OT KPOMKH
coopuuka Xe[0,25] MM, nuana3zoH wu3MeHeHHs 3arnyOneHus (OKyca OTHOCHTEIILHO
noBepxHocTH Bombl Z€[0,8] MM, auama3oH M3MEHEHUsS YIJIOB HAKJIIOHA OCH W3JIydarelis
@ €[27°,50°].

AKycmuqeckuy QoHmaH

bozdyx

)

fod Ocb X

yzon
HaK/IOH

\U3nyHamernd

DXIIHOOGT DYWOY

usnyHaeiasa ﬂUﬁE,UXHU[ Tb

Pucynok 1. Cxema 3xcniepuMeHTaIbHON ycTaHOBKH, F — (hokycHOe paccrosiHue. Y naneHue
(doxyca uznmyyatens OT KPOMKH COOpPHUKA COOTBETCTBYET YBEITMUECHUIO KOOPAUHATHI X,
3ariyonenue Gpoxyca u3nydarelis COOTBETCTBYET YBEIHMUEHUIO KoopAuHaThl Z. 3HaueHue X=0
COOTBETCTBYET MOJIOKEHUIO POKyca Ha KpoMKe cOopHUKa, 3HaueHue Z=(0 COOTBETCTBYET
MOJIOKEHHUIO (POKyca Ha IpaHulIe pa3jiena BoJa-Bo3ayX

I/I3MepeHI/I$I IMPOU3BOAUTCIIBHOCTHU  BBINIOJHAJIOCH  CJIICAYHOIIIUM 06pa30M. Cnauana
(I)I/IKCI/IpOBaJ'II/ICL 3HAYCHHUEC YIJIa HAKJIOHa q)OI(y'CI/Ipy}OH_IeFO u3jydareisds MW BCIUMYHUHA
BaFJ'Iy6J'ICHI/I5I (bOKyca. 3aTrem H3J1ydaTe]ib ICPEMCIIAJICA BAOJIb FOpHSOHTaHBHOﬁ OCH C Iarom
lvmm B BbI6paHHOM JuamazoHe. B kaxIoW Todke ONpCACIIAIIOCH CPEAHEC II0 YCThIpEM
HU3MCEPCHHUAM 3HAYCHUC o0beMa 336I/IpaeMOI71 (I)OHTaHOM KUIKOCTH 3a (I)I/IKCI/IpOBaHHOG BpEMH.
I[aﬂee U3MCHAIOCH BaI‘J'IY6J'ICHI/IC Ha 0,5 MM. I/I3MCpCHI/I}I MOBTOPAIUCH IIPU MEPECMCIICHUU
HU3JIydaTeiid BIOJIb POpHBOHTaHLHOﬁ ocu. B CHCILYIOIHGIZ cepun HSMCpCHI/Iﬁ YroJi HakKJIOHa
HU3JTydaTeJid U3MCHAJICA Ha 1°u HU3MCPCHUA NPOU3BOAUTCIBHOCTH MPOBOAWUIIUCH I1O TOM XKe
MCTOOUKCE.
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2. PE3VJIBTATHI OKCIITEPUMEHTOB
IIpoBeneHHBIE HKCIEPUMEHTHI IIOKA3alM, 4YTO CYIIECTBYET ONTHUMAJIbHOE 3HA4YCHHUE

yhnaneHus (Qokyca H3IydaTenst OT KpPOMKH cOOpHHMKa X, =~ M ONTHMaJbHOE 3HAueHHE

3armyOneHust (oKyca H3IydaTelsi OTHOCHUTEIBHO TMOBEPXHOCTH BOIBI Z P KOTOPBIX

ont !
MIPOU3BOIUTEILHOCTh JOCTHTAaeT HauOOJbIIETro 3HaueHWs. Ha puc. 2 mokazaHo M3MeHEHHe
3HAYCHUs MPOU3BOAUTENLHOCTH Q B 3aBHUCHMOCTH OT BEJIMYMHBI yJaleHus Qokyca
u3nyyatens X Uil [T 3HAQUEHUH YIJIOB HAKJIOHA M3Iydarens ¢ Npu (PUKCUPOBAHHOU
akyctudeckoil Mmomuoctd W = 21 BT u (UKCUpOBaHHON HYNEBOW BEIMYMHE 3ariyOJeHHUS
doxyca nznmyuarens Z = 0.

BoiOpanHbIif HaMK JUMana3oH W3MEHEHUs MOJIOKEHMsI (OKyca OTHOCHTEIBHO KpPOMKHU
coopuuka Xe[0,25] MOXHO pa3OUTh Ha TpPU YACTH, KAXKIYI0 U3 KOTOPBIX CIEAYyeT
paccMoTpeTh oTaenbHO. [1epBrlil quana3oH cooTBeTcTBYeT 3HaueHusIM X €[X,,25] u rakomy
MOJIOKEHUIO H3JIy4yaTelisd, HpU KOTOPOM HHIYLHMPOBAaHHBIM aKyCTUYECKHl (OHTaH He
KacaeTcsi KpOMKU cOopHuka. Jlyig ompeneneHHOCTH OyAeM Ha3blBaTh TAKOW aKyCTHYECKHM
(boHTaH «c600600HbIMY. [IpON3BOANTENIBHOCTD B IAaHHOM JAMAaNa30He IPUHUMAET MOCTOSHHOE

3HaYCHUE Bropoii mmamaszon coorBerctByeT 3HaueHusM X €[0,X,], opu KoTopsIX
1

cB0oG *
4acTh (HOKATbHOW 00JIaCTH TEePEKPHIBACTCA KPOMKOW COOpHHMKA M XapaKTEPHU3YeTCs
NOHIDKCHHBIM ~ 3HA4Y€HHEM  Ipou3BouTeNbHOCTH. Tpermii  muanazon X €[X,, X,]
COOTBETCTBYET CIy4al0 CONPHUKOCHOBEHHUS aKyCTUYECKOTO (DOHTaHAa B MOMEHT 00pa30BaHMs C
KPOMKOH COOpDHHMKAa M XapaKTepPH3yeTCsl HAIMYHEM OSKCTPEMyMa IIPOM3BOJUTEILHOCTH.
3naueHus X; m X, 3aBUCAT OT BbIOOpa HUCHOJIb3YyEeMOW aKyCTHUECKOH MOIIHOCTH U Mallo
3aBHCAT OT yIJia HAaKJIOHA M3JIydaTessl U BEJIMYWHBI 3ariayoneHus (oxyca mamydarens. s
cilydasi, TIOKa3aHHOTO Ha PUC. 2, U1 BCErO MPEACTaBICHHOTO JHara3oHa yIrJIOB HAKIOHA

m3nydarens ¢ X, =6mM, X, =16MM. YBeauueHue NPOU3BOIAUTEIBHOCTH B JAHMANa30HE
X e[X,,X,] Habnromaercs misi BCeX HCCIEAOBAHHBIX YIJIOB HAKIOHA U3 JWana3oHa

@ €[27°,50°] u npesbimaer Q_ . Ha 15-20%. Tak, nmpu QUKCHPOBAHHOM 3HAYCHHH YIJIa

CBO

HakJoHa ¢@=36° mpouzBoautenbHOocTh Q_ . =10,7mi/c, a B Touke X = 10 MM 3HauyeHHe

cBOO —

npousBoaurensHocT Q= 13,3 mur/c, uro npesblmaeT 3Hadenue Q. Ha 20%.

I/ITaK, MOXHO CJA€CJIaTb BBIBOJ, 4YTO I KaXAIO0I'O (I)I/IKCI/IpOBaHHOFO yriia HakKJIOHa
u3jydareiia ¢, 1npu (I)HKCHpOBaHHOﬁ aKYCTH‘{eCKOP’I MOIIIHOCTH, CYHIECTBYCT ONTUMAJIBHOC

3HaYeHue ynaneHus (okyca wuziyyaTens OT KPOMKHM cOopHHKa X IpY  KOTOPOM

ont !
IIPOU3BOIUTEIILHOCTh UIMEET HauOoIblee 3HAYCHHE.

Ha puc. 3 moka3aHO H3MEHEHHE 3HAYeHMs NPOU3BOJAMTEIBHOCTH B 3aBUCHUMOCTH OT
BEIMYUHBI 3arnyoneHuss Qokyca wusnydarens Z Ui TeX K€ 3HAYEHHUH YIJIOB HakJIOHA
u3Iydarens ¢ W Toi ke akycruyeckoi momuoctd W = 21 Br, yto 1 Ha puc. 2. [Ipuuem,
3HaYeHue yhaneHus Qokyca wuzgydarenst OT KpOMKUM CcOOpHUKAa (UKCHPOBAJIOCH H

BeIOMpanock ontumanbHbiM (X = X_ ). U B maHHOM ciydae cieayerT pa3OuTh paboumit

OIT

JUaria3soH HM3MCHCHHA  BCIIHMYMHBI 3aFHy6HeHI/I$I (bOKyCB. HU3JTy4aTCiisi OTHOCUTCIIBHO
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nosepxHoctn Boabl Z €[0,8] wa Tpm wactm. [umamaszomsr Z €[0,Z,] u Z€[Z,,8]

XapaKTEepPU3YIOTCSl IOCTENEHHBIM YMEHBUICHUEM IPOU3BOJAUTENBHOCTH JI0 HyJId. OITO
OOBSICHAETCS TEM, YTO TMPU TOJOKEHUHU (POoKyca M3IydaTesst HEMOCPEACTBEHHO Ha T'PaHHIIe
BOJa-BO3/1yX Miu BOmM3u He€ (Z~0), yacTh aKyCTUYECKOW ZHEPIUM TEpAETCs, a IpU OYECHb
OONBIIMX 3HAUCHHSIX 3ariayOJeHus aKycTH4eckud ¢GoHTaH He oOpasyercs. ITo

00yCaBiIMBaeT HAJIWYME OSKCTPEMyMa MPOM3BOIUTEIBFHOCTH B juanasone Z €[Z,,Z,].
Bemnuunel Z, u Z, onpenaensiorcs dKCHepuMeHTanbHo. Hampumep, a1t GpukcupoBaHHOTO
3HAUCHUs yIJla HakloHa @ =36° cormacHo puc.4 Z =1mm, Z,=5 MM, a npu Z=3 MM
Ha0Iro1aeTcst MakCUMyM npousBoautensHoctd Q. =152 mi/c. Kak Obl10 MOKa3aHO BhILIE
(cm. puc.2), npu @=36° NOPOU3BOAUTEIBLHOCTh CBOOOJHOrO (OHTAHA COCTaBISET

Q..o =10,7 mui/c, cnenoBatensrno Q. mpeBocxoaut Q. . Ha 30%.

T T
—m— =36
14 P S " $=37
V- X \ —A— (=38
(3) / N\ —v— ¢=39
S AN TTA_a A _
=P y '/j/v A-A =40
3 %% * .
[3) ‘/ \ \ A
o E A w B
5 e/ N\ \>F4\ N\
S vt a
d 10 44 A v
= | *
= /
g ] :/L
g 8_ﬁv;_:/A/
= e
6 . . . . . .
0 4 8 12 16 20 24

YpaaneHue cokyca usnydatens ot KpOMku c6opHuka X, Mm

Pucynox 2. 3aBUCUMOCTb TPOU3BOAUTEIIBHOCTH aKyCTUYECKOrO (DOHTAaHA OT BETHMUUHbI
yaaneHus pokyca u3ydaresist OT KpoMKu cOopHuKa, Z = 0, ¢ — yroj HaKJIOHa U3TydaTelis B

rpanycax, W = 21 Br. B muanaszone X € [6,16] MM HaX0IUTCs SKCTPEMYM

npousBoautenbHoctd Q. . ITpu X > 16 MM IpoU3BOAUTENBLHOCTh CTPEMUTCS K

IKCT

nocrossHHOMY 3Hauenuto Q. .. [Ipuuem Q, . mpessimaer Q,, , Ha 15-20%

cB0O * IKCT

Wtak, MOXHO clenaTh BBIBOJA, YTO JUIS KaXAOro (UKCUPOBAHHOTO YIjla HaKJIOHA
u3nydarens ¢ T1pu (QUKCHUpOBaHHOW akyctuueckoi MmomHocTh W u  (uKCUpoBaHHOMN

ONTUMAJILHOW BEIMYMHE yJaleHus (QoKyca u3lydyareias OT KpOMKH cOOpHHMKa X

OmT

CYIIECTBYET ONTHUMaJIbHasl BeIMYMHa 3arnyOsieHus (okyca uznyudatens Z, ., IpU KOTOPOH

onr !

MMPOU3BOAUTCIIBHOCTE NOCTUTACT MAKCUMAJILHOT'O 3HAYCHU Qmax .
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Ha puc. 4 nmoka3aHo M3MEHEHHE MPOU3BOAUTEIBHOCTU NMPH (PUKCHPOBAHHOM 3HAUCHHUH
yrna HakioHa ¢ = 40° u ¢QuxcupoBaHHOM akyctmueckoi Mmomuocth W = 21 Br B

3aBHCUMOCTH OT M3MEHEHHsI BEJIMUMHBI yAajdeHus (HoKyca H3irydaTenss OT KPOMKHA COOpHUKA
X TIpH pa3iaMyHBIX BEIHMUMHAX 3ariayoneHus Gokyca uznmydarens Z. Puc. 4 moarBepxaaer, 4To

CYIICCTBYIOT TAKUC 3HAYCHUA Xon )41 ZOH IIpU KOTOPBIX HNPOU3BOAHUTCIBHOCTb AOCTHUIacCT

T T

MakCUMalbHOTrO 3HaueHus. CoOTBETCTBYIOIIME 3HaueHuss X, W Z ObUIN [OJIy4EHBI €llle

T
JUIA TpeX 3Ha4eHUH akyctuueckoi Momnoctu (31 Bt, 45 Bt u 76 Bt). 310 03Havaer, 4yro npu
pa3IMYHON aKyCTUYECKOM MOIIHOCTH Il (UKCUPOBAHHOTO 3HAYEHHUS YIjla HaKJIOHA

u3NyyaTels ¢, CYHIECTBYIOT TaKHe 3HAuY€HUs BEIMUYMHBI yraieHus (okyca uziydaTens OT
KPOMKM cOopHuKa X = W 3HaueHHs 3ariayOseHus (OKyca H3JIydaresls OTHOCHTENIBHO

IMOBEPXHOCTU BOJbBI Z IIPpHU KOTOPBIX IMPONU3BOAUTCIBHOCTh AOCTUTACT MAaKCUMYyMa Qmax'

onr ?

ITpuuem Q,,, TPEBOCXOIUT MPOU3BOIAUTEIBHOCTh «CBOOOJHOI0» aKyCTHYECKOTO (hOHTaHa

Q.06 Ha 25-30%.
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PucyHnox 3. 3aBHCHMOCTB TPOU3BOAUTENBHOCTH aKycTuueckoro gonrtana (W=21 Bt) or
BEJIMUUHBI 3arTyOneHus Goxyca u3mydaTesass OTHOCUTEIIBHO OBEPXHOCTH BOJbI Z TIpH
X =X,,, ¥ pa3iMuHbIX 3HAYCHHSX YIJIa HAKIOHA M3iydarenis ¢ . B nnanaszone Z €[2,6] mm

HaxXOoUTCA SKCTPEMYM IIPOU3BOAUTCIIEHOCTU Q MMpU4eM 3HAYCHUC Qmax IMPCBLIIACT

max *

3HaUCHUE MPOU3BOUTEIBLHOCTH cBOOOJHOTO oHTaHa Q,, o Ha 25-30%

Ha puc. 5 moka3aHa 3aBUCHMOCTb MPOU3BOAUTCIIBHOCTU Qmax OT BCJIMYHHBI YI'JIa HAKJIOHA

u3jydareiida @ I1Opu PAa3IMYHbIX 3HAYCHUAX aKYCTquCKOﬁ MOIITHOCTHU W. VcaosHas
JIMHEHHOCTD MOJIYYCHHBIX KPHBBIX IMO3BOJIACT CACIATb BBIBOJ 00 OTCYTCTBUH 3aBUCHUMOCTU

Qmax OT BCJIMYUHEBI YI'JIa HAKJIOHA U3JTy4aTCJIs. To €CTb, MaKCUMaJIbHAaA MMPOU3BOJUTCIIbHOCTDb

AKYCTUYCCKOT'O (I)OHTaHa, JoCTUracMas Mnpu 3HAYCHUAX KOOPpAHUHAT X omr A Z

T omnT ?

SABIIACTCA

¢byHKIMEH TONBKO aKyCTHYECKOM MOIITHOCTH.

. N. KoHonaukas, M. A. MupoHos, M. A. MNMartakos, B. O. ®aTees
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PucyrOK 4. 3aBHCHMOCTH MPOW3BOAUTEIHLHOCTH aKyCTHIECKOTO (poHTaHA Q OT BETHMYMHBI

yaaneHus Gokyca uznyyaTesns OT KpOMKH cOOpHHUKa X MPU Pa3InYHBIX BEIMYMHAX
3arnyonenus ¢okyca nznydatens Z U QUKCUPOBAHHOM 3HaueHUH ¢ = 40°
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Yron HaknoHa uanyyarens, rpag

PI/IC}’HOK 5. 3aBUCUMOCTH MPOU3BOAUTCIIBHOCTU aKyCTHUYCCKOTO (I)OHTaHa Qmax OT BCJIIMYUHBI

yrijia HaKJIOHa U3J1ydareiisd ¢ IPU Pa3JIMYHBIX 3HAUCHUAX aKYCTquCKOﬁ MOIITHOCTHU
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3. OBCYXXJAEHUME SKCIIEPUMEHTAJIBHBIX PE3VYIIBTATOB

3.1. Ca#u3b BeJINYMH ONTHMAJIBLHOIO yIaJeHHs U 3aray0Jienust (pokyca u3aydaress ¢
pa3mepamu GoKaTLHOTO MATHA
Kak nokasanu sKCnepuMeHTHI, Iporecc 00pa3oBaHusl aKyCTUYECKOTo (OHTaHa (KaK U €ro
HpOI/I?;BOIII/ITCJH)HOCTI)) 3aBUCUT OT IIOJIOKCHUA q)OKyca N3JIydaTciid OTHOCUTCIIbHO I'PAHUIIBL
pasgena Boma-Bo3ayX. Kak wm3BectHo [9], ¢oxampHas o0nacTh  (POKYCHPYIOIICTO
cepruIecKoTo H3ITydyaTessl MPEICTABISCT COOON SIUTUTICOU] BPALLICHHUS C ITOJIyOCSIMH
| A . 0,611F
2 1-cosa,'’ @ a

rae |/2 — Gombimast mosyocs, I, — Maast MOIyOCh, A — UTMHA BONHBI, ¢, — MOJIOBHHA
yrjia pacKpbITHS U3JIydaTelsi, & — pajauyc iacTuHbl, F — GokycHOe paccTosHue.

B mamewm ciydae /1:C/ f,=15mm, rme ¢ — cxopocts 3Byka B Bome, f = 1 MI'm —
9acToTa yAbTpas3ByKa, ¢, =27°, 2a =65 MM, F = 70 MM, 1, cienoBartensHo,

1/2=13,8 mm, 1, =197 Mmm

WJIN B JJIMHAX BOJIH

1/2=9,24,r,=1341.

Ecnu mpennonoxute, uto HamboJblllee 3HAUEHHWE MPOU3BOAUTEIHLHOCTH COOTBETCTBYET
CIIydal0 TOJHOIO MOTpYyXeHUs (oKalIbHOM 001acTé B BOAY, TO HPHU MEPHEHAUKYIIPHOM
MaJIeHUN yIbTpa3ByKa Ha TPaHUIly pasjesia Boja-Bo3ayX (¢=90°) s MOJHOTO MOTPYKECHUS
(hokampHOU obmactu HE00X0MMO 3arayOuTh hoxkyc W3ITyqaTess Ha

Bemuuny Z . =1/2=138 mm. B ciayuae HaKIIOHHOTO MaacHus yabTpa3Byka (9£90°), hoxyc

TEOP

U3ayvaress HeoOXoauMo 3arnyouTh Ha BenmuuHy Z =1/2-sing. Taxke, He0OX0AUMO

TEOp
UCKIIIOYUTh BO3MOXHOCTh CONPUKOCHOBEHHS (DOKaIbHOW OO0JacTH U KPOMKH COOPHOTO
ycTpoiicTBa, 4TO oOecreynBaeTcsl cMmeleHueM (Qokyca wu3nydarens OT KPOMKH Ha

Benuunny X . =1/2-cos¢, npu 1/2-cos¢e >r,-sing, win Ha Benuuuny X, =TI, -Sing,

TEOP TEOp

npu |/2-cosp<r,-Sing. Pabounii nuana3oH yriioB HaKIOHA H3iydarens ¢ € [27°-50°]
COOTBETCTBYeT ciydato |/2-C0S@ >r,-SiNg, a 3HAYNT, MOJHOE MOTPYXEHHE (OKATBHON

oOiactu AOCTUTACTCs IIPU 3aFJIy6J'IeHI/II/I (1)0Kyca HU3JIy4aTeiisl Ha
Z. = ['Esin 27°,|§sin 50°] = [6,3 mm, 10,6 mm] = [4,24,74]

U yaajgeHuu (okyca u3inydaTens OT KPOMKU COOpHHUKA Ha

X reop = [lzcos 27°,|§c0350°] =[12,3 MM, 8,9 mm] =[8,21,61].

Hanpumep, 11 yrina HakiaoHa uznydarenst ¢ =40° gokanbHas o0nacTh OyAeT MOJTHOCTBIO
3aryy0sneHa mpu nomenieHuu Qokyca msnydarens B Touky (X = 10,6 mm, Z = 8,9 mm).
OnHako, Kak cliefyeT u3 puc. 4, MAaKCUMaJIbHOE 3HaYeHUE IPOU3BOIUTEILHOCTH JOCTUTAETCS

Ipu noMmeleHnu Gokyca usydarens B Touky X, =16mm, Z  =4wmm. Ha puc. 6 nokazaHo

. N. KoHonaukas, M. A. MupoHos, M. A. MNMartakos, B. O. ®aTees
M3MepeHMe Npon3BoaUTENBHOCTM aKyCTUYeCKoro oHTaHa
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nosoxeHne (oKaIbHON 00IacTu ImMpu noMemeHun (oxyca usirydarens B Touky (X, .,Z,..)-

WHTEepecHO OTMETHTh, YTO B HAaYaJbHbI MOMEHT IaJCHHs BOJHBI HA I'PaHHIly pa3leina, 10
oOpa3oBaHusl aKycTHYeckoro (QoHTaHa, YacTh (OKATLHON O0O0JIACTH OKa3bIBaeTCs HE
MOTPY)KEHHOHW B BOJly, U MAKCUMAaJIbHOE 3HAYCHUE MPOU3BOTUTEIBHOCTH JIOCTUTACTCS TOJIBKO
TOTJIa, KOTJJa CyIIECTBEHHAs YacTh (POKaIbHOM 00JaCTH HAXOUTCS BHYTPU CTPYH (POHTaAHA.

Ocb X
bosdyx 76 1 0

>

Z .

Doka/bHas 00/ace S

F S,

7 =

/ 2

/

Manyqamess 0w 7

Pucynoxk 6. Pacriosoxenue ¢hokaapHO#M 007aCTH TIpU MOMENIeHNH (HOKyca U3TydaTess B
Touky ( X, =16MM, Z =4MM), B KOTOPOH HPOU3BOAUTEIBHOCTD IIPHHUMALT

MaKkcUMallbHOE 3HavYeHue. J[o 00pa3oBaHus aKyCcTHUECKOTO (DOHTaHa CYIIECTBEHHAS YacTh
(hokambHOM 00J1aCTH OKA3bIBACTCS HE TIOTPY)KEHHOM B BOY

3.2.  MexaHu3m o6pa3oBaHus IKCTPeMyMa

Kak crnenyer u3 3aBHCHMOCTEH, NpPEICTaBICHHBIX Ha puC. 2—4, NpU ONpPEleICHHOM
PaCMOJIOKEHUU U3NydaTenss MPOU3BOJUTEIBHOCTh JOCTUTaeT MaKCHMaJbHBIX 3HAYCHUH.
Jlanum oObsAcHeHHEe HaOM0JaeMO 3aKOHOMEPHOCTH Ha OCHOBE MPOCTOM (u3mueckoin
MOJIEIH.

[Tociie BO3HUKHOBEHUS HE «CBOOOTHOTO» aKycTH4eCcKoro (hoHTaHa (Koraa cTpyst B MOMEHT
00pa30BaHusl HAXOIUTCSA B COMPUKOCHOBEHUH C KPOMKOW COOpPHMKA) TpaHHIla pa3jeia BOIbI
U Bo3dyxa JAepopMupyeTcss OIpENeNeHHbIM 00pa3oM. A HMMEHHO, Yy Kpas CcOOpHUKa
MOSIBJISIETCST BOJISIHOM Top0, MOJOOHBINM BBITYKIOMY MEHHUCKY, IIMPUHOW paBHOUM AUaMETpy
¢donTana. Ilpu oTcyrcTBUM aKycTUYeCKOTO (OHTaHA MPHU TOBBIIIEHUHA YPOBHS BOJIBI (CM.
puc. 7) TOSBHICS OBl CTOK BOJBI, MPOM3BOJUTEIHLHOCTh KOTOPOrO MOYKHO OIICHUTH
cinenyomuM obpazom. Ilyctes munuuap auamerpoM 2R OKpy:KEH BOJOM TakK, 4TO BOKPYT
oOpa3zoBayics MeHUCK BbicoToi H. [Ipu moBeIieHNH YpOBHS BOABI 0€3 MOSBICHUS BOJHEHHS
HAYHETCS CTOK KUJKOCTU B LMJIUHAP CO CKOPOCTHIO

V=,/20H ,
rne g =9,81 M/ ¢® — ycKopeHHe CBOGOIHOTO TaICHHUSL.

Torma ,Z[O63BO‘IHYIO OPpOU3BOAUTCIIBHOCTD MOKHO OLICHUTDH KaK

. N. KoHonaukas, M. A. MupoHos, M. A. MNMartakos, B. O. ®aTees
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3
Qua=v-$ = [2gH -L-0H = 2 20LH? [w'/c],

rae S = L-H — muiomans Haq DUAMHIPOM, ¢ KOTOPOH MPOUCXOIUT CTOK, L — pabouas aimmnHa
OKPY>KHOCTH IIWJIMHJPA, BJOJIb KOTOPOU IPOUCXOANUT CTOK BOJIBI.
JUia aHHBIX, MOKa3aHHBIX Ha puc. 4, paboyas 4acTh JJIMHBI OKPYXHOCTH, OTpaHUYEHHAas

JIMaMETPOM CTpPYH, ObliIa OIpE/eieHa KCIepPUMEHTANbHO U cocraBuna L =2R_ ~lcwm.

Cnenyer oTMeTHTh, 4TO pabouasi 4acTh JJIMHBI OKPY>KHOCTHU L, CTpOro TroBOpsi, SBIISICTCS
¢bynakuuei X — ynanenus Gokyca u3nydaress oT Kpomku cOopruka. B Tabnuie 1 npuBeneHb

3HAYCHUA MPOU3BOJUTCIBHOCTH Q PACCUUTAHHBIC TIPpHW PA3JIMYHBIX 3HAYCHUAX H.

1006 ?

JKupHeiM mpUGTOM BBIIEIEHBl TAKUE 3HAYEHUS J00ABOYHOW MNPOM3BOAUTENBHOCTH Q o,

KOTOPBIC, COINTAaCHO JaHHBIM pPHUC. 4, Xopomo COoriaacyrorcsa ¢ SKCIICPUMCHTAJIbHO
HU3MEPCHHBIMU  BCJIIMYWHAMMU. HeﬁCTBHTeHBHO, €ClIM M3 MAaKCHUMaJbHOM  BEIMYHHBI

npousBouTenbHOCTH Q. =152Mi1/c (Uit ¢ =36°) BBIYECTh BBIYHCICHHYIO J00aBOYHYIO

BennunHy Q.= 4,8 wmi/c, To mnomyuum 3HadeHwe, Omuskoe k Q. =10,7mi/c,
COOTBETCTBYIOIIEE MPOU3BOJAUTEIBLHOCTH «CBOOOJHOTO» (QoHTaHa. Bricora Menucka H,
obecrieunBaromasi 100aBOYHBIA CIMB  KHUJIKOCTH, COBHagaeT C HaONIOZaeMBIMH B
HKCIIEPUMEHTE BEIUYMHAMHU.

Pazymeercs, 3TO paccyk[eHue He SBISIETCS CTPOIUM JI0Ka3aTeIbCTBOM M HOCUT XapakTep
KaueCTBEHHOTO 00BsicHeHUs 3 deKTa.

Tabmuna 1. Jlo6aBouHas IPOU3BOAUTENLHOCTE Q. o 3@ CYET CTOKA BOJBI, IIOJ] AEHCTBHEM
CHWJIBI TSDKECTH, B 3aBUCUMOCTH OT BBICOTHI 00pa3oBaBIerocs MeHucka H

H, MM Q065 MIVC
1 0,9
1,5 1,7
2 2,6
2,5 3,7
3 4,8
3,5 6,1
4 7,5
4.5 8,9
5 10,4

— Pucynoxk 7.
MEHUCK OO6pa3oBaHNe MEHHUCKA Y KPOMKH COOpHUKA.
S [Ipu nanpHeieM MOBBIIIEHUN YPOBHS BOJIbI

0e3 BO3IeICTBUSA YIbTpa3ByKa HAYHETCS CTOK

. N. KoHonaukas, M. A. MupoHos, M. A. MNMartakos, B. O. ®aTees
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3.3. JInHEeiHOCTh 3aBHCHMOCTH NMPOU3BOJAUTEJIBHOCTH OT axycnmecxoii MOIIHOCTH

Kak cnenyer w3 pwuc.5, mpou3BOIUTENBHOCTh (poHTaHAa Ciab0 3aBUCUT OT YyIJa,
GIyKTyupysi OKOJIO COOTBETCTBYIOLIMX CpEIHUX 3HAUYEHUH NpPU BCEX HCIOJIH30BAHHBIX
3HAYCHUSAX aKyCTHUecKod MmomHoctu. Ha puc. 8, Ha OCHOBe MaHHBIX pHC. 5, MOCTpOEHA
3aBUCHUMOCTb IPOU3BOJUTENBHOCTH OT aKyCTH4YEeCKOM MOIMHOCTH. C OOJBIION CTEHNEHBIO
TOYHOCTH 3Ty 3aBHCHUMOCTb MO’KHO aIlllPOKCUMHPOBAaTh JIMHEHHON ¢(yHkiue. Ha nanHbIii
MOMEHT CUUTAETCS, YTO AaKyCTHYeCKMi (OHTAaH BO3HUKAET Oyarojapsi HAIWYHIO
panuanMoOHHON CHIIBI, WM PaAMallMOHHOTO JIABJICHUS — CPEIHEE 10 BPEMEHHU M30BITOYHOE
JIaBJICHUE Ha MpPEMSATCTBUE, MOMelleHHoe B 3BykoBoe mosie [9]. ITlockonbky BenuymnHA
pagualMOHHON CUJIBI JIMHEWHO 3aBHCUT OT MHTCHCHMBHOCTH aKyCTHYeCKoWl BoJIHBI [1], TO
MOXXHO MpPEIIOJIOKUTh, YTO MMEHHO paJMallMOHHAs CHUjla OTBETCTBEHHA 3a 00pa3oBaHUE
aKyCTH4YeCKOTO (POHTaHA.

He
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AkycTnyeckas MOLLHOCTb, BT

Pucynox 8. 3aBUCMMOCTb IPOU3BOAUTENIBHOCTH aKycTHyeckoro onrana Q. oT
AKyCTHUYECKON MOIIHOCTHU

3AKJIFOYEHUE

OcHOBHBIE Pe3yNIbTaThl PadOTHI 3aKIHOYAIOTCS B CIEIYIOIIEM:

- BIIEPBbIE U3MEPEHA IPOU3BOIUTEIBLHOCTh aKyCTHUECKOTO (DOHTaHAa;

- MOKa3aHO, 4YTO TPOU3BOJMUTENBHOCTh AaKYCTHYECKOro (OHTaHAa JIMHEHHO CBs3aHa C
aKyCTHYECKOI MOIHOCTBIO (DOKYCHPOBAHHOTO YJIbTPa3BYKa;

- Ipu (QUKCHUPOBAHHOW aKyCTHUYECKOH MOIIHOCTH IPOU3BOAUTENBHOCTh aKyCTHUYECKOIO
(oHTaHa 3aBHCUT OT ylaleHus Gokyca U3ydaresas OT KPOMKH COOpPHHKA U OT 3ariyOieHus
¢dokyca wu3Iydaresss OTHOCHUTEIBHO TIOBEPXHOCTH BOJBL. OTH 3aBUCUMOCTH HMEIOT
9KCTpeMyM. B Touke  sKcTpemMyma — HAOMIOAAaeTcs  MaKCHUMalbHOE  3HA4YCHHE

MIPOU3BOIUTEIILHOCTH, MPEBBIIIAIOIIEEe MPOU3BOAUTEIBHOCTh «CBOOOAHOTO» (OHTaHAa Ha
25-30%.
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