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1. Beenenne

VccnenoBanust OTHOCATCS K 00JaCTH HPUKJIAIHOI
MEXaHUKHU ¥ MOCBSIIEHbl U3YUYEHUIO HEKOTOPBIX 0COOEH-
HOCTEH JIETHOM KCIIyaTalluy TUIEeP3BYKOBBIX JIeTATEJIb-
HBIX allllapaToB.

[TpenmeTomM m3yuyeHus BBICTYNAIOT MHEPIIMAJbHBIC
CEHCOPbI ABTOHOMHOTO ITO3UIITMOHNPOBAHUS JIeTATEIbHBIX
anmapaToB, TJIaBHOE IOCTOMHCTBO KOTOPBIX COCTOUT B CTIO-
cOOHOCTH ONpeessiTh noJoKkeHe bio3eska 6e3 cBsi3u
C BHEUIHUMU HABUTATOPAaMU, Harpumep, [nobajbHbIMU
nan PernoHasbHbIMU CIIYTHUKOBBIMU HAaBUTAIIMOHHBIMU
cucteMaMu. JTO CBOWCTBO BbIJACIACT TUPOCKOIIMYECKUE
npuboOpsl B 0c00YIO, HE MMEIONLYIO aHAJOrOB, TPYIIY U
Oo4YepuMBaeT UX BO3MOXKHOCTU He TOJIBKO KaK CPe/CTB Ha-
BUTAIMU, HO U KaK ITUJIOTaXKHbIX TPUOOPOB.

2. AHanu3 COCTOSIHUS POOIEMbI ¥ IOCTAHOBKA 3a/1a41
HccJaeI0BaHui

[IByxcrenennoii auddepeHUPYIONNNA TUPOCKON B
MOTIJTABKOBOM MCIIOJIHEHUU HAIeJ 0CTAaTOYHO HMIMPOKOE
NpUMeHEHHe Ha JIeTAaTeJbHBIX alaparax pa3IndHOTO
Kjlacca U CPEACTB 0a3MpoOBaHUs KaK MUJIOTAKHBIN [PU-
60p B Gsoke gemidupytomux rupockonos (BAT) u kak
HABUTAIMOHHBII IPUOGOP B COCTaBE KOMAaHIHO-M3MEPU-
TeabHOro Komimiekca JIA. Takoe BHUMaHUE CO CTOPOHBI
aBMaTOPOB 0OYCJIOBJIEHO HE TOJHKO BBICOKMME TOYHOCT-
HBIMU XapaKTEePUCTUKAMU TIOIIaBKOBBIX NPUGOPOB, HO U
CBEPXHAJIEKHOCTBIO TIPU AKCIIyaTaluu GJaaroiapst sKu/i-
KOCTaTHUYECKOMY TIO/IBECY TUpoarpeata B TsKeN0i hTop-
WU XJIOPOPTAaHUYECKOH KUIKOCTU C YNEJbHBIM BECOM
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B /IBa C IIOJIOBUHOW pa3a NPEeBbIIIAIONUM yeJIbHBIN Bec
BogHI [1, 2].

Bwmecre ¢ TeM, TO 4TO OBLJIO XOPOIIO sl OTHOCUTEb-
HO MaJibiX ckopocteit JIA, cTaso KpaiiHe ONacHBIM HpHU
TUTIEP3BYKOBBIX CKOPOCTAX, 710 20 M. Peub uner o :xugko-
CTATUYEeCKOM IIOJBeCe, KOTOPBII SBJISAETCS IIPEKPACHBIM
TPAHCJISATOPOM ITPOHUKAIONIETO aKYCTHYECKOrO BO3/Ei-
CTBUS B BUjie yaapuoit N-somusl [3, 4, 5. 6].

[Ipoxoasimast BHYTPh mpubopa moiurHas N-goana re-
HEPUPYET B MOJBECE MHOKECTBO GOPM KoJieOaHUI, B TOM
4qucje Pe30HaHCHBIX [7]. YHpyro-HanpsikeHHOE COCTOs-
HUe [o/[Beca IMPUBOAUT K MOTPENIHOCTH TUPOCKOIIA, BOC-
MIPUHUMAIOIIETO 9TO COCTOSHME KAaK BXO/JIHON CUTHAI.

PackppiTio npupozab 9TOro ABJIEHUS B YCJIOBUAX Ka-
yaomiero ¢dro3esska JIA mocBsaieHbl uccae0BaHNs aB-
TOPOB, IIpe/jlaraeMble BEUIMAHUIO YNTATEJIEH, U NMEIOIHe
Yeavio MaTeMaTU4Yeckoe olucaHue Haumbojee OIMacCHOTO
IIPOSIBJIEHUS TUIIEP3BYKOBOLO I10JIeTA — IIPEO0JIEHHE 3BY-
KOBOTO Gapbepa — B BU/IE BO3HUKAIOIUX JOMOJTHUTEIbHBIX
MIOTPENTHOCTEH MHEPIUAJIbHBIX CEHCOPOB, TIOPOK/IEHHBIX
3TUM SIBJICHIEM.

3. IlonuraBKOBBIIA TO/IBEC THPOCKOIIA C HYJIEBOI rayCcCOBOM
KPUBHU3HO

Ecout npussiTh, uto Kosebanus drozessika JIA npouc-
XOJIAT 110 3aKOHY

0(t)=p,sin(vt+3,);
y(t)=p, sin(vt+8w);

0, =0,=Vp, cos(vt + Sw),




T.e. UMEET MECTO CUMXPOHHAS KadyKa 4aCTOTbl V, TO
TepBbIe TPU cJIaraeMble TPABON YaCTH yYPaBHEHUS BO3MY-
I[EHHOTO JBUKEHU S IIOABUKHON YaCcTU
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a yactHoe pemenne B, 06yCJIOBIEHHOE TONBKO Kau-
KOi JleTaTesIbHOTO annapara, Kak 1 CJe/I0BaJI0 0KUIaTh,
0TOOPA3UT BbIHYKACHHDBIE rapMOHUYECKUE KojebaHus

MOTIJIABKA YacTOTBl V OTHOCHTEJNBHO PaBHOBECHOTO MMO-
noxenus: B=P,:
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Terepb 06paTUMCs K OIPEACTEHUIO YACTHOTO PEIIEH S
Bi, KoTOpOEe COOTBETCTBYET AOMOTHUTEIHHOMY OTKJIOHE-
HUIO TIOJIBUKHO 4aCTH TI0/IBeCa OTHOCUTEbHO CBOEH OCH,
BBI3BAHHOTO JleiicTBueM yaapHuoil N-gonnwvi. B ypaBHenun

(2) 5TO COOTBETCTBYET ABYM IOCJIEJHUM CJIaTaeMBIM B
paBoif yacTn
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O4YeBUIHO, YTO OTU COCTABJSION[ME IMOTOJHST
CHeKTp KoJebaHUil BBIXOJIHOTO CUIHAJA [OIMJIABKOBOTO
THUPOCKOTIAa PAa3HOCTHOM (V—(D1) 1 CyMMapHOH 4acTOTOU
(v+o,).

Ho ne aro npexacrasisier nanbospuiuii nnrepec. Co-
crapasontie P, I/IB}3 UMEIOT nepuoandeckue GyHKIn
PasHOCTHON 4acToThl (V—®,), 4TO AAeT BO3MOXKHOCTD
atst Gosiee TaryGokoro ndydenus sipyenusi. CMBICT 9TOTO
YTBEPIKJACHUS COCTOUT B TOM, UTO IPH PABEHCTBE HYJIO
aprymenTa, neproanueckas gpynkumns cos(v-o,) obpa-
maercs B eAMHUIY, a GyHKuus sin(v-o,) obpamaercs
B €[IMHUILY IPHU HACTYIJICHUN PaBEHCTBA apryMeHTa Be-
JIMYHe % . JTO 3HAYUT, YTO HA YACTOTAX 3BYKOBOTO W3-

JydeHus

o, =v+kn, k=0,12

B IIEPBOM cCJlyyae HACTYyIaeT PABEHCTBO YACTOT KAaYKU
V ¥ 3BYKOBOTO MO ®, 1 ciaraemoe Bj, dbopMupyer mo-
CTOSTHHBIE COCTABJISIIONINE CUTHAJIA IPHOOPA, T.€. IMEETCsI

CUcTeMaTu4YeCckKad NMOrpeiHoOCTb Ha 4aCTOTaxX

W, =V,
O, =V+T;

, (8)
o, =V+2m,

o, =v+3T O, =

Ananornuno auasa B, . CucremMarnyeckas cocTaBJsIO-
Ias IOTPENTHOCTH OT 3BYKOBOTO BO3/IeHCTBUSA OABIACT-
sl Ha 4acToTax
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[IpencraBaseT mpakTHUecKUil WHTepeC aHAINU3 MIPH-
DOJIBI TOSIBJIEHUS] CUCTEMATUUYECKOTO CO8Uza HYLsL Y TI0-
[JIABKOBOTO TMPOCKOIA 0] AeHCTBUEM HMPOHUKAIONIEIO
AKYCTUYECKOTO U3JIYyUeHUS.

[l aToro ciaenyer NPUHATH BEJIUUNHY U3MepsIeMOil
YIJIOBOH CKOPOCTH (0, PaBHONH HYJIO, COOTBETCTBYIO-
muit el yros moBopoTa IOABUXKHOI 4yacTu P, Takxke
[OJIOKUTh PABHBIM HYJIIO, T.e. 00€CIEeYNTh BbIIOJTHEHUE
yCJIOBUT
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Cucmemamuuecxkas nozpewnocms IPU U3MEPEHUHN
YIJIOBOM CKOPOCTH W3-32 CIBHTA HYJS TOJA JeHCTBUEM
AKYCTUYECKOTO M3JIYUYCHUS JIJIS MAJBIX YIJIOB 3, MOXeT
6BITH BBIUMCIEHA TT0 (hopmyie [8]:
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TakuMm 06pasoM, MOrPEIIHOCTh U3MEPEHUN YTIOBOU
CKOPOCTU OyJeT ONPENeJaAThCS CYMMON MOIPEITHOCTH,
BBI3BAHHOI YTIJIOBBIM ABUKEHUEM JIETATEJIbHOT'O allllapaTa
A®", 1 TOTPeNMHOCTH OT BAMSAHUA MPOHUKAIONIETO aKy-
CTHYECKOTO U3JIyyeHud Aw', T.e.
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4. BeiBOIBI

ITpoBeneHHBIE MCCIETOBAHUS MO3BOJSLIOT CAENATh
BA)KHBII JJIS TPAKTUKU JIETHOM JKCILTYaTally TUIEP3-
BYKOBBIX JIETATEJIbHBIX AIIApPATOB BBIBOA O TOSBJICHUU
JIOTIOJIHUTEIBHBIX MOTPENTHOCTEH Yy TPUGOPOB MHEPIU-
AJIBHOM HABUTALMKM B PeKUME MPEOJOJeHUs 3BYKOBOTO
Gapbepa.

IloguepkuBaeTcsi, 4TO aKycTU4ecKass BUOpAIUs MO-
BEPXHOCTHU IO/IBECA TUPOCKOIIA TIPU YIJIOBOM JIBUKEHUU
drozenszka JIA moposkgaer DUIEPOBBI CHJIBI WHEPIIUH,
KOTOPbIE CIYKAT NEPBOMPUIUHOIN MOSIBIEHUS TTOTPENTHO-
cTell THPOCKOMOB HA TUIIEP3BYKOBBIX CKOPOCTSIX.
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Abstract

The article reveals the nature of the effect of N-waves on the two-degree dif ferentiative gyroscope in the mode
of breaking the sound barrier in order to determine the additional errors of kinematical inertial sensors during the
[light operation. Attention is focused on the kinematical errors of the device, which are caused due to synchronous
rolling of fuselage, as well as on the aural errors caused by a shock N-wave during the sound barrier breaking. It
was shown that the angular motion of fuselage emphasizes the generated acoustic vibration of the gyroscope sus-
pension. As a result, an intense-elastic condition arises, which is perceived as the input value, and which serves as
an additional acoustic error.

In the frameworks of the precessional theory, under the assumption of absence of the circulation of aircraft, the
systematic ervor of angular positioning of the aircraft is determined, due to the emerging zero drift of gyroscope
under the powerful shock N-wave of hypersonic aircraft.

These results serve as a scientific basis to further improvement of the positioning accuracy of moving objects by
autonomous means based on inertial instruments. Analytical description of the nature of the influence of N-waves
on the elastic structures of on-board equipment increases the possibilities of deep and comprehensive analysis of
hypersonic technologies during the flight operation

Keywords: floating gyroscope, shock wave



