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BBEAEHUE

B ycnoBusix yxkecTouarommxcst HOpM II0 IIIyMy Ha
MECTHOCTH [ 1] mpu mpoeKTUpOBaHUU HOBBIX WJIU MO-
JEepHU3ALUU CYIIECTBYIOIINX CAMOJIETOB IpakKaaH-
CKOM aBUallMM HEOOXOOMMO MMETh IpeIcTaBIeHUE
00 MX OCHOBHBIX UCTOYHMKAX IityMa. OIHUM U3 3a-
METHBIX UCTOYHUKOB IIIyMa CaMOJIeTa C IBUTATEISIMUI
BBICOKOI CTEITeHH IBYXKOHTYPHOCTH, PACIIOIOXEH-
HBIMM Ha MWJIOHAX IO KPbUIOM, SIBJIseTCsS 3(PdeKT
a3POaKyCTUYECKOTO B3aUMOMENCTBUSI PEaKTUBHOM
CTpyHu 1 Kpbiia [2, 3], KOTOpHI B 001aCTH HU3KUX U
CPEIHUX YAaCTOT MPOSIBIISIETCS B BUAE CYILIECTBEHHOTO
YCUJIEHUS IIIyMa CTPyU. DKCIIepUMEHTaIbHAsI OLICH-
Ka BKJIaJla JAHHOTO UCTOYHMKA B MOJTHOE MOJIe IITyMa
caMoJieTa B JIETHBIX UCITBITAHUSIX 3aTPYAHUTEIbHA 110
pSay OpUYUH (CTOUMOCTB, CJIOKHOCTh ITPOBEIECHUS
n3MepeHui 1 T.4. [4, 5]), 1 OOBIYHO ITPOBOISITCS MC-
clleoBaHUs [IJIsl MaJOMacCIITaOHBIX MojeNleil ¢ mo-
CIIEAYIOIIUM TIEPECUYEeTOM Ha HATYpHBIE YCI0BUS (Ha-
npumep, [6]). OmHAKO U TaKOil MOAXOI He BCETIa MO-
KeT OBITh peain30BaH, HalpuMep, Ha HaYaJabHOM
STare MPOEKTUPOBAHUSI CaMOJIETa, KOTJa €ro reo-
METpUUYECKHE TTapaMeTPhbl, B YaCTHOCTU MapaMeTphl
CHCTEeMBI “IBUTATEIIb—KPHIJIO”, He 3a(UKCHUPOBAHBI
OKOHYATEeILHO. B TakoM ciydyae 1151 mpeaBapuTeib-
HOI OLIEHKM IIIyMa IPOeKTHUPYEeMOro caMoJieTa Ha
MECTHOCTH, B TOM YHCJIE C LIeJIbI0O ONTUMU3ALINY HEe-
KOTOPBIX ITApaMETPOB C TOUKU 3PECHUS aKyCTUKU, 1ie-
JIecoo6pa3sHO MCHONb30BaHUE PACUYETHBIX MOAEeH

OCHOBHBIX WCTOYHWKOB IIIyMa, BKITIOYAIOIIUX (-
dexT B3anMoneiCTBUS CTPYyH 1 KPbIJIa.

CyilecTByloliie MOJySMIUPUUYECKHE MOMAEIU
a’pP0aKyCTUYECKOTO B3aMMOICCTBUS CTPYH U KpblLa
caMoJieTa CBSI3bIBAIOT MOSIBJIEHUE JOMOJIHUTETHLHOTO
WCTOYHMKA IIIyMa C pacCessHUEM KpYyIMHOMAacITad-
HBIX TUAPOINUHAMUYECKUX BO3MYIIEHUU OJUXHETO
IOJIsI CTPYM Ha 3aaHei KpoMmke Kpbuta [7—11]. M3Ha-
YaJlbHO JIaHHbIE MOJIEJIM pa3padaTblBAIMCh IS
VIIPOIIEHHO# KOH(MUTypallMu, B KOTOPOii paccMmar-
pUBaJIOCh B3aMMOAEHCTBUE OJHOKOHTYPHOMN CTpYM,
HCTEKAIOLIEH B MOKOSAIIYIOCH CPELy, MU KOTOpasg MO-
JeJINpyeT KPbLIO TIJIOCKOM IIaCTUHBI, TapasjieIbHON
ocU CTpyu. 3ajaueit Takoro poja Mojesieit sBisieTcs
pacyeT lyMa B3auMOIeiCTBUSI CTPYU U TIJTACTUHBI Ha
OCHOBE XapaKTEepUCTUK ITyJIbCcallMil B OIMKHEM TT0JIe
CTpyHU. DTU XapaKTEePUCTUKU MOTYT ObITh U3MEPEHBI
WJIW pacCYMTaHbI KaK 11l CBOOOAHOI CTPYU B OTCYT-
cTBUE racTuHLI [8, 10, 11], Tak U HETTOCPENCTBEHHO
Ha TOBEPXHOCTHU MIacTuHbI [9]. B nmocnenyomux pa-
0oTax paccMaTpUBAJINCh PA3TNYHBIC MOIN(PUKAIINHT
MoJieJieli C 1IeJIbI0 paCCMOTPEHMUS BIUSTHUS Ha IITyMO-
o0pa3oBaHUe 10 OTAEJIbHOCTH TaKuX JOTOJHUTEb-
HBIX (PaKTOPOB, KaK CTPEJIOBUIHOCTE Kphiia [12, 13],
YTOJI €ro YCTaHOBKMU [14], Haauuue cmyTHOro MOTOKa
[15]. Mexny TeM, IpeacTaBasieT IMIPaKTUYeCKUiA MH-
Tepec 3ajaya pacyeTHOTO OIpPENeIeHUs XapaKTepU-
CTUK 1IIyMa B3aUMOIEUCTBUSI CTPYU U KpbLia ISl pe-
AJIMCTUYHBIX KOH(Urypauuil, COOTBETCTBYIOLLIUX
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TEeM, U4TO PeaU3yIOTCI B COBPEMEHHBIX CAMOJIETax U
coIepKallliX CTPEJTOBUIHOE KPBIJIO C BBITYIIEHHOM
MeXxaHu3alyeil U IByXKOHTYPHOE COILIO.

B HacTosmieit paboTe MmpoBOANTCS TPpOBEpKa ITPH-
MEHHMMOCTHU paHee pa3paboTaHHOI aBTOpaMU “IBYX-
TOYCYHOMU” TTOTYyIMITUPUIECCKOI MOIETN IITyMa B3an-
MoneiicTBus [ 16] K clydaro peaucTUIHO MajloMac-
mTabHOU KoH(Urypauuu “ABYyXKOHTYPHOE COIJIO—
MeXaHN3MpoBaHHOE KpbUTo”. HmXe TipenctaBiieHO
KpaTKoe OTMCaHWe WCIOIb3yeMO MOIean IITyMa
B3aMMOACUCTBUS CTPYU U Kpblia. Jlajgee mpuBeaeHbI
pe3yIbTaThl KCIIepUMEHTAIbHOTO MCCIeIOBaHUS B
3armymieHHo Kamepe AK-2 moJs mysibcaiimii Ha 1mo-
BEPXHOCTH KpbLJa U JAJTbHEr0 aKyCTUYECKOTO ITOJIsI
CUCTEMHI “CTPYSI—KpPELIO”. 3aTeM IT0Ka3aHbl pe3yiib-
TaTBl CPaBHEHMS PACUYCTHBIX XapaKTePUCTHK IIIymMa
B3aMMOACHCTBUSI, TOJYYEHHBIX HA OCHOBE TOJy9M-
MU PUYECKOM MOIEIIH C UCITOJTb30BaHNEM XapaKTepH-
CTHK TIyJIbCAlINif Ha TIOBEPXHOCTHU KPBIJIa, C MTaHHBI-
MU TIPSIMBIX U3MEPEHM 1IIyMa B najbHeM moJie. B 3a-
KITIOYEeHUN CHOPMYIUPOBAHBI OCHOBHBIC BBIBOIBI
padoTHI.

MMOJIYOMITUPUYECKAA IBYXTOYEUYHAA
MOJEJb

B kaudecTBe MOJySMIUPUUYECKON MOIEIM IITyma
B3aMMOJICMCTBUS CTPYU 1 KphLJla camoJjieTa B paboTe
HWCHOJIb3YEeTCs YIPOIIEHHAsI ABYXTOYE€UHAasi MOJIEJIb,
onuvcaHue W pe3yabTaThl BajJuIallud KOTOPOM ISt
VIIPOLIEHHON KOH(puUrypauum “crpysa—IuiacTuHa”
npencTaBieHsl B padore [16]. IIpu pa3spaboTrke naH-
HOIf MoJleJIM paccMaTpHrBajach 3ajada O paccesiHUu
MMyJIbCalnii OIVKHETO TI0JISI CTPYY Ha 3aTHE KpOMKE
MOJYIJOCKOCTU MNpU HAJIUYWU CIIyTHOTO IIOTOKa
ckopoctu V,, (puc. 1). IlonoxeHnue 3anHeil KpOMKU
OTHOCHUTEJILHO cpe3a CoIlia XapaKTepHu3yeTcsl Irapa-
MeTpaMu d 1 h, Kak moka3aHo Ha puc. 1. [Ipenmono-
KEHWE O HEM3MEHHOCTU XapaKTePUCTUK OJIMKHETO
IOJIsI CTPYM IIPU PACIIOIOXKEHUM BOJIM3U Hee pacceu-
Barolleil moBepxHocTH [8, 9, 17] mo3BosgeT pa3ouTh
JMIaHHYIO 3ajJady Ha ToA3aJayd O MOACIMPOBAHUU
OvokHero 1oJist cTpyu (/) 1 ImocaeayioieM paccesi-
HUU HaWIEeHHBIX BO3MYIIECHUI OJMKHETO IO Ha
3aHell KpoMke nonyruiockoctu (/7). B pabote [11]
OBLIO MOKa3aHO, YTO IPOLECC PAaCcCCEIHUI B OCHOB-
HOM OIIpeaeIsieTcsl XapakKTepuCTUKaMu OJIMKHETO
MoJIst BOJM3U KPOMKM U MO3TOMY IIJISl 3aIaHHOM Ya-
CTOTHL () ¥ a3UMYTAJILHOTO YUCJIA A CTPYKTypa Myjib-
cauuii n1aBJIeHUS HA HUJIUMHIPUYECKOMN MOBEPXHOCTU
panuyca ry, OKpy>Xalollleii CTPYI0, MOXET OBbITb OMU-
caHa B BUJIe OMHOPOIHOI BOJIHBI aMIUIUTYObI A, pac-
MIPOCTPAHSIONIEICSI BHU3 II0 IIOTOKY BIOJIb OCH X CO
ckopoctheio V (puc. 1):

i —iw—ing
p(XarOa(pat):Ae ’ (1)
rne (X, r, ¢) — UMIUHAPUYECKasi CUCTEMa KOOP/IU-
Hart, 1 — BpeMsd. Boo6lie ropops, MylIbcalliu OJIMXK-
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HETO IOJIS SIBJISIOTCS CyMNeprno3uliieit 6eCKOHEYHOTO
Habopa a3uMyTalbHBIX MOJ, Buaa (1), omHaKo 3KCIIe-
PUMEHTAIbHBIE UCCAEAOBAHUS XapaKTEepUCTUK MO-
JIAJIbHOTO COCTaBa MPOJEMOHCTPUPOBAIU TOMUHMU-
pOBaHME HECKOJIbKUX MEPBBIX a3UMYyTaJIbHBIX MO
[11], U3 KOTOPBIX OCHOBHOI BKJIa[ B TIOJIE PACCESTHUS
BHOCSIT JIMIIIb ocecuMMeTprudHas (n = 0) Moma u mep-
Basg (n = 1) KocuHyc-mojna. bmaromapss Tomy, 4TO
CTPYKTypa MOJIsI pacCesiHUSI 3TUX IBYX MOJ TTPaKTH-
YeCKH ONMHAKOBa, TO ISl HAXOXIEHUS PaCCEeSTHHOTO
Ha KpOMKE TI0JIsI, BMECTO 3a/lauM O pacCesTHUU KaX-
IO W3 JOMUHUPYIOIIUX MoA (C MNOCIeAYIOIINM
9HEePTreTUYECKUM CYMMUPOBAHUEM TOJIyYEeHHBIX TTO-
Jieit), MOXKHO paccMaTpuBaTh 3aJauy O pacCesiHUM Ha
KPOMKE OCECMMMETPUYHOI MOJBI ¢ XapaKTepUCTH-
KaMU, COOTBETCTBYIOIIIMMY CYMMapHOMY OJIMKHEMY
nojiro [18]. Takum ob6pa3zomM, MOXXHO CUUTATh, YTO B
monenu (1) n =0, a xapakrepucTuku A u ¥ cooTBeT-
CTBYIOT XapaKTEpUCTUKaM IIOJTHOTO MOJs BOAM3U
pacceuBalolieit KpoMKH. Takoi Moaxo. ¢ mpaKTuJde-
CKOM TOYKM 3pEeHUSI Ype3BbIYaliHO YI00EH, TTOCKOJIb-
Ky TIO3BOJISIET M30eXaTh MpoLeayphbl a3uMYyTaIbHOM
JIEKOMITO3UIIMH TOJIs1 MyJIbCallnii BOU3U CTPYyH, KOTO-
past Jaxe JJIsI CBOOOTHOM CTpyM AOCTATOUYHO CJIOXKHA
[11, 13, 18], He TOBOPSI O CTpPye MPU HAJIMIMHU KPEUIA.

BHe nuImMHAPUYECKON MOBEPXHOCTU BO3MYIIE-
HUE ITaBJICHUS YIOBJIETBOPSIET KOHBEKTUBHOMY BOJI-
HOBOMY ypaBHEHMUIO:

0
oX
C TpPaHUYHBIM yciaoBueM (1) 1 ycioBueM U3ITy4eHUS
Ha OeckoHeuHOCTH, T1e M, — ducio Maxa, mocuu-
TAaHHOE M0 CKOPOCTM HalOeraipouiero mnoroka V.
MoxHO noka3aTb, YTO peIIeHWEe KOHBEKTUBHOIO
BOJIHOBOTO YPOBHEHUS JJIs 3aJJaHHOTO TPaAaHUYHOTO
YCJIOBUSI MPUHUMAET CJIEIYIONINI BU:

Kdﬁﬁ—@@—Mﬁ)%x N
e 5
K, (ﬁ,h — (M, - M)zrb)

rie K, — momuduuumpoBaHHas ¢yHkuus becceinst
BTOporo poxaa 0-ro mopsinka, K — BOTIHOBOE YMCIIO,
M — yncno Maxa, TTocCUMTaHHOE MO KOHBEKTUBHOM
CKOpPOCTHU Bo3MyllleHUi V. BpeMeHHOI MHOXUTEb
e~ 31ech 1 majee JUIA KPaTKOCTH OMYIIEH.

I[Ipu pemenun BTOpoii monzamauu (puc. 1, 1)
IIPOU3BOINTCS TIOMCK TTOJIST PaCCeSTHUSI BO3MYIIICHUI
(3) Ha 3agHEN KpOMKE ITOJIYILIOCKOCTU. MIckoMoe pe-
IIeHWe JOJDKHO YIOBJICTBOPSTh KOHBEKTUBHOMY
BOJIHOMY YPaBHEHMIO (2) M TpaHUYHBIM YCIIOBHUSIM B
BUJIC HEINPOTEKaHUS Ha XXECTKOM ITOJyTUIOCKOCTH
(x < 0) 1 paBeHCTBY HOPMAaJIbHBIX CMEIICHUIA TpaH-
Il MEXIy 0OJTACTSIMU TIOA M Hal ITOJIYILIOCKOCTHIO
(x> 0), a Takke yCJIOBUIO U3JTydeHUsI HA OECKOHEeY-
HOCTH. WM3-3a Hammums pa3pbIBHOTO TPaHUYHOTO
ycroBus Tipr y = () TIOWCK peIeHus] TTPON3BOIUTCS

2
Ap — (—ik + M, ) p=0, r>r, 2)

pX,r,0) = A
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Puc. 1. Cxema 3amauu ¥ ee moapasze/ieHUe Ha ABe IT0A3a1auu.

MmeTonoMm Bunepa—Xorga [19], a utoroBoe Boipaxke-
HUe, 3aMrcaHHOe B BUIEe 0OpaTHOTO Mpeoopa3oBaHMS
dypee, anmpokcuMuUpyeTcst B gaabHeM nose (KR > 1)
Ipy TMOMOIIM ABYMepHoro meropa rmepesaina [20].
3neck (x, y, 2) 4 (R, 0, y) — nekaproBa u chepude-
CKasl CHCTeMBI KOODIHWHAT, CBSI3aHHBIC C 3amgHeit
KPOMKOM MOJIYTIJIOCKOCTH. MOXHO ToKa3aTh, YTO B
TUIOCKOCTH, MEPINEHIAUKYJISIPHONH K TIOJYTJIOCKOCTHU
(sin y = 0), perieHne NMpUHUMAET CJIEAYIOIIWI BUL:

2

A(R)sin(6/2)
(1= M (M, — M))— M cos(6)
A1+ M,
KRNI+ (M, — M)

kM —myn
e M
k b
K, (ﬁ‘h — (M, - M)zro)

Tae p, — 3BYKOBOE TIOJie OT pacCesTHUs Ha 3amHeit
KpoMKe OmmkHero mois (3), 4 — pacCTOSIHMS IIO
HOPMAaJI! OT TTOJIYIJIOCKOCTH JI0 OCU CTPYH. BhIpake-
HUe (4) CBI3BIBAeT ITyJIbCAlIUM HJABJICHUS OJVKHETO
MOJIST C IIIYMOM B3aMMOJIEUCTBUS B JaJlbHEM IOJIE B
mwiockoct (R, 0, 0), WIsg mpeacka3aHUsi KOTOPOTO
HEOOXOAUMO UMETh JaHHBIE 00 aMITIUTYAE ITyJIbCa-
LIV TIOJTHOTO TOJsT A 1 O KOHBEKTUBHOI CKOPOCTU
Bo3myleHuii V. B akcriepuMeHTe JaHHBIE TTapaMeT-
PBI MOTYT OBITH ONpeaeSIeHbI C MOMOIIBIO OIHOM ITa-
PBI TaTYMKOB, PACHOJIO0XKEHHbBIX CO CMEIIeHUEM B Ha-
MpaBJIEHUN VUCTEYCHUS CTPYyU, HAIIpUMeEp, Ha HUXK-
Hel TMTOBEPXHOCTU Kpblla BOJIU3U 3aqHEN KPOMKU (B
3TOM clyyae ry = h).

23(R,6,0) =

A(R) 4

X

BSKCITEPUMEHTAJIBHOE MCCIIEJOBAHUE

st mpoBeaeHMsI MPOBEPKU MMPUMEHUMOCTHU OIH -
CaHHOM BBIIIIE MOAEIH IITyMa B3aUMOJICICTBUS CTPYH
M KpBhIJia K peaTUCTUUYHON KOHPUTYpALIUU “IBYXKOH-
TYPHOE COMJIO—MEXaHU3MPOBAaHHOE KpbUIO~ WC-
MOJIb30BAIMCH PE3YJIbTAThl ABYX CEPUI UCTIBITAHUIA,
MPOBENEHHBIX B 3arnylneHHo kamepe AK-2 ITATH.
B pamkax nepBoii cepuu MccaenoBaaoch pacnpene-
JIeHUEe HeCcTallMOHAPHBIX Harpy30K Ha MOBEPXHOCTU
KpbUIa, YTO TTO3BOJIMJIO ONIPEAECTIUTh XapaKTePUCTUKHU
omkHero 1onst A u V, Bxogsaiue B popmyny (4).
B pamkax BTOpoOIii cepuu uccienoBaics 1yM B Aajib-
Hell 30HE, YTO MO3BOJISIIO CPAaBHUTb pacyeThbl IO
dopmyre (4) ¢ MPIMBbIMU U3MEPEHUSIMHU.

B kxauecTBe ucciaeayemoii KoHpUTrypaluud pac-
cMaTpuBaiach MalloMaclTabHass MOJENb TBYXKOH-
TYPHOTO COILIA C LIEHTPAIbHBIM TEJIOM, YCTAHOBJICH-
HOTo BOJIM3M KOHCOJU KpbLJa C BBIMYIIEHHBIMU BO
B3JIETHOE ITOJIOXEHKE 3aKpblUTIKaMmu [6] (puc. 2). laH-
Hasi KOH(UTYpalusl SIBJIsSIeTCSI TUITUIHONI IJIST COBpe-
MEHHBIX MarucTpajibHbIX caMoyieToB. CKOpOCTH UC-
TeUeHUsI XOJIOMHON CTpyuW BHYTPEHHETO KOHTYpa
281 M/c 1 BHeIHETO KOHTYpa 243 M/C IIpUOIIKEHHO
MOJEIMPYIOT pPEeXUM Habopa BBICOTHI caMOJIEeTa.
CKOpOCTb HUCTEYEHUSI TTOJHOCTHIO TMepeMelllaHHOMN
CTpyM B TakKoOM ciiyyae coctasisiia V, = 251.5 m/c.
Db deKTUBHBII TUaAMETpP IBYyXKOHTYPHOTO COILJIA CO-
craBisieT d = 62 MM, a pacCTOSTHAE OT OCU CTPYH J0
KPOMKM 3aKphIJIKa Mo HOpMaJiu paBHsisToch £ = 0.78d.
Jnag momenupoBaHus 3¢ @deKTa ImojaeTa NCItoab30Ba-
JIOCh COITJIO TPEThEero KoHTypa auamerpoM 0.4 M, Ha
BBIXOJIE KOTOPOTO MOT CO3[aBaThCsl IOTOK CO CKOPO-
croio 1o V= 80 m/c.
AKYCTUYECKMH XYPHAJT Ne 2
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\ KoHconb

KpbLIa

Coruto
CIIyTHOTO
IIOTOKA

Puc. 2. ®otorpacdust ucciaenyemoit KoHGUTypaLuu.

B xauecTBe n3Me puUTEIBbHOM anapaTyphl UCIIOIb-
30BaJIMCh YCTAHOBJICHHBIE 3aMIOIJIMIIO C HIDKHEM Mo~
BEPXHOCTBIO KphIja gatdmnky gasieHus Kulite Tuima
LQ-47. Natuuk I1, pacnonarasics BOJM3U KPOMKU 3a-
KpBIJIKa, B TO BpeMs Kak naT4yuk I1, ObL1 ycTaHOBIEH
Ha paccTosstHuM 1.13d BBepX Mo IIOTOKY OT Hero (puc. 2),
1 M3MEpPEHHBIE MMM IYJbCALIMM HABJICHUS MOIJIU
OBITh MCIIOJIb30BAHBI IS TTOJIyYECHUSI HEOOXOIMMBIX
B Mojenu (4) TaHHBIX O OJIVKHEM TIoJie CTpyu (A, V).
Ha puc. 3 npencraBieHbl U3BMEpEHHbIC TaHHBIC B BU-
Jie aMITUTYIbl 1 KOHBEKTUBHOM CKOPOCTHU JJISI CIy-
Jast crarnyeckux (M, = 0) u mosnetHbIx (M= 0.23)
ycinoBUii. MOXHO OTMETUTD, YTO CIIEKTp IyJIbcalluii
(puc. 3a) B OTCYTCTBHUE CITyTHOIO ITOTOKA UMEET 13-
pe3aHHyI0 GOpPMY C HEKOTOPBIM KOJIMYECTBOM CYIIIE-
CTBEHHbIX ITMKOB, B TO BpEMsI KaK HAIMYKME CITyTHOTO
MOTOKa CYIIECTBEHHO CHMXXAeT NaHHbIE ITUKU, U
CIIEKTp CTAaHOBUTCS Oosiee TmagkuM. JlaHHbBIe MK B
CIIEKTPE MOXHO OOBSICHUTHL HaJIMYHUEM OOpaTHOM
CBSI3U MEXY 3aJJHEi KPOMKOM 3aKpblJIKa U KPOMKOM
coruia [21]. KpoMe TOro, CHMXXKEHHBIE aMILIUTYIbI
TUAPOAMHAMUYECKUX MyJbCalluii TpU HaAIWYUU
CIIYTHOTO ITIOTOKa IIPUBOIST K TOMY, YTO aKyCTHYe-
CKHe IIyJIbCallu HAYMHAIOT JTOMWHHPOBATH IIpU
MEHBIINX YacTOTax — 3TO BUOHO Ha puc. 30 mo
CKayKy KOHBEKTUBHOII ckopocTtu npu St = 1.2 mis
yCJIOBU 1oJieTa U Iipu St = 1.8 B cirydae OTCyTCTBUS
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CIIyTHOTO IIOTOKa. TakmM o0Opa3oM, YaCTOTHBIA
JIvara3oH NPUMEHUMOCTU Mozaeau (4) 3aBUCUT OT
3HA4YEHUS Mcf.

I1Ipu moATOTOBKE M3MEPEHHBIX JAHHBIX K UX MC-
MOJIb30BAHUIO B MOAEIY YIUTHIBAJICS TOT (haKT, 4TO,
BO-MepBbIX, AaTuuk I1; usMmepsier monHoe (magaro-
Iee U OTpaXeHHOoeE) II0JIe M, BO-BTOPHIX, OH HAXO-
JIUTCS He B 00JIaCTU MAKCUMAaJIbHBIX MyIbCalluii, KO-
TOpasi COOTBETCTBYET HOPMAaJIbHOM MPOEKUMNU OCHU
CTPyH Ha TIOBEPXHOCTb KpbUla, a caBuHYT Ha 0.4d
BIOJIb pa3Maxa Kpblia. [To3ToMy U3MepeHHBIe CIIeK-
TPbl MPUBOJAWINCH K CBOOOIHOMY TMOJIIO MYTeM BbI-
yuTaHUS U3 HUX 6 1B, a TakkKe KOPPEKTUPOBAJIUCH C
HUCMOJIb30BaHMEM BhIpakeHUs (3) 1151 MpUBEASHUS K
paguanbHOMYy ynaineHuiwo r, = h = 0.78d, cooTBet-
CTBYIOILIEMY MWHUMAJIBHOMY PACCTOSHUIO OT OCHU
CTpYyH IO 3aJHEN KPOMKU 3aKphIJIKa.

Bo BTOpOIi ceprm sKCIepUMEHTOB TIPU UCCICI0-
BaHUM JAJIbHET0 aKyCTUYECKOTO MOJISI MCITOIb30Ba-
JIach TOJISIpHAsT pelreTka MUKPOMOHOB, COCTOSIIAS
u3 10-tu %” mukpodonos Bruel&Kjaer (tum 4189) ¢
MPEeIyCHWINTEIIMI Moaen 2669 (auama3oH 4acToT
40—25600 T, gyBcrBUTENnbHOCTH 50 MB/I1a). Muk-
podOHBI pacriojiarajiich B 00JacTh “Ion KpbLIoM”
Ha ITOJIyOKPY>KHOCTU paguyca R = 2 M ¢ LIEHTPOM B
cepelIrHe cpe3a COoIJjla BHEIIHETO KOHTYpa, B IJIOC-
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Puc. 3. BxogHble mapaMeTpsbl 15 MOJIEJIH, TTOJTYYeHHbIE B 9KCIIEPUMEHTE B OTCYTCTBHE U ITPU HAJIMYMM CITyTHOTO MOTOKa: (a) —
aMIUIMTYA MyJIbCcalliii BOJIM3U KPOMKHU (ITyHKTUDP — U3MEPEHUS, CTUIOLITHbIE KPUBbIE — CKOPPEKTUPOBAHHbBIE CIIEKTPHI); (0) —

OTHOCHUTEIbHAasA KOHBEKTUBHAasA CKOPOCTb HyﬂbcaL[I/Ifl.

KOCTHU, MPOXO/isiiieit yuepe3 oCb CTPYyY U MEPIEHIANKY-
JISIpHOM K KpbLTy (puc. 4). MukpodoHbI 3amMeTaan 00-
JIaCTh MOJISIPHBIX yI710B 0' = 30°...120° ¢ rarom B 10°.

B cnyyae oTcyTCTBUSI CIyTHOTO TIOTOKa CUMTa-
JIOCh, YTO MOJTHOE aKyCTUYECKOE T10JIe CKJIaIbIBAETCS
U3 NBYX HEKOPPEIUPOBAHHBIX MCTOYHUKOB: IIyM
U30JIMPOBAHHOM CTPYU (L;e,) ¥ LIIyM B3aMMOIEHACTBUS
cTpyu U Kpbuia (L;,,). Takum oOpa3zom, 1 IpoBep-
KM Mojienu (4) HEOOXOAMMBIM SIBJISITIOCH MIPOBEICHUE
U3MEPEeHUs 1lIyMa WU30JIMPOBAHHON CTPYM U CTPyU
BOMM3U Kpbuia (L,,). [Ipy HaJIM4Mu cOyTHOTO TTOTO-
Ka CUTyalusl YCJIOXHSIACh: TOJHBIN 1IyM L, CKJa-
JIBIBAETCS U3 YEThIPEX UCTOYHUKOB, 2 UMEHHO U3 IIIy-
Ma CTPYU L, IllyMa B3aUMOIEHCTBUSA L, IIlyMa 06~
TeKaHUs Kpbula Ly;,, ¥ IIyMa CIIyTHOTO MOTOKa L 4.
IMosTOoMy ISt yCIOBUIA MOJIeTa YMCIO HEOOXOIUMBIX
U3MEPEHUI YBEJIMYNBAJIOCH 10 YETHIPEX:

1) mym criytHoro noroka (V= 80 m/c, V,, = 0 m/c,
KPBUIO YOpaHo) — L

2) 1IyM IBYXKOHTYPHOIT CTPYU B CITyTHOM ITOTOKE
(V,=80wm/c, V,, = 251.5 m/c, KpbLio yopaHo) — L, =
=Lyt L

3) mymM oOTeKaHWUsI KpbLia CHYTHBIM MOTOKOM
(V,=80wm/c, V,,= 0 M/c, KpbLIO YyCTAaHOBJIEHO) — L, =
=L,+ L

4) oO1LmiA LyM ToTHOM KoHburypaumu (V= 80 m/c,
V,, = 251.5 M/c, KpBLIIO YCTAaHOBJIEHO) — L.

wing»

Ha puc. 5 n1g 6okoBoro HamnpasiaeHus (' = 90°)
MpEeCTaBIeH IIPUMEDP TOJIYYEHHBIX B 9KCIIEPUMEHTE
pEe3yIbTATOB.

Kak u B ciyyae usamepeHuii B OJUKHEM TMoJe
(puc. 3a), MOXHO OTMETUTh IIMKOBYIO CTPYKTYPY
cnekTpa cymMMapHoro myma (L,,), KoTopasi Haubo-
Jiee 3aMeTHO TIPOSIBIISIETCS] B CTATUYECKUX YCIOBUSIX
(puc. 5a) M HECKOJIBKO CINIAXKMBAETCS IMPHU HATUINU
cryTHoro noroka (puc. 56). Ilpu aToM BUIHO, 4TO Ha-
JINYME KpbUla OKOJIO CTPYU MPUBOAMT K CYIIIECTBEHHO-
My YCWJIeHUIO IrymMa ctpyr B obiactu 0.2 < St < 1

(cpaBHeHHMe KpacHBIX M CMHUX KpWBBIX). MMeHHO
9TO YCUJICHHUE U JOJDKHO MOJEINPOBATh BeIpaxkeHHE (4)
ITPY TTOJCTAaHOBKE B HETO M3MEPEHHBIX Ha TIOBEPXHO-
CTH KpbUIa TaHHBIX (pucC. 3).

BAIIMJALINA MOAEIN

st olleHKM KayecTBa MOIEIMPOBAHUS IIIyMa

. d
PacCYUTHIBAJICS CYMMApHBIi 1IyM Ly~ KOHbUTypa-
UMM “IBYXKOHTYPHOE COIUIO—MEXaHU3UPOBAHHOE
Kpbimo”. Pacyer 3akimoyasicsl B BBIYMCIICHUHM IIIyMa

B3anmozeiictaust 2" o hopmyre (4) u mocremyio-
IIIEM 3HEPreTUYECKOM CYMMUPOBAHMM JAHHOI Be-
JIMYUHBI C OCTAJILHBIMUA KOMITOHEHTaMM 1IyMa, B3sl-
TBIMM M3 3KcHepuMeHTa. JId ciaydasi cTaTUYeCKHX

yesoBuii K [P mpuGasisiiach KOMIOHEHTA, CBA3aH-

Hasd C IIYMOM CTpyH, a OJIsd YCJTOBI/Iﬁ I1oJieTa — I[O6aBJTH -
JINCH CIIC IITYM KpbLJIa 1 IIyM CITYTHOTO ITOTOKaA:
pred __ ypred
Lyt = 103 + L

inst jets

=L+ L+ L, — Ly, My #0.

[

M, =0
Lpred (5)
‘tot

Ha puc. 6 nipencTtaBiieH pe3yabTaT MOIETNPOBa-
HUS IIyMa B3auMMOACHCTBUS (Cepble KPHUBBIE) IIPU
MOMOIIM BhIpaxkeHus (4) 1 cpaBHEHUE U3MEPEHHOTO
¥ pacdeTHOro (5) CcyMMapHOTIO MOJIs ITy/IbCallrii 1aB-
JIEHUSI B JajbHell 30He (COOTBETCTBEHHO CHHHUE W
yepHble KPUBBIE), TaKXKe MJISI HAIISIMHOCTU TTOKa3a-
HBI U3MEPEHHBIC CIEKTPHl NICTOYHUKOB IITyMa, BXO-
msamue B BeIpaxeHue (5). MoOXHO OTMETUTb, 4TO
JIByXTOYEUYHAasI MOIEIb JOCTaTOYHO TOYHO ITO3BOJISIET
MmpeacKa3aTb XapakKTepUCTUKU IIIyMa B3auMOJIeii-
CTBUSI: CIIEKTPaJIbHBIII COCTaB, B TOM YMCJIE M CJIOXK-
HYIO U3pe3aHHyo (popMy crieKTpoB. ITpu aTom Tipen-
cKazaTh M3pe3aHHYyIo (GopMy CIEKTpa IT03BOJIMIIO
MMEHHO NpHMEHEHHE YIIPOIIECHHOM IBYXTOYEYHOM
MOMAEIN IITyMa B3aMMOIEUCTBUS M JATUMKOB, yCTa-
HOBJICHHBIX Ha IOBEPXHOCTU KpbLIa M 3aKpbLIKa.
B sTOM citydae nmpsiMmoe M3MepeHue 101 ITyIbCali
AKYCTUYECKUI KYPHAJ Ne 2

TOM 69 2023
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Puc. 4. CxeMa 3KCIIepUMEHTA IO MCCISI0BAHUIO TATBHETO aKyCTUYECKOTO MOJIsi KOHMUTYpalllK “IBYXKOHTYPHAsT CTPYsI—Me-

XaHU3UPOBAHHOE KPbLIO™”.

- (@)

Ltot Ljet

PSD, nb

- (©)

— ot L — L — ch

PSD, 1B

0.1 1
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Puc. 5. CrnekTpbl pa3sJIMYHBIX UCTOYHUKOB IIIyMa KOHGMUIypaluud “ABYyXKOHTYpHasl CTPySI—MeXaHU3UPOBAHHOE KPbUIO” B
JaJIbHeM I1oJie (a) — B OTCYTCTBUE U (0) — MPU HAJIMYUM CITYTHOTO MTOTOKA.

BOJIM3U paccenBaloIeii KPOMKU ITO3BOJIIIO OTIOCPe-
JIOBAHHO y4ecTb M 3(PPEeKT 00paTHOUN CBSIA3M MEXIY
KPOMKOI1 KpbIJ1a 1 KPOMKOM coruia (puc. 3a), 4To ObI-
JIO GBI HEBO3MOXHO TP MCITOJIb30BAHUU JAHHBIX O

AKYCTUYECKUM XYPHATT TomM 69 Ne2 2023

GIKHEM TToJie ISk CBOOOIHOM CTpYH, KaK 3TO JAejia-
JIoCh, HarIpumep, B [11].

Ha puc. 7 ipeacraBieHo cpaBHEHUE HapaBJIeH-
HOCTEeI U3MEePEHHOr0 U paCCUMTAHHOTO C UCTIOIb30-
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Puc. 6. CpaBHeHNE U3MEPEHHBIX U MTPEICKAa3aHHBIX CIIEKTPOB MOJHOIO LIyMa UTsS pa3IndHbIX MOJISIPHBIX YIJI0B 0': (a) — 60°;

(6) — 90°; (B) — 120°. LIBeToBast cxema COBITIaZaeT C PUC. 5, HO JOOABICHBI TAKXKE CITEKTPbI

M =0, Hixunit — M= 0.23.

OASPL, 1B
<—>I

wn

)=

[wp]
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pred
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Puc. 7. CpaBHeHUe TOJISIPHBIX HAMpPaBJIEHHOCTE CYMMapHOTO IIyMa B IIMPOKOM IOJIOCE YaCTOT Pa3iNYHbIX UCTOUHUKOB:
(@) = Vy=0,0.1<St<1;(6) — V=80, 0.2 < St < 1.2. IIeToBBIC 0603HAYCHMS COBIALAIOT C PHC. 6.

BaHWEM MOJySMITMPUIECKON MOIE YPOBHEH IIyma
B IITMPOKOM TTOJIOCE YaCTOT, M TTOKa3aHbl HaIlpaBJieH-
HOCTHU UBJTyYEHUST COCTABJISIIONINX UCTOYHUKOB IITyMa.

MOXXHO OTMETUTD, YTO B 00JIACTH BHM3 IO ITOTOKY MO-
JIeJTb HECKOJTBKO 3aBblIlIaeT YpoBHU Iiiyma (Ha 1—2 nb),
YTO MOXHO CBSI3aTh C HEYyYTEHHBIM ITOBOPOTOM pac-
ceuBalolleil TTOBEPXHOCTU — 3aKpbLika. HekoTtopoe
pacxoxkaeHWe pacuyeTHBIX U M3MEPEHHBIX 3HAUYCHMIA
IIyMa B HAIIPaBJIEHUU BBEPX IO MTOTOKY MOKET OBbITh
00ycioBiaeHO 3P (heKTOM KOHEYHOCTH XOPAbI KphLIa,
KOTOPBIIA HE YUYUTHIBAETCS B UCIIOJAb3yEMOI MOJIEIH,
HO MOXKET OBITh 3HAYMM UMEHHO B TaHHOM 00J1acTH
yrioB HabmoneHwus [ 10, 15].

3AKJIIOYEHHME

B pabote nmpoBeneHo nucciaenoBaHue IPUMEHNUMO-
CTH YIIPOILIEHHOM ABYXTOYECUYHOI MOAEIIN IIIyMa B3a-
UMOJIEUCTBUS CTPYU U IJIACTUHHI [16] K pacueTy 1ry-
Ma peaTUCTUUYHON KOHPUTYpaluu “IBYXKOHTYPHOE
COIIJIO—MEXaHM3UPOBaHHOE Kpbuto”. 11 3TOrOo Ha
TEPBOM 3Talle U3 Pe3yJbTaTOB CUHXPOHHBIX JBYXTO-
YEUYHBIX U3MEPEHUI IMyIbcallvii JaBJIeHUS Ha HIK-
Hell MMOBEPXHOCTU KpbIJIa M 3aKphLIKa OBLI OIpe/e-
JIEH CHEKTP ¥ KOHBEKTUBHASI CKOPOCTh BO3MYILIEHU I
BOJIM3M 3ajHell KPpOMKM 3akpbuika. Ilocne monacra-
HOBKHM 3THX BEJIUNYMH B aHAIIMTUYECKYIO MOJIENIb pac-
CETHHOTO TOJISI PACCUUTHIBAINCH XapaKTECPUCTUKU
Ne2 2023
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BAJIMJALIMS IBYXTOYEYHOM MOAEJU LIYMA

myma B3aUMOJICUCTBUS CTpyu M Kpbllla B JaJIbHEM
I10JI€C.

IToxkazaHo, 4TO AOCTAaTOYHO TpOCTasi pacueTHas
MOJEIb MO3BOJSIET B INIABHOM MHPUOIMKEHUU KOP-
PEKTHO MpeAcKa3blBaTh OCHOBHbBIE XapaKTEPUCTUKU
lIyMa B3aMMOJECUCTBUS: TIOJSIDHYIO HallpaBJieH-
HOCTb, aMITJIUTYly U COEKTPaJbHBINA cocTaB. BaxkHo
OTMETHUTb, YTO UCIIOJIb30BaHUE TTOBEPXHOCTHBIX AaT-
YUKOB MTPU U3MEPEHUU MYJIbCAlIMii 1aBIeHUsI BOJIU3U
KPOMKU 3aKpbLIKa, XOTSI U MpeAIiogaraeT npeHeope-
JKEeHUE AeTallsIMU a3uMYyTaTbHOI CTPYKTYPhI MyJibca-
LIMI TIpU pacyeTe IIymMa, BCe XK€ UMEET OIpenesieH-
HbIE€ TTPEUMYIIECTBA MO CPABHEHUIO C U3MEPEHUSIMU
nyJbcaluii cBOOOOHOI cTpyu 6e3 Kpbuia. Bo-mep-
BbIX, TaKu€ MOBEPXHOCTHbIE WM3MEPEHUs CpaBHU-
TEJILHO JIETKO PEau3yIOTCS B YCJIOBUSX HAJIWYUS
CIIYTHOTO MOTOKA, @ BO-BTOPBIX, MO3BOJISIIOT OMIOCpe-
JIOBAHHO y4YeCTb U3MEHEHUEe OJIMXKHETro TOJIsl CTpyu
MPU pacrloJOXEeHUU BOJIU3M HEro MONEJU Kpblia U
BO3MOXHOE HaJIMUMe 0OpaTHOM CBSI3U MEXITY KPOM-
KaMu KpblJia U coTia.

Hab6mtomaeMbie, cpaBHUTEIBLHO Malble, PacXoX-
JIEHUSI MEX]ly PACYETHBIMU U U3MEPEHHBIMU Xapak-
TEPUCTUKAMH LIIyMa B3aUMOACICTBUS CTPYU 1 KpbIJia
MOTYT OBITh CBSI3aHBI C PSAOM ciemyommnx 3ddex-
TOB: KOHEYHOCTBIO pa3Maxa W XOpabl KpbLIa, YIJIOM
OTKJIOHEHUSI 3aKphLJIKa, CTPEJIOBUIHOCTBIO KpbLIa,
HEOTHOPOTHOCTBIO MOTOKA BOKPYT KPbLTa. YUeT TaH-
HBIX (P PEKTOB TIPU HEOOXOIMMOCTU MOKET OBITh
BBITIOJTHEH 32 CYET YCIIOKHEHUS MOJIE/IN B3aUMOIEii-
CTBUSI BO3MYIIIEHUT OJIMKHETO TIOJIST CTPYY C 3adHel
KPOMKOM 3aKpbUIKa, BIUIOTH IO Mepexoaa K YMCIIeH-
HOMY pacyeTy IT0JIsI pacCesTHUsl, HalIpuUMepP, METOAOM
KOHEUYHBIX JIEMEHTOB [8, 12] MM moJIHOMY YMCIIEH-
HOMY MOACSIMPOBAHNIO CUCTEMBI CTPYSI—KpPBLIO [22].
Bri6op pacueTHOiT MoneIu 3aBUCUT OT JOIYCTUMOTO
KOMITPOMHUCCA MEXAY €€ TOYHOCTBIO Y MPOCTOTOIA.
Monenb, paccMOTpeHHasI B HACTosIIei padoTe, SIB-
JISIETCSI MOJEJIBLIO HU3KOTO YPOBHS IUISI TTOJIYYEHMUS
OBICTPBIX M JTOCTATOYHO HAOEXHBIX OLCHOK IIyma
B3aIMOACUCTBUS 1O MWHUMAJIbHOMY UYMCIy Tapa-
METPOB CUCTEMBI M1 MOXET HAalTU IIpUMEHEeHME B Ka-
YyeCcTBE ONHOTO W3 WHXEHEPHBIX WHCTPYMEHTOB
a3POAaKyCTUYECKOTO TIPOEKTUPOBAHUS BO3IYIITHBIX
CyIIOB.

ABTOpHBI BbIpaxkaloT OyiaromapHocth A.FO. Toiy-
o0eBy u I A. [loToKMHY 32 MOMOIIb B IIPOBEACHUN U3-
MEpeHUI TyJbcaluii AaBJieHUsS Ha TIOBEPXHOCTHU
KpbUia, a Takke — B.®D. KomnbeBy 3a nHTEpeC K pabo-
Te U MOJIe3HbIE 3aMeUaHMUsI.

PaboTa BeInonHeHa TpU (PUHAHCOBOM MOAAEPK-
ke PH® (rpanT 21-71-30016). DkcnepuMeHTaIbHAS
JyacTh pabOTHI BhIMOJHeHa Ha Oa3ze YHY “3army-
meHHast KaMmepa ¢ nmorokoM AK-2” ®I'YIT “HATHA”,
MOJEPHU3UPYEMOM TpU (PUHAHCOBOM MOMIEPXKKeE
MuHuCTEpCTBA HAyKM M BBICIIETO OOpa3oBaHUS
Poccuiickoit Pepepanyu no comramreHuio Ne(75-
15-2022-1036.
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