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AHHOTAIUA

B mepuos1 TecToBOM MHCTAIUISAIAN TPOTPAMMHBIX TTPOyKTOB pupmbl MSC B
«OKbB Cyxoro» ObLUTH pelIeHbl HEKOTOPBIC 3a/1aud, JBE U3 KOTOPHIX IPEICTaBICHbI B JaHHON
pabore. K num otHocsiTCS:

- pelleHHe CBSI3aHHOH 3a/1a4dl CTaTHYECKOH a’pOyIpPyTroCTH;

- ompeJielieHUe JIMHAMHYECKOW peakiuu JietatenpHoro ammapara (JIA) ma

JIUCKPETHBIN TOPHIB.

B xauectBe mnpmMepa paccMaTpUBAICS CBEPX3BYKOBOW aJIMUHUCTPATUBHBIA CaMOJIET.
Pacuetsl mpoBomunuces B MSC.Nastran v.70.5, 70.6. B cTtaThe maHO KpaTKoe ONHCaHHE
METOJIOB PEINEHUs, IPUBEJICHBI YPaBHEHHUSI, PACUCTHBIC MOJICIIM U HEKOTOPBIE PE3YJIHTAThI
pacdera.



BBenenue

3amaun  a’poOyNpYyrocTd IO CYIIECTBY SBJSIOTCS 3aJadyaMdM O pPaBHOBECUU
(cTaTM4ecKOM WIIM JTUHAMUYECKOM) YIPYrod KOHCTPYKITMH B TIOTOKE ra3a W YCTOWYMBOCTH
9TOrO paBHOBECHUS. Y CIIOBHEM PaBHOBECHS SIBJISIETCS PABEHCTBO HYJIIO CYMMBI 00OOIIEHHBIX
VOPYTHX, ad3pOJMHAMUYECKMX W  HWHEPIHMOHHBIX CHJI.  BCJEICTBHE  Pa3IMIHOTO
B3aMMOJICHCTBHS YKa3aHHBIX CUJI BO3HUKAIOT Pa3IMuHbIE 3a/1a4K adpOYyIPYTrOCTH.

Knaccudukanus 3amau aspoynpyroctu B MSC/Nastran mpejictaBieHa clieayIOnum
obpazom:
3a/1auM ctatudeckoii aspoynpyroctu (SOL 144);
pacdet ¢uarrepa (SOL 145);

- ompejenenue quHamudeckoit peakiuu JIA (SOL 146).

NmeeTcss Takke BO3MOXKHOCTh pelIaTh 3aJayd ONTUMHU3ALUU MO adpOoyNpyruM
napamerpam. VMcmonas3yemasi B pacdeTe METOJIMKA PEIICHUS YKa3aHHBIX 3a/1a4 [PeJICTaBICHA
6onee moapo6HO B [1].

1. Pemienne 3a1a4 cTaTH4YECKO# a3pOyNpPyrocTH.

B nmaHHOM pa3gene paccMOTpPeHO BIMSIHME  YIOPYTOCTH  KOHCTPYKIMM — Ha
a’pOIMHAMUYECKUE XaPAKTEPUCTUKHU ITPOJIOJILHOTO U OOKOBOI'O JIBUYKEHHUSI CBEPX3BYKOBOI'O
anMuHHCTpaTuBHOTO camolieta "C-21", mpoexktupyemoro B «OKbB Cyxoro», a Takxke
IIpeJICTaBJICHbl HEKOTOPbIE pacUETHbIE Cllydyan HarpykeHust yupyroro JIA.

Camoner C-21 pa3pabatrbiBaeTcsi, KaK CBEPX3BYKOBOH aIMUHUCTPATUBHBIM caMolieT
cxeMmbl "yTKa", pe/Ha3HaYEeHHbIH IS [1IEPEBO3KHU [1aCCAXKUPOB B JIFOOYIO U3 CTOJIMIL MUpa HE
OoJiee YeM ¢ OJTHOI MTPOMEKYTOUHOM MOCaIKOM.

OnHolt 3 ocoOeHHOCTEH camosiera sBIIsI€TCSl OOeclieueHre pPaBHOM JTAJIbHOCTH Ha
JTI03BYKOBOU M CBEPX3BYKOBOH ckopocTsiX. [loaToMy mpu MpoeKTHpOBaHUU 3TOTO camojeTa
npuoOperaeT OOJIBIIYI0 aKTyallbHOCTh TpoOJieMa BBIOOpA ONTHUMAIBHON JtehopMarnuu
CPEIMHHOM MOBEPXHOCTH KpbLIa, 00ECIeUnBalolell BEICOKOE a’pOIMHAMUYECKOe KauecTBo,
KaK B JIO3BYKOBOM, TaK U CBEPX3BYKOBOM /JIMAIla30HE CKOPOCTEM.

JIist cBEpX3BYKOBBIX MACCAKUPCKUX CaMOJIETOB XapaKTEPHO HCMHOJIb30BaHUE KpbLia
HEOOJIBIIOTO y/UIMHCHHUSI W MaJIbIX OTHOCHTENIBHBIX TOJIMUH mpodwist. Vcmob3oBanne
TOHKHX npoduiueld (c=2-4%) B a’poaMHAMMYECKOH KOMIIOHOBKe camosera "C-21"
HEOJIaroNpUSTHO CKa3bIBAETCS HA CHUKEHMM JKECTKOCTH KpbUIa, W KakK CJIEJICTBUE, HA
3¢ (}EeKTUBHOCTH OPraHOB YIPaBJICHUS U HW3MEHEHHH a’pOJUHAMHUYECKHX XapaKTepHUCTHUK
camoJieTa B 1[€JIOM.

Yrpyrocte KOHCTpYKIHMH ILTaHepa camojera "C-21" oka3bpBaeT CyIECTBEHHOE
BIMSHUE HA €ro a’po/IMHAMHUYECKHME XApPAKTEPUCTUKU H OajaHCHUpPOBKY, II0ITOMY IpH
a’POAMHAMUYECKOM IPOEKTUPOBAHUU JTAHHOTO caMoJjieTa HeoOXOAWMO IOCTATOYHO TOYHO
YUHUTBIBATH A3POYIIPYTHE SIBJICHHSL.

1.1 MeToabl onpeae/ieHUs: A3POAHHAMHYECKHX XapakTepucTuk JIA.
AspoimHAMHYecKAasi MO/1eJIb.

B MSC/Nastran peaqm3oBanbl HECKOJIBKO METOJIOB OTIPEJIEIICHHUS AP0 IMHAMHYECKIX
XapakTepucTHK JIA, K KOTOPBIM OTHOCSTCS:



- Teopus I0JI0C;

- MeToJ ceTok Maxa (MeTon sueek);

- TOPITHEBAsI TEOPUSI;

- METOJ JUMOJBHBIX pemeTok (DLM).

B ciyuae 7103ByKOBOro mOTOKa B METOJIE JUIOJIBHBIX PEIIETOK IPH HAJIHYAHA TEJ
THMA «PIO3ETK» IS yueTa HHTEpPEPEHITUH HCIIOJIB3YeTCs] METOT OTOOpayKeHHH.

[Ipm pemeHnH 3a7ad  HMCHOJIB30BAJICS METOX JUIIONBHBIX PEIIETOK MW €ro
cBepx3BykoBast Mojgupukarmus - ZONASI. Huxe 0pUBOJMTCS KpaTKOe ONHCAHHE
YKa3aHHOTO METOJA.

BrmiepBple MeTOm IUNONBHBIX PEIIETOK OBUT  BBEJCH B  HECTAIHOHAPHYIO
aspoamaamMuky Albano, Rodden [3]. ZONAS1 — mertox ucnonszyemsbiii B MSC/Nastran jyis
pacueTa HECYIIHX MOBEPXHOCTEH C YUETOM MX HHTePPEPEHITNH B CBEPX3BYKOBOM JTHATIA30HE
ckopocreit. O0a mMeToJi1a OCHOBaHBI HA Teopuu noteHimana yckopenus. ZONAS1 [5] Obut
paspabotan Liu, James, Chen, u Pototsky (1991), u sBasercs momudukanueir meroma
rapmorwdeckoro rpaauenta (HGM) npencrasiennoro Chen u Liu (1985) [4].

3ajlaqy O HECTAllMOHApPHOM  paclipejIe/ieHUd JIaBJIeHUs Ha  KoJieOuroleics
MOBEPXHOCTH MOXHO CBECTH K peIICHHIO JIMHeapHu30BaHHOro Au(QepeHnnaibHoro
ypaBHEHHUS OTHOCUTENBHO MOTeHInana yckopenus ‘W(x, y, z,f):
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Tak kak ypaBHEHHE JIMHEIHOE, TO pEelIEHHWE KpaeBOH 3aJaud JUisi TApMOHUYECKH
KOJICOJTIONICHCST HECYIel TOBEPXHOCTH MOXKHO TIOJYYUTh C TIOMOINBIO HAJIOXKEHUS
9JIEMEHTapHBIX pellleHud. B ¢u3nyeckoM cMbiciie 3T0 paBHOCHIBHO TOMY, YTO Ha Hecyllel
MMOBEPXHOCTU PACTIOJIOKEHBI ITYJILCUPYIONIUE JTUTIOJIHN.

B cooTBeTCTBHH C 3TUM METOJOM HECYIIYIO MOBEPXHOCTH AENAT Ha MapalljiesibHbIE
HaberaroIemMy 1moTOKy MOJIOCHL, KOTOPBIE B CBOIO OUEpe b pa30MBAIOTCSl HA HEKOTOPOE YUCIIO
TpaNeIUeBUIIHBIX 3JIEMEHTAPHBIX naneseit (amemenTtoB). [lpu cozyanum aspounaMudecKoit
Mozend ucnosib3oBaUCh d1eMeHThl CAERO1 ¢ cOOTBETCTBYIOMIMMH WM CBOWCTBAMH
PAEROI. llpeanonaraercs, uro na Juauu 25% XOpj KakJI0H NaHETH CYIIECTBYET
pacupeneneHue U0 MNOTEHLHAla YCKOPEHHs IOCTOSHHOW, HO HEW3BECTHOU
WHTEHCUBHOCTH. WHTEHCHBHOCTH JIMIIOJIEH TIOJUICKUT  OILPEJCIICHUIO M3  yCIOBHUS
YAOBIIETBOPEHUS TPAHUYHOMY YCJIOBHIO HENPOTEKAHHSI MOBEPXHOCTH JIA B KOHTPOJBHBIX
TOYKAX, PACIOJIONKEHHBIX HA 75% cpejHedt Xop bl KaX/I0H HaHeIn B CIIy4ae JI03BYKOBBIX
ckopocteil. Ha cBepx3Byke KOHTpPOJBHBIE TOYKHA Haxonaarca Ha 95% Xopapl maHenH.
Peanuzarust ycinoBusi HEMpOTEKaHUST B KOHTPOJIGHBIX TOYKAX TO3BOJISIET IMOJYYUTH CBSI3b
Mexay Kod(p(UIUEeHTOM [aBleHus U Oe3pa3MepHOl BepPTUKAIBHON WM HOPMaJbHOU
CKOpPOCTBIO (CKOCOM TIOTOKA), BBI3BAHHOW HAKJIOHOM a’pOMHAMUYECKON TaHETu K
HaberaroueMy MOTOKY, YTO BIIOCJIEJCTBUU HCIOJIb3yeTcs MpH (OPMUPOBAHUHU MATPHUILBI
a’pOIMHAMUYECKON JKECTKOCTH, CBSI3bIBAIOLIEH 0000INEHHbIE a’pPOJAMHAMHUYECKUE CHJIBI U
nepeMenieHusI.

B cnyuae kBasmycranoBuBINerocs JBMkeHuss JIA HUCMNONB30BaHWE THIOTE3BI
CTAallHOHAPHOCTH MOJHOCTBIO MPAaBOMEPHO MpH STOM MaTpHUla a’pOJAUHAMUYECKOU
YKECTKOCTH, TIPUCYTCTBYIOIAsI B YPABHEHUHN CBSI3AHHOM 3aJ1a4M CTATUYECKOU a’pOyIpyrocTr
(2), HE 3aBHCHT OT BpeMeHH (JacTOThI) U SBJIIETCS GYHKIIHEH TOJIBKO Yrciia Maxa.

TodHOCTH Pe3yJILTATOB MOIYYEHHBIX 110 METOJY JIMCKPETHBIX JIUIIOJEH B HEKOTOPOH
CTENEHH 3aBHCHUT OT KOJWYECTBA IMAHENed M, KaK MOKa3all ONBIT, HE YCTYNaeT TOYHOCTH
PE3YIBTATOB, MOJYUYEHHBIX C MTOMOIIBIO aHAJOTHYHBIX MAHEIHHBIX METO/O0B, UCIIOIH3YEMBbIX



B OKbB. Heo0x01MMO OTMETUTbH, YTO MOJIEJIMPOBAHUE HEIUIOCKUX a’pOJIMHAMUYECKUX
NOBEpXHOCTEH B Hcmoib3oBaHHOW Bepcur MSC/Nastran BecbMa 3aTpyIHUTENBHO H3-3a
HEOOXO/IMMOCTH SIBHOI'O YKa3aHHs MECTHOIO yIjla CKOCa II0TOKA Ha KaXJI0W MaHelId. DTO He
[O3BOJISIET IIpU OaJaHCHPOBKE YUUTHIBATh "HYyJEBYIO" 3a1auy (pacmpelelieHHe JaBJIE€HUs OT
KPUBHU3HBI CPEMHHON ITTOBEPXHOCTH W TOJIIMHBI NPO(UIS) W MOJydaTh JTIOCTOBEPHBIE
Harpy3ku Ha JIA B pacueTHBIX CiIydasx Harpy>KeHHUs.

AdpojirHAMHUYECKasi MOJIE/Ib CaMOJIeTa IIPECTAaBICHA Ha pUC. 1.

1.2 Yuopyro-maccoBasi Mojie/ib

Koneuno-anementnast mojens u3j. «C-21», pa3paGorannasi juisi perieHus: 3ajad
CTAaTHUYECKOH MPOYHOCTH, MpeicTaBlieHa Ha puc. 2. MoaenupoBaHUE THIOBBIX 3JEMEHTOB
KOHCTPYKITAW ITPOBOJIMIIOCH C TIOMOIITBIO CIIEYIOIMX KOHEUHBIX 3JIEMEHTOB!

- crepxHu (CROD) — 11t nosicoB HEpBIOP, JIOHKEPOHOB H T.1I.

- O6anku (CBEAM) — i1 11051COB MITIAHTOYTOB | T.]T.

- wmemOpannble maHend (CQUAD4, CTRIA3 ¢ mMeMOpaHHOH KECTKOCTBIO) — IS

HECYIIUX MaHeseil Kpbuia, onepenus, (ro3ersika u T.71.
- wm3rubHble 1actdHel (CQUAD4, CTRIA3 ¢ wMemOpanHOH, H3ruOHOW U
TPaHCBEPCATBHOM )KECTKOCTHIO) — JIJIsl CTEHOK IMIAaHTOyTOB H T.JI.

[lonkpenneHHble NaHENd KpbUla W (ro3eisbka MOAETUPOBAINCH MeMOpaHHBIMU
IJJACTUHAMU W3 OPTOTPOITHOTO Marepuaja (C y4eToMm IepecueTra MOJIyJIed YIpPYyrocTu u
koa¢p¢unuentoB llyaccona). I[lpenmonaranock, 4TO CTEHKH HEPBIOp U JIOH)KEPOHOB
BOCITPUHUMAIOT TOJIHLKO KacaTelbHbIE HATIPSIKEHUSI.

KecTKoCTH 571eMEHTOB KOHCTPYKIIUU HOCAT MpeogapumelibHbulll XapaKTep U TOJKHBI
OBITH JlaJiee YTOUHEHBI 110 pe3yJsibTaraM pacuera Harpy3ok u HJIC.

MaccoBo-MHEPIIHOHHBIE XapaKTEPUCTUKH camoJieTa PECTABICHBI
COCPEJOTOUYCHHBIMM MaccaMH, KOTOpble MojenupoBaiuch snemMeHTamu CONMI. Cas3b
MAaCCOBBIX 3JIEMEHTOB U Y3JI0B KOHEYHO-3JIEMEHTHOW MOJIENIN OCYIIECTBIISLIACH TIPU TOMOTIIH
snemedToB MPC RBES3.

CBsi3p ynpyrux NEpPEMEIICHHH W CHJI B KOHTPOJBHBIX TOUKAX a’pOAMHAMUYECKOMN
Mojienn M y3nax — KD-mojienm  OCyIecTBIsieTCs MOCPEIACTBOM  CIUiaiinoB.  CrutaifHb
HCTIONB3YIOTCS JUIsl IBYX SIBHBIX L€JIeU: NIl HHTEPHOISUUU CUl (OIpeNeTeHusl CTPYKTYPHO-
SKBUBAJICHTHOTO PACIPEJICICHUSI CHJI B y3JlaX KOHCTPYKIIMH, BO3HUKAIOIIETO BCJICJICTBHE
pacupeneneHdsl JaBJICHHs Ha ad’pOJWHAMHYECKOW MOJENH) W Il HHTEPHOJISALHU
NepEMENICHUH a’pOIMHAMHUYECKUX KOHTPOJIBHBIX TOYEK W Y3JI0B KOHEUHO-3JIEMEHTHOMU
Moaenn. MeTtoabl (GopMHpPOBAaHHS MaTpHI] CIUIAHOB mpenctaBiieHbl B [1]. Ilpu pemenun
3aj1a4 OBLTK UCITOJIB30BaHbI CTuTaiinbl Tuna [PS.

[Ipu co3januM KOHEYHO-IJIEMEHTHOW  MOJICJI  HMCHOJB30BAICS TPEIPOIECCOP
FEMAP; asponmHamMudeckas, MaccoBas MOJEIb U CIUTAHBI OBLTHA ITOCTPOEHBI IMPY ITOMOIIH
MSC/Patran v.8.1.

Yucno y3noB ynpyro-maccoBoid KO-monenu ~ 10 000.

Uucio creneneii cBodoapr KO-mozenu ~ 50 000.

AnsponuHamuyeckux maHenei ~ 2000.

OO6miee BpeMsi perieHusi CTAaTUYECKON 3aj/lau B JIO3BYKOBOM JIMAIIA30HE CKOPOCTEH
(YpaBHOBEIIIEHHBII pacyeTHBIM ciaydaid HarpyxeHus) Ha PC Workstation SGI 320
2xPIII450MHz/512Mb  oxoo 8 wacoB. Ilpm cBepxX3BYyKOBOM OOTEKaHWM pacder
IIPOU3BOTUTCST OBICTpEE BCIEACTBHE TOTO, YTO adpOJUHAMHYCCKHUE TMAHEeNH, JeKallue HIKe
110 TIOTOKY, HE OKA3bIBAIOT BJIMSTHUS HA BHIIEPACITOIOKEHHBIE KOHTPOJIbHBIE TOUKH.
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Puc. 1 AspoavHamudeckas Mozeib camonera «C-21»

Punc. 2 KoneuHO-351eMeHTHAs MoAeb caMoiieTa «C-21»




1.3 OcHoBHbBIE ypaBHEHHS

OcHoBHOEe ypaBHeHHE wHcnoias3yemoe B MSC/Nastran s pelieHHs 3amad
CTATUYECKOHN a’dpOyHpyrocT UMEET BUI:

[Kaa — q Qaal {ua} + [Maa] {” of =4 [Oa] {ux} + {Po} @)

rne U, — BeKTOp 0000IEeHHBIX TepeMelieHnii y3inoB KD-mMonenu;

Uy — BEKTOp OOOOIMEHHBIX MEePEeMEINIECHUN "JIOMOTHUTENBHBIX" a’pOAMHAMUYECKUX
TOYEK, HCHONB3YEeMBId Ml ONUCAaHUS OTKIOHEHHS YNPaBJISIOUIMX MOBEPXHOCTEH W
JBrkenus JIA kak TBep;ioro Tena.

K4q — MaTpHuila )XeCTKOCTH KOHCTPYKIUH;

M,, — maTpuia macc;

Quq — MaTpulla adpoOAMHAMHYECKOH XECTKOCTH, CBS3BIBAIOIIAsS a’pOIUHAMUYECKHE
CHJIBI U TIEPEMEITICHUS B y3J1aX KOHEUHO-3JIEMEHTHOM MOJIEIIH;

O, — MaTpulla a’poJUHAMHYECKOH >KECTKOCTH, CBSI3BIBAIOLIAS CHUJIBI B Y3JIOBBIX
TOYKAX M €JIMHUYHBIE TIEPEMEIIECHUSI JIOTOJTHUTEIILHBIX a3POIMHAMHUYECKUX TOUEK;

2
_ PV i .
g = =~ CKOPOCTHOI Harlop;

P ¢ — BEKTOP BHCHIHUX HArpy30K OHpCI[CJ'[SICMI:Iﬁ IIOJIB30BATCIICM.

B o0mem cnyuyae npu pelieHHH 3TOTO YpaBHEHHUS CaMOJIET MOXET paccMaTpUBaThHCS
He3aKpelIeHHbIM. Tpa/iIMIIMOHHBINA pacyeT METO/I0OM KOHEUHBIX 3JIEMEHTOB B 3TOM Cllydae He
MpEeJICTaBIsIeTCSl BO3MOXKHBIM, TaK KaK MaTpHUIlA KECTKOCTU CTAHOBUTCS CUHTYIsipHOH. Jlnis
PEOJIOJICHUS] ITOTO  3aTpyJHEHHs, mepememenus jaedpopmupoBanHoro JIA  moxHO
MPEJICTABUTH B BUJIE CYMMBI JABYX COCTaBISIOIIUX: ABM)KEHHUS KaK abCOIIOTHO TBEPAOIo Tejia
U €ro yupyrux liepeMmerneHuil. 3ateM HeoOX0JMMO 3aJlaTh «CCHUIOYHYIO)» Y3JIOBYIO TOUKY
KD-mogenu ¢ ykazanueM B Hel creneHed cBOOOIBI, MO KOTOPBIM MpearnoJiaraercs
cBoOoOIHOE TIepeMelrieHre JIA kak TBepaoro tena. Y paBHeHHE (2) MpU 3TOM pacmnanaeTcs Ha
ypaBHEHHUsI JUis HAOOPOB cTerneHeil cBobo bl ¥ u I:

K% K% ||y, N M, M, u,
Kalr Karr u Mr/ Mrr

r
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rae

[Ka““]:[Kaa -9 Qaa] 5 [Kaax]:_q [0..]

B r-maGop Bxoj1T cTenenu ¢cB00O1bl ONMMCHIBAIOITNE TiepeMetienust JIA kak TBepsioro teina (B
HEro JOCTAaTOYHO MOMECTHUTH LIECTh cTeleHel cBOOOABI OJTHOTO y3Jia KOHEYHO-3IIEMEHTHOU
MOJIEJIM HAXO/ISAIIErocs B pailoHe IeHTpa TSIKECTH), a B [-Ha0Op — BCE OCTAILHBIC CTEIICHH
cBO0OObI, COOTBETCTBYIOLIUE YIPYTHM ITEPEMEIICHUSIM.

Jlns  pemenuss ypaBHeHHsS (3) HEoOXOAMMO JOMOJHHTEIBHO YyUYeCTh TpPH
COOTHOIIIEHUSI.

llepsoe coomuowenue cienyer W3 MPENANOJIOKEHHS O KBa3UyCTaHOBUBIIEMCS
MAaHEBPE U OIIPEJICIISIET CBSI3b YCKOPEHUH y3JI0BBIX TOUEK r 1 [-Habopa:



{u} _[p] {u} 4)

rae /D/- matpuiia ¢popm aBmwkeHus JIA kak TBepAoro Tena.
Bmopoe coomnowenue HEOOX0UMOE IS ONPEJICIICHUS] HEU3BECTHBIX YCKOPEHHM

YCTAHABIIMBAET CBSA3b MEX]ly BEKTOpoM yckopeHuit JIA kak abcoirtoTHO KecTKoro tena { u ,}
¥ BEKTOPOM TIEPEMEIECHHH TOTIOTHUTETBHBIX a3POJMHAMHYECKHX TOUCK { Uy} :

{u, y=[TRI' [ TRX] { us), ()

rie  [TRX ] - ByneBa marpuma, KoTopas «BBIOMpAaeT» YCKOPEHHS H3 BEKTOpa {iy},
OTUCHIBAIOIIET0 OTKJIOHEHHUSI YIPABIISIONIMX TTOBEPXHOCTEH W JiBukenue JIA kak TBepsoro
Tena;

[TR])" - marpuua, mpeoGpasyromiasi BHIOPAHHEIE YCKOPEHHSI K CTEICHSM CBOOOIBI
KOHEYHO-3JIEMEHTHOH MOJEIIH ITOMEIEHHBIM B r-Habop. Matpwuiia [ 7. R]T SBISICTCS (PYHKITHEH
TOJIBKO T€OMETPUU MOJEIH.

Tpemve coomnoueHue HEOOXOUMOE JIUISL PENICHUST ypaBHEHUS (2) 3aBUCUT OT THNA
pelaeMoii 3aaumn.

B ciyuae ecnim paccmarpuBaercs 3akpenienuwiil JIA (narpumep, ynpyro mnojo0Has
MOJENbs B a’pOAMHAMHUYECKOH TpyOe), TepeMelleHUus CChUIOYHOM Y3TOBOH TOYKH
110JIaratoTCsl PABHBIMU HYJIIO

{u, =0, (6a)

U JUid ompenenieHHs 4-X HEW3BECTHBIX BeKTOopoB nepemewmeHuit {u }.{u, }.{u, }.{u, }
ucnonb3yrotes ypaBHeHU ((3);(4);(5).).

IIpu pacuere nezaxpennennozo JIA ({u,} #0) xo3punnueHTs a’3poIuHAMHYECKIX
MPOU3BOJIHBIX U OaTaHCHPOBOUYHBIE 3HAUYEHUS KMHEMATHYECKUX MMapaMeTpOB OMpeAesioTcs
B cucreme "cpeanux" oceil. llepememnienust B cucreme "cpeaHux" oceil opTOroHalibHbI K
nepemenieHussM JIA kak TBepmoro Tema. Mcmonwssys marpuity ¢opm aBmwkeHus JIA kak
TBepjoro Tena [D] wm wmarpuity Macce, mnosjoxenue ("3akpemienue') CpeaHMX Ocei
OTpeeNiIeTCsl BRIPaKEHUEM:

D||M, M, ||y

=0. 6b
] er Mrr u ( )

r

B sTOM ciydae quid onpezneneHust 5-TH HEM3BECTHBIX BEKTOPOB Iepememenud {u }, {u,},

{L.l-] 3. {u,}, {u, } ucnone3yrotes ypaBHeHUS ((3);(4);(5);(6b)).
B o0rmem cirydae cuctemMa ypaBHEHHN MOXKET OBITh IIPEICTaBIICHA B BUIE:

K,+K, K, +K; M,D+M, K; U, P
D'M,+M, D'M,+M, 0 0 u, | 0
D'Ki+K% D'K'+K" m, D'K: |lu | |D'P+P

0 0 ~1 TR'TRX | |u 0 :

onHako HauuHas ¢ Bepcuu 70.6 [2], B MSC/Nastran ucnoyib3yeTcss HECKOJIbKO HHOU TOIXOI,
OCHOBAaHHBIM HA  OUPEJCICHUH «YNPYIHX NPUPANICHUN» OT €JIUHUYHBIX 3HAYCHUN
KHHEMaTHYeCKHX apaMeTpoB (KOMIIOHEHTOB BEKTOPA U ).



Kputnueckue CKOpOCTHBIE HAIOpPbl JUBEPreHIMM MOIYT OBITh ONPEJIEIIEHbl W3
pelieHusl 3ajadd Ha coOCTBeHHble 3HaueHus. Jlns 3akpermnenHoro JIA 3amaua Ha
CcOOCTBEHHbBIEC 3HAUEHUS] UMEET BU/L:

[K// _qull] { “/} =0, @)

rac nNepBOC IMOJIOKUTEIIBHOC CcOOCTBEHHOE 3HAaUEHHE {d,COOTBETCTBYCT CKOPOCTHOMY HAIIOPY,
Ha KOTOPOM UMECT MCCTO JUBCPI'CHIIHA.

1.4 PesyabTaTsl pacuera

B JamHOM paszjene npuBEJEHBI PE3yJbTAThl pacdye€Ta OCHOBHBIX CTAlMOHAPHBIX
MPOU3BOIHBIX a9POAMHAMHUUYECKUX KOAP(PUIIUEHTOB caMoJIeTa ¢ YYETOM BIIUSHUS YIIPYTOCTH
KOHCTPYKIIMH IUIAHEPA U HEKOTOPBIE YPABHOBEIIECHHBIC PACUETHBIE CIIy4an HArpy >KECHUSI.

Pesynprarel mpesicraBiensl B BHJEe TpadukoB 3aBucuMmocTeit K03 urmenTon
a’pOAMHAMHYECKAX MPOU3BOJHBIX OT ymcesn Maxa, a Takke B Oe3pa3sMepHOM BHIE, Kak
oTHOINEHNe KOA(P(PUIMEHTOB a’pPOMHAMUYECKUX TPOM3BOJIHBIX YIPYroro camoJieta K WX

3HAYEHUSM IS a0COIIOTHO kecTkoro JIA (tak HazwsiBaembie SC = f(gq)). Jlins HEKOTOPBIX

rpa)KOB TMPHUBOJATCS PHUCYHKH, TOSICHSIIONIHME XapakTtep jaedopmariuii, ompesiesironmii
U3MEHEHUE KOO PHUITUECHTOB TPOU3BOTHBIX.

AOcomoTHbIe 3HayeHHUs] KOA(PQUIMEHTOB MPOU3BOAHBIX MOABEMHON CHIBI U
[IPOJI0JIFHOTO MOMEHTA 110 YIUIy aTaku B 3aBUCUMOCTH OT M 1ipu ¢ = const IIpejicTaBlieHbl Ha
puc. 3. Ha puc. 4 npuBeieHbI 3TH K€ BEJIUUYUHBI B Oe3pa3MepHOM BHUJIE.

JInst KpbUIbEB NPSIMON CTPENOBUIHOCTU (y >(0) MECTHBIE YIJbl aTaku MO Mepe
npuONIKeHUsT K KOHIEBBIM CEUEHHSIM MpH MW3rude KpbUla BBEpX, KaK MPaBHIIO,
yMmeHbInaroTed. Tak Kak Hecyllue CBOMCTBa caMoJieTa B II€JIOM OIIPEJIEIsiOTCs IJIAaBHBIM
00pa3oM XapaKTEpHCTUKAMH KpbLla, TO NpousBoaHas C; g JIA ¢ KpbUIOM IIpAMOM

CTPENIOBUIAHOCTH 3a CYET YIPYTOCTH KOHCTPYKIIUH JOJDKHA YMEHBIIATHCS.
o — o
Onnaxo Ha J103ByKe, Kak BHIHO u3 rpaduka £C; = f(q), npoussoanas C; camonera

"C-21" yBenMYHMBAETCSA, YTO CBUIAETEIBCTBYET O TOM, 4YTO JedopMaldd KpydeHHS
npeoOialatoT Ha/l M3TUOHOM e opmariell yMEeHbIIAoIe MecTHbIE YTJIbl aTaku (puc. 6,7).
10 siBIIeHUE OOBSCHSETCS ¢ OHOM CTOPOHBI HEJIOCTATOYHOM JKECTKOCTHIO TOHKOTO Mpodus
KOHCOJIBHOM YacTH Kpblla Ha KpydyeHHE (¢ ~2...3%) W NOAATIIMBOCTBIO Y3JIOB HaBECKHU
OTKJIOHSIEMOTO HOCKa, Jjedopmanus KOToporo (puc.7,a) BBI3BIBAET JOMOJHUTEILHBIN
MPUPOCT a3POIMHAMHYECKNX CHII HA HEM; C IPYTOil CTOPOHBI — HECOBEPIIEHCTBOM JIMHEHHOU
a’pOIMHAMUYECKON TEOpHH, JIAIOIIECH 3aBbIIIEHHbIE 3HAYEHUs [I€peraoB JaBICHUS Ha
nepeaHeil KpoMke. Pa3inyHble IBETOBBIE OTTEHKH HA PUCYHKAX COOTBETCTBYIOT 3HAYEHUSIM
a0COJIIOTHBIX IEpEMEIIEHUH y3J10B KOHEUHO-3JIEMEHTHON MO/IENIH.

Ha cBepx3Byke cuna mpu Oosiee 3aJHEeM TMOJOXKEHUU (oKyca IO YIIy aTaku,
3aKpyuHMBasi KPbUIO TIEPE/HEH KPOMKOW BHM3, yMEHBIIACT 3HA4YeHUsACy U Oe3pasmepHOi

BEJIMUMHBI EC

[IpousBojiHast m¢, 10JIOXKUTEIbHAS HA JIO3BYKE, C POCTOM ¢ YMEHBIIAETCS. OJTO

BbI3BAHO TEM, 4YTO 3aKpPydHBAKOINHUCCA BBCPX KOHIICBBIC CCUCHHA KpbUla JaroT
IIOJIOXKHUTCIIbHOC IIpHPpAlICHHUC aSPO,Z[HHaMI/I‘{CCKOfI CHIJIBI, HpHJ’IO)KCHHOﬁ 3a IICHTpOM
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3. BriBoabI

1. IlpoBeneHHBIE pacyeThl MOKa3bIBAIOT, YTO YNPYTOCTh KOHCTPYKIIMH IUTaHEpa
camosera  "C-21"  oxa3piBaeT  CyIIECTBEHHOE  BIUSHHE HA  HW3MEHEHHWE
a’pOTMHAMHYECKIX XapaKTePUCTHK CaMOJIeTa.

e B TpaHC3BYKOBOM IHala3oHe CKOpOCTed HaOMoJaeTcss MoJHas TOoTeps
a¢dexTrBHOCTH (arepoHa mpu CKOpocTHOM Harmope Oosbirem 4000 kr/M® u
pyJis HampaBiieHus mpu g > 3000 KI/M.

e VYupyrue jaedopmaruu MOJOKUTEIHHO CKa3bIBAIOTCS HA BEIMYMHE 3amaca
TIPOJOJTBHOM CTATHYECKOW YCTOHYUBOCTH caMoJIieTa, CMeIas a3poJHnHAMAYCCKHAN
¢doxyc Hazaj (OTHOCHUTEIFHO €ro MCXOJTHOTO MOJIOKEHUS HA JKECTKOM CaMOJIeTe)
MIPH JJO3BYKOBBIX CKOPOCTSIX M BIIEPE]] HA CBEPX3BYKE.

e Jlehopmaruu (rozessika, IMEIOIEro 00JIbINOe Y/JIMHEHNE HOCOBOM YacTH, HE
OKa3bIBAIOT CYIIECTBEHHOTO BIHUSHHS Ha HW3MEHEHHE a’pOIUHAMHYECKHIX
xapakrepuctuk JIA. OpHako OHM TPUBOAAT K 3HAYUTEILHOMY HW3MEHEHHUIO
YTJI0BOM OpUEHTAIIWU B TIOTOKE TIEPETHETO TOPU30HTATBHOTO ONIEPEHHS.

e lI3MeHeHue a’pojIMHAMUYECKUX  XapakTepuctuk  camosiera "C-21"
00yCJIOBJICHO B OCHOBHOM YNIPYTHMH Ae(opMaIusiMu KpbLia.

e PesynpraThl pacuera TPeJCTABICHBl HA OCHOBAHWW IIPEIBAPUTEIHHBIX
JKECTKOCTHBIX W WHEPIIMOHHBIX XapaKTepUCTHK, KOTOpBIE IOJKHBI OBITH
YTOUHEHBl Ha OCHOBAHWHW pacueTa HAarpy30K € Y4YeTOM «HYJIEBOH» 3ajauu
(pactipeniesieHHsT NaBJICHUS OT KPHBH3HBI CPEITUHHON MOBEPXHOCTH M TOJIIAHBI
npouIIs) ¥ aHaIM3a HAPSKEHHO-1e(pOPMHAPOBAHHOTO COCTOSHUSI.

2. Meroauka pacderoB, peanm3oBanHas B MSC/Nastran, ocHOBaHHas Ha TMaHEIHLHOM
METO/e M METOJE KOHEYHBIX JJIEMEHTOB, II03BOJISIET C JOCTATOYHOM CTENEHBIO
TOYHOCTHU OICHUTL BJIMAHUC YIHPYTOCTH KOHCTPYKIIMM Ha aspOJIMHAMUYCCKUC
xapakTtepucTuku JIA, OIHAaKO ee MCIONIh30BaHME NPH pacdeTe Harpy3ok Tpedyer
OoJiee TOUHOTO yueTa «HyJIEBOM» 3a/1auu.

® Oco0EHHOCTh METOJMKU COCTOMT B TOM, uto MKD mo3BoJisieT J10cToBEpHO
MOJIETTUPOBATh YIIPYTUe CBOWCTBA KOHCTPYKIIHH, B TO BpeMsl KaKk MOJETUPOBAaHUE
HEIUJIOCKUX a’pOJMHAMHUYECKUX IIOBEPXHOCTEH B METOJIE€ JIMIIOJIBHBIX PEIIETOK
BBI3BIBAET 3aTPyJAHEHHE U3-32 HEOOXOIUMOCTH SIBHOTO YKa3aHUS MECTHOTO yria
cKOca I10TOKa Ha KaK/I0M 11aHesu Juisd "HyJieBoi" 3ajaun.

e MeToa AUMONBHBIX PEIIETOK HE YYWUTHIBAET Ty YacTh 'HYJeBOM'" 3amauu,
KOTOpast 3aBHCHT OT TOMMUHBI mnpoduis. OTCyTCTBHE  BO3MOXKHOCTH
UCIOJIb30BaTh 00BbeMHBIE Tena THUma "¢ro3edspk" Ha CBEPX3BYKE TakKiKe
CYIIECTBEHHO CHUKAET TOUHOCTH PE3yJILTATOB.
® YKazaHHbIe HeJJOCTaTKU METO/1a AUTIOJIbHBIX PEIIETOK HE MO3BOJISIOT HOTyYaTh
JIOCTOBEPHbIE HArPY3KH B YPABHOBEIIIEHHBIX PACUETHBIX CIIyUasiX HarpyKeHHUsL.
J1yist 5TOr0 HEOOXOIUMO HCTIOJIb30BaHKHE OOJiee COBEPIIEHHBIX MaHEIbHbBIX
MeTo10B (Harpumep [6], [7]), MO3BOJISIONIMX PACCUUTHIBATH a9POIMHAMUYECCKUE
xapakTepucTHKH JIA clI0XHOU TPOCTpaHCTBEHHOM KOH(pUryparuu.
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