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Annoramusi: [1py co3maHnnm COBpeMEHHBIX KPYITHOTA0APUTHBIX TPAHCIIOPTHBIX CaMOJIETOB IITHPOKO MCTIONB3YETCsI KOMIIOHOBKA C
JIBUTATEISIMH, PAa3MEIICHHBIMU Ha YNPYTUX IMIJIOHAX I07 KPhUIOM. Takoe pacrionoKeHwe ABHUTaTeNield oOnamaeT M3BECTHBIMU
MPEUMYILECTBAMH, OIJHAKO UMEIOT MECTO M CYIIECTBEHHBIE TUHAMUYECKHE OCOOCHHOCTH, 00YCIIOBICHHBIE TEM, YTO MaplyaIbHbIe
YacTOTHl BEPTUKAIBHBIX M TOPH30HTATBHBIX (OOKOBBIX) KOJICOAHWI IBUTraTeNell Ha YIPYTHX MWJIOHAX OJIM3KA K COOCTBEHHBIM
4acTOTaM M3TMOHBIX U KPYTHIBHBIX KOJICOaHWI KOHCOJIEH KpbUIa HU3IIMX TOHOB. IMEHHO yKa3aHHBIM YacTOTHBIH CHEKTp U
omnpenensieT AMHAMMYECKUI OTKIIMK JIETaTelIbHOIO amrapara B IIEJIOM Ha BHEIIHME BO3MYIIAIOIIME BO3IEHWCTBHUS, a TaKoKe
CYIIECTBCHHO BIIMSICT HA JMHAMHYCCKYIO ycToWumBocTh JIA. Jlis ramenus koneOaHHid JBUrateiell Ha YNpPyruxX IHJIOHAX
NIPEITIOXKEH PsiJ TEXHUUECKHUX PEIICHHH, B TOM YHCIIEe pean3alyisl IPUHLHIIA «OCBOOOKIECHHOTO ABUraTelis». B naHHO# pabore
npezyIaraeTcst 1yl TOBBIICHHS ICCUNIATHBHBIX MTapaMeTpoB KoJieOaHMi JBUTaTeNiel Ha MJIOHAX HCIIOJIB30BaTh CIICIUaIbHbIC
YCTPOWCTBA — CHJIOBBIE TMPOCKOIIBL, KOTOPHIE SIBIISIFOTCS OCHOBHBIM 3JIEMEHTOM T'MPOCKOIIMYECKOH CHUCTEMBI JIEMIT(HPOBaHMSI.
MHOTOUYHCIIEHHBIE TEOPETUIECKUE MCCIISIOBAHIS BO3MOYKHOCTH MPUMEHEHHS CHIIOBBIX THPOCKOIIOB MOKA3aJIH, YTO YCTOMINBOCTh
JIMHAMUYECKON CHCTEMBI MOXKHO TIOBBICHTH ITyTEM BBEICHHS B Hee IOMOJHHUTENHHBIX THPOCKOIMYECKUX, AWCCHIIATUBHBIX U
MOTEHIMATBHBIX CHIL. VI3BECTHO MPEIIOKeHHE MCIONB30BaTh METOJ HEMOCPEACTBEHHON TMPOCKONMMYECKON CTAOMIN3aiy IS
VIPaBICHUST a3pOYNPYTUMH KOJEOAHMSMHU 3JIEMEHTOB KOHCTpyKumu JIA. B crathbe mpemiaraeTcss HCIIONB30BaTh CHIIOBBIC
TUPOCKOIIBI JUIsl TalieHust ciaboaeMdupoBaHHbIX KoJieOaHHid ABUTraTelNiell Ha MIJIOHAX KpynHoradbaputHoro camosiera. C 1enbto
OLICHKH BO3MO)KHOCTH IPaKTHYECKOTro MPUMEHEHHs TMpOcKonudeckor cucremsl nemrduposanus (I'C/I) Obum mpoBeeHbI
9KCIICPUMEHTAITbHBIC MCCIICIOBaHMS HA TMHAMUYCCKH M000H0M (uiarrepHOi Mozenu (JI[IPM) kpynHorabaputHoro camosera ¢
YeTHIPbMS1 IBUTATEISIMU HA MHJIOHAX O] KPbUIoM Tumna AH-124. VccnenoBaHus BKIIIOUAIM J[Ba 3Tara: YaCTOTHBIC U (pIaTTepHbIC
ucnbiTanus. B kauectse I'CJ] Mcnonbs30Banock rHpoCKONUUECKOE YCTPONCTBO, BBIIOIHEHHOE 110 CXEME CKOPOCTHOIO TUPOCKOIA,
KOTOpBI ObLT YCTAaHOBJIEH BHYTPHY TOHJIOJBI ABUTATEls. B cTarhe MpUBOASATCS pe3ysbTaThl SKCIIEPIMEHTOB TIO OLICHKE BIIMSHUS
I'CA Ba nunamuueckue xapakrepucTuku JIIIOM. AHamu3 HOPMHMpPOBAaHHBIX AMIUIUTYJHO-YACTOTHBIX XapaKTEPUCTUK
BEpPTUKAIBHBIX U TOPU30HTAIBHBIX KOJICOaHHI B IIEHTPE MacC BHEIIHHUX JBUTATENIN MOKa3bIBaeT 3HauuTeNbHOE (B 1,5...5,0 pasa)
CHIDKCHHE TMKOBBIX 3HAYECHWH aMIDIUTYH KoJeOaHWMiA BO BCEM pacCMaTpHBAEMOM YACTOTHOM JHama3oHe. Pe3ynbTaTh
AKCIICPUMEHTAIHBIX ~ HccnenoBannii  BamsHUS ['CJ] Ha (umarTepHBle XapaKTepPUCTHKA MOIENHM caMojeTa IOKa3a
3HaunTenbHoe (7...15 %) yBenuueHne KpUTHIeCKOi CKOpOCTH (hraTTepa MpH BCEX YPOBHSX 3allpaBKH camojieTa TOIiBoM. [Ipn
9TOM MpPHU BKIIOYEHHON THUPOCKOIMYECKOW CHCTeMe AeMI(UpOBaHUS aBTOKOJEOAHUS HOCAT BSUIBbIA, COMBUMBBIN XapakTep,
a (hopMbI iraTTepa 3a CYeT TMPOCKOITMYECKON CBSI3aHHOCTH MPOJIOJIBHOTO U GOKOBOTO IBHIKEHHSI [IEPEXOST U3 OJHOM B IPYTYIO.

KunroueBble ciioBa: rupockonuyeckas cuctema JeMirpoBaHus, 4actora U (opMa cOOCTBEHHBIX KOJeOaHHH, aMIUIUTYIHO-
Y4aCTOTHBIE XapaKTePUCTHKH, TMHAMHYECKast YCTOMUMBOCTb, (riaTTep, KpUTHUECKasi CKOPOCTh (hiarrepa.
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Experimental studies of the influence of a gyroscopic damping system
on the aeroelastic characteristics of a large aircraft model
with elastic pylon-mounted engines under the wing
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Abstract: During production of modern large transport aircraft, engine arrangement mounted on the elastic pylons under the wing
is widely used. This arrangement of engines has certain advantages, however, there are also significant dynamic features due to the
fact that the partial frequencies of vertical and horizontal (lateral) vibrations of elastic pylon-mounted engines are close to the wing
bending and torsional natural frequencies of low modes. It is this frequency spectrum that determines the dynamic response of the
aircraft as a whole to external disturbance input, and also significantly affects the dynamic stability of the aircraft. A number of
technical solutions have been proposed to damp vibrations of the elastic pylon-mounted engines, including the implementation of
the “freed engine” principle. To increase the dissipative parameters of the pylon-mounted engines vibrations, this paper proposes to
use special devices — powered gyroscopes, which are the main part of the gyroscopic damping system. Numerous theoretical
studies of the possibility of using powered gyroscopes have shown that the stability of a dynamic system can be increased by
introducing additional gyroscopic, dissipative and potential forces into it. It is known that a method of direct gyroscopic
stabilization is proposed to control aeroelastic oscillations of aircraft structural elements. The article proposes to use powered
gyroscopes to damp lightly damped vibrations of pylon-mounted engines of a large aircraft. In order to assess the possibility of
practical application of the gyroscopic damping system (GDS), experimental studies were conducted on a dynamically similar
flutter model (DSFM) of a large aircraft type An-124 with four pylon-mounted engines under the wing. The studies included two
stages: frequency and flutter tests. A gyroscopic device made according to the scheme of a rate gyroscope, which was installed
inside the engine nacelle, was used as the GDS. The article presents the results of the experiments to assess the effect of the GDS on
the dynamic characteristics of the DPFM. The analysis of the normalized amplitude-frequency characteristics of vertical and
horizontal oscillations in the center of mass of the outboard engines shows a significant (by 1.5...5 times) decrease in the peak
values of the oscillation amplitudes across the entire frequency range covered. The results of the experimental studies of the effect
of the GDS on the flutter characteristics of the aircraft model showed a significant (7...15%) flutter speed enhancement at all levels
of aircraft refueling. At the same time, with the gyroscopic damping system powered on, the self-oscillations are sluggish and
incoherent, and the flutter modes change from one to another due to the gyroscopic coupling of the longitudinal and lateral motion.

Key words: gyroscopic damping system, frequency and mode of natural oscillations, amplitude-frequency characteristics, dynamic
stability, flutter, flutter speed.
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BBenenue BBIX) KOJICOQHMI JBUTATENCH HA yIPYTUX MHIIO-
Hax ONM3KH K COOCTBEHHBIM YacTOTaM H3THO-

Ha coBpeMeHHBIX KPYMHOTa0apHTHBIX TPAH- HBIX ¥ KPYTUIHHBIX KOJIEOaHUI KOHCOJIEH KphLiia
CIIOPTHBIX CaMOJIETaX IIMPOKO MCIOJIb3YyETCS HU3IIMX TOHOB. VI3BECTHO, YTO yKa3aHHBIH Ya-
KOMITOHOBKA C IBUTATENSIMU, PA3MEIIeHHbIMY Ha ~ CTOTHBIM CIICKTP ONPEACNsIeT JMHAMUYCCKHiH
YIPYTUX MUJIOHAX IMOJ KPBUIOM. Taxkoe pacmno- OTKIIMK JICTAaTCJIBHOI'O almapara Ha BHCIIHUC
JIO)KEHUE JABUrarene o0iagaeT HM3BECTHBIMU BO3MYIIAIOLIME BO3JCHCTBUS (TYpOYICHTHOCTH
npeumyiiectBamu [1-5], ogHaAKO UMEIOT MECTO BO31lyXa, NBMKCHUEC TI0 HEPOBHOCTAM a3pOApO-
U CYILECTBEHHBIE TMHAMUYECKHE OCOOEHHOCTH, Ma, YHPABISIOIINE BO3ACHCTBHS U JIP.), a TaKKe
00yCIIOBJICHHBIE TE€M, YTO MaplUaTbHBIE YaCTO- CYIIECTBEHHO BIIMSICT HA JUHAMHYCCKYIO YCTOM-
Thl BEPTHKAIBHEIX M TOPH30HTAIBHEIX (6OKo- ~ YHMBOCT JeTatenbHoro ammapara (JIA). Ilose-
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JSI0TCS HOBBIE (POpMBI (praTTepa, mpHU KOTOPHIX
B YHCIIO (UIATTUPYIOIIUX TOHOB BXOMST COO-
CTBEHHBIC KoJjeOaHWs IBUTATENCH Ha YHPYrux
nuiaoHax [1, 2, 4], cylecTBeHHOE BIMSHUE Ha
napaMmeTpbl TUHAMHUYECKON CUCTEMBbI OKa3bIBAIOT
THpOCKOTMYeCKre JPPEeKThl OT padoTarOIIIX
JBUTATENel, B YACTHOCTH BO3HHUKAET THPOCKO-
MAYECKasi CBSI3aHHOCTh CUMMETPHYHBIX U aHTH-
CUMMETPUYHBIX TOHOB KOJICOaHHIA.

Jns ramenms koyeOaHWN JBUTATENCH Ha
YOPYTHUX MUAJIOHAX MPENIOkKEH P TEXHUYSCKUX
pelieHuii, B TOM YHWCJIe pealn3alus MPUHIINITA
«0CBOOOXICHHOTO aBUTATENs» [3, 6]. B manHoi
paboTe mpeIaraeTcs AJis MOBBIIICHUS TUCCUTIA-
TUBHBIX MMapaMeTpoB KojeOaHWi ABUTATEeH Ha
MAJIOHAX MCIOJIb30BaTh CICIHAIBHBIE YCTPOM-
CTBa — CHUJIOBBIE TUPOCKOIBI, KOTOPBIE SBISIOTCS
OCHOBHBIM 3JIEMEHTOM THPOCKOMUYECKOU CH-
creMbl neMiipupoBanusi. MHOTOYUCIICHHBIC TEO-
pETUYECKHUE U SKCIEPUMEHTAIbHBIE HCCIIEI0BA-
HUS BO3MOKHOCTH TIPUMEHEHHSI CUJIOBBIX THPO-
CKOIIOB TOKAa3aJld, YTO YCTOMYMBOCThH JIMHAMH-
YECKOH CHUCTEMBbI MOXKHO TMOBBICHUTH ITyTEM BBe-
JICHUsS B HEE JOINOJIHUTENbHBIX THPOCKOMUYE-
CKHX, JUCCHNATUBHBIX M  IMOTCHIIHAIbHBIX
cun [7-16]. M3BecTHO MpemsioKeHUE UCIOJIb30-
BaTh METOJl HEMOCPEACTBEHHOW THUPOCKOTHYE-
CKOH cTa0WIM3anuu AJisl YIIPaBICHHUS adpOyTIpy-
TUMHU  KOJECOAHUSIMU DJIEMEHTOB KOHCTPYKIIUU
JIA [17]. B crarbe npennaraercsi UCIOIb30BAThH
CUJIOBBIC THUPOCKOIIBI /IS TAIICHHs CJIa00IeMII-
¢upoBaHHBIX KOJICOAHWH JABUTaTE]e Ha MHIIO-
Hax KpynHorabapuTHoro camosiera. C Ieiblo
OIICHKH BO3MOXKHOCTH MPAKTUYECKOT0 MpUMeE-
HEHHUS TUPOCKOMHYECKON CHUCTEMBI aeMIpupo-
Banus (['CJl) ObutM TIpOBENEHBI SKCIIEPUMEH-
TaJlbHbIC MCCJIACIOBAHHMS Ha JIHHAMHUYECKH II0-
no6Ho# ¢uarrepHoit Mmogenu (AIIOM) kpymnHo-
rabapuTHOTO camoJieTa C YETHIPhMS JABUTATEIIS-
MU Ha MUJIOHAX MOJ KpbUIoM Tumna AH-124.

MeTOI[LI HCCJIeaJ0BaHUA

Jlns sKcTiepUMEHTaIbHON OLEHKH 3((EeKTUB-
HOCTH THPOCKOIIMYECKOW CHUCTEMBI JIeMI(pHUPOBa-
HUSI a’pOyNpyrux KoJeOaHWH 3JIeMEHTOB KOH-
CTPYKIIMU KPYITHOTaDAPUTHBIX CAaMOJIETOB IIPO-
BOJWJINCH MCCJIEIOBAHUSA HAa JIWHAMHYECKU IIO-
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noOHOM QuaTTepHON Moaenu camonera AH-124,
KOTOpBhI€ BKJIIOYAJIM J[BA HJTala: YacTOTHBIE H
¢uatrepuble ucnbiTanus. B kauectBe I'CJl uc-
MOJIb30BAJIOCh  TMPOCKOIMYECKOE  YCTPOMCTBO,
BBINIOJTHEHHOE 10 CXEME CKOPOCTHOTO TMPOCKO-
na [6], KOTOpbIi ObUT YCTaHOBJIEH BHYTPHU TOHJIO-
nbl aBuratens. [IpyHnuMnuansHas cxema ycTpou-
CTBA U €ro YCTAaHOBKHM K TOHJIOJIC JBUTATENS TO-
kazaHbl Ha puc. 1. Cucrema koopauHat Oxyz
COBIA/IAET C IIEHTPOM MAaCC MOJICIIH JBUTATETIS.

YCcTpolcTBO BKIIIOUAET OBICTPOBPAILIAOIITHII-
csi poTop (TUPOCKOI) B KOXKYXE (ﬁp — BEKTOD
KHHETHYECKOTO MOMEHTa pPOTOpa), KOTOPBIH
JKECTKO 3aKperieH Ha noiyocax. [lomyocu ycra-
HOBJICHBI B MOJIIUITHUKAX HA CHJIOBBIX 2JIEMEH-
Tax roHAOJIbI ABurarens. Kpome toro, ycrpom-
CTBO BKJIFOYAET YIPYTHUU AJIEMEHT U aeMidupy-
oliee ycrpoiictso. [Ipu Bpamienun rupockona B
KOXYyX€ OTHOCUTENBbHO ocu Ox uepe3 pblyar
yCWIME TNIE€pelaeTcsl Ha YIPYTUid DBJIEMEHT H
HOpILEHb JeMI(PHUPYIONIET0 YCTpoicTBa. YIpy-
TUA BJEMEHT NpeAHa3HadyeH Ui HaCTPOMKH
napuuagbHOW YacTOThl KOJIeOaHWH THUPOCKOIa
oTHOcUTeNnbHO ocu Ox, a naeMndupyromiee
YCTPOMCTBO JJIsi pacCEMBAHUS dHEPTUU Koleha-
HUI CUCTEMBI. B TaHHOM 3KCIEpUMEHTE B Kade-
CTBE EeMI(UPYIOIIETO YCTPOUCTBA UCTIOIB3YET-
csl THEeBMAaTHUECKU nemmdep.

[IpuHuunuaneHass cxema 3KCHEePUMEHTANb-
HOM YCTaHOBKHM JUJISl IPOBEJICHNS YAaCTOTHBIX HC-
nbITaHui n300pakeHa Ha puc. 2. JIIIM nBurate-
751 6ECTIPOTOYHAs, KAIUICBUIHOW (OPMBI, BHYTpHU
Hee ycraHasinuBaiachk I'CJl, Macca KoTopoil co-
craBmrsia 10 % oT Maccel MOAENHW IBUTATEIS.
B nannom cnywae I'C/] npenna3Hauena juis ra-
meHust  cinaboaeMnupoBaHHBIX  KOJI€OaHUIMA
JIBUTaTEJE Ha yIPYTUX MUIOHAX.

Meroanka TpoOBEACHUS HKCIIEPUMEHTA 3a-
KJI0Yajach B cieAyromeMm. B roHgonax BHeII-
Hux Jjpurateneil ycranasnuBaiuch ['CJ. Ilo-
cpencTtBoM Onoka BO3OykaeHHUs (puc. 2) BO3-
Oy>XJIaJTUCh yCTAHOBUBIIUECS BBIHYKJICHHBIC
koneOanms JIIIOM camomera 3aaHHOM YacTo-
Thl. VIHTepBaJl M3MEHEHUSI YacTOThI BO30YXKIe-
HUs coctaBisin f, = 3...11 'u. B obnactu pe3o-
HAHCHBIX [TMKOB N3MEHEHUE YaCTOThl OCYILECTB-
nsutock ¢ marom Af, = 0,001...0,002 I't. Pern-
CTPUPOBAIIUCh BEPTHKAJIbHBIE W TOPU3OHTAJIb-
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Puc. 1. l'mpockonmueckas cucreMa JeMIpUPOBaHUS KOJICOAHUI MOICIH ABUTATEIS
Fig. 1. Gyroscopic system for damping vibrations of the engine model
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Puc. 2. [IpuHnunuanbHas cxeMa yCTaHOBKY YaCTOTHBIX ucnbITanuil AIIOM
Fig. 2. Schematic diagram of the frequency test stand of the DSFM

HbIE YCKOPEHUS B IIEHTPE MacC BHEIIHUX JIBUTa-
Tene. 3aTeM Ha KaXJO0H 4acTOTE OCYILECTBIIS-
Jlach TAPUPOBKA AMILIUTYl BEPTUKAIBHBIX A,y U
TOPU30HTANIBHBIX A,,; KosebaHui 1BUraTenei no
neperpy3skaM M UX HOPMHUPOBaHHME [0 MAaKCH-
MaJbHOMY 3HaueHuto. IlomydeHHble JaHHBIE
OBUIN UCIIOJIb30BaHbl Ul MOCTPOEHUSI dKCIIEPH-
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MEHTAJIbHBIX aMIUTUTYIHO-YAaCTOTHBIX XapaKTe-
puctuk (AYX). Crauana uzobpaxanucs AUX
JII®OM ¢ BBIKIIFOUEHHOW CHUCTEMOU aemripupo-
BaHUs, a 3aTEM C BKJIFOUEHHOMH.
[MpuHIIMNIIanbHAs CXEMa JKCIIEPUMEHTANb-
HOW YCTAaHOBKHM IJIsi NpOBeACHUs (hraTTepHbIX
UCTIBITAaHUN n300pakeHa Ha puc. 3. AIIDM ca-
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YCTPOHCTBO MOJIBECKH
JIII®M Ha ocHOBaHHH
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Puc. 3. [IpuniunuanbHas cxema ycTaHOBKH (iarTepHbix ucnbitanuii JJI1OM
Fig. 3. Schematic diagram of the flutter test stand of the DSFM

MoJIeTa yCTaHaBJIMBaJlIach B pabouell yacTu Tpy-
Obl TOCPEJICTBOM CIELHUAIBHOIO YCTPOWCTBA
ITOIBECKH, 3aKPEIIJICHHOTO HAa JKECTKOM OCHOBA-
vuu. ['CJl ycranoBnensl Ha JIIOM o6oux
BHEIIHUX JIBUTATEIIEH.

Metonuka mNpoBeNEHUS SKCIEPHMEHTa 3a-
KJIFOYAJIaCh B CIEAYIOLIEM.

B mpouecce skcnepUMEHTaIbHBIX HCCIENO-
BaHUN Ha Mojenu (MpU pa3iIMYHBIX BapUaHTaxX
3allpaBKM TOIJIMBOM) PETUCTPUPOBAIUCH Mapa-
METpPBI: CKOPOCTh IOTOKA, P KOTOPOW BO3HH-
KaeT ratTep; yacTora U popma KonedaHuit mpu
¢narrepe. AMIUINTY 1Bl KoieOaHUI B XapakTep-
HBIX TOYKAaX MOJIEIHU OLIEHUBAIUCH 10 MOKA3aHU-
M TEH30/1aTYMKOB, NMPUKPEIJICHHBIX K JIOHXKe-
pony kpbuia [JITPM camonera. CkopocTh NOTO-
Ka ONpelensiach 10 BU3yalbHOMY OTCYETY IIO-
Ka3aHU MaHOMETpA; IOJIY4YEHHBIE DPE3YJIbTaThl
NEepeCUYNUTHIBATINCh Ha Harypy. Popma koneba-
HUM pu (aaTTepe onpenensiach BU3yalbHO.

s Bo3OyxkeHus uaTtrepa MO CO00-
LIAJICS HaYaJbHBIM MMITYJIBC IIOCPEACTBOM CIIE-
LMAJbHOTO MEXaHW4YECKoro ycrpoucrtsa. llpu
BO3HUKHOBEHUH HMHTEHCHBHBIX aBTOKOJIEOaHUN
CKOpPOCTh IIOTOKA YMEHBIIAIACHh 0 3aTyXaHUs
kosiebanuit. CKOpOCTh MOTOKA, IPU KOTOPOH aB-
TOKOJIEOaHUs elle NPUCYTCTBYIOT, IPUHUMANACh
38 KPUTHYECKYIO CKOPOCTh (harrepa V. 3atem
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CKOPOCTh HAOETAIOMIETO MOTOKA BHOBh YBEIINIH-
Bajach J0 BO3SHHUKHOBEHHS aBTOKOJIEOaHH, U B
3TOT MOMEHT BKJtouanack ['CJl, uTo npuBoamio
K HCYEe3HOBEHMIO aBTokoneOanmii. [lo wmepe
JIaJbHEHMIIEr0 YBEJIMYECHHUSI CKOPOCTU CHOBA pas-
BUBAJIUCh ABTOKONEOAHMsSI, ISl KOTOPBIX TIO
ONMCAHHOW BBIIIE METOAUKE ONPENEIIIACh VKp.

Pe3yabTaThl HCC/IEI0BAHU I

Pesynprarsl yacToTHbIX HMcnbiTanui AI1OM
npuBeneHbl Ha puc. 4 u 5. Tak, Ha puc. 4 npuse-
JI€Hbl HOPMUPOBAHHBIE AMIUIUTYIHO-4YaCTOTHBIE
XapaKTepUCTUKU  BEPTHKANbHBIX  KoOJIeOaHM
LIEHTPa MacC BHEIIHETO JBUTATENA ffyd (rme fy —
yacTtoTa Bo30yxaeHus). CrulomHon auHuel mno-
kazanbl AUX npu HepabOTaOMMX, HO YCTAHOB-
nensbix ['C/l, mTpuxoBoil — MpH BKIKOYEHHBIX
racutensx. ViMeer  MeCTO  3HAYUTENBHOE
(8 1,5...5,0 paza) cHIKEHUE MHKOBBIX 3HAUYCHUU
aMIUTUTYJ] BEPTHKAJIBHBIX KOJeOaHW IBUTraTe-
JI€il BO BCEM paccMaTpUBAEMOM YaCTOTHOM JHa-
nasoHe. AHanornynele AUX sl ropu30OHTAIIb-
HBIX KOJIeOaHUIl B IEHTpEe MacC BHEIIHUX JIBUTa-
TeJIed IPUBEACHBI HA PUC. 5.

PesynbraTel TpyOHOro SKCIIEpUMEHTa MpHU-
BEJICHBI Ha pUC. 6, T]Ie CTUIONTHOM JIMHUEH MOKa-
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Puc. 4. AMIIIMTYIHO-4aCTOTHBIE XapaKTEPUCTHKH BEPTUKAIBHBIX KOJICOaHUH LIEHTpa Macc
pHemHero asurarens AI1OM camonera
Fig. 4. Amplitude-frequency characteristics of vertical oscillations in the center of mass
of the outboard engine of the aircraft DSFM
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Puc. 5. AMIUIHTY JHO-4aCTOTHBIC XapaKTEPUCTUKU TOPH30HTAIBHBIX KOJICOAHMIT IIEHTPa MAacC BHELIHETO ABUTaTeIs
JAIIDM camorera
Fig. 5. Amplitude-frequency characteristics of horizontal oscillations in the center of mass of the outboard engine of the
aircraft DSFM
3aHa 3aBUCHUMOCTbh KPUTHUYECKOI CKOpOCTH (hat- HOBJIEHHBIX M BbIKIIO4eHHbIX ['CJl, mTpuxo-
H o
Tepa B mepecyere Ha HaTypy Vi, OT ypOBHA 3a- BOHU — vCOOTBeTCTByIOLL[I/Ie KPUBBIE IIPA BKIIO-
npaBKd camojiera TomnuBoM G = G./G.g YCHHOM CHCTEME AeMIIQUPOBAHHUSL.
(3mech G — BEC TOTUIMBA MPH MOJTHOH 3aIIpaBKe; AHanu3 3KCIEpPUMEHTANIbHBIX AaHHBIX MOKa-
G, — TeKyIIMii Bec TOIUIMBA B 0akax) TpH ycTa- 3BIBAE€T, YTO BO BCEM JUAIIA30HE 3aIIPaBOK UMEET
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Puc. 6. 3aBHCHMOCTD KPUTHIECKOM CKOPOCTH (hIaTTepa OT yPOBHS 3allPaBKH TOILUIMBHBIX OAKOB
Fig. 6. Dependence of the flutter speed on the fuel tanks filling level

Mecto 3HauuTenbHoe (7...15 %) yBenuueHue
KPUTUYECKOH CKOpOCTH (iarrepa mpu Bcex
ypoBHsX 3ampaBku. llpencraBisier uHTEpec u3-
MeHeHue (Gopmbl (rarrepa B 3aBUCUMOCTH OT
ypoBHs 3anpaBku. Eciu TorumBa B 6akax MeHee
20 %, TO KpuTHUECKOH (opMmoli (raTTepa ABI-
€TCSl  CUMMETPUYHBIA  M3THOHO-KPYTHJIBHBIN
¢narrep (CUK®D), u numps npu 30%-Hoii 3a-
npaBke W BbikiMoueHHOU ['CJl peanusyercs me-
pexon or CUK® k aHTUCUMMETPUYHOMY H3THO-
HO-KpyTWibHOMY  (matrepy (AUK®D). Ilpm
ypoBHe ToruiBa B Oakax 30...50 % monHoi 3a-
MPaBKU B paccMaTpUBAEMOM JMara3oHe CKOpO-
cteil pnarrep He Habmonaetcs. [Ipu 3ampaBkax
Boie 50 % mnpeoOnanaromeit siBnsiercss ¢popma
¢mnarrepa AUK®, onHako mpu BKIIOUYEHHOU
I'CJl cymiecTBEHHO BO3pacTaeT HE TOJBKO KpH-
TUYECKas CKOpOCTh ¢arrepa, HO H ¢opma
AWK® cTaHOBHUTCS HEYCTOMYMBOM, IEPUOANYE-
cku niepexonst B CUKO®.

CnenyeT mNOJYEPKHYTb, YTO MPAKTHUYECKH
IpU BCEX YPOBHSX 3aIllPaBKH U BKJIIOUEHHOH T'H-
POCKOIIUYECKOM cucteme neMnpupoBaHUs aBTO-
KoJIeOaHUsl HOCAT BsUIbIA, COMBUMBBIN Xapakrep,
a ¢gopMmbl QuiatTepa 3a cUeT THPOCKOMUYECKON
CBSI3aHHOCTH TPOJOJBHOTO U OOKOBOTO JIBHXKE-
HUS IEPEXOIAT U3 OJTHOM B IPYTyI0 U 00OpaTHO.

78

3akioyeHue

Pe3ynbratsl IpOBEIEHHBIX 3KCIEPUMEHTAb-
HBIX KCCJICAOBAaHUM ITOKA3aJlM, YTO OJHUM U3
MEPCHEKTUBHBIX HANPABJICHUM, MO3BOJISIOMINX
OKa3bIBaTh CYIIECTBEHHOE BJIMSHUE HA JIMHAMH-
YECKHE HArpy3KH 3JIEMEHTOB KOHCTPYKLUU IUIa-
HEpa caMoJieTa U €ro JUHAMHYECKYI0 YCTONYH-
BOCTb, SIBIIICTCS HCIOJIb30BAaHHE CICIHUATBHBIX
TUPOCKOTIMUECKHUX CHCTEM JCMII(PUPOBAHUSI.

B wactHocTH, mpu wucnons3zoBanuun ['CJI,
Macca KOTopoit cocrasisiia okojio 10 % ot mac-
Chl MOJEIW JBHMTrarells, HaOI0JaeTcs 3Ha4H-
tenpHoe (1,5...5,0 pasza) CHWIKEHHE MHKOBBIX
3HAUEHUHN aMIUTUTYJ KoyieOaHWil ABUraTenei Ha
YIOPYroMm MUJIOHE, B MEPBYIO OYepeasb MpU KPy-
THJIBHBIX M JBUTATEIbHBIX TOHAX KOJICOAHMIA.
[Ipun QuaTTepHBIX UCHBITAHUSIX MPUMCHCHHE
I'C/1 no3BOAsI€T yBEAMYUTh KPUTHUUYECKYIO CKO-
pocthb diatrepa g0 15 %.
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