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B kHHre ocBellleH OJHH H3 HaHGoJee CJIOXKHBIX PasieloB JHHAMHKM MOJETa
caMoJiera — AMHAMHKa LITOMOPA.

PaccMoTpeHb! yc/IOBHST M 0COGEHHOCTH NoONajgaHus camoJjera B wmrtomnop. Ilpu-

BeleHH KJaccHHKauHs, aHAJIH3 OCOGEeHHOCTEdl W MeTOAbl HCCJENOBAHHS LITONOpPA
COBpEMEHHEIX CaMOJIETOB, H3/I0JKEHB aHaJHTHYECKHE METOAbl pacyeTa HapaMeTpOB
TPaeKTOPHH IBHXKeHHs caMoJieTa B INTONOpe, Pe3yJabTaThl MOAEJHPOBAHHS H JeT-
HBIX HCIBITAHHl caMoJIeTOB Ha wTonop. JlaHo omucaHHe MeXaHHKH ABHIKEHHS ca-
MoJieTa Ha GOJBLIMX YIVaX aTakH M METOJOB MHJIOTHPOBAaHHsA, 06eCnedyHBalOLIMX
Ge3onacHOCTb MOJIeTa HAa pacCMaTPHBAEMbIX PeXKHMaX.
’ Kunura npexnasnaueHa /s HHXKeHepOB aBHAUHOHHOH INPOMBILIJIEHHOCTH, Ha-
yuHbIX paGOTHHKOB, JeTuHKOB. OHa MOXeT ObITb TaKKe IOJe3Ha mnpenojaBaTe-
JIIM U CTYAEHTaM aBHALHOHHBIX BY30B.

Ta6a. 5, un. 155, cnucok JuT. 75 Ha3B.
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MNPEAHCJIOBHE

B pasButum a’pogMHaMHKH H AMHAMHKH IIOJeTa
MOXKHO BBIIEJNUTb ABa HanpaBjieHHs: OQHO U3 HHX — pa3paboTKa Ho-
BHIX HMeHl U IyTel COBEPIUEHCTBOBAHHUS JIeTaTeJbHHX alnaparos,
BTOpOE — H3bICKaHHe COocOOOB NMpefOTBpallleH|si BOSHHKAIOUHUX NIPH
noJieTax ONacHBIX (H3WUECKHX $BJEHHi, BeAymuX K O0JbIIHM Ma-
TePHAaJNbHBIM NOTEPSIM H UeJIOBEUECKHM KePTBaM.

K onacHbM siBIEHHSIM B NOJIETE€ NPHBOAAT NOTEPst CKOPOCTH, CBa-
JuBaHHe, NONajaHHe caMoJieTa B IUTONOP H Hp. TPYAHOCTH 6OpPb-
6Ll CcO CBaAMBaHHEM H HITONOPOM COCTOSIT, BO-NIEPBLIX, B TOM, UTO
BO3HHKHOBEHHE 3THX SBJIEHHII OpraHHYeCKH CBf3aHO C a3pOAHHAMH-
YeCKHMH OCOOGEHHOCTSIMH caMoJjieTa Y, BO-BTODHIX, CO cnenubHKoOR
yIpaBJIeHHsI CaMOJIETOM H €ro OpPleHTHpOBKOH B IPOCTPAHCTBE IIpH
CBaJHBaHUH.

XapaKTep OOTeKaHHsi M BeJHUHHA CONPOTHBJIEHHS HaxoAsLlero-
csl B BO3AYIIHOM NOTOKe Tesna (CcaMoJieTa) 3aBHCAT OT €ro NoJjioxe-
HUA N0 OTHOLIEHHI0 K Haleralomemy notoky. Ecte gBa xapakrep-
HBIX TOJIOXKeHHsl CaMmoJieTa: IepBoe — KOrja CHJla COINPOTHBJECHHSA
MHUHHMAaJIbHa, B 3TOM CJIy4ae caMoJIeT YCTOHYUB B OTHOLIEHHH CONPO-
THBJIEHHS1 BpallleHHIO, U BTOPOe — KOTJa CHJIa CONPOTHBJIEHHS MAK-
‘CMMaJibHa; TPH 3TOM CaMOJIET HEYCTOHuWB, BO3HHKalOllee Bpaile-
HHe YCHJHBAeTCs W NPHBONHMT K camoBpailenuio. IIpoucxonur cBa-
JIUBaHHE U TIONAafaHuHe CaMoJIeTa B LITONOP.

C nenblo obecrneueHust YCTOMYUBOCTH CamoJjieTa HYXKHO H3berathb
YCJIOBHH €ro MaKCHMaJbHOTO B3aHMOJEHCTBHS C NOTOKOM, XOTS B
HEKOTOPHIX CJydYasiX ToJieTa MaKCHMaJbHOe B3auMoJelicTBue OLIBaeT
Heo6XOANMO.

OcCHOBBl TeOpHH LITONOPA caMoJieTa cTaau paspabarteiBaTbesl 6O-
Jlee MATHAECATH JIeT Ha3al. DTa TEOPHS Pa3BHUBANach OTHOCHTEJIBbHO
Me[JIEHHO H3-3a GOJIbLIMX TEOPETHUYECKHX TPYAHOCTEH H CJIOXKHOCTH
JKCNePHMEHTOB. XapaKTepUCTHKH CaMOJIETOB H YCJOBHS HoJiera ¢
TeueHUeM BPeMeHH CYIeCTBEeHHO H3MeHfIuchb, a 60ppba co cBanuBa-
HHeM U LITONOPOM OCTaBaJjJach ONHOM M3 BaXKHeMINWX 3aJay camoJie-
TOCTPOeHUs. SIBJieHHs CBa/jMBaHHs M LITONOpA OKasaJHCh BecbMa
cBOe0OpasHBIMHU U [OCAYXKU/IM NPHYHHOH TPYRHOCTEH, BOSHHKAIOMUX
B noJiete (M Jaxe JIeTHHIX NPOUCHIECTBHH), ¥ CAMOJIETOB C KPHI/IbS-
MH Majoro yAJMHeHHs H OOJIbLIOH CTPEJOBHAHOCTH B YCIOBHAX
IO3BYKOBOTO IOJIETa M NPH BbIXOAe Ha Oa/JIMCTHUECKHe TPAEKTODHH
B Cpefie OUeHb MaJofl IJIOTHOCTH.
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Hecmorpst Ha OuYeBHIHYIO aKTyaJbAOCTh HaJbHEHIIEr0 H3Yy4eHHs
SIBJIEHUSI CBAJUBAHUA W HITONOpa caMoJjeTa W pa3pabOTKH IIPaKTH-
yecKux Mep, obecreunBaomux 6e30MacHOCTb MOJETA, JHTepaTypa B
9TOM 06s1aCTH 3HaHHU# BecbMa OrpaHuyeHa.

Kuura M. I'. Kotuka, comepxamias rayGokuii aHaniu3 0COGEHHO-
CTell CBajMBaHUs M WITONOPA COBPEMEHHBIX CaMOJETOB, YCIEMIHO
BOCIIOJIHSIET 3TOT npoGes. ABTOp packpbiBaeT (PU3HUUECKYIO CYIIHOCTb
SIBJIEHUH, OCTaTOYHO MOJHO U Iy6OKO MOKas3blBaeT, KAK OHH MOTYT
OBITh NpEACTaB/eHb MaTeMaTHUeCKUMH MONENSIMU WU NMpPOaHaJau3UpPO-
BaHB! NPAaKTHYECKU INOCTYIHBIMU CPeJCTBaMH, NOLPOOHO paccMaTpH-
BaeT U MIHPOKO 06o6uiaeT Bce OCHOBHBIE acHeKThl Npo6sieMbl CBaJH-
BaHH$ U IITONOpPa COBPEMEHHBEIX CaMOJIETOB.

M. T'. Kotuk usBecreH cBouMHu paGoraMH B 00J1aCTH yCTOHYHBO-
CcTH caMoJ/ieToB W mTomopa. OHM HaNHCaHbBl HHTEPECHO, JOXOAYHUBO
H npuHecau GOJbIIYI0 MOJMb3Y MIHPOKOMY KDYr'y aBHAIMOHHBIX clie-
LHAJUCTOB: JIETUYHKAM, HHXKeHepaM, KOHCTPYKTOPaM M HAay4HBIM pa-
6orHukamM, HeT coMHeHHsI B TOM, 4TO W NaHHAs KHHTa HAWAET MHO-
rUX yuTaTenaei.

3acayxkeHHbI fesTenb HayKu U TexHukn PCOCP
I-p TexH. Hayk, npod. B. C. Meimnos



BBEJEHHE

Iromop sBJasieTcs OXHHM H3 HauOOJee CJIOXKHBIX
pexuMoB nosera. IloBeneHue u NUJIOTHPOBAHHE caMoJjeTa B 3TOM
pexuMe KapIMHAJbHO OTJHYaeTCs OT TOTO, YTO IPOUCXOAUT IIpH
oOblyHON JieTHOH 3KcmiayaTtapuu. IlITonop — HesKCIyaTalHOHHBIN
pexuMm mosetra. B Hacrosiiiee BpeMsl IpefHaMepeHHBIH BBOJ CaMo-
JetTa B IUTONMOP IPOM3BOAUTCS NPH TPEHHPOBOUHBIX IIOJeTax, MpH
BBHINMOJIHEHUH OTHEJbHBIX (PUIyp BHICHIEr0 MHJIOTaxXa H IpH NpOBe-
IEHUH CHelHasbHBIX JETHHX HCObTaHu#A. V3BecTHH Jullb OTHe/b-
Hble CJyYad HCHOJb30BAaHUS INTONOpPA B KauecTBe TaKTHYECKOTO
MaHeBpa (HampuMmep, BBOJ CaMoJ/ieTa B LITONOP THHA NAJeHHs JH-
CTOM, 4YTOOBl 3aTPyIHHTb Bel€HHe OTHS 3€HUTHOH apTUJJIEpHH),
He HameJUIxe, OAHAKO, IINPOKOTO IPUMeHeHH .

Hecmotpss Ha 3TO, B mocjenHue rofbl H3yUeHHIO LITONOpa YAe-
asgercss 60Jblloe BHHMaHHe, 4TO OOYCJIOBJIEHO BO3POCIIMM KOJaHYe-
CTBOM JIETHBIX [POHCIIECTBHUI, CBS3aHHBIX CO CBaJHBaHHeM H IONa-
IlaHueM €aMoJ/eToB B 1Tonop. Tak, HampuMmep, IO COOOILEHHSIM 3a-
pybexnoit mewatu BBC CHIA 3a nepuox 1966—1970 rr. us-3a
CBa/IUBaHUS ¥ MONAafaHHs B LITONOD mOTepstn 226 camoJeToB
croumoctbio 367 MaH. poanapos. IIposenennnii B CIHA ananus
CTATHUCTHUYECKHX NaHHBIX NOKasaJj, uTo B TeueHue 1966—1970 rr. us
3080 neTHBIX NPOHCIIECTBUI C BOGHHBIMH CaMOJeTaMH NPHMEPHO
8% mpomu3oLIo u3-3a CBaJHBaHUS U NMonajfaHusi B mwromop. M3 Bcex
TSKeJbIX JIETHBIX NPOHCUIeCTBHH (aBapuil H KatacTpod) B aBHALUHU
CIIA 3a stor nepuoa okosio 229% ObUJIO BHI3BAHO CBaJHBAHWEM H
mrornopoM. OCHOBHO! MPHYMHON TAKHX JIETHHIX NPOUCIIECTBHH GBHLIH
OHOKH NHJIOTHPOBaHHS, 06YCIOB/IEHHEE HEJOCTAaTOYHOI NOArOTOB-
KO JIETUHKOB K NOJIETY Ha TAaKUX pPeXHMaXx.

Cneunduueckne O0COGEHHOCTH IIOBelEHHs, YINPaBJAsEMOCTb H
YCTOHYHBOCTD, YCJAOBUS U TpeGyeMble METOLB NMUJIOTHPOBAHHS CaMoO-
JIeTOB Ha 3THX PeXHMax KOPeHHHIM 06pa3oM OTJIHYAlOTCs OT Xapak-
TepHCTHK 3KCIIyaTaLlHOHHBIX DeXHMOB mnoJjeta. Bosbiine cBepx3By-
KOBble CKODOCTH M MOJIeTHI B cTparocepe HNpHUBENH K NOSIBJIEHHIO
HOBBIX BecbMa CYIIECTBEHHBIX OTJIMYMH B AMHAMHKe U HHJIOTHPOBa-
HHHM CBEPX3BYKOBBIX CaMOJIETOB IO CPAaBHEHHIO C JO3BYKOBLIMH Ha
BCeX peXHuMax NoJera, 1 0coOeHHO NpPH CBAJUBAHUM U NONaJaHHU
B mronop. OmbIT JIeTHOH 3KCIJyaTallH H aHaJU3 JIETHBIX IIPOHMC-
UIeCTBHil MOKAa3LIBAIOT, YTO COBPEMEHHbIe MaHeBPEHHbIE CBEPX3BYKO-
Bble CaMOJIETHl HUMEIOT He MeHbllle NPEeANOCHUIOK K IONafaHHIO B
IITONOp, YeM AO3BYKOBbIE CaMoJeThl cTapoii KoHcTpykuuu. Henpen-
HaMepeHHbI BbiXOJ CBEPX3BYKOBLIX CaMOJIETOB HAa 3aKDUTHYECKHE
YrJBl aTakd MOMKET NPOHUCXOLHTb, HalpUMep, B CJAELYIOIHX Cayda-
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fX: B pe3yJbTaTe OMIMOOK MHJIOTHPOBAHUSA IIPH PE3KOM MaHEeBPHPO-
BaHUH Ha GOJBIIUX SKCIJNYaTAalHOHHBIX YIJIaxX aTakKy, [IpH GOJbIIHX
HCXOJHBIX YIVIOBBIX CKOPOCTSIX, MpPH OGOJNBLINX CBEPX3BYKOBBIX YHC-
Jax M Ha 6oJbHIMX BEICOTaX, a TaK¥Xe NPH aBapuH, JHGO NMOJ BJHS-
HUeM cny4YadHBIX BHeIIHHX (axTopoB (Bo3melficTBHe CHIbHON B3PHIB-
HOM BOJIHH H T. 1.). [loaToMy HccrenoBaHHe OCOGEHHOCTEH TOJIETa U
NHJIIOTHPOBAHUS CaMOJIETOB HA OKOJIO- M 3aKpUTHYECKHX YIJiax ara-
KH HMeeT Ba)KHefillee TeOpeTHUeCKOe H IPAaKTHYecKOoe 3HayeHHe.
Hau6omnee octpo BcTasn BOmpoc 0 HEOOXOMUMOCTH TILIATEJNbHOTO H3Y-
YeHUS TaKHX PEXHUMOB U Pa3paboOTKH MepONpHSATHH Mo o6GecneyeHUIo
6e30macHOCTH MoJieTa Ha GOJBIIHX YrJax aTakd B CBA3U C HOSBJe-
HHEM MHOTOMECTHHIX [AaCcCaKHPCKHX CaMoyeToB (0COGEHHO CBEpX-
3BYKOBBIX), 3KCINIyaTHPYIOIIUXCS Ha GOJBLINX BBICOTaX.

B nepsuie ronbl pasBUTHA aBHALUK CBAJMBAaHHE U NMONAJaHHE ca-
MoJieTa B LITONOP, KaK NPaBHJIO, 3aKaHUYUBAJUCh KaTacTpodoil.
OnmHako O CyLIecTBOBaHHM TaKHUX CYry6o crnenuduueckKux pexuMOB
nosera, Kak IITONOpP, TOTa W He NONO3peBaau. DoJsbloe Kosuye-
CTBO aBapuil U KaTacTpod oGBACHAMN NMOMafaHHEM CaMOJIeTa B .BO3-
AyHIHBlE BHXDH M OLIKGKaMH JIETYHKOB, XOTS B [EHCTBHTEIbHOCTH
(kak BBISICHHJIOCH BIOCJEICTBHM) NMPHUYMHOM aBapuii ObLJIO CBa/JIHUBa-
HUe C NOCJeNYIOUHMM BXOZOM B IITONOp. B manbHefimewm, Mo OT3bI-
BaM JIETYHKOB U NOKa3aHHUSAM OYEBHALEB, yIAJOCh YCTAHOBATb (PAKT-
BO3HUKHOBEHHS M XapaKTep NPOTEKaHHS 3TOTO CJAOXKHOTO H MJIOXO
yIpaBJsieMOro pexuMa noJeta. BeliM HayaThl TEOpETHYECKHe U JKC-
NnepUMeHTaJbHBE HCC/AeNOBaHHsA LITONOpA, HANpaBJeHHbIE Ha BbISC-
HEHHe CYLIHOCTH 3TOTO SIBJIEHUS C le/NbI0 pa3pabOTKH PeKOMeHAaluil
N0 NpeJOTBPAllleHHI0 BO3MOXKHOCTY CBaJHBaHUs U MOMafaHUS caMo-
JietTa B LITOMOP, a TaKXKe MeTONOB BHIBOJA H3 HETO.

IlepBhie mccienoBaHUs, TO3BOJUBIINE NOHATh B OCHOBHOM (H3H-
YeCcKyl0 KapTHHY SIBJIEHHUIl, NPOUCXOAAIKX NPH MONMaZaHHH CaMoJe-
Ta B IITONOP, H PEKOMEHAOBATbh METOIBl BBIBOAA M3 HEro, ObLIN Mpo-
Benennl B CoBerckoM Coiose B. C. ITeimHoBuiM [33], a 3a pyGexom
X. 'naysprom [54]. B nanpneiimem npodeccopom B. C. IIbimHOBEIM
6blt TpoBeleHbl IIyGoKHe HCCAefOBAaHUS IO HU3YUEHHIO 0COOeHHOo-
cTefl miTonopa, NpHEMOB NUJOTHPOBAHUA I/ BHIBOLA CaMOJIETOB H3
mronopa u oTpaGoTKe METOLOB pacueTa XapaKTEPUCTHK IUTONOPA,
NO3BOJIMBIIHE NOJYYHTh NPAKTHYECKH BaXKHblEe pe3y/bTaThl. MHOro-
CTOPOHHHE HCCJIENOBaHHS, KOTOpble 3HAYHUTEJNbHO ILIHPE PacKpbLIH
(bu3KYeCcKyl0 CYLUIHOCTb IUTONOpPA JO3BYKOBHIX CAMOJIETOB H CHOCOG-
CTBOBaJH OTpPaGOTKe METONOB BBIBOAA H3 HEro, mpoBeJ mHpodeccop
A. H. )XypaBuenko [6]. BnepBole npegHaMepeHHbIH BBOJ CaMoJeTa
B IITONOP H BHIBOA U3 Hero ObIH ocymiecTBieHHl B 1916 r. meTunkom
K. K. ApueynoBrimM (moJser BHINOJHSICS Ge3 napamiora). JleTHbie
HCCIenOBaHuUs 1ITonopa camosera Buepsbie B CoBerckoM Corose Obl-
JI1 MpOBeJleHb NOJ pyKoBoxctBoM npodeccopa B. C. Bexposa npu
TBODYECKOM YYaCTHH JieTduka-ucnbitaTens nHxkenepa 0. K. Cranke-
Buua B 1935 r. [2]. B manpHefimeM GosbmIOf BKJIaf B HCCIEJOBaHHUS
IITONOPA BHECJH COBETCKHe M 3apyGeXXHble YueHble H HHXKeHephl
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E. A. Tlokposckuii, I'. C. Kasaues, H. H. Joaxenko, 5. U. Terepio-
koB, A. M. HukuTiok, A. B. Crenanos, B. B. Bacauun, B. E. Uykar-
xuH, P. B. 3omoryxun, A. U. Hefirays, V. . Kauuep, C. X. Ilep,
J. P. Usmbepc, I. C. Boymen u MHOrHe Apyrue. BuisiBaenuo oco6eH-
HOCTEH IITONOPa H CMEXHBIX C HHM DPEXHMOB NOJIETa 3HAYHTEJbHO
crnoco6¢cTBoBasa paspaboTka METONOB aHajM3a YCTOMYHBOCTH MBH-
JKEHHs caMoJieTa M €ro yNpaB/seMOCTH NPH MaHeBpax ¢ GOJbLION
yryioBo#i ckopocTblo KpeHa ({1], [65] u mp.).

BecbMa cs10KHBIE W OTBETCTBEHHLIe JIETHBIE HCIBITAHHMS H HCCIe-
Jl0BaHUS IITONOpa CaMOJETOB He MOIVIM Obl GBITh NpOBeleHH Ge3
TBOPYECKOTO YYacTHSI BBICOKOKBAJH(DHIHPOBAHHBIX J1€TUYHKOB-HCIIHI-
TaTeJeH, U3 4HCJa KOTOPBIX, B MEPBYIO Oyepenb, CJAEAYET OTMETHUTb
B. I1. Ukaaosa, M. M. I'pomosa, 10. K. Craukesuua, 1. H. Bepnu-
koBa, A. H. I'punuuka, I'. T. Beperosoro, C. H. Anoxuna, I'. A. Ce-
Jzosa, B. T'. MiBanoBa, A. A. Illep6akoBa u O. B. I'ynkosa.

Hsyuenne mronopa camoJieTa CBOLUTCS K PELISHHUIO TPeX OCHOB-
HbIX B3aMMOCBSI3aHHbIX-3aa4:

— OmpeleNeHUIO CB3eH MeXJy BHELIHNMH CHJIaMH, NeHCTBYIO-
IIMMH Ha caMoJeT B IUTONOpPe, H XapaKTEPUCTHKAMH [BUXKEHHS
LEHTpa TAXKECTH caMoJjeTa IO TPAeKTOPHH, T. €. H3yYeHHIO Tpaek-
TOPHBIX XapaKTEPUCTHUK IITONOPa;

-—— OIIpeJle/IeHHIO CBA3eH MeXJy BHEIUHHMHM MOMEHTaMH, HeHcCT-
BYIOIIMMHM Ha CaMOJIeT B IITONOPE, H XapaKTePHCTHKAMH IBHKEHHS
‘€T0 OTHOCHTEJIbHO IIEHTPa TAKECTH, T. €. H3yYEeHHIO XapaKTePUCTHK YII-
paBJIsIeMOCTH, YCTONYHBOCTH W GaJaHCHPOBKH CaMOJIeTa B IUTONOPE;

— OIIpeJie/IeHuI0 creln(PuuecKuX 0COGEHHOCTeH MOBENEHUS U MH-
JIOTHPOBAHHUS CaMOJIeTa B IITOHOPE.

B npunnune sto obmue 3agaun AHHaAMUKH nodera. OgHako npu
U3yUeHHH LITONOPA HX pellleHHe 3HAYHTEJNbHO YCIOXKHSETCS IO cJe-
Ay©OIUM TNpHYHHaM: 1) BBHILY HEOOXONMMOCTH H3YUEHHSI PEXKHUMOB
nonera ¢ GOJBIIMMH H3MEHEHUAMM IIapaMeTpPOB— C y4eTOM BCeX
EH/I0OB B3aUMO/IEACTBAS NPOAOJILHOTO H GOKOBOTO ABHKEHHI caMoJie-
‘Ta, B CBfI3M C YeM OKa3bIBaeTCs HEIPHUMEHHUMBIM METOX JIMHeaphsa-
uuy; 2) B CBSA3H C HEOOXOAMMOCTbIO (B OOINEM ClIydYae) OZHOBDe-
MEHHOTO M3yUeHHs IBUKEHHS CaMOJIeTa KaK OTHOCHTEJNbHO ero IeHT-
pa TaXKecTH, TaK ¥ NepeMelleHHs CaMOro LeHTpa TSAXKEeCTH B IIpo-
CTpaHCTBe; 3) H3-3a CYILECTBEHHO HEJHHEHHOrO W HeCTalHOHAPHOro
Xapakrepa NPOTeKaHHs a3POJHHAMHYECKHX XapaKTePHCTHK CaMo-
JleTa Ha OKOJIO- ¥ 3aKPUTHYECKHX YIJIaX aTaKH.

B nocsennune roabl MOJMYYHJ pacHpOCTpPaHEHHE HOBHIM MOAXOA K
HCCAelOBAHHIO XapaKTEPUCTHK LITOIOPA CaMoJIeTa, 3aKII0YaloHHACS
B IIPOBeJleHHH KOMILJIEKCHBLX NPOrpDaMM TEODETHUYECKHX, CTEHIOBHIX,
a’poANHaMHUUYEeCKHX Ha3eMHBIX U JIETHHIX HccaenoBauuil. Takue uc-
CJIeJOBaHUS OXBATHLIBAIOT HE TOJNbKO H3YyUeHHE sSIBJECHHH CBAJMUBAHUS,
BXOZIA B IITONIOP, IITONOPA H BHIXOJA M3 HErO, OHH BHIABJAIOT TaKXKe
CONPOTHUBJISIEMOCTb CaMOJIETa HEIIPOU3BOJILHOMY CBAJMBAHHIO H [I0IA-
NaH{IO B WITONODP (AMA OmpefeseHHs 3THX KaueCTB HCIOJb3YIOTCS
TepMHUHBI Spin resistance — conpoTuBJienye IWTONOPY H Spin suscep-
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tibility — BocnpuumunBocTs K wWwrtonopy). B pesysbraTte ucciemosa-
HUH ONpeflessioOTCS Pas3iuuyHble KOHCTPYKTHBHO-23pOJHHAMHUYECKHE
cpefcTBa 60pbOHI CO IITOMOPOM.

B nepByio ouepenb, ynensieTcs BHHMaHHe OTPaGOTKE METOJOB,
obecneyyBamOIUX CONPOTHUBJIAEMOCTh camoJjieTa mrTomopy. OmHako
ONBbIT NOKa3blBaeT, YTO, HECMOTPSl HA HHTEHCHUBHbIE NOHUCKH CPELCTB
NMapupoBaHus IITONOpA, MOKa ellle He YAAJOChb CO34aTh CaMOJET,
HM IPH Kakux oOcTosTesNbCTBAax He Nomajamouuii B mromop. Ilpu
onpefleJleHHBIX YCAOBUSX JII0OOH caMOJIeT MOXKET IONacTh B LITONOP.
[Tosromy Hapsiny ¢ oTpaboTKON MeTONOB ObecleyeHHsT XOpolued co-
NPOTUBJSIEMOCTH CaMOJIeTa BXOLY B HITONOD K Mep NPEAYHpexXACHHUS
HeNpPOU3BOJIbHOIO ITOTIalaHusl €r0 B 3TOT ONACHBIA PEXKHM TMO-TIpexKHe-
My GoJsibLIOe BHHMaHHe yaedsiercsl o0eclieueHHI0 METOOB HaJeXHOTro
BBIXOJa CaMoOJIeTa H3 HITONopa.

[TosgBneHne MOZeNUDYIOMIUX, U OCOOEHHO GBHICTPOAEHCTBYIOLUIHX
11 POBEIX BHIYHCIHTEIbHBEIX MAIIKH, IIO3BOJIMIO 3HAUHTENBHO YIpPO-
CTHTb NOJIYUE€HHE TOUHBIX PEelIeHHH MOJHOI CHCTEMbl YpaBHEHHH ABH-
)KeHHsl camoJsiera B mronope. Mertonnl MaremMaTHuecKoro M ¢usnue-
CKOr0 MOZAE/THPOBAaHUA TaKOH MHOTONapaMeTpPUYeCKOH CHCTEMEl
ypaBHeHHl NO3BOJAIOT 00Jiee NMOJHO, TOUHO H OLICTPO HCCIEL0BATh
IBHXKEHHe caMOJIeTa B IITONOPE, YeM C IIOMOIIBIO CAMbIX IIOAPOOGHBIX
npubJauXKeHHbIX NTapaMeTpuuecKux pacueroB. MopenupoBaHue sB-
Jasercs HauboJsee EePCNEKTUBHBIM METOJIOM ONpefleseHHs] XapaKTepHu-
CTHK IITOTIOPA CaMOJIeTa N0 HayaJia JEeTHHIX UCIbITaHHE.

B cBs3u ¢ MHOr0OOpa3ueM M HeCTaGHJIbHOCTBIO PEXXHMOB LITOMO-
pa Bce 60sblIasi POJib OTBONMTCS JIETHBHIM HCHBITAHHSIM M HCCJIENO-
BaHusM mronopa. Tak HasnBaeMble KJacCHUYeCKHe IPOTPAMMHEI JIET-
HBEIX HCNIBITAHUH, NDUMEHSBIINECS paHee, U3MEHSIOTCA U HOIOJHSAIOT-
CS1 HOBHIMH pasiellaMH, [PEIyCMaTpHUBAIOLIMMH, B YacCTHOCTH,
HCCJAe0OBaHUE XapaKTEPHCTHK CBAJMBaHUSA H LITONOPa MPH UMHTAIUK
CyuaeB HENPOHM3BOJBHOIO MOHANaHUs caMojeTa B 3TH DeXHUMH B
peanbHbIX YCI0BUAX. Tak#He HMHUTALHUH BHINOJHAIOTCA C HCXOLHBIX
MaHeBpOB, HanbGoJiee OMACHHIX B 3TOM OTHOIIEHWH (Hampumep, NpH
AMUTALMM BO3IAYIIHOrO 60Ol HECKOJbKHX CaMOJIETOB), IPH IPOU3-
BOJILHOM IIOJIOXXEHHH OPraHOB YNpaBJIeHHS caMoJieTa Ha BXOJe B
LITONOp ¥ B Hauaje pexuMa H T. I. Bce GoJbllle BHHMaHuS yle-
JisieTcsl HOPMHPOBAHHIO XapaKTeDHUCTHK IITONOpa, oTpaboTKe KpHTe-
pHEB NpeIBapUTENbHON OLEHKH THX XapaKTePHCTHK (B TOM 4Hcie
4 RBIXOla W3 LITONOPA) H CONPOTHBJSEMOCTH CaMoJeTa IolafaHHIO
B LITOMOp elle Ha 3Tane 3CKH3HOro mpoekTHpoBaHud. Tak Kak xa-
PAKTEPHUCTHKH IITONOPAa MOTYT 3HAYUTEJbHO U3MEHSThCS B 3aBHCH-
MOCTH OT psfia ClydaiHHIX ()aKTOpPOB, TO NMPOTHO3HPOBAHHE H OlIEH-
Ka XapaKTEePHCTHK IITONOPAa NOJKHBI INPOHU3BOAUTHCA CTAaTHCTHKO-
BEepPOSITHOCTHBIMH METOJaMH.

B KHHre OCHOBHOe BHHMaHHe YAeJsieTCS KauecTBEHHBIM OcOOeH-
HocTAM ((u3MyecKON KapTHHE) ABMKEHHS U NMHUJIOTHPOBAHHUS COBpe-
MEHHBIX CaMOJIETOB B LITOMOPE H OTAeJbHEIM Haubosee pacmpocTpa-
HEHHHIM B HacTosilllee BpeMsl MeTOAaM H3yueHHs LITomopa.



I'JTABA 1.

OCHOBHBIE ONNPEAEJEHHUSA
U MMOHATHUSA

1. 1. PE)KXUMBI NIOJNIETA

1. 1. 1. CaoxHble BpauleHus

W3 Bcero MHOrooGpasusi CJHOXKHBIX HPOCTPaHCTBEHHBIX
IBHKEHHH caMoJeTa MOXKHO BBIIETUTb OCOOBIA KJacC NBUXKEHUH —
TaK HasblBaeMble CJIOXKHBIE BpaleHusl camoseta. CitoxKHOe BpalleHHe
caMoJjieTa mpeiacraB/sieT co0OH crnenuduueckoe NPOCTPAHCTBEHHOE
BpalaTeJbHOe JBUKEHHe, KaK NPaBUJ0, OTHOCHUTENBHO BCEX TPeEX ero
ocell, BO3HUKaIOIlee NOJ BO3JEHCTBHEM BHEIIHHX BO3MYIIEHHH W/ B
pesysabTaTe AeHCTBUI JIeTYMKa phluaraMu ynpaBJjeHus, HO He COOT-
BETCTBYIOILIlee OOLIYHON peakuuyu caMoJsieTa Ha 3TH JeACTBHS, H Xapak-
TepH3yeMoe 3HAUUTE/JbHBEIM YCJO0XKHEHHEeM YCJIOBHH OpPUEHTHPOBKH
JeTyuKa W IHUJIOTUPOBAHUS caMoJera. DTO CYILIeCTBEHHO KPHUBOJIHU-
HellHble HEYCTAHOBUBIIUECS PEXKHUMEI IOJIETa, NIPH KOTOPHIX OGHLIYHO
BpallleHHe caMoJeTa CONPOBOXKAAETCS ONHOBPEMEHHBLIMH JHHEHAHBIMH
€r0 TIepeMellleHHsIMHI B HalPpaBJIeHUSIX YKa3aHHBIX TpeX ocelt (IBHKe-
HUe C IIeCTbIO CTeNeHsIMU cBoGoxabl). B cooTBeTCTBUM C BeJqMYMHAMU
VIJIOBBHIX CKOpPOCTell W YCKOpeHHH caMmoJieTa CJIOXHble BpalleHus
MoryT ObITH pasiesieHBl Ha MeJJieHHble U ObIcTpble (MHTEHCHBHEIE).
ITo ocobGennocTsaM mojeTa W HHJIOTHPOBAHUS caMoseTa OHH pasle-
JISIIOTCS Ha yIpaBJsieMble U HellPOU3BOJIbHbIE (IIPAKTHUECKH HEeYyIpaB-
asiemble). IlpuMepom ympaB/isfieMOro cJOXKHOrO BpalLleHHs caMoJeTa
aBiasiercd «6oukay. K HeIPOU3BOJBHEIM CJIOXKHEIM BpalleHUSIM OTHO-
CATCA: IITONOp, CBaJMBAaHWe W a3DOMHEPLHOHHOE BpallleHHe caMo-
Jera.

IIItomopoM HasbIBaeTcsl HENPOU3BOJBHOE IBUXKEHHE caMoJjeTa Mo
KpyTO#l cnupaJieBUIHOH TPAEKTOPHM MAaJIOTO pajavyca Ha pexume
aBTOpOTAaUUK (NIPH 3aKPHTHUECKHUX YIJIaX aTakKu CaMoJjera, C OJHO-
BPEMEHHBIM BpallleHHEM €ro OTHOCHUTEJbHO BCeX TpeX oceil), HeMeJ-
JIEHHO He mapupyeMmoe 6e3 yMeHbIIeHHUS YIVIa aTaKy H3-3a YaCTHYHOM,
a WHOTJa JaxKe MpPaKTHYeCKH IIOJHOH IOTepH YIpPaBJIsSeMOCTH CaMo-
JieTa M XapakTepusyeMoe 3HAUMTEJbHBIM YCJIOXKHEHHEM YCJIOBHH
ODHEHTHPOBKH JIETUHKA.

ABroporanueil WM caMOBpallleHHeM caMoJieTa HashkIBaeTCs aspo-
JMHaMHUYecKoe siBJIeHHe, BOHUKaloLIee oA AeACTBHeM Haberawiero
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Ha caMoJieT NOTOKa Bo3ayXa (IpH 3aKPUTHYECKHX YIJaX aTakw
camojieTa) H3-3a aCHMMETPHHM B paclpefie/leHHH o0jacTedl OTPBHIBa
IOTOKa IO KpBIIY U NPOSIBJSIOUIEECST B BHAE CAMOIPOHU3BOJLHOTC
BpallleHHs caMmoJiera (B IEPBYI0 Ouepefb, OTHOCHTEJNBHO €ro Ipo-
JOJIbHOH OCH) B pe3yJbTaTe IOSIBJEHHS HayaJbHOH HEHYJeBOH yr-
JIOBOF CKOPOCTH KpeHa IlocJie CBaJIHBaHHS.

CBajyBaHueM Ha3bIBaeTCs BO3HUKAIONIEE B Pe3yJbTaTe pa3BUTHS
CpPBIBa NIOTOKA C KpblJa (Ha OKOJKOKPHUTHUYECKHX YIVIaX aTaKH) Helpo-
M3BOJIbHOE alephHofudeckKoe HJM KosebaTesbHOe ABHIKEHHE camoJe-
Ta OTHOCHTEJBHO /060 H3 TPeX ero ocefi cO CPaBHHTEJbHO 60Jib-
WIHMH, 3aMeTHBIMH [JI JeTYHKa cpenHedl KBaauHKaLUH, aMIJIHTY-
naMH YrJI0BBIX CKOPOCTeH W (MJIM) YIVIOBHIX YCKOpEHHH, HEMeLJEeHHO
He mapupyemoe 6e3 yMeHbIIEHHS] yIJjia aTakd CaMOJIeTa H3-3a Cylle-
CTBEHHOro yXyAlleHHs (a HMHOTAA Jaxe M TPAKTHUECKH TMOJHOM
MOTEPH) YNPaBJsSeMOCTH CaMOJIeTa Ha YKa3aHHBIX YIyIaxX aTaku.

A3pONHEDUHOHHEIM BpAallleHUeM HAa3bIBAaeTCs HENPOH3BOJbHOE
. BpallleHHe caMoJeTa ¢ OYeHb GOJIbLIGH YIJIOBOH CKOPOCTBIO KpeHa,

BO3HHKAIOLlee B pe3ysNbTaTe CHJIBLHOIO IIPOSIBJEHHS a3pOJUHAMHuUeE-
CKOT'0, HHEPIHOHHOI0, KHHEMAaTHYeCKOro U IMPOCKONHYEetKOro B3aH-
MOJEACTBHSI NPOXOJBHOIO W GOKOBOTO ABHKEHHH CaMoJjieTa, COmpo-
BOXJaloleecss MPaKTHYECKU IIOJHOH IOTepedl IMOTIepeyHOH YIpas-
JIIEMOCTH, TIOJHOH HJM YAaCTHYHO! moTepell NPOXOJBHOH M NyTeBOH
YCTOHYMBOCTH CaMOJIeTa, TNOSIBJIeHHEM OOJIbLIMX Meperpy3ok H upes-
BBIYAAHBIM YCJIOXKHEHHEM YCJOBHI NHJIOTHPOBAHHS CaMOJeTa.

HITonop ¥ a3pOHHEPLUHOHHOE BpallleHHe SABJSIOTCA peXUMaMH HH-
TEHCHBHBIX BpAaleHUH, T. €. NIPOTeKAaloT C OOJBHINMH aMILIUTyAaMH
YTJIOBBEIX CKOpPOCTell M (HJIH) YIVIOBBIX yCKOpeHMi camoJjera. CBaJau-
BaHHE MOXKeT IIPOHCXOAUTh KaK B BHIe HHTEHCHBHOIO, TaK M B BHIE
MeJJIEHHOro BpauleHusi camoJsiera. CBajiMBaHHe BO3HUKAET TOJABKO HA
OKOJIOKDUTHYECKHX, a IITONOP — TOJIbKO HA 3aKPHUTHUECKHX Yrjax
aTakm caMmoJsera. A3pOHHEepPLHOHHOE BpallleHHe B NPHUHIUIE MOKeT
HMeThb MecTO Ha JIoObIX yriax aTaku. B oTinume OT ympaBJ/isieMBIX
HENPOU3BOJILHEIE CJOXKHEIE BpalleHHs] caMosieTa XapaKTepH3YITCS
HeMe[JIEHHO He NMapHpyeMBIMH ABIXKEHHSMM CaMoJeTa, AJS BBIBOIA
M3 KOTOpPBIX, KaK NPaBUJO, TPeOYIOTCS HeOOBIUHBEIE (OTIHYAIOIIHECS
OT NpUMeHsIeMbIX Ha JKCIIYaTAllMOHHBIX PeXuMax) HefcTBUSI opra-
HaMH ynpasJjeHus. B yacTHOCTH A/ BHIBOZA H3 CBAJMBAHHUS U IUTO-
opa MOTryT TpeGOBaThCsl OYeHb OOJbIIME H BecbMa pe3KHe OTKJIOHE-
HHSI OPIaHOB yNpaBJieHHs], He MpHMeHsieMble HU B OJHOM H3 3KCIJya-
TAUMOHHEIX PEXKHUMOB IIOJIETA.

1.1.2. llTonop

PexuMbl miTonopa B 3aBUCHMOCTH OT IIOJIOXKEHHS JeT-
YHKa OTHOCHTEJBHO 3eMJH (BBEDX HJIH BHH3 TOJIOBOH) MOXKHO pas-
ILEJUTh Ha JiBe KaTeropuu — HOpMaJsbHBIEe U nepeBepHyThie. Hopmasb-
HBIM Ha3BIBAeTCsl IITOTMOP, B KOTOPOM JIETYNK HAXOAMTCS B IIOJIOXKe-
HHHM TOJIOBOH BBEpX. DTO LITONOP, NPOTEKAOUINHA NPU INOJOXKHTEIb-

10



HBIX 3aKPHTHYECKHX YyIJIaX aTaKu camoJera. [lepeBepHYTHIM Ha3Hbl-
BaeTCsl IITOMOP, B KOTOPOM JIETYHK HAXOAHUTCH B INOJIOKEHHH TOJIO-
BOH# BHM3. DTO LITONODP, NPOTEKAIOWHA NPH OTPHLATENbHEIX 3aKpH-
THYECKHX YIJaX aTaKd — CaMOJIeT HAXONUTCH B I[OJOXKEHHH <«HA

P o - —_— -
- \ F
\\ iV \\

)

Puc. 1. 1. Cxema, H/TOCTpHpYIOIasi TIOJOXKEHHsI caMoJieTa Ha BXOJe B ILITONOP
H B IITONOpE:

a—cBavinBaHHe B HODMAaJbHOM [OJIeTé C NMEPeXoJOM B HODMavIbHBIH WITOMOP: 6—CBaJHBaHHE B
B TEPeBePHYTOM MOJIETE C MePexoioM B MEPEBepHYTHIH IITONOP

cnuHe» (BBINOJIHSIET MepeBepHYTHIA moser). CxeMaTHYECKH IOJIOXKe-
HHUS caMoJieTa B HOpMaJIbHOM M IlepeBepHYTOM ILITONOpax NOKa3aHHI
Ha puc. 1.1.

B 3aBucuMOCTH OT HampaBJieHHS ABHKEHHS CaMoJjieTa [0 BEPTH-
KaJld pa3/jnyaloT HUCXOAAMUHA U BocXoAAmui mronop. Hucxoaamui
HJIH IPOCTO LITONOpP — 3TO LUTONOP, B KOTOPOM CaMOJIeT CHHXKaeTcs
(nBuKeTCA MO HUCXOAsIIeH cnupaiu). B Bocxoxsuem mromnope ca-
MOJIeT ABHMKETCS IO BOCXOASIIEH TPaeKTOPHU — COBEpILIAeT HHHA-
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MHYECKHH Ha6op BLICOTH IO CHHpasu (3T0 BeCbMa KDPaTKOBpeMEH-
HBIH PEXHM MOJIeTa, BCTPEeYalOIUHCH Ype3BbIYAfHO PEKo).

B 3aBucuMOCTH OT yrsia HakjJOHa IIPONOJBHOH OCH CamoJieTa
pas3/HyaloT KPYTOH, NMOJOTHH M MJIOCKMH mTomnopbl. KpyTeiM Hasw-
BaeTcsl HMITONOP, B KOTOPOM YroJsl TaHraxa camosera ¢ mo abGcoaoT-

HOH BesinuuHe Goubiue 50° (puc. 1. 2).

UWmonaopss
HOPMANbHbIG nepefeprymoii

Kpymou

nonoeua
= —

! nnockud

Puc. 1.2. Cxemaruyeckoe u3006paxeHde YrioB
TaHraxa camoJieTa B KPyTOM, NOJIOTOM H INIOCKOM
HITonopax

B mnoJjioroM IITOmOpe yroJ TaHraxa caMosieTa IO aGCOJIOTHOR
BeJIMYHHe JeXKUT B npefenax 30°<<|®|<<50°. B miockoM mTomope
|| <<30° T. e. HAKJIOH MPOJOJIBHOA OCH CaMOJeTa K FOPH3OHTY Me-
Hee 30°

[To HanpaB/ieHHIO BpAIIEHHs] CaMOJeTa BCe LITONOPH AEJSITCS
Ha JieBble U npaBble. B JeBoM mTONOpe (HOPMAaJBHOM H IepeBepHY-
TOM) HMEET MECTO JieBOoe BpallleHHe camoJera *, B mpaBoM (HOD-

* JleBbIM Ha3hIBaeTCsi BpalleHHe, NMPOHCXOJsdllee NPOTHB HACOBOH CTPeEJKH,
Iasi HabsiogaTeds, cMOTpsuero no HampasieHuio nojgera (FOCT 1630—46), B ua-
CTHOCTH, AJI JIeTYHKA, CMOTPSILEro Blepes.
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MaJbHOM H NepeBepHYTOM) — IpaBOe BpalleHHe camoJjera. TakuMm
obpasom njs1 HabaiofaTess,, CMOTPSIEr0 Ha CaMOJeT CBEPXY, ABH-
XKeHHe LEHTPa TAXKeCTH caMmoJjera OyneT NPOHCXOAUTb IO YaCOBOH
CTpeJIKe B IPaBOM HOPMAaJbHOM M JeBOM IepeBepHYTOM IITONOpax
U NPOTHB YaCOBOH CTPEJKU — B JIEBOM HODMAaJbHOM H IpaBOM Iepe-
BEpHYTOM HITONOPAX.

Ocblo mTomopa Ha3LBAaeTCs OChb CIHPAJH, 0 KOTOPOH ABHKETCS
LEHTP TSAXKeCTH caMoJgera. Paamyc mromopa — 3To paguyc rOpPU30H-
TaJIbHOHN MPOEKINH YKa3aHHOH CIHPAaJH, T. €. PAANYC KPHUBU3HBI NPO-
€KIMH TPAaeKTOPHH [BMXKEHHS CaMoJsieTa Ha TOPH3OHTAJbHYIO IJIO-
CKOCTb. BHTOK mITOmOpa — 3TO Y4YacTOK pexuMa, Ha INpPOTSKEHHH
KOTOPOrO INpPOeKLHsl TPAeKTOPHH LieHTpa TSAXKECTH caMmoJieTa B LITO-
10ope Ha TOPU3OHTAJNBHYIO IIJIOCKOCTb OHHCHIBAeT IOJHYIO OKpYyX-
HOCTb. BpeMsi BuTKa mTOmopa —3TO BpeMsl, 3a KOTOpOe CaMoOJieT
IOPOXOAUT BHUTOK IITOmopa. IloTepst BHICOTHI 3a BHTOK IITONOpA —
3TO JJHHA MyTH, IPOXOAMMOrO 3a BpeMsl BHTKa LITONOpa NpPOEKLH-
€ll IIeHTPa TSXKECTH caMoJeTa Ha BepTHKaJb. B HEKOTOPHIX Cayyasx
IpU aHa/iu3e OTHENbHBIX ACIEKTOB LITOMOpa OKAa3HBaeTCs JOMyCTH-
MBIM npeHe6peub pafUyCOM IITONOPA — YCJOBHO CYHTAThb TPaeKTo-
pPHIO LIEHTpPa TSAXKECTH caMoJieTa COBNAajalouiell ¢ OCbi0 IITOMOPA.
Taxkoit ycl0BHBIHA WITONMOP, PAJHYC KOTOPOI'O paBeH HYJIO, HAa3hIBAIOT
CcXeMaTH4YeCKHM IITONOPOM.

Knaccnueckum HasbiBaeTcs NMpOTeKalOLMH HNpakTHYecKH 0e3 Ko-
snebaHufl caMoJsieTa yCTaHOBHBIUMHACA LITONOpP, B KOTOPOM LEHTD TH-
JKEeCTH caMoJieTa COBEpLIaeT PaBHOMEPHOe BHUHTOBOE IBIXKEHHE IO
KpYroBOf LMJIHHIPHUECKOH NOBEPXHOCTH C PajuycoM, PaBHHIM pa-
nuycy mronopa. Takoe nBHKeHHe CKJIaAbIBaeTCs H3 ABYX NPOCTHIX
COCTABJISIONIHX: MOCTYNATeJbHOIO (MO BEePTHKAJH) CO CKOPOCTHIO

-
-

av
V = const - EO) H OKPYKHOTO (B FOPHU30HTAJbHBIX MJIOCKOCTAX)

-

o - ( dw
C YIJIOBO¥ CKOPOCTBbIO w==const (7 = )

1. 1. 3. CBanuBaHue

B 3aBHcHMOCTH OT 3HaKa yryia aTakd CaMoJjieTa Hemo-

CPeICTBEHHO NepeJl HauaJoM CBAaJMUBAHHUS Pa3JUyaloT HOpMaJbHOE H
nepeBepHYTOe CBa/MBaHHe.

HopwmanbHoe cBanmBaHue — 3TO CBaJMBaHUe, BO3HHKAIOIlee NPH
MOJIOXKUTENBbHBIX OKOJIOKPHTHYECKUX YIJIaX aTakH caMoJeTa.

[TepeBepHyTHIM Ha3bIBAeTCS CBaJMBaHUE, BO3HHUKalollee NPH OT-
pHIATeJbHBIX OKOJOKPHUTHUECKHX YyIJaX aTaKu caMoJera.

PaccmarpuBas mosoxeHHe JIeTYMKA OTHOCHTENIBHO  3€MJIH
(BBepx WM BHH3 TOJIOBOH) HeNOCDPENCTBEHHO Mepel HAuaJOM CBa-
JUBaHUS HeOOXOAMMO HMeTh B BULY cienyiomee. [Ipu cBanuBaHum
C HCXOMHOTO PEXHMMa NpPSIMOJHHEHHOro TFOPH30OHTAJBLHOTO IOJeTa B
CaMOM HauyaJjie HOpMaJIbHOTO CBAJHBAHHUs JIETYMK HAXOAUTCS B MOJO-
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XKEHUH TOJIOBOH BBepX (HCXONHBIAI DPeXHM — HOPMAJbHBIH IOJET),
a B caMOM HayaJe IIepPeBEepPHYTOr0 CBAJHBAHHS — FOJOBOH BHH3
(HCXONHBIA DeXHM — NepeBepHYTHIH HoseT). B atoM cayyae Hop-
MaJIbHOe CBaJIMBaHME TPOHUCXOAUT C HCXOMHOTO peXHMa HOpMaJsbHO-
ro 10JIeTa, epeBepHyTOe CBAJHBAHHE — C HCXONHOTO PEXHMa mepe-
BEpPHYTOro IMOJIETa, T. €. CBAaJHUBaHHe IPOUCXOAUT C OJAHOHMEHHOrO
pexxuMa noJserta.

B apyrux cayyasix MoXeT HMeThb MecTo oOpaTHasi KapTuHa. Tak,
HanpuMep, CBaJIMBaHUE B pe3yJbTaTe NepeTAruBaHusS PyYKH (BbIXOZA
Ha IOJIOXHTeJbHble OKOJIOKDUTHYECKHE YIJIbl aTakKu) B BEpXHEH TOU-
Ke netnu HecrepoBa NpomCXOZUT IPHM HCXOXHOM IONOXKEHHUH JIETUH-
Ka roJIoBOH# BHH3, OJHAKO 3TO B COOTBETCTBHU C IPUHSATOH TEPMHHO-
JIOTHell HOpMaJbHOe cBasuBaHHue. TouHee — 3TO HOpMaJIbHOE CBaJiH-
BaHHe C HCXOXHOI'O pexXHMa IepeBepHyTOro moJjera. B 3Tom cayuae
PeXHM CBaJIMBAHHUS U HCXOAHBIA PeXHUM II0JIeTa OKa3hIBAIOTCS PasHo-
HMeHHBIMH. [lo3TOMY BOIpOC O TOM, fiBJSeTCs JIH paccMaTpHBaeMoe
CBajliBaHKe HOPMAaJbHBIM HJH NEePEBePHYTHIM, MHOJKEeH pelIaThCs
TOJILKO IO 3HAKY YIJIa aTaK{ caMoJiéTa HeloCPeNCTBEHHO Mepef CBa-
JauBaHueM (GE30THOCUTEJBHO K IMOJIOXKEHHIO JIETUHKA OTHOCHTENbHO
3eMJIH B UCXOAHOM peXHUMe I0JeTa).

Hauaso cBanuBanusa camoJsera onpefessieTcs B Ipolecce Bo3pa-
CTaHus yraa ataku (mo a6CoJIOTHOH BeJMUHHE) IO OKOJIOKPHTHUE-
CKOI'0 — I10 TIOSIBJIEHUIO HElPOM3BOJIBHOTO K0/1e6aTe/IbHOTO JABHKEHHUS
caMosiera (HCKJIIO4asi JIETKO NapHpyeMble JETYHMKOM KoJeGaHus,
BbI3blBaeMble MOSIBJIEHHEM CPaBHUTENbHO HeGOJNBUINX MECTHBIX 30H
OTPEHIBA NIOTOKA Ha KPHlJe), JTHOO anepHofHYECKOr0 yXoha M0 KPeHy,
PBICKaHHIO WM TAHraxy C YIJIOBOH CKOPOCTbIO, AOCTHUTAIOIIEH MO
a6couioTHO Beauunne npumepHo 0,1 1l/c. T'ay6okoe cBanuBanue
(anramitckuin TepMuH — superstall) —3To pexum IHoseTa mpu MOJ-
HOM OTpBHIBe NIOTOKAa MPAaKTHYeCKH CO BCEro KpPhlIa, BO3HHKAIOLIMH
IpH BREIXOJE CaMoJleTa B IIpollecce CBaJUBaHUs Ha GOJbIINE 3aKPHTH-
4ecKHe YIJIBl aTaKH Ogxp==0Opo (6€3 aBTOPOTAllMH) H COIPOBOXKIA-
Iomuiics BeCbMa 3HAUUTEJNbHON WU JaxKe MOJHOH MOTepeil ynpasJise-
MocTu camoJieta. CpaBHUTEJIbHO NPOLOJIKHUTEJNbHEIH PEXHM CBaJIH-
BaHHs], IPOTEKAIOLIETO0 ¢ OTHOCHTENbHO OOJIBIIUMH YIJIOBEIMH CKOpO-
CTSIMU BpallleHHsl caMoJsera (6Ge3 aBTOpOTAlMM) HA YIJax aTakd B
IHana3oHe oe<< << Omo, HA3HIBAIOT HHOTIA PEXKUMOM HOCTECPEIBHOTO
BpamieHusi camosieTa. CBa/iuBaHHe Ha3blBaeTCsl AUHAMHUUECKUM, €CIH
OHO BO3HHMKaeT Ha GOJIbIION HAayaJbHOH CKOPOCTU H, CIELOBATEbHO,
npHu nyo>>1, a BXOL B HEro MpOHCXOAUT ¢ GOJIbLIIMM TEMIOM Hapa-

crauusa yraa araku (|a|>>0).

B 3aBucuMocTH OT Xapaxrepa Npeo6Jafaloliero JBHKeEHHS ca-
MoJieTa B HayaJe pexxuMa (Xxapakrepa M3MeHEHHs YIJIOB TaHraxa u
KpeHa) pasjuyualoT CJefyIOllHe OCHOBHble BHJbI CBAJHBAHHA:

a) cBaJMBaHHe Ha HOC, IPH KOTOPOM Ipeo6JafaloliuM IBH-
JKEeHHeM - ABJISIeTCS ONMyCKaHMe HOca caMmoJieta (IBHXKEHHE TaH-
raxa);
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6) cBasMBaHHE HAa KPHLJIO, IPH KOTOPOM IIPe06ianaloniuM ABUKE-
HHeM SIBJIsIeTCS] BpallleHHe KPhIJIa OTHOCHTEJbHO IPONOJILHON OCH ca-
MoJieTa (IBUKEHHE KpeHa);

B) CBaJMBaHHe IO CIHPAJIH, IPU KOTOPOM IIpaKTHYECKH ONHOBpe-
MEHHO BOSHHMKAIOT KDEHeHHe, OMYyCKaHHe H MOBOPOT HOCA CaMoJeTa
(crrupajibHOE NBHIKEHHE).

ITo HampaB/ieHHIO BpalleHHsl caMoJieTa IIPU CBAJHUBAHUH HA KpPHI-
JIO ¥ N0 CHMPAaJH Pas3jiMyaloT PEXUMEI CBAJHBAHUS BJEBO M BIPaBo.
CpanuBaHue BJIEBO WM JIeBOe CBajNBaHHe (B HOpMaJbHOM U Iepe-
BEPHYTOM IIOJIETE) — 3TO CBAJHMBAHHUE, IPH KOTOPOM BO3HUKAET JieBOe
BpaleHHe camosiera, [Ipn cBajMBaHHM BIPAaBO HJH NPaBOM CBaJH-
BAaHHM BO3HHKaeT IpaBOe BpallleHHe caMmoJsera. AHAJOrHYHO OImpe-
IeJISIIOTCSl JIeBOe M NpaBOe aDPOMHEPIHOHHOe BpallleHHe CaMoJieTa.

1.2. YIPABJIEHHE CAMOJIETOM

Prruaramu ympasiienust camoJsieTa HasblBalOTCS pydykKa
HJIM IUTYpPBaJ CHCTEMBI IIPOJOJLHOIO M IONEPEYHOro YIpaBJeHHS H
nefasy CHCTEMBl IIyTeBOro ynpaBJeHHs. B masbHelimeM 1j1s 0603Ha-
YEeHHs pplyara CHCTEeMbl IIPOJOJBHOIO H IMONePEeYyHOro YIpaBJeHHd
caMoJsieTa IJisi KpaTKocTH OyaeM I0JIb30BaThCsl TOJBKO TEPMHHOM
«pyuyKa yhpaBJeHHUs», UMesl B BHAY, 4TO AJS CaMOJeTOB CO LITYp-
BaJbHBIM YIpaBJeHHEM IMOJ 3THM TEpPMHHOM CJeAyeT IOHHMATh
«HITypBaJ ynpaBjaeHus». Takke YCJIOBHO, IPUMEHUTENbHO KO BCEM
caMoJsieTaM OpraH NpPOJOJIbHOrO yInpasJjeHHs OyAeM HasbiBaTb pyJeM
BBICOTHI, NIOHUMAas NOJA 3THUM [Js1 CaMOJETOB C LEeJbHOIOBOPOTHHIM
TOPH30HTAJBHEIM OINepeHHeM — LIeJbHOIOBOPDOTHLIM HMJH, KakK ero
MHOTIA Ha3bIBAIOT, yNpaB/sieMblii cTabuiausarop. Opransl momepeu-
HOro ympaBJeHus OylJeM Ha3blBaThb 3JepOHAMH (NIOHHMAs NOJ 3THM
Ji060fi OpraH NOMNepPeyHOTo ynpaB/jeHHs, BBOLUMBIA B JeHCTBHe IIO-
NepeyHbIM OTKJIOHEHHeM pPYYKU YyNpaBJ/eHHs), a OpraH IyTeBOro
ynpaBJIeHHusl — pyJieM HanpaBieHUsl (MOHMMAs INOJ 3THM AJs caMo-
JIETOB C 11eJIbHONIOBOPOTHBIM BePTHKAJbHLIM ONlepeHHeM — IeJbHOIO-
BODOTHBIH HJIM, KaK €ro HHOTJa Ha3blBalOT, YIPaBJAseMbll KHJb).

OTKJIOHEHHe PHIYArOB YMpaBJeHHd IO IITONOPY O3HayaeT OTKJO-
HeHHe Nleflajlell B HalpaBJEeHHWH BpalleHHs caMoJjieTa (OTKJIOHeHHE
BIlepell MelaJy, HaxoslleHcsl CO CTOPOHBI BHYTPeHHEro Kphulia, T. €.
CO CTOpPOHBI BpallleHHs] CaMoJieTa), TonepeyHoe OTKJIOHEHHEe PYUKH
yIpaBJieHHsl B CTOPOHY BpALIeHHs CaMOJieTa U NPOLOJbHOE OTKJOHE-
HYMe pYYKH, HampaB/eHHOe Ha yBeJHUeHHs yria ataku (mo abco-
JmoTHO! BesnuuHe). Ilox cTopoHO# BpallleHHs IOHHMAaeTcs Ta CTO-
poHa camoJieta (JieBash WJIM NpaBas — COOTBETCTBEHHO JIEBRIA HJIH
npaBelii 60pT caMoJeTa), B HaNpaBJeHHH KOTOPOH OH Bpallaercs
(BseBo uam BrnpaBo). BHyTpeHHee KpBLIO HJIM, TOuHee, BHyTpeHHee
IOJIYKPBIJIO — 3TO KPBLIO (MOJYKPBLIO), Haxojsileecs CO CTOPOHH
BpallleHyuss caMoJieTa. B J1eBOM HITONOpe BHYTPEHHUM Ha3bIBaeTCH
JIeBOe KPBLIO, B IPABOM IITONOPe — IIpaBoe.
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OTk/IOHeHHe pHIYAroB ynpaBJeHHus NPOTHB IUTONOpA O3HAyaer
OTKJIOHEHHe MefaJiel NPOTHB BpalleHHus camosera (Mefanb, Haxo-
IsAniascss cO CTOPOHBI BpALIEHUSI CaMOJeTa, YXONMT Hasajn), Home-
peuHOoe OTKJIOHEHHEe PYYKH yNPaBJeHHS B CTOPOHY HApYKHOMO KphI-
Ja, T. €. B CTOPOHY, IPOTHBONOJIOXKHYIO BPallleHHIO, ¥ MNPOLOJbHOE
OTKJIOHEHHEe PYYKH YNpaBJeHUS B CTOPOHY YMeHbIEHHs yIia aTakH
(no a6comotHoi BesinuuHe). ITox cTOpOHO, NPOTHBOIONOXKHO! Bpa-
IIeHHIO, TOHHMAaeTCs CTOPOHA caMoJsieTa (JieBas WM IIpaBasi), Npo-
THBOMOJIOXKHAs TOH, B HaIlpaBJEHWH KOTOPOH OH BpallaeTcs: JeBas
B IIpaBOM HITONOpe W Hao6opoT. HapyXHBIM KDHIJIOM HJIH, TOUHeEe,
HapyXHBIM IMOJYKPBIIOM Ha3bBaeTcsl KpblJIO (MOJYKphLIO), HaXo-
Jsiteecsi CoO CTOPOHbI, TPOTHBOIO/JIOKHOM BpalleHHo. B nmpaBom mro-
nope HapYyXKHHIM HAa3bIBAeTCS JeBOe IIONYKPBLIO, B JIEBOM ILITOIO-
pe — mpaBoe.

HHbpIMH C/IOBaMH, OTKJIOHEHHE PbIYaroB YNpaBJIeHHS IO IITONOPY
(kak B HOpPMaJIbHOM, TaK W B IIePEBEpPHYTOM LITOIIOpPE) O3HAuaeT:

a) B NpaBOM LITONOpe: NpaBasi Nefajb OTKJIOHSIETCS BIepel,
NoNepeyHoe OTKJIOHEHHE PYUKH yIpaBJeHHs! IPOU3BOIUTCS B HAIpaB-
JeHHH K TpaBoMy OGOpPTYy caMoJsieTa, a NMPOZOJbHOE OTKJIOHEHHe —
B HamnpaBJieHUH Ha ce0s1 B HOPMAJ/JbHOM M OT cebsi B IepeBepHYTOM
IITOTIOPE;

6) B JIeBOM IUTONOpE: JieBasi NMefasb OTKJIOHSETCS BIepen, IoIe-
peuHoe OTK/IOHEHHe PYUYKH YIIpaBJeHusl IPOM3BOAUTCS B HampasJle-
HHUU K JIeBOMY GOpPTY caMoJieTa, a MPOJOJbHOe € OTK/IOHEHNE TaKKe
Ha ce0sl B HOpMaJbHOM U OT ce06s1 B IlepeBepHYTOM LITOIODE.

OTk/I0HEeHMe pbIYaroB yIpaBJieHHs] MPOTHB lITOnOopa (Kak B HOP-
MaJIbHOM, TaK U B IepEBEPHYTOM IITONIOpPE) O3HAYAET: ‘

a) B MpaBOM IUTONOpe: JieBasi Nefajib OTKJIOHSETCS BIepeN, IOo-
nepeyHoe OTKJOHEHHe DYUYKH YNpaBJEeHHs TPOHU3BOAMUTCS K JIEBOMY
6opTy caMoJsieTa, a NPONOJBHOE €e OTKJOHeHHe — OT cebsi B HOp-
MaJbHOM IITONOpE, U Ha ceGs B IlepeBEepPHYTOM LITOIOPE;

6) B JIeBOM ILUTONOpE: IpaBasi NelaJb OTKJIOHSETCS BIEpe], more-
peyHoe OTKJOHEHHe PYUKH YIpaBJieHHs NPOU3BOAMUTCS K IIPaBOMY
6opTy camoJieTa, a IPOLOJbHOE ee OTK/IOHEHHe TaKxKe OT ce6sl B HOp-
MaJbHOM U Ha celsl B IepeBEepPHYTOM IUTOTIOPE.

OTkyIoHeHUs pyJel (pyJs BBICOTH M DYyJs HaIpaBJdeHHs) Kak IO
LITOIIOPY, TaK ¥ MPOTHUB LITONOPA, ONpeesoTcs 110 aHAJOTHU C OT-
KJIOHEHHSIMH COOTBETCTBYIOIIMX DPbIYaroB ynpaBjeHus. Tak, HalpH-
Mep, OTKJOHEeHHe DYJs BBICOTHl IO LITONOPY O3HAyaeT OTKJIOHEHHe
ero BBepx (pyuka ympaBJeHHS Ha ce0s1) B HOpPMaJbHOM H BHH3 (pyd-
Ka ynpaBieHHs oT cebs) B nepeBepHyToM InTomope. OTKJOHEHHE
py/s HanpaBJeHHs IO LITONOPY O3HayaeT OTKJOHEHHE ero BIPAaBoO
(mpaBas nemasb Bepel) B IPABOM M BJEBO (JeBas Nefanb BIepes)
B JIEBOM IITONOpE — KaK HOPMaJbHOM, TaK H IepeBepHyTOM. [lon
OTKJIOHEHUEM PYJs BBHICOTHl BBEPX [OHMMAETCsI TaKoe €ro OTKJOHe-
HHe, NIPH KOTOPOM 3aJHfsi €ero KPOMKa IiepeMellaercs BBepX IO
OTHOIUEHHIO K camoJjeTy (BHOJb HOpPMAaJbHOH OCH camoJjieTa B Ha-
NpaBJEeHUH OT LIACCH K roJIOBe JeTYHKa) BHe 3aBHCHMOCTH OT. IOJIO-
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3KEHHs1 camoJjieTa OTHOCHTeNbHO 3eMud. OTKJIOHeHHe pyJisi BBICOTHI
BHH3 O3H4YaeT OTKJOHEHHe ero B OOpaTHOM HampaBJjeHHH. AHaJjo-
THYHO MMEHYIOTCSl U OTKJOHeHHs 3/epoHoB. Ha puc. 1.3 mpusenena
tXeMa, HarJsIHO WJJIOCTPUPYIOILAs IIOJOXKEHHUS PblYaroB H OPraHoB
NPOROJILHOTO W MYTEBOTO YIPaBJEHHs caMoJieTa B MPaBOM IepeBep-
HYTOM LITOTIOPe TIPH OTKJIOHEHUH

pyJiell IPOTHB WITONOPA. '

YxasanHasi aHaJoOTHA B HaH-
MEHOBaHUSAX OTK/JIOHEHHH phIua- i
TOB ¥ OPraHOB IIOTIEPEYHOTO YII- Qe
paBJeHHsl CIpaBelJIHBa TOJBKO
JJs  HOpPMaJbHOrO  IITOTIOPA.
B nmepeBepHyTOM LITONOPE HMEET
MecTo apyrasi kaptuHa. OTKJO-
HeHHe 3JepOHOB TO IUTONOPY
03Hayaer:

a) B IIpaBOM IITONOpe: Ipa-
BHIH 3JIEpPOH OTKJOHEH BBepX
(pyuka ymnpaB/jieHHS OTK/JIOHEHA
K mnpaBoMy Oopry caMoJera)
B IpaBOM HOPMAJbHOM IITOIIOpE
¥ BHH3 (pyuKa yTpaBJeHHS OT-
KJIOHeHa K JeBoMy 6OpTy) B Iipa- /
BOM INlepeBepHYTOM ILITOTIOPE;

06) B JIeBOM HITONOpPe HA0GO- /\Jr\_
POT: IpaBHI 3JepOH OTKJOHEH / o
BBepX (pyuka ympaBJieHHs OT-
KJOHeHa K TpaBoMy GOpTy caMmo-
Jera) B JIeBOM IepeBEpPHYTOM

fJcb wimonopa

Puc. 1.3. Cxemaruueckoe mupencrasie-
HHE OTKJOHEHHH pBIYaroB M OPraHoB

dITONOPEe H BHH3 (pydyKa ynpas-
JieHHs1 OTKJIOHEHa K JeBoMy 6op-
Ty) B JeBOM HODMAJbHOM IITO-
nope.

OTKJIOHEHHE 3JIePOHOB MpO-
THB IUTONOPA O3HAYAET:

a) B ImpaBOM LITONOpe: Ipa-
BHIH 3J7IEDOH  OTKJOHEH BHH3
(pyuka ympaBJeHUS OTKJIOHEHA

NPOJOJILHOTO H NYTeBOrO yHpaBJeHHs
NPOTHB WITONOpPA B NPaBOM IepeBepHY-
TOM LITONOPE:

I—pyuyKa ympaBJenHs OTKJOHEHa NPOTHB
witonopa (Ha ce6s1): 2—pyukKa YOpaBJeHUs B
1eATpasbLHOM MNOJOXKEeHUH (MYHKTHD): 3—ne-
AaNd YHpaBJeHHsT B HeHTPaJbHOM IOJIOXKE-
HHH (MYHKTHDP): 4—nejfany YNpasBJeHHs OTK-
JIOHEHBl MPOTHB IITOMOpa (JeBas mnenavb
BHepe]):; 5—TPAeKTOPHs ABHIKEHHS CaMoJeTa

K JieBOMy 6OpPTy) B IpPaBOM HOpPMaJbHOM LITONOPE U BBEPX (pyuka
ynpaBJeHHs OTKJOHeHa K NpaBoMy GOpTY) B NpaBOM IlepeBEpHY-

TOM LITOMOPE;

0) B JleBOM IUTONOpPE HAOOOPOT: NPABBIH 3JEPOH OTKJIOHEH BHH3
(pyuka ynpaBJieHHsl OTKJIOHEHA K JIeBOMY GOpTy) B JIEBOM IepeBep-
HYTOM IUTONOpE M BBepX (pyduKa ynpaBJeHHS OTKJIOHEHA K NPaBOMY
60pTy) B JIeBOM HOPMAaJbHOM LITOTIOPE.

Ha puc. 1.4 nmpuBepseHsl cXxeMbl, HJIIOCTPUPYIOIHE OTKJIOHEHHS
pHIYaroB H OPraHoOB IIONEpEeyHOro ympaBJieHHs caMmoJeTa II0 HITOMO-
PY ¥ IPOTHB IITONOPA B HOPMAJbHOM H NIePEeBEePHYTOM LITONOPAX.
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3anasapiBaHNe BHIXOJA CaMoJjieTa M3 LITONOpA OMpelesieTcsl Mo
BpEMEHH HJHM B BUTKax.. 3amasfblBaHHEM II0 BPEMEHH HJH NPOCTO
3amasjbiBaHHEM BBIXOJla M3 LITONOPA Ha3BIBA€TCS BHIPAXKEHHHIH B ce-
KYHaX BpeMeHHO! UHTePBaJl, OTCUUTRIBAEMBIN C MOMEHTA OKOHYAHUS
OTKJIOHEHHS IIOC/eJHEr0 phiyara ylnpaBjeHHs Ha BLIBOJ U3 LITONOD2
IO MOMEeHTa NpeKpalieHHsi aBTopoTauuu camosera. [locaesuuMm phi-
YyaroM ynpaBJ/ieHHs Ha3BIBaeTCs TOT pbluar, OTKJOHEHHE KOTOPOro
IpH paccMaTpPUBAaEeMOM MeTOJe BEIBOJA CaMoOJeTa W3 LITOIOpa Ipo-
M3BOJIHUTCS B NOCJENHIO odepenb. [TocaeHUM pHIUaroM ynpas/ieHHS
OKa3blBaeTCsi OOBIYHO PYuYKa YIpaBJEHHsI PyJeM BBICOTHl (IIpH Mpo-

Hopmansreid  wmonop Nepelepnymori wmonop

|
)
wmonopa ¥

Puc. 1.4. CxemaTnyeckoe H306pakeHHe OTKJOHEHHH pHYaroB M Opra-
HOB IIONEPEYHOro YNpaBJeHHs B MNPaBbIX HOPMAaJbHOM U MEPEBEPHYTOM
HITONIOpax (BHI Ha CaMOJET CHepeny):
l—mpaBBIil 3JIEPOH BBEPX: 2—NpaBbii 3JEDPOH BHU3

JONbHOM €e OTK/JOHEHHH). 3ama3ibiBaHHEeM BHIXOlA caMoJeTa U3
LITONIOpA B BUTKAX Ha3hIBaeTcs KOJHYECTBO BHTKOB LITOMOpA, Cle-
JIAHHBIX CaMOJIETOM TOCJe OKOHUAHUS OTKJIOHEHUS TOCJIEIHETO PHI-
yara ynpaBJleHHs Ha BBIBOJ K3 LITONOpA A0 MOMEHTa NpeKpalleHHus
aBTOpOTaluu caMoJjera. [loTepsi BBICOTH Ha BBHIBOJE CaMoJieTa H3
WITONOPAa — 3TO Pa3HOCTh LBYX BLICOT (Iepenan BBICOT): BBICOTHI,
Ha KOTOpPOH HAaXOAMJICS CaMOJIET B MOMEHT, KOI'1a JIETUMK 3aKOHUHJ
OTKJIOHEHHe MOocJeHero puluara ynpaBJeHHs Ha BHIBOJX H3 LITONOPaA,
H BBICOTBI, Ha KOTOPOH CaMoJIeT OblJ TiepEBeNleH B TOPH30HTANbHBIM
I0JIET TIO OKOHYAHUHU BHIBOJA €ro W3 UITOMOpA.

1.3. KHHEMATHYECKHE XAPAKTEPUCTHKH
Yriom aTaku camoJeTa o Ha3BIBAeTCA YoM MeXIY

NPOEKUHSMH BEKTOPa CKOPOCTH IoJeta V M KOHTPOJBHOH XOPIbI

KphlJIa Ha IJIOCKOCTh cuMMeTpuu camoJtera x;Oy;. B kauectBe KOHT-

POJILHOf XOpJB!I KpBlIa OOGBLIYHO NMPUHHMAETCs ero 6OpTOBasi XOpHa.

YrJIOM aTaky CeYeHHSI KPblJIA Ocey HA3HIBAETCS YToJ MEXAY Ipoek-
-

IMSIMH BEKTOpa CKOPOCTH NoJieTa V M XOpABI 3TOTO CEeYeHHsi Kphlia
Ha IJIOCKOCTb CHMMETDHH CaMoJjieta. PaccmaTpuBasi u3MEHEHHs yr-
Ja aTakH, HeOGXOAMMO HMETb B BHAY, UTO 3TH H3MEHEHHS NPOUCXO-
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IAT OT pasJMyYHs B yIrjax IOBOPOTAa CaMoOJeTa W BEKTOpPa CKOPOCTH,
IpuYeM CaMoJieT BpaUlaeTcss MOMEHTaMM, a BEKTOpP CKODPOCTH —
cHJaMH.

JlOTyCTHMBIM YIJIOM aTaKH Gpon Ha3blBaeTcsd HauGoJbIINA pas-
pemiaeMblfi B HOpMAJbHOH JIETHOH SKCIJyaTalHy YroJ aTaku caMo-
Jeta, BEIOHpaeMblil U3 YCJI0BUHA obecneueHus 6e30MacHOCTH TOJeTa
TakuM 06pasoM, 4TOOH TIPU ITOM:

1) o6GecneynBasuch npueMJeMble XapaKTepUCTHKH YIIpaBJseMo-
CTH ¥ YCTOHYHMBOCTH camoJsieTa (COXpaHsaach OTPHULUATENbHOH IpO-
#3BOJHAS JUHEHHOTO IepeMellleHusl PYYKH yIpaBJeHHs mo Koaddu-

LHEeHTY NOABEeMHON cuabl camonera X,’=dx,/dCy, He BosHuKana

HEYCTOAYMBOCTH CaMOJIeTa IO Teperpy3ke U T. I.);
* 2) oGecneuyuBaJjcsi 3amac OT yrja aTaku cBaJuBaHHA (0OBIYHO
He MeHee 3°);

3) He BO3HUKaJaU BuOGpauuu (ocobGeHHO aBTOKoAeOGaHHS) H APY-
rue siBjleHHsl (HeMeIJIeHHO He IlapupyeMble, HATpUMeD, CaMONPOM3-
BOJIbHBIE KOJIeGaHysi CaMoJ/eTa), YIPoKalowiie MPOYHOCTH KOHCTpPYK-
LMY UJIH 3aTPYyIHAIONINE THIOTHPOBAHHUE;

4) He BO3HMKAJM HapylleHHs paboThl CUMOBOH yCTAHOBKH (Ham-
puMep, NpU3HAKHU HeyCTONYMBOR pabGoThl jmBurareseir), (QyHKuUO-
HaJbHBIX CHCTEM M OOCPYIOBaHHS camoJeTa, Tpebylollre HeMe e -
HbIX AeHCTBHH JeTYHKA 0 BOCCTAHOBJIEHHIO MX HOpMaJbHO# pabo-
ThI THO0 HEME[JIeHHOr0 YMEeHbUICHHS yria aTakH,

5) ofecrmeunBasach HajgeKHasl CHTHANH3ALKSA JETYHKY O BHIXOHE
Ha Ogon, TIPENYNPERK IO AS O IPUOINKEHUN CBAJTUBAHNS UL JPY-
THX He JNONYCTHMBIX Ha KCIJIYaTAUHOHHBIX pPeXMMax ToJeTa sBJe-
HUH, 1J5 NPeJOTBPallleHHs KCTOPHIX H BBIOHMpaAeTCAd COOTBETCTBYIO-
as BeJMYHHA Upor.

YrioM ataky TPACKH O HAa3bIBAeTCs YroJ aTaky CaMoJieTa, NpH
KOTOPOM HaUMHAETCs Mpeaynpexaaias TpsAcka. Yroa aTaku oBa-
JHBaHHUSA G¢ — 3TO YroJ aTaky caMoJera, TPH KOTOPOM HauuHaeTcs
cBaquBaHue. KpUTHUECKUM oyp HA3BIBAETCS YroJ aTakd CaMmoJera,
COOTBETCTBYIOIIMI 3KCTPEeMaJbHOMY 3HaueHHIO Ko3dhulueHTa nNomsb-
eMHO# cuabl camosiera (puc. 1.5). 3Beamoukoit Ha puc. 1.5 0Go3Ha-
YeHbl MapaMeTphl TIOJMETa MPH OTPUILATEJNbHBIX yrJax aTaku (B yact-
HOCTH, NTapaMeTphl NepeBePHYTOro moJjeTa). 3aKPUTHUECKUMH Oayp
Ha3bIBAIOTCA YIVIBl aTaKH ICaMoJeTa,. ipeBbllalollke o0 aGCoMI0THON
BeJHYUHE Qgp. JLOKPUTHUECKUMH Opxp HABBIBAIOTCS YIJIBI aTakKH, IO
abco/oTHOM BeqHynMHe MeHbUre yeM c. OKONOKPUTHUECKHMH  Olok
Ha3BIBAIOTCS YIJIBl aTakH, ONpejensieMble HEPaBEHCTBOM | Ogon| <
<|aox| <|axp|. ¥YrmoM aTaku mosHOro OTPHIBA NMOTOKA Ogpo Ha3blBa-
€TCSl 3aKPUTHYECKHH yroJ aTaky, NPH KOTOPOM NPaKTHYECKH 3aKaH-
YHBAETCS Pa3BHTHE CPBIBA IIOTOKA C Kpblia (06JaCTH CPbiBa MOTOKA™
DPa3BUIMCh TaK, UTO TIOTOK OKAa3bIBAETCS COPBAHHBIM MpaKTHYECKH
€O BCell BepXHell MOBePXHOCTH Kphiaa). Bosbiye yryibl aTaku — 310
AyanascH yrJoB aTaky, B KOTOPOM B TOH MJIM HHOH Mepe IpOsiBJS-
I0TCS 0COOGEHHOCTH MOBEIeHHS W THJIOTHPOBaHHUs caMmotera, o6yc-
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JIOBJIEHHBIE BOBHHKHOBEHHEM ¥ PAa3BHTHEM CphIBA NCTOKA C KPhLIA.
HHpekcaMy, aHAJOTHYHBIMM IPHHATBIM IPH ONPELEJeHHH YIJIOB
aTaxu, 0603HAYalOT M COOTBETCTBYIOUIHE 3HayeHHUS KO3(PPHIHEHT2
HOLBEMHOM CHIBI caMoJgera (Hanpumep, Cyc — KoadpUIHEHT TOLb-
€MHOM CHJIbl CBAJMBAHUA).

CyIecTBYIOT NMOHSTHS <IOJET CO CKOJbXKEHHMeM» H «moJeT 0es
CKOJIbXKEHUSA» («KOODAMHUPOBAHHBIA moJeT»). B moJseTe 6e3 CKOJMb-
XKeHNUd (KOODAMHHPOBAHHOM ITOJIETE€) BEKTOp CKOPOCTH moJsieTa Je-
KUT B MJOCKOCTH CHMMETPHH caMoJsieTa. B moJjere co CKOJbXeHHeM
BEKTOp CKODOCTH TI0JIeTa NepeceKaeT IJIOCKOCTb CHMMETPHHU CaMoJe-

Cy
Cy max
Cye-L

Cydon(Cym) o
al v
Xjwp
"?0 ax, aloy o 700
. g ¢ Qup \ot,apa:?
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Puc. 1.5. Tpaduueckas 3aBHCHMOCTb KO(DGHUHEHTAa NOLBEMHON CHJE
OT yIJIa aTakH caMoJeTa

ta. Pa3iuuaoT BHyTpeHHee U HapykKHOe CKOJIbXKEHHE CaMoJeTa B
umtonope. BHyTpeHHIM HasbIBaeTcsl CKOJbXKeHHe, TP KOTOPOM dI0-
TOK Haberaer Ha caMoJjieT €O CTODOHB BHYTPEHHEero MOJYKphlIa
(BIepern BBIABHHYTO BHYTPeHHee TOJNYKDHLIO). HapyXHbiM Ha3biBa-
eTCsl CKOJIbXKeHHe, MpH KOTOPOM MOTOK HaberaeT Ha CaMOJeT CO
CTOPOHBI HapyKHOrO TIONYKpPhlaa (BHepel BHIABHHYTO HapyXHOe TO-
JYKDPBLIO). YIJIOM CKOJIbXKEHHS camosieTa B Ha3bIBACTCS Yros MeX-

Jly BEKTOPOM CKODOCTH moJjieta V u TIOCKOCTbIO CHMMETPHH CaMo-
Jjera.

Yriom TaHraxa camoJiera ¢ Has3biBaeTCss yroJ MeXAy NPOAOJb-
HOM ocbio camosiera OX; M rOPH3OHTANBHON MJOCKOCTBIO. YIJIOM
KpeHa camoJsieTa y HasblBaeTCs yroJ MeXAy IJIOCKOCTBIO CHMMeT-
puu camosera x,0Y, 1 BepTHKAJIbHOH MJOCKOCTbIO, B KOTOPOH HAaxo-
JHuTCS TPOAOJbHas och camojera Ox;. Yriom HakmoHa TPAEKTOPHH

mosieta O HasbIBaeTCs YroJ MeXIY BEKTOPOM CKOPOCTH moJsetra V u
FOPH30HTAJbHOHN TJIOCKOCTBIO.

20



Ta6aunma 1.1
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3HaKH OTKJIOHEHHI OpPraHOB yNpaBJEHHS, YTJOBHIX CKOpOCTeH M
HODMAJIBHOH TIeperpy3ky B LITONOPE, IIPHHATBIE B COOTBETCTBHH C
o061 M mpaBuOM 3HakKoB (puc. 1.6), mpuBenens B Taba. 1.1.

1.4. HOMEHKJIATYPA CKOPOCTEH

MuyHEMaNBbHO RONYCTHMAsi CKOPOCTH Vyon — 3TO CKO-
POCTb YCTaHOBHMBLIErOCSl MPSMOJHHEHHOIO FOPH30HTAJNbHOrO MOJeETa
Ha pexume Cypon. CKOpPOCTH Hpefiympexpaioiieil Tpacku V. — 310
‘CKOPOCTb NPSIMOJIMHEHHOTrO TOPH30HTAJBHOTO INOJEeTa, NPHU KOTOPOH
BO3HHKAIOT YBEPEHHO BOCIDHHHMAaeMble JETYHKOM €CTEeCTBEHHbIE
HJIH HCKYCCTBEHHble NpPHU3HAKH OJausocti cBanuBaHusi. CKopocThb
‘cBa/luBaHusl V¢ — cKopocThb nosera npu ny,=1 Ha pexume Cyc. Mu-
HUMaJbHasl CKOPOCTb Vmm — CKOPOCTb IOJIETa NPH ny,=1 Ha pexH-
Me Cymax. CKopocTh mrTonopa Vigr— CKOPOCTb [BHXKEHHs LEHTpa
TSXKECTH caMoJera B IUTomope. MHHHMaJbHAasE CKOPOCTb CBaJMBa-
#usl Ve — CKOpoCTh moJieta npu ny=1 Ha pexume Cyno.



TI'JIABA 2
ABTOPOTALLUSI CAMOJIETA

2.1. YCJOBHSA BOSHHKHOBEHHUSI ABTOPOTALLHH

BosHuKHOBeHYe aBTODOTALMUH SBJSETCS NPHUYHHON TIO-
iBJeHus mtonopa. IIpu OTCYTCTBHM CKOJNBbXKEHUS aBTOPOTAlLHs cCa-
MOJIeTa cO3J4aeTcsl OOBI'YHO B OCHOBHOM TOJBKO KpblioM. Ha Heko-
TOPBIX CaMoJleTaX 3HAaYHTeJbHble MOMEHTBl asTOPOTALUK MOTYT CO3-
NaBaTbCsl TaK:Ke XBOCTOBBIM OIepeHHEeM U (plo3ensKeM caMoJeTa.
B mpuHuuNe IpH HECUMMETPHYHOM OOGTeKaHHM MPAaKTHYECKH J11000-
ro Tesa MOXeT NOSBJISATHCS MOMEHT aBTODPOTAUMH, T. €. MOXET BO3-
HHKaTh WITONOP (M3BECTHBI CJIyyaH IITONOPA BEPTOJIETOB, YeJOBEKa
B cBOGONHOM MaleHHH NOCTe MOKUAAHHS UM CcaMoJeTa U T. 1.).

Kak mokasan B. C. ITeuuxoB, aBTopoTanuss BOSHHKaeT B TOM
caydae, KOrza B pe3yJbTaTe B3aUMOIEHCTBUS Teda C BO3AYLIHOH
Cpeloil BpallleHde 3TOTO TeJa B ONHY CTOPOHY BhI3bIBaeT BpallleHHe
BO3JYIIHOTO NOTOKA B JPYTyI0 CTOPOHY TaK, YTO OOLIMH MOMEHT KO-
JMUYecTBAa NBHIKEHHS He u3MeHseTcsa. I[lapamokcaJbHBIM SIBJISETCH
TO, UTO Bpallaiolleecs TeJO He yBJNEKaeT BO3AYIIHYIO cpely 3a CO-
6oi1, a mpunaer ef BpaueHue B obpaTHywo cropory. CymHOCTb 3TO-
ro mapajokca moka ellle He packpbiTa. Ilo-BHAMMOMY, B OCHOBHOM
yKasaHHHI} Tapanokc o6VCJIOBJIEH BAMSAHUEM CHJ TPEHHS.

2.1. 1. BpameHne OTHOCHUTEJbHO
NPOAOJILHOM OCH camMoJeTa

PaccmorpuM BHauase (QU3HYECKYIO CYIIHOCTb aBTOPO-
TalUK Kpblja ¥ YCJOBHS, IPH KOTOPHIX OHA BO3HHKaeT. [l.15 160.1b-
el HarJAsAHOCTH HAaYHEM C YIPOIIEHHOH CXeMbl BPAIleHUs KPBLI&
camoJjieTa MoJ BO3AeHCTBHEM ONHHX TOJbKO HOPMAJbHBIX CHJ NDH
OTCYTCTBHH CKOJbXKEHHS.

Ecau nox nelicTBHEM KaKOTro-THGO KPaTKOBPEMEHHOTO BHEIIHEro
BOSMYILUIEHHS WJIH OTKJOHEHWS 3j1epOHOB BOSHHKAeT BpalleHHe ca-
MOJIETa OTHOCHTEJIbHO ero mpoRovibHON ocH OXi, TO MECTHBIE yIJIBL
aTaku BceX teUeHMil KDHIIAa OKA3HIBAIOTCA PASHHIMH H OTJIHYAILOLLH-
MHCSI OT yIJla aTaKu KODHEBOrO CEeUeHHUS Kphlja oy Bpalllenne oTHO-
cutenbHo ockt OX; IPUBOJUT K TOSIBJIEHHUIO Y BCeX CEUEHHH Kpblaa
(XpoMe KOpHEBOTO) IOTMOJHUTENbHEIX cKopocTet U, mpomopuuo-
HaJbHBIX YIJIOBOM CKOPOCTH BpAllleHHSI CaMOJIeTa Wxi M YAAJEHHIO
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JAHHOTO CeYeHHS! KPhiJa OT OCH BpallleHUs 2 (puc. 2.‘1_2. CkuagpiBas
BeKTOpH ckopoctell U ¢ BeKTOpoM ckopocTH mnojera Vo ajs Kax1o-
TO CeueHHs KpblIA, HAXOLMM BEKTOPH CyMMapHBIX ckopocreit V=
—V0+U PasHple MO BeJMYHHE W HATIPABJIGHHIO. Yroan Mexpay Bek-

TOPOM CKODOCTH Vu XOpIOH ABJsEeTCS B JAHHOM cJydae YrJoM ara-
KU JJaHHOTO CEYeHHUS KPBIJIA Qcen.

Puc. 2. 1. CxeMa H3MeHeHMs YIVIOB aTaKH ce-
YeHUil Kpbljla NPH ero BpallleHHH OTHOCHTEJb-
HO OCH 0X; (KpPEeHEHHe Ha MPaBOe KPHLIO)

HpH TaKOM Bpalll€HHH Kpblaa YTJbl aTaKH cequmd Oceq OTJAHUA-
tt)
10TCS OT Oy HA BEJHUHHBI Alcey= arctg——z

. ¥YrJbl aTaku ce-
0
YeHHUH ONYyCKAalolIerocs TONYKpblaa (aou) BO3paCTaloT, a MONHHMA-

IoIerocst (Omogn) — yMeHbInalotcs (cM. puc. 2.1). CrencrBuem us-
MEHeHHs YIVIOB aTaKH SIBJSeTCS NepepaclpeleseHHe a3pOAHHAMHU-
YeCKHX CHJ [0 pa3Maxy Kpblia (HOPMAaJbHBIX W TaHCeHIMAJbHBIX)
¥ NOSIBIEHHE a3POAMHAMHUECKHX MOMEHTOB KpeHa My M phICKaHUS
My, (puc. 2.2).

Paccmorpum Tpu cayuas mosera camosera 6e3 CKOJbXKEHHS
TPy PAa3JHYHBIX BHAUYEHHAX YIrya aTaK{ Ok OJHOM MOKDHTHUECKOM
Oy ¥ JBYX 3aKPUTHYECKUX oz U O3 (puc. 2.3). ¥Yroa oy MeHbIIE Qgo,
COOTBETCTBYIOLLEr0 OGLIYHO MHHHMAJbHOMY 3HAUeHHIO KOI(pduin-
€HTa MOLABEeMHOH CHJIbl Cycexr B BaKpPUTHUECKOH 00sacTH, a yroa
Q3>>0go. TakuM 06pa3oM, Npy a4 HMeeT MeCTo 6e30TPLIBHOE o00Te-
KaHue, Mpy Oz — PasBHTLIA YaCTHUHBIA OTPHIB IIOTOKA, a NPH a3 IO-
TOK IPAaKTHYECKH TIOJHOCTbIO COPBAH € BepXHeH MOBEPXHOCTH Kphl-
Jia. JIns npocToThl paccyKAeHHA npeHeOpeKeM IOMOJHUTENbHBIM
M3MEHEHYEM yIJOB aTaKu H3-3a H3MEHEHHs pachpeleseHHs UHPKY-
JISUHA CKOPOCTH IO Pa3Maxy M CBSI3aHHOIO C 3THM M3MEeHeHHs HH-
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AYKTHBHHIX cKopocTell. Torla n3MeHeHHHIM IIOA BJAHSHHEM Bpaile-
HHsS yrJaM aTakW CedyeHHH Kpbiia OYyAyT COOTBETCTBOBATHL M
H3VeHeHHble 3HayeHust K03 (UUUEeHTOB NOXbeMHOH CHJBl CeYeHUH
Cy ceu, KOTODHIE MPUOMUKEHHO MOTYT OBITH ONpeleJseHBl M0 3aBHCH-
MOCTH Cy ceq=f’(aceq).

ITpu mOXpHTHUECKUX yTJax aTaku (cM. puc. 2.3, a) GosblieMy
yrily aTaku COOTBETCTBYET Goublilee 3HaueHHe Cycew. [ToaTOMY Ha
TpaBoe MOJIYKPBLIO GyldeT AeficTBOBATh GOJbIIAS MOLbeMHas CHJA,
yeM Ha JeBoe. DTO MpPUBeJeT K BOSHHKHOBEHMIO a3pOLUHAMHUYSCKO-
ro MoMeHTa My, HaNpaBJeHHOI0 B CTOPOHY, OGPATHYIO ‘HampasJe-
HUIO BpAILlEHHsi — MOMeHTa TolepedyHOoro AeMmpUpOBaHHS Kphlia
(nemmbupoBaHusd KpeHa).

Ilpu ax=oas B pedysbTaTe BLI3BAHHOTO BPAIICHHEM CAMOJETa U3-
MEHEHHS YIJIOB aTaKM IO pasMaxy Kpblja MOryT BO3HHKATb KaK MO-
MEHT KpeHa, yCHJIHNBAIOLINH BpalileHre, TaK U IeMIpUpYOLIUH mnole-
peuHblii MOMEHT. MoXeT TakxkKe CJIYUHUTbCS, UTO Pe3yJabTHPYIOIHUH
MOMEHT KDeHa, OKaxKeTCsl PaBHBIM HY/MIO. DTO 3aBHUCHUT OT BeJTHUHHBI
pasBuBuUICHCS yIJ0BO# CKOPOCTH KpeHa. [Ipm OTHOCHTEJNBHO MAaJoM
3HaYEHHH YIJIOBOU CKODOCTH KPEHA Wx1==©1 BOSHHKAIOT CPABHUTENb-
HO He6OJIblIINe U3MEHEHHs YIJIOB aTaK{ 110 pa3Maxy Kpelia (BNJIOTb
10 €ro KOHIOB), MPH KOTOPHIX KPBIJIO HE BBIXOJHUT M3 006J1aCTH yac-
THYHOTO OTPBIBA MOTOKA. B 3TOM ciyuae BO3HHKaeT as3pofMHaMHuye-
CKHII MOMEHT KpeHa, YCH/JNBAIOMUN BpallleHue caMoJeTa — MOMEHT
aBropoTauun My=Mas, (cM. prc. 2.3, 6). [Ipu mosiBNIeHHH MOMEH-
Ta aBTOPOTAL UM KDPBLIO He OYIeT CONPOTUBJATLCS BpalleHHUIO, a Ha-
060pOT, HaUHeT BpaIaThbCsi OTHOCHTEeNbHO ocu Ox; ¢ Bo3pacraoleil
YTJIOBOII CKOpPOCThIO. B 3TOM ciiyuae poctaTouHo HeGOJBIIOro (Teo-
peTHyeckn — GECKOHEYHO MaJIoro) HauyasbHOr0 HMIYJbCa, Hampas-
JIEHHOTO Ha BpalleHHe Kpbljia OTHOCHTEe bHO ock OXi, 4TOGB KpHIJIO
HayaJio BpAlllaThCsl ¢ BO3pacTalolllefl yrJIoBOH ckopocTeio. Takol
HMIYJIbC MOXKeT BOSHHKHYTb I'DH MOMAaJaHUH YaCTH KphlIa B BEpPTH-

KaJIbHBIA TIOPBHIB BeTpa, HEGOJBUIOM CJAYYaHHOM OTKJIOHEHHU 3Jepo-
HOB M T. IL.

ABTOpOTHPYIOIIHA MOMEHT KPbLIA MOXKET IOIOJHUTENbHO BO3-
pacraTh IpH YBeJHUeHUH 00J1aCTH OTPbLBA IIOTOKA Ha OTYCKalolleM-
cq mosykphlae. Pacmupenne 06JacTH OTOpPBABIIerocs IOTOKA, Iipo-
HCXOZsilllee B pe3yJbTaTe YBEJIHUEHHS YIVIOB aTaK{ CeueHHH omyc-
KaloIlerocs MOJNYKPhlia NPH HaJHYUHM HEHYJNEBOH YIJIOBOH CKOPOCTH
KpeHa 0x17~0, IPUBOLUT K NOTIOJHHTEJLHOMY YMEHBUIEHHIO KO3(-
HHULUeHTOB MMOLBEMHON CHJIBI CEUEHUI 3TOTO MOJAYKphblaa (puc. 2.4).
ITocnennee 06ycnOBI€HO TeM, UYTO NPH HaJjbHeHIIeM yBeJHYEHHU
yrja ataky — [0 yTJa, GoJbliero yeM KPUTHUECKUH, HMelouHecs
yX&Ke Ha Kpblje 06/1acTH OTPHIBA IIOTOKA TPOLOJEKAIOT PA3pacTaThCs
(puc. 2.5). A ymeHbllleHHe YIJIOB aTaKu CEUYEHHH TIOAHUMAIOIETOCS
MONYKpbLaIa TIPUBOXUT K POCTY Cyces, TAK KaK IPH yMeHBIIEHHH yT-

JIOB aTakyu YaCTHYHO BOCCTAHABJMBaeTcs Ge30TpbiBHOe OOTeKaHue
Ha 3TOM IIOJNYKPHLTIeE.
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IIpuBenenHoe KaKuM-1HO0 CAYYAaHHBIM HAYaJIbHBIM HMIIYJIbCOM
BO BpallleHHe KPbLiO OyleT nox JeicTBHeM MOMEHTa aBTOPOTALUR
yBEeJIMYUBATh YIVIOBYIO CKODOCTb CBOEro BpallleHHsl IO TeX Iop, Io-
Ka He BO3HUKHET DeXKHM YCTAHOBHBILeHCH aBTOpOTamuu. Takoil pe-
XKHMM XapakTepeH TeM, UTO BCJAEACTBHE BO3DOCUIeH yTJOBOH CKOPO-
CTH BpallleHHs yroJl aTaku KOHLEBOrO cede-

HHS MOAHUMAIOILErocs INONYKPBLIA Opopn
YMEHBIUUJCA Ha BEeJNHYHHY Adces U CTAN pa- a<a,

p
BeH Opoga=02—AGces. YTOJM aTaku KOHIE-  («0ruson K atxp)
BOrO CeyeHHs OINYCKAalOIerocss TOJMYKphlIa

CTaJ paBeH Gop= 02+ Atce. [IpH 3TOM Cy ceu

A ey

Puc. 2.4. Xapakrtep usmene- Puc. 2.5. Cxema pas-
HHsl Cycex MO pa3Maxy Bpa- BUTHSL O6JiacTel OTpHI-
11a0lIerocss Kpblaa: Ba IOTOKAa Ha Kphlie
NpH yBeJHYEHHH yraa

a—HEeYCTaHOBHBIIASICA  aBTOPOTa-

* U (YCKOpeHHOe BpallleHHe XDBI-

Jna); 6—yCTaHOBMBINASCA  aBTO-
poranus (w,,;=0)

———Cy cea maxs
Cy ceq((‘)xl*m:

— e ——Cy ceq(®y=0)

aTaku

KOHIIEBOPO CeUEHHSl ([OJHUMAIOIIerocs IOJYKpblIa CTaHOBHTCA
meHbmie Cyceq KOHIIEBOrO CeYEHHs ONYCKAIOIIErocss NMOJYKpBLIA:
Cy nona<Cyon- Taxum 06pa3oM, KOHIEBEE CeUeHHsl KPblJia HE TOJBKO
nepecTasy YCKOPSITb €ro BpallleHHe, KaK 3TO ObLIO Ha pexuMe He-
yCTaHOBUBILIEHC aBTOpOTallMu (cM. puc. 2.4,a), HO JpaxKe Havaju
TOPMO3UTh 3TO BpauieHue (cMm. puc. 2.4,6). Ilpu stom cpenHue ce-
YEHHS] KPblJIa, UMesl YTJIbl aTaKM Oces, ONH3KHE K Og, IO-IPEXKHEMY
CTPeMATCSA YCKOPHUTb BpallleHHe. B urore cyMMapHBIfi MOMEHT KpeHa

27



M, oxasbiBaeTcs paBHBIM HyJI0 (cM. puc. 2. 3,2). Bpamenue kprelia
6yner ycTaHOBHBIIUMCA (wx;=const). AHaJornyHEIM 06pa3oM Mo-
JKeT CO3XaBaTbCs M MOMEHT aBTOPOTALHH XBOCTOBOTO ONEPEHHs.

Benyunna mMOMeHTa aBTODOTALMM IIPY YIJIaX aTakKu caMoJieTa B
JManas3oHe Oxp——0Omo B 3HAUHTEJLHOH CTENeHH ONpefeJsieTcss Kpy-
Tu3HO# KpuBok Cy=F(a) Ha yuyacTKe mepexofa K 3aKPUTHUECKHM
yraaMm ataku. Uem GoJibine u pesue majfeHHe KoadunxeHTa monb-
€MHOH CHUJIbl TIPH Mepexofe yepe3 KPUTHUECKHH yroa aTaku, TeM
Gosblie MOMEHT aBTopoTanuy. ITo Mepe yBenuueHus yI0BOH CKOPO-
CTH KpeHa YIVIbl aTaKu CeuyeHHil Mo pa3Maxy Kpbiia OyIyT usMe-
HATbc B Gousbinel cremenu. HaumHasd ¢ KaKOTO-TO BHAYEHHT Mqt
JUana3oH ¥X H3MeHeHHs NPEeBBICHT AMANAa30H YIJOB aTaku 06JacTH
YaCTHYHOrO OTPHIBA MOTOKA C KPblIa—IHaNa3oH Oxp--Omo. COOTBET-
CTBEHHO C 3THM OyAyT WU3MEHATbCS W HOPMAaJbHble a3pOAHHaMHUUE-
CKHe CUJBI, JeficTByIOLIHe Ha TipaBOe M JeBoe ToJaykpelto. [lpu wHe-
KOTOPOM 3HauyeHHWH YIVIOBOH CKODOCTH KDeHa Oxn=0u=>or1 (cM.
puc. 2.3, 2) pe3yJabTHPYIOLIKI MOMEHT KpPeHa 0Ka3bBaeTCs pPaBHLIM
uyaio. C ganpHeAINM yBeJHYeHHEM YIJIOBOH CKODOCTH KpeHa MoO-
JKeT NOSBUTbCA AeMIGHUpYOMUNA MOMeHT KpeHa. Tak, wamnpumep, B
paccMaTpHBaeMOM CJyuae NPU Ox1= 1> 0mu (cM. puc. 2.3,0) Bo3-
HuKaeT MOMeHT My =My, DemMmdupyromui KpeHeHne caMoJera.

Bpamienne camosera ¢ yryioBoi CKOPOCTbIO KpeHa @i, COOTBET-
CTBYIOWeH HYJeBOMY 3HaUeHHIO MOMeHTa KpeHa, fBJsieTcs YCTOoH-
YHMBEIM: IIDU YBEJHUEHUU YIJIOBOH CKOPOCTH BOSHHKaeT HeMmbHUpyIO-
LM MOMEHT KpeHa, a MpH ee YyMEHbIIEHHH — aBTOPOTUPYIOUIUH
MOMEHT, YBeJWYHBAIOIHA YIJOBYIO CKOPOCTb KpeHa Jo wi. Ciaexo-
BaTeJbHO, YIJ10Bas CKOPOCTb KPeHa ®ir B PaCCMaTPHBAaeMbIX YCJO-
BHSIX OyIeT CKODOCTbIO YCTaHOBHBIIefics aBTOpOTauuu (Ipu yriae
aTaKu ax==0z ¥ OTCYTCTBHM CKOJbXKeHMd). B mosere Ha yriax ara-
KU Oy, COOTBETCTBYIOLIMX IIOJIHOMY CPbIBY IOTOKa C BePXHel NoBepXx-
HOCTH KpPbLIa ¥ 3aMETHO MPEBLIMAOIIUX Gmo, IIPH CPABHUTEJLHO He-
60JbIIMX 3HAYEHHUAX YTJIOBOH CKOPOCTH KpeHa (®x1==w1) aBTOPOTa-
s BOOGIIE MOXKET He BOSHMKATh (cM. puc. 2.3, 8). Ecan xe yrio-
Bas CKOPOCTb JOCTATOYHO BEJHKA, a yroJl aTaKu dx==oag3 OJH30K K
Opo, TO B 9TOM CJIyuae Ha KOHIe IMOJHUMAIOIErocs NOJYKphLIa MO-
XKeT TIOABHTbCS 00/nacTb 0E30TPHIBHOrO OOTeKaHus. B pesysbrare
BO3HHKHeT aBTOpoTauus. Eciy pesysnbTHpyOLIMe MOABEMHBIX CHJ
NpaBoi u JeBOf IOJIOBHH KpblJa CO3LAIOT OJMHAKOBbIe IO BEJHYH-
He MOMEHTBI OTHOCHTeNbHO ocH OXy, TO Pe3yJbTHPYIOUHA MOMEHT
KpeHa eCTeCTBEHHO O0Ka3blBAaeTCs PaBHBIM HYJIO — BO3HHKAeT yKa-
3aHHBIH BbIllle PEXHM YCTaHOBHBIUElHCS aBTOpPOTAmMu (CM. pHC.
2.3, e).

IMpu yrnax artaku,ax, 3HaUUTENbHO GOJMNBIINX Ogo, YCHIHBAIOIIHE
BpalieHHe MOMEHTHl (MOMEHTHl aBTOPOTAUMH), KaK MPaBHIO, HE MO-
TYT ObITb MOJYUYSHBl Jaxe NPU OUeHb GOJIBIIMX YIJIOBBIX CKOPOCTSX
KpeHa, eCJIH TOJIbKO OTCYTCTBYeT CKosbxeHMe. I1py Hamuuun cKOJb-
JKEHHs] aBTOPOTAlNS ‘MOXKeT BO3HHKATb M Ha 3THX yIJax aTakd Ja-
}Ke TIPpH CPABHUTEJbHO HeOOJBIIHX YIJIOBBIX CKOPOCTSX.
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W3 ckasannoro cienyer, uToO aBTOPOTALMS Kpblia MOXKET HMETb
MeCTO TOJbKO Ha 3aKPHTHYeCKHX yraax ataku. IIpm nokpuruueckux
VrJaax aTaku aBTOPOTALUSI KpblJa HH BOSHUKHYTb, HH NPOJLOJNKATh-
Cs, BO3HHKHYB paHee Ha BAaKPDUTHYECKHUX YIJIaX aTakd, 'He MOXKET.
OTcloga ciaefyeT NpaKTHUECKH OUeHb BAXKHBIH BHIBOL: JJ51 MPeKpa-
fIleHHs] NeHCTBHSA aBTOPOTALMH HAJO NepEBeCTH CaMoJeT Ha HAOKDHU-
THYECKHE YIJIbI aTaKH, MPH KOTOPBIX BOSHHKAIOT JeMIpHUpYIOUIHe
MOMEHTH, KaK IpaBHJO, BecbMa ‘0OJIbIINE U MO3TOMY IPAaKTHYECKH
MTHOBEHHO IpeKpallaiollye BBI3BaHHOE aBTOPOTalMell BpalleHHe
caMmoJieTa.

2. 1. 2. O6muii cnyuaii BpaleHuss camoJjera

B nelicTBUTeNbHOCTH BpallleHHe CcaMoJeTa JIPOUCXO-
IUT He OTHOCHTEJNbHO NPOROJbHOM ero ocH OX;, a OTHOCHTEJBbHO He-
KOTOpO# mpoctpanctsennoi ocu OF, sexamed Mexny ocbio Oxy u
HalpaBJeHueM BeKTopa CKOpOCTH moJera (puc. 2.6). B nepBuiii Mo-
MEHT IoCJIe CO3JaHusl KpeHsulero MoMmeHta My, (Hampumep, B pe-
3yJbTaTe OTKJOHEHHS 3JEPOHOB) BO3HHKAaeT BpallleHHe CaMOJIETa

4
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Puc. 2.6. ITosnoxeHue ocu Bpainenus camosera OF
B IOJIeTe TOCJe CO3LaHHs YIVIOBOA CKOPOCTH Kpe-
HAa Ox1

OTHOCHTEJIBHO €ro TPOLoJbHON ocu OXy ¢ YrI0BOH CKOPOCTBIO Oxi,
KOTOpOE cpa3y XKe NMEPEeXONUT BO BpalleHHe oTHOCUTenbHO ocu OF,
He COBIAJAIOIIENl HU C HANpaBJEeHHEM MPOLOJBLHOH OCH camoJera,
HYU C HaNpaBJeHHEeM TPAaeKTOPUH (BEKTOpa CKOPOCTH) moJeTa. DTo
TIPOUCXOJLHUT TIOTOMY, YTO M3MEHEHHs] YIJOB aTaKy U CKOJbXKEHHs,
BBI3bIBAEMbI® BpallleHHEM CaMoJieTa OTHOCHTEJNbHO OCH, He COBNaja-
IOlel ¢ HanmpaBJeHHeM BEKTOpa CKOPOCTH I10JIeTa, CONpPOBOKIANOT-
Csl MOSIBJeHHEM 'BOCCTAHAB/IMBAIOUIMX (Ha yCTOHYHMBOM CaMoJieTe)
a9pOJUHAMHYECKIX MOMEHTOB, CIOCOOCTBYIOIIMX COXPAHEHHIO HC-
XOIHBIX 3HAUeHUH YKa3aHHBIX YIVIOB HEHM3MEHHBIMH U COOTBETCTBEH-
HO' OTKJIOHSIIOLUX NPOMOJbHYIO OCh CaMOJeTa OT HCXOMHOrO ee Io-
JIOXKEeHMUS.

Yrasl aTaky ¥ CKOJBbXKEHHsl BpallaloUlerocs camoJjera OyLyT
TeM G/1MKe K MCXONHBIM CBOHM 3HAUeHHSAM, yeM yCToHuuBeH (B mpo-
JOJbHOM H TyTeBOM OTHOIIEHHH) c€aMOJIeT U yeM MeHbllle YrjoBas
okopocTh KpeHa. Ecsiy mocsefHsis HeBeslMKa, TO YyCTOHUMBHIH caMo-
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JeT OyneT BpallaTbCsi OTHOCUTEJbHO OCH, BecbMa OJH3KO#l K HAM-
PaBJIEHHIO BeKTOpa cKopocTu moJera. [Ipu Goiblioli  yrioBo# cko-
pOCTH KpeHa KapTHHa u3MeHHTcs. BoccramapiuBalomve aspojgHHa-
MHUYecKHe MOMEHTHl YKe He yCIeBAalOT NapHpoBaTh BOBHUKAOUIHE
IpH BPAIEHHH CaMOJeTa LMKIMYeCKHe H3MEeHEeHHsl yIJIOB aTakH U
CKOJIbJKEHHSI ¥ CaMOJIET BPAlLaeTcsi OTHOCHTEJNBHO OCH, GJH3KOH K
ero mpojgoabHo#l ocu (cMm. . 6). Kpome Toro, Topmossimue (memm-
¢dupyomye) u packpyyuBaooue (aBTOPOTHPYIOIIHE) MOMEHTbL CO3-
JalOTCsl He TOJbKO IONLBEMHBIMH CHJIAMH CEUeHHH Kphlaa (cuaami,
HOPMaJbHBIMH TPOLOJBHOM OCH CaMoJjeTa), HO U IPOEKUUSIMH [10JI-
HBIX a3pDOAMHAaMHUUeCKHX CUJ KaXKIOTO CeYeHHs: Kphlla Ha MJIOCKOCTD,
NepHneHIUKy/JIAPHYI0 OcH BpauleHus. [Ipy usmMeneHun yIrJIOB aTaky,
BbI3BAHHOM BpallleHHeM CaMoJeTa, OYAYT H3MEHSATBCS HE TOJbKO
OpOeKI UK Pe3yJbTHPYIOUIHX a3pOJHHAMHYECKHX CHJ Ha HOpMaJjb-
HBIe OCH, HO M TaHTeHUHAJbHbIE MPOEKUHH (Ha HampaBJeHUs XOpI
NpaBo#l ¥ JIeBOH IOJOBWH Kphljia). DTO M 0OYCJIOBIHBAET TMOSBIE-
HH® IIPH BpallleHUH caMoJeTa, KpOMe MOMEHTa KpeHa, ellle H MOMeH-
Ta pbICKaHUSI.

ITosiBneHne MOMEHTA aBTOPOTALUM PLICKAHHUS NPH BPAallleHHH C€a-
MOJIeTa OTHOCHTEJbHO ero IPONOJbHOM OCH YIPOIIEHHO (IJs Har-
JSJHOCTH) MOXKeT ObIThb TIOSICHEHO H3MeHeHHeM TaHTeHIHAJ bHbIX
cun X; Ha MpaBOM H JieBOM HoJykpblie. Ha pue. 2.7 nokasan npu-
Mep H3MeHeHHs K03((uuMeHTa TaHreHUHa bHOH cHbl Cyy MO yray
aTak| JJs caMoJieTa CO CTPEJOBHIHBIM KpblIOM. B paccmatpuBa-
€MOM (CJIyyae TAHTeHIHAJbHAas adpOJAMHAMHUECKas] CHJIa Ha OIycKa-
outeMcst mosykpoliae (ee koadunuent Cron) MO a6COMOTHOR BeJH-
YHMHe TIpeBHIIAaeT TAHTeHUMAJbHYIO ICHJAY MOAHHMAlOIIEerocs INoJy-
Kpblia (Cyxmogn). OOyCaI0BIEHO 3TO TeM OOCTOSITENbCTBOM, UTO Ha
OllyCKarollleMcsl TONYKpblJIe MPOUCXOMUT 3HAYUTEJbHO 60Jee HHTeH-
CHBHBIH OTpPHIB MOTOKA (YIJVIBI aTAKH KOHIEBHEIX CEYeHHH MOJHHMAIo-
1Lerocst MOJyKphlJa BOOGILe OKa3bIBAIOTCA JOKpHTHUeCKHMHU). Takue
TaHTeHUHAaJbHBIE CHJBl CO3LAIOT CYMMAapHBIH MOMEHT pPBICKaHHUS
My, HanpaB/eHHBIH B CTOPOHY ONYCKAIOLLErocst MOJAYKpblaa. IDTOT
MOMEHT COBLAeT HapyKHOE CKOJbXKEHHe H 'CIIOCOOCTBYeT yMEeHBbllle-
Huio 3¢ PeXTUBHOro yria CTPeJOBHIHOCTH MOAHHMAIOIIEerocs MmoJy-
Kpbljia, YTO MOXKET TOBHINATH €ro HecylllHe CBOHCTBA, T. €. elle J0-
HOJIHUTEJNbHO YCHIUBATh aBTOPOTALHKIO.

B mromope, noMHMO0 MOMeHTa aBTOpPOTAllUH, BpaLalollero ca-
MOJIET OTHOCHTEJbHO €ro MPOJOJbHOH OCH (MOMEHTa aBTOPOTALUH
KpeHa), BCeria CyLIeCTBYeT ellle U MOMEHT aBTOPQTalWH, Bpallalo-
YA CaMoJieT OTHOCHTEJNbHO ero HOpMaJ/bHOH OcH (MOMEHT aBTOpO-
Tauuu pbickaHus). Hanuuue aBTOpOTHpYIOIIMX MOMEHTOB KpeHa W’
PBICKaHHA Y TIPUBOLHUT K TIOSIBJEHHUIO CNHPaseoOpasHOr0 NBHUKEHHS
camoJieTa B TITOMOpeE.

Jns aBTOpPOTAaUMH OuEHb BaXKHO NPOTEKAHHE adPOJUHAMHUYECKHX
CHJl (KO3 @HIHEHTOB) B CBI3aHHHIX Ocsx: majeHue Cyy IPH OTPHI-
Be OTOKa H uaMeHeHue Cyy.
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Y BorHYTHIX npoduael 60/MbLIONH KPUBH3HE H3MeHeHHe Cyy OKa-
3bIBACTCSl MEHBIIUM, YeM Y CHMMETPHYHBLIX M 'GJIM3KHX K HHM IIPO-
dunei,

BennynHa asponuHaMuyeckOro MOMeHTa aBTOPOTALMH, a CJELO-
BaTe/JIbHO, 1 MHTCHCHBHOCTb Bpall€HMsl CaMoJjieTa B ILITONOpE, B Tep-
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Puc. 2.7. I'padux 3aBucumocreir C.=f1(a), Cy=Ff2(a),
Cri=fs(a) u Cy1=7f; (a) caMosera CO CTPEIOBHAHBIM
KpHIJIOM

BYIO OuYepeflb 3aBHCAT OT XapaKTepa npoTekaHus Kpusoit Cy=f(a)
¥ HaJUYus CKOJbXKeHHS. BBUAY TOro, 4TO sBJEHHE aBTOPOTANUH
CBI3aHO C BO3HUKHOBEHUEM M Da3BUTHeM 06/acTeil OTPEIBA TIOTOKa
Ha Kphlje, Ha XapaKTepHCTUKHM aBTOPOTALMH MOTYT OKa3bIBaTh BeCh-
Ma 3HauUTeJbHOE BJHUSHUE Takue GaKTOpHl, KaK H3MeHeHHe MOJIoXKe-
HHS OPraHOB MEeXaHH3aIUHUM Kpblia, HaJHuHe HaPYXKHBIX TOJBECOK
TIOJ, KPBLJIOM, IIEPOXOBATOCTb €ro MOBEPXHOCTH, ynpyrue nedopma-
LMY KOHCTPYKLHH, a TaKKe mnapaMerphl mosera (uyucaa Re, M u
T. @.). M8 mpakTuku H3BeCTHO, UTO MHOTLA JHaxe BecbMa HeGOJb-
. II0oe W3MEHEHHe yrja OTKJIOHEeHHS 3aKPBIJIKOB MOXKeET NPHBOIHUTbL K
OYeHb CYU[ECTBEHHBIM H3MEHEHHSIM XapaKTeDHUCTHK aBTOPOTAIUH.
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Kak yxke oTMeyasnoch, aBTOPOTAL U MOXKET BOSHHKATb TOJIBKO HA
3aKPUTHUYECKHX yriax ataku. OfHako caMa BeJHYHHA KDHTHUECKOTO
yria ataku (Hauasa JuanasoHa 3aKPHUTHYECKHX YTJIOB aTakH) MoO-
JKEeT 3aMEeTHO M3MEeHSAThCS B 3aBHCHMOCTH OT pAzna (HaKTopoB: KOH-
durypanuu camosera, napaMeTpoB HCXONHOTO PeXXHMa moJera (yr-
Jla CKOJIbXKEHHs!, YIJIOBO CKOPOCTH KpeHa, yucea Re, M u np.) n
3KCIJIYaTallHOHHBIX YCJIOBHH (Hampumep, o6GJefeHeHNe Kpblia MO-
JKeT BecbMa CHJBbHO BJIMATb Ha BEJWUHHY Qxp, CM. TJI. D).

BoO3HHKHOBEHHEe aBTOpPOTAlMH OOYCJIOBJIMBAET Iepexo] caMmoJie-
Ta M3 CBaJHUBaHUsA B WITOMOp. JleTunx ouryuaer aTo (OKOHUAHHE pe-
KyUMa CBaJMBaHWA X HayaJo IWITONOpPA) IO BOBHMKHOBEHMIO Bpallie-
HHS caMoJieTa cPa3y OTHOCUTENBbHO BCEX TPEX ero OCell ¢ YrJOBBIMH
CKOPOCTSMHU M (HMJIH) yCKOpeHUSAMH (XOTd Gbl MTHOBEHHBIMY HX 3Ha-
YeHHSIMH), OOBIYHO 3aMETHO IIPEBBIMIAIOMIUMY YT/IOBblE CKOPOCTH H
YCKODEHHS B peKHUMe CBAJIUBaHUS.

2.2. JUATPAMMBI ABTOPOTALLHH

PaccMoTpuM BpalieHHe caMoOJieTa OTHOCHUTENBHO OCH
Ot (cMm. puc. 2.6) ¢ yrJjoBo#l CKOPOCTbIO ® M 6e3 CKOJIbXKeHus. 3Hast
a3poIMHAMHUYECKHEe XapaKTEePUCTHKH caMoJjeTa (MpHOGIHKEHHO Of-
peressieMble IPH HCIBLITAHUAX MOIEJNH B a3POAMHAMHUECKOH Tpy-
6e), MOXKHO [JIs1 DA3JIUYHBIX YIVIOB aTaKW NMPH H3BECTHBIX CKOPOCTH
¥ BbICOTE I0JIETA ONMpPENENUTh BEJHUMHB a3POJHHAMHUECKHX MO-
MEeHTOB KpeHa M pbicKaHusl (aBTOPOTHPYIOIIMX Har JeMmidupyo-
IIUX), BOBHUKAOIIKX NPH BPAIleHHH camogera. Ilpoektupys a3TH
MoMeHTH Ha ocb O, mosiyyaem pesyJbTHPYIOIIHA a3pONHHAMHUYE-
CKHii MOMeHT M, OTHOCHTE/NbHO 3TOH OCH.

Brauasie gy mpoCTOTBl pacCyXAeHH MpeNIOoJ0KUM, UTO a3po-
IUHAMHYECKHH MOMeHT M, CcO3IaeTcsi TOJBKO KDPBLIOM, T. €. B Iep-
BOM IpHGJIMKEHUNH BJIHSHHEM TOPU3OHTAJbHOrO OHepeHHsl M (io3e-
JsXa ‘Ha 3TOT MOMeHT mpeHebpexxeM. B atoM cayuae aBropoTamus
Kpblyia ‘6ydeT ompelessiTh aBTOPOTALHIO camoJeTa B menom. Ilpu-
Mep 3aBHCHMOCTH MOMeHTa M, or GespasmepHO#i yrioBOK CKOPO-
CTH BpallleHHs caMosieTa @=wl/2V nnsa yeTbpex yrJioB aTaku Io-
Ka3aH Ha puc. 2.8. Brime ocn abGcumcc HaHeCceHBl TOJIOXKHTEJbHBIE
sHaueHHs M, (MOMEHTH aBTODOTAlUH), a HUKE — OTPHIlATENbHEIE,
T. e. Zemndupyiomine MoMeHTs. Y3 rpaduka BHIHO, UTO NPH JOKPH-
THYECKHX YTJIAX ATaKU TOSABAAETCS NeMIOUPYIOUIUA MOMEHT, Mpo-
nopuHoHa bHbH @. HauaBmeecs mpu Takux yriax aTakd BpalleHUue
camoJsieta GyfeT 3aTyXalolIMM — OHO IPEKPATUTCH Uepes HeKOTO-
poe BpeMs MO OKOHYaHUHW NeHCTBHS BO3MYIIEHHS, BHI3BABLIEro Ha-
yaJbHOE BpallleHHe CaMoJeTa.

Ha kpuTuueckOM M CPaBHHTEJNbHO MaJbIX 3aKPHTHUECKHX YIJax
aTaK{ NpPH BO3HHKHOBEHHH OTHOCHTENBbHO HEGOJBUION YIrIOBOH CKO-
POCTH MOSIBJISIETCS IMOJIOXKHUTEJbHBIH MOMEHT, YCHIMBAIOMIUA Bpalie-
HHe caMoJieTa (MOMEHT aBTOPOTAaUUH Mapr). ¥YriiOBasi CKOpOCTH €
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TeueHHeM BpeMeHH GyjaeT BO3pacTaTb (BpalleHue fyneT HEeyCTaHO-
BUBIIKMCs). BHauase MOMEHT aBTOPOTALHUH Gyzmer BO3pacTath C
yBeJIHUeHHEM ©®, a 3aTeM HauHeT yMeHbIIaTbcs. Takoe H3MeHEHHE
Mapr MOXKET OBITH OODBSCHEHO C MOMOINBIO 3aBUCHMOCTH Cy=f(a),
npuBeneHHoi Ha puc. 2.7. s rpapuka BULHO, UTO IPH YBeJHUECHHH
[(OTIOJIHATEJBHOrO yIaa aTakn Ao=wz/V, BO3HHKAIOLIEro Npy Bpa-
IeHHH CaMoJjeTa, PasHOCTh HOPMAJbHBIX CHJ HA NpaBOH M JEBOK
[OJIOBMHAX Kpblja BHayaje Oy[eT BO3pacTrarTh. 3areM OHa HauHET
yMeHbIIATbCSl W TPH HEKOTOPOH BeNHUHHE Aa, Goabue# Aay,ccra-

Aemnpupobanue Abmopomayus

a<a,, A=ty o >onp

Puc. 2.8. I'padux 3aBHCHMOCTH pe3yJbTH-

PYIOILEr0 a3pOAMHAMHYECKOTO MOMeHTa OT

Ge3pa3MepHON YIJIOBOR CKOPOCTH H Yria
aTtakn

HeT paBHOH HYJI0. B 3To BpeMs pe3yabTHpyIOMH adpojHHaMHYe-
CKMH MOMEHT IBYX OZHOMMEHHBIX (OLMHAKOBO YIaJeHHBIX OT TpO-
IOJbHON OCH) 3JEMEHTapHBIX CEUeHWH NMPaBOA W JEeBOH [OJOBHH

" KpBLIA OKaxeTcs paBHBIM HyJo. IIpu nanbHefileM yBeJIMuUeHHH ©
MOMEHT M3MeHUT cBOM 3HakK. OueBHIHO, UTO U AJS camoJjeTa B 1ie-

JIOM MOXHO HaHTH TaKyl0 BeNHYNHY ®, IPH KOTOPOA MoMeHT M,
Oyner paBeH Hymo. IIpyu GOMBIIMX YIJIOBBIX CKOPOCTAX MOMeHT My
CTAaHOBHTCA OTpUIATeNbHEIM (ZeMmpupylomuM). Ilpu ycranoBus-
meMcst BpaueHun My=0. CienoBaTesbHO, peXXUMaM yCTaHOBHB-
IIeficst aBTOPOTAIMM CaMOJeTa COOTBETCTBYIOT Ha PHUC. 2.8 TOUKH Ha
ocH abciucc MpH 3HAYEHUSIX YTJIOBBIX CKOpocTedl s, rae i=I, II,
III, IV. Paccmorpum na puc. 2.8 kakyw-i1u60o KPHUBYIO, IepeceKalo-
Y0 OCh aGoIuce B ABYX TouKax: npu w==0 H TIpH HEKOTOPOM 3Ha-
yeHHd o0 (HampuMmep, NpH w=wm B cJyyae KpHBOH mpiad o>
=axp). [lepBasi Touka mepeceuyeHHs, COBNALAWONIAS ¢ HAuaJIOM KO-
OpAHMHAT, NPEeACTaBJseT cOO0H TOUKY HEYCTOHYMBOrO paBHOBECHS.
Ona xapakTepuayeT IpeJeNbHBIH CAYY4all aBTOPOTAUUH CaMOJeETa ¢ -
yrioBok ckopocThio ©=0. Bropas Touka nepecevenus (mpu omr) —
YCTOMUHBBIA peXHMM YCTaHOBHBIIeHCs aBTropoTaumuu camosera. Ilo-
KaxeM 3T0.
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Ecsn camosieT, HaXOASUIUACS B peXUMe aBTOPOTAIUHU C YIIOBOH
CKODOCTBIO ®r11, MOIBEPTHETCH * KaKOMY-JHO0 KPaTKOBPEMEHHOMY
BHEIIHEMY BO3MYIIEHHIO, YBEJHUNBAIONIEMY YIJIOBYIO (CKOPOCTh Ha
BEJIUYMHY A®, TO 3TO MPUBELET K MOSBJIEHUIO JeMIpUPYIOIero Mo-
menta AM,. Tlox meficTBHEM TOrO MOMEHTa uepe3 HeKOTOPOe BpeMs
caMoJieT BEpHETCS K HCXOJHOMY DEXHMY YCTaHOBHBIIEroCs Bpaile-
HHA (2BTOPOTAIMHU) C YIJIOBOA CKOPOCTBIO ®rr. TOYHO TaKxke JIETKO
[10Ka3aTh, YTO €CJIM [0 KaKOoH-mub0 mpHUMHE YII0Bas CKOPOCTb
YMEeHBINHAACh, TO BOSHHKHET PACKpyYMBAIOIIHH MOMEHT, CTpeMs-
LWIUACS YBEJHYUTb CKOPOCTb BpAallleHHSs], B pe3yJbTaTe Yero caMoJer
yepe3 HeEKOTOpOe BpeMs TaKkKe BEPHETCH K MCXOAHOMY PeXHMY aB-
Toporauuu. TakuM o6pasoM, IpU CJAYYafHBIX OTKJOHEHHAX OT pe-
¥HUMa yCTaHOBHBIUEHCS aBTOPOTALHWH C YIJIOBOH CKOPOCTBIO M
caMOJIeT BO3BpAILAeTCs K HCXOLHOMY DeXHMY, KOTOpHIH, C/IeIOBa-
TEeJIbHO, SBJISAETCS PEXKUMOM YCTOHUMBOK aBTOpPOTAlMU. AHajorHy-
Hble PeXMMBl HMEIOT MECTO IIPH O LIS 0=0xp U OIV AJIT 0> Oxp.

N3 puc. 2.8 BURHO, YTO NPH @ > 0xp BO3MOXKHBL IBA pexuMa yc-
TAHOBHUBIIErOCs BpalleHUs caMoJeTa: IPH ®r B Orv. JIerko moka-
3aTh, YTO TIPH @1 OYAET UMETh MeCTO PeXHM HeyCTOHUHBOTO, a TPH
®IV — YCTOAYMBOTO YCTAHOBHBILEroCs BpallleHHs CaMOJIeTa.

Paccyxkpas aHa/JOTHYHO TOMY, KakK 3TO GBIJIO CHEJN3aHO BHIlE,
MOXHO yOeIHTBCS, UTO IIPH JIOOOM, maxe CaMOM He3HauyUTeJbHOM
OTKJIOHEHHH YrJIOBOK CKODOCTH OT HaYaJbHOTO ee 3HAUeHHs, PaBHO-
IO @1, TOSBHTCS MOMEHT, MPOLOIKAIONIUA H3MEHATH YIJIOBYIO CKO-
pocTe. Ilon neficTBHeM 3TOTO MOMEHTa HapyliaeTcs HCXOIHHIHA pe-
XKUM Bpaulenus camodera. IIpu mo60oM cayyalHOM yMeHBIIGHHH
BpamieHue caMoJeTa HayHeT TOPMO3HTbCH — IO IOJHONO ero Impe-
Kpamtenus. Ilpu ciyuaiiHoM yBeJHUEHHM @ BpalleHHe GydeT yCUJIH-
BaTbCs, MOKA CcaMOJIeT He BHIJET Ha pexXHM YyCTOHYMBOH aBTOpOTa-
ua (0=01v). .

OueBuIHO, UTO PEXUMY YCTOHUMBOH aBTOPOTALHH COOTBETCTBY-
IOT OTPUIATEJbHbIE SHAYEHHS IPOU3BOLHOH a3pOAHHAMHYECKOTO
MOMEHTa MmO YIVIOBOK CKOpPOCTM BpamleHus camoJjera, T. €.
dM,/do<<0. Eciy Ha nanHOM yTiie aTaku CamMojeT HMeeT IBa pe-
XHMa yCTaHOBHUBIUEfiCsS aBTOPOTAIMH, TO PH 3TOM BCeria MeHbIas
yrjoBas CKODOCTb BpallleHusI <COOTBETCTBYeT HEYCTOHUYHBOMY, a
60sbmass — YCTOHYHBOMY PEeXKHMY BpaillleHHs (aBTOPOTALUH).

W3 puc. 2.8 Taxeke BHAHO, YTO NPH 0 > Gxp H CPABHHTEIbHO Ma-
JIBIX YIVIOBBIX CKOPOCTAX (®0<<@®y) BO3HUKAIOT AeMIpUpylollHe MO-
MEHTHI, T. €. Ha OOJbLIINX 3aKPUTHUECKHX yIrjaXx aTakKu aBTOpOTa-
IIMs1 'MOXKET BO3HMKATbh TOJbKO NIDH HAYAJbHOA YIJIOBOH CKODPOCTH
o, NpeBbuLIAIONIe Wy, HO He ‘6oslee yeM wrv. TakuM 0o6pasoM, npH
Q>>0xp HA MaJbX YTJIOBBIX CKOPOCTSX BO3HHKAIOT OGLIYHO CpaBHH-
TeJIbHO HEOOJbIIHe MO aGCOMIOTHON BeqHuYMHE AeMNHupylollxe Mo-
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MEHTHI, 3aTeM € YBEJIHUEHHEM CKOPOCTH BpaieHusi (B 06JaacTH yrio-
BLHIX CKOpPOCTeH wr<<®<<®rv) TOSBJSIOTCS MOMEHTH aBTODOTAIHH,

a TIpH MpeBHIUIEHHH ®rv BHOBb MOABIASIOTCA JeMIupyromuge MoO-
MEHTHI.

CiiefoBaTeJIbHO, aBTOPOTALUS CaMOJIeTa NpY ‘GONbIINX 3aKPHTH-
9eCKHX yIJlaXx aTakKH MOXKeT BOSHHKHYTb TOJIbKO IIPH JOCTHXKEHHH
oIlpejleleHHON HauyaJbHOH BeJHYHUHBI YIJIOBOH CKOPOCTH, HHXKe KO-
TOpPOH €aMoJleT He MOXKeT IONacTh
Ha peXHM aBTOpOTAaluH. DTO ABJe-
HUe Ha3blBaeTcd CKPHITOH WIu Ja-
TEHTHOH aBTOpOTanuell (aBTOpOTA- GJCT ¢
OHs CKPbITa, T. €. He IMpPOABJAETCS
IO BO3HHKHOBEHHS OTpejelleHHOH
yIJI0OBOH CKOPOCTH BpAallieHHd caMo- -~ g
Jera). Haauuue u xapakrep cKpbl- 4
TOH aBTOPOTALMH 3aBUCAT OT a3PO-
JMHAMHYECKHX XapaKTepHCTHK ca-
MoJieTa IpH 3aKpHTHUECKHX yTJax ;
aTaKd, ‘B 3HAUUTEJbHOH CTEIEeHH
onpenensieMbIX XapaKTePUCTHKaMH

]

npobuneir kpwia B ero ¢opMmoi a %%E“
B [J1aHe.
Onpenenns mo rpaduky THNA  pye 2.9. JuarpamMma aBTOpOTa-

NpUBENEHHOr0 Ha pHC. 2.8 3naue- LIHH camoJieta

HUSl YTJIOBOH CKOPOCTH YCTaHOBHB-

niefics  aBTOPOTallUM  caMoJeTa

IIpH pPas3JUYHBIX yri1ax aTakH, MOXHO TIOCTPOHTb AHAarpaMMmy aBTO-
poTauuu camonera, noKasaHHyio Ha puc. 2.9. XapakrepucTuka mau
KpuBas yCTaHOBHBLIEHCS aBTOPOTALMH — KpuBaf o=/ (a) — mpex-
cTaBssgeT co00fi reOMeTpHYeCKOe MECTO TOUEK, OTOOpaKalOUIUX pe-
JKHMBI YCTaHOBHUBIIEHCS aBTOPOTALUMK IPH PA3JHYHBIX Yriax aTakH.
Touxn, pacnonoxennbie BHyTPW 06acTH, OTFPAHUYEHHON KPHBOH

o=f(a) u ocbl0 abGcuucc, COOTBETCTBYIOT PEXHMAaM HeyCcTaHOBHB-
meficss aBroporanuu (061acTb HeyCTAHOBHBLIEHCS aBTOPOTALHH).
BHe KpuBoit ®=f(a) aBTOpOTaNuH He CyuIeCTBYeT (NPH BpalleHHH
caMoJieTa BO3HHKAeT a3pOAMHAMHYECKOe HeMmpHpOBaHuUe).

Ecay, nanpumep, pexkum aBTOpPOTAUMHM M306pa)aercs Ha JMar-
paMMe aBTOpPOTalHui (UrypaTuBHOK Toukoit A (cM. puc. 2.9), u ecau
JIETYHK He BMeUIMBaeTCs B yIpaBJeHHe, TO Uepe3 HEKOTOPOe BpeMs
OH 00s13aTeJbHO Nepeller B Jpyrofi pexum aBTopoTauuu. DTo 6y-
IeT pexkHM, COOTBETCTBYIOILNH (UrypaTHBHON TOUKe, Haxomsulefics
Ha XPHBOH ycTaHOBHBUIeHCS aBTODOTAUUM — HAaIpUMep, DEXKHM,
n3o0paxaeMblii Ha Juarpamme GurypatuBHol Toukoit D (ecau yros
aTaKy OCTaHEeTCS HeH3MEHHEIM).

W3 guarpamMMbl aBTOPOTALMK BUAHO, UTO YIJIBI aTaKH, COOTBETCT-
BylOIl[He JIeBOH 4YaCTH KPHUBOH YCTAHOBHBIUEHCH aBTODOTAUWHH
(a<Cap), HMEIOT eHHCTBEHHO BO3MOXKHBIE YIJIOBble CKOPOCTH yCTa-
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HOBHUBILelcs aBropotanuyu ~aMmonera. [IpaBas wacTb KpUBO# mpel-
_ CTaBJfieT YIJIBl aTaKU Og< < O, KAXKJIOMY H3 KOTOPHIX COOTBETCT-
BYIOT JiB€ BO3MOXHble CKODOCTH VCTAaHOBHUBIIefics aBTOPOTAIHMH.
OueBHHO, YTO €IMHCTBEHHBIM pellIeHHsIM Ha JuarpaMme COOTBETCT-
BYIOT PeXKUMBI YCTOHUMBOH YCTaHOBUBIINEHCS  aBTOPOTAIHH
(M =0, Ma <O) B cayuae nByx pelenuit 66JbIIelt YriIoBOH
a ' e . yx p y

CKODOCTH IIDH DAHHOM yIile aTaKH COOTBETCTBYIOT TaKXKe DEXHMBbI
YCTOHYNBOH yCTAaHOBHBIIEHCH aBTOPOTAIHH, a4 MeHbIIEH — PeXHMBH

dM,

—-_->0).
do

Brimre 6bi10 mokaszano (cM. puc. 2.8), 4TO peXUMBI HEyCTOHYH-
BOH yCTaHOBHMBIIEHCH aBTOPOTALUH BO3HUKAIOT NPH HAJHUUU CKDPBI-
TOH aBTOPOTALHUHU.

3amTpuxoBaHHas Ha JuarpamMMe 06JacTh Ha3blBaeTcs 061aCThIO
CKDHITOH aBTOPOTAUMHU (B OTIAUYHE OT 0OJACTH ABHOH aBTOPOTALNH,
HMelollel MeCTO IpH yriax ataku a=<aq). VI3 puc. 2.9 BumHo, uTo,
HampuMep, TpH yTJe aTakKd a3 MOTYT MMeTb MECTO [BAa peXHMa yc-
TaHOBHBIIEHCS aBTOPOTALMH, COOTBETCTBYIOUIHE (QUTYPATUBHBIM
ToukaM C u B (mpu GespasMepHBIX YTJIOBHIX CKOPOCTAX ®¢ H Op).
Ilpu @¢ Gyner umMeTh MeCTO yCcTOHUMBOE BpAlleHHe CaMOJIeTd, a IpH
®p — HeyCTOHUHBOe. YT/I0OBasg CKOPOCTb ®p SBJISETCS MHHHMAaJbHO
HeoOXOAUMON CKODOCTHIO [Jis BO3HUKHOBEHHS aBTOPOTALMH IPH YI-
JI€ aTaKu ag.

Jast BbisicHeHnsl (PU3HUECKOH CYIIHOCTH '6e3pasMepHOi yTIOBOH
CKOpPOCTH @ PAacCMOTPMM BpallleHHe CaMOJIETA C YIJIOBOH CKOPOCTbHIO
® B CXeMaTHYeCKOM IUTOmOpe Ge3 cCKoMbxKeHHs. B paccmarpuBae-
MOM CJIyyae U3MEHEHHs YIJIOB aTaKM KOHIUEBBIX CeUYeHUH Kpblia
Aoxorn MO aGCOMIOTHON BeNHUMHE ONpeJensioTCs OTHOIIEHHEM OK-

. l
DYXHOH CKOPOCTH KOHILOB KDBLJIa (V0Kp=m—5-) K CKODOCTH IOJie-

HEYCTOHYMBOH yCTaHOBUBILIEHCS aBTOPOTALNH ( M,=0,

ta V:

T. €. BeJHYHHA @ MO CYLIECTBY MPeNCTaBJAseT cOGOM OTHOCHTENbHYIO
OKPYXHYIO CKOPOCTb KOHIIOB KpblIa, a

Al =arctg o.

2.3. BIUSAHUE CKOJIb)KEHH S

B GonpmuHCTBE cyyaeB caMOJeT ABHXKETCH B MITONO-
pe co ckosnbxenneM. CKoNbiKeHYe 0Ka3bBaeT 0UeHb (GOMBIIOE BJIHSA-
HHe Ha pa3BHTHe oOjacTell OTpbIBa NOTOKA C Kpblla, B 3HAUUTENb-
HOM CTemeHU ONIpeLessioONIMX XapaKTepUCTHKH aBTopoTauuu. Ilpu
TMOSIBJIEHUHN CKOJbXKEHUsS XapakTep OOTeKaHUs caMoJseTa 3HAYUTEb-
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HO H3MEHsIeTCs: yMEHbIIaeTcs NMOJABbeMHAas CHJa, BO3pacTaer Jo6o-
BOE CONPOTHBJIEHHE, TIepeMellaeTcss 0 PasMaxy TOYKa MPHJIOXKe-
HHs 3THX CHJI, YTO TIPUBOAUT K IOSIBJEHHIO JONOJHHTENbHBIX KpeHs-
IIHX X 3aBOPAUUBAIOUINX MOMEHTOB. ABTOPOTALHS KpBlJIa B OCHOB-
HOM 3aBMCHUT OT XapakTepa OTpHiBA MOTOKa C Kpblja, 4YTO, B CBOIO
-ouepenb, CYyIIeCTBEHHO 3aBUCHT OT CKOJIbXKEHHH.

B nosere co ckoJibXKeHHEM NPOHCXOAUT HepeTeKaHue MOTpaHuy-
HOTO CJIOSI ¥ IepeMellleHHe MeCTa 3apOXKJAEHHsA OTpPhHBA IIOTOKAa B
CTOPOHY OTCTAIONIErO MOJYKphlJIa, Ha KOTOPOM OTPHIB (OTOKa Ha-
CTynaeT paHbule. DTO CONPOBOXKIAETCH NepepacnpeliesieHueM aspo-
IUHAMHUYeCKOH Harpysku BIOJb padMaxa Kpblia, CIOCOOCTBYIOIIMM
Hosiee paHHeMy BO3HHKHOBEHHIO mITOmopa. 3-3a cMelleHHs 30HHI
OTpHIBA IIOTOKA B CTOPOHY OTCTAIOIIETO NMOJYKpblla HPH CKOJbXKe-
HUH y YCTOHYHBOIO B MONEPEYHOM OTHOLIEHHM CaMoOJeTa CO3LaeTcs
JIOTIONIHUTEIbHBIH KPEHSIUH MOMEHT. DTOT MOMEHT IIPH HapyXHOM
CKOJIbYKEHHUH YBEJHUHBAET, a IIPH BHYTPEHHEM CKOJbXEHHH yMeHb-
uiaeT yrJAOBYIO CKOPOCTb BpallleHHsl caMmoJieTa (YIJOBYIO CKOPOCTb
KpeHa).

PaccmoTpnm BHauaje TONBKO KHHEMAaTHYecKoe BJMSHHE CKOJb-
JKeHHss Ha MOMeHT aBTOpOTanud Masr. B BepTHKanbHOM IITONOp2

HampaBJeHHe BEKTODAa 'MOMeHTa aBTOPOTAUMM caMoJera Mapr
MOJKHO CYUTATh NPAKTHYECKH (a MHOrIa Ja)e W TOYHO) COBNALAIO-

IUM C HaTpaBJeHHeM BEKTOpa CKOPOCTH moJjerta V, T. e. ¢ Hampas-
JeHHeM ckopoctHoit ocu Ox. IIpemmonoXuM Temnepb, YTO aBTOPOTH-
{PYIOIUH CaMOJIET NMEET HEKOTOPHIH yros cKoabxenus B. [Ipu atom

BEKTOp a3POAHHAMHUUECKOr0 MOMEHTa TaHraxa M, JacT mpoeKIHio
Ha ckopoctHyio ocb Ox, paBHyo M sinf (puc. 2.10). IIpu npaBom
BpameHuy camonera ©>0 U Map,>>0. Ecom u B>0 (mpasoe
CKOJIbJKEHHE), TO CYMMapHbIi adpOIMHAMHUECKHH MOMEHT

—_— — —
M,'r:‘MaBT-I_le sin B

©OyLeT MeHbllle MOMEHTA, HMEBIIET0 MECTO NPH HYJEBOM CKOJIbXKe-
HHH, TaK Kak 00buHO M,1<<0. HaoGoport, mpu npaBoM BpameHuy

camoseta u B<<O (;1eBoe CKOJMbXKeHHE) cyMMapHbi MoMeHT M, 6y-
IeT 6oJbille MOMEHTa, KOTOPBIH HMeJ MeCTO IPH OTCYTCTBUH CKOJIb-
JKEeHHUs.

Kpowme Toro, naxe mpu M,;=0 Bc/IeICTBHe U3MEHEHUST YCAOBHUMA
-00TeKaHHusa caMoJjeTa IIPH HAJIHUYHUH CKOJbXKEHHs, IPH NMPaBOM Bpa-
wenun U >0 momeHT M, yMmeHbIiaercsd, a npu B<0 yBeauuuBaer-
csi. B pesyabraTte mpu mpaBOM BpalleHMH caMoJjeTa IpaBoe CKOJb-
JeHHMe YMEHbIIaeT MOMEHT aBTOPOTAILMH CAMOJETA, a JIeBOe CKOJb-
XKeHue yBeauyuBaeT ero. COOTBETCTBEHHO H3MEHSIOTCA UM YTJIOBbIE
CKODOCTH BpaIlleHHsl caMoJeTa, YTO BUAHO U3 JuarpaMMbl aBTOpOTa-
uuy, npusenenHol Ha puc. 2.11. CrenoBaTesnbHO, HA PeXHUME aBTO-
‘PoTauMy NpH OZHOM M TOM XK€ yrje aTaKu HapyXHOe CKOJbXKeHHe
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YBEJHUNBAET YIJIOBYIO CKOPOCTb BPAIEHHS CaMOJIeTa, a BHYTpeHHee:
CKOJIbJKeHHe YMEHBILaeT ee. '

W3 puc. 2.11 BuIHO, UTO NpH HADYKHOM CKOJNbKEHHH OGIACTD.
HJIH, KaK ee HaSBIBAIOT, NeTJIsi aBTOPOTAIMH S3HAUUTEJBHO {PaACIIHpS-
€TCd, a NpH BHYTPeHHeM — yMeHbmaeTcsi. Hetpymuo yGemurbes,.
dTO TPH J€BOM BpallleHHW CAMOJIETA JIeBOe CKOJbXKEHHe CyXaer

@ 3

/

o
Puc. 2.10. CxemaTndeckoe H30- Puc. 2.11. 3aBucumoctb KpH-
GpaxkeHHe NMPOEKIUU BEKTOPa MO- BEIX aBTOPOTAUHA OT CKOJb-

MeHTa TaHraxa Ha OCb 0X XKEeHHA:

1—BHYTpeHHee CKOJbXKeHHe, B>0;
2—CKOJNIbXKEeHHS Her, P=0; 3—Ha-
DPYXHOe CKoJbxkenue, B<0

o6JsacTb aBTOPOTALMY, a mpaBoe — pacwmupseT ee. ClieroBaTesbHO,
MeHsisl B MITONOPE CKOJbXKEHHE, MOXKHO 3HAUHTEJNbHO YBEJHUYHBATH
HJIYM yMeHbIIaTh YTrJIOBYIO CKOPOCTb BpallleHHsl caMoJseTa. D10 CBOH-
CTBO KpPHljIa MHPOKO UCMOJb3YeTCs IPH BLIBOJE CaMOJIeTa H3 MTOMNO-
pa, a Takxe MpU mpefHAMePeHHOM BBOZe ero B mromop. Cyiecrt-
BEHHOe BJHfIHHEe Ha XapaKTePHCTHKW aBTOPOTALUHH CaMoJeTa TIpU
CKOJIbKEHHH MOTYT OKa3bIBaTh a3pOAUHaMHUYECKHe CHJBI, NefCTBYIO-
Il¥e Ha TFOPU3OHTA/JbHOE H BepTHKanbHOe onepenue. IlosTomy, B
YAaCTHOCTH, IJISl BHIBOZA CaMOJIeTa K3 MITOTMOpPA CJedyeT IO BO3-
MOXKHOCTH TaK YCTaHaBJHBATb PYJ/b HANpPaBJEHHS H PYJb BBICOTHI,
YTOOGB 3TO MaKCHMaJbHO CIOCOOCTBOBAJIO YMEHBUISHHIO HapYXKHOTO
M CO3aHUIO BHYTPEHHETO CKOJMbKEHHS.

CKoJIbKeHHe SBJISETCS] MOLIHBIM CPEICTBOM H3MEHEHHS XapaKre-
pucTHK aBropoTauud. OcobGeHHO GO/blIOE BJIHSHHME CKOJbXKEHHE
OKasblBaeT HAa XapaKTePHCTHKH aBTOPOTALUH COBPEMEHHBIX CaMoJe-
TOB CO CTPEJOBHUAHBIMH H TPEYIOJBHBIMH KPbIIbSIMH.

2.4. ABTOPOTALLUS CTPEJIOBHIHOTO
H TPEYTOJILHOTO KPBIJIA

) ®opma KphiJa B TIIaHe OOBITHO OKA3bIBAeT 3HAUHTENb-
HO Gosiblllee BAMSHHE Ha XapaKTePHCTHKM aBTOPOTALUMH (Ha Xapak-
TeR pacnpefie/eHHs] HOPMAaJbHBIX COCTaBJSIONMX adpOXMHaMHUe-
CKHX CHJI IO pa3Maxy Kpblia), yeM npoduap kpeina. Kpussie asto-
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POTALMH CaMOJIETOB CTapoii KOHCTPYKIMH (CaMOJIeTOB C IIPAMBIM
KPBITOM) CPABHUTEJBHO MaJO Pas3iMdaiuCh MexXAy cofoi, Tak Kak
Y 3THX caMOJIeTOB «(hOPMEl Kphlja B IJIaHE B MPHHIMIE OB CXOXKH
Mexny coboi.

CoBpeMeHHbEIE CaMOJIETH CO CTPEJOBHAHBIMH ¥ TDPeyroJbHBIMH
KPBUIbSIMY OTJIMYAeT CYIeCTBEHHOE pasJHuHe B XapaKTepHCTHKaX
KpBlIbeB. DTO KacaeTcd YIVIOB CTPEJOBHAHOCTH, PopM mepegHed H
3alHell KPOMOK, YAJHHEHUd, CyxKeHusd Kpblia ¥ T. I. [Tostomy u xa-
DPaKTepPUCTHKH aBTODOTAUMH ITHX CaMOJIETOB MOTYT 3HAUHTEJbHO
pas;nuaThCs MeXny co6oil. CTpesOBHAHOCTb CYLIeCTBEHHO H3MeHs-
€T XapaKTePUCTUKY aBTOPOTALMU KphlJa.

PaccMoTpuM 0COGEHHOCTH aBTOPOTALMH CTPEJOBHIHOTO (Tpe-
YrOJILHOTO) KPBlJIa, OTJAHYAIOIIErocs OT MPSMOr0o CBOUMH ad9pOJHHA-
MHUYeCKHMM XapaKTepHCTHKAMU KaK TIpH OTCYTCTBMH, TaK W IIPH Ha-
JUYUY CKOJbXKeHHs. ABTOpDOTAlUs CTPENOBHAHOTO (KakK M TPeyroJb-
HOTO) KpbLIa, a CJeJ0BaTeJbHO, B aBTOPOTAlMs CaMoOJieTa CO CTpe-
JIOBHUIHBIM (TPEYroJbHbBIM) KPBLJIOM, HMeeT OJAHY CYLIeCTBEHHYIO 0CO-
©OEHHOCTb: Ha CPaBHHTeJbHO HeOOJbIINX 3aKPHTHYECKHX yTI/Iax ara-
KH IIPY MaJIOM CKOJIbXKEHHH YTJIOBAsl CKOPOCTb aBTODOTAIHNH TaKOTO
KPHIJIA MOXKET IepHONHYSCKH H3MEHSTbCS HACTOJbKO 3HAUUTEJbHO,
YTO IPH 3TOM OyIeT U3MEHAThCH LaxKe HampaBJeHHe BpallleHHs ca-
moseta. IIpy HEeKOTOPBHIX 3HAUEHHAX 3aKPDHUTHUECKHX YIVIOB aTakKu
aBTODOTAllM MOXKeT BOOOILIe HCYe3aTh HJIM BO3HUKATb TOJbKO TIPH
CKOJIbXKEHHH (XO0TS Gbl HeGOMBIIOM ).

CrpesOBUIHBIE KPBIIbS CPAaBHHTENbHO GOJBIIOTO YIJUHEHHS H
¢ ‘GOJIBIIMMH yTJIaMHU CTPEJOBUIHOCTH YaCTO HMEIOT JBe 00J1acTH aB-
TOPOTauHuK (B ABYX JHanasoOHaX 3aKPUTHYECKHX yriaoB ataku). Pas-
BHTHE aBTOPOTALMH Y CTPEJOBUIHBX KDHJIbEB MPOHCXOLHUT OOBIYHO
MeJJIeHHee, YeM y NPSIMBIX KpblabeB. Biaronaps aTomy JeTuuk ume-
eT GoJbllle BpeMeHH HJISl PaClo3HaBaHHSA TaKOr0 pexuMa Y MPHHS-
THSl Mep Mo ero napupoBanuio. CpaBHUTENBHO c1ab0e, BJOe Pa3BH-
THE aBTOPOTALMH Yy CTPEJOBHAHOTO Kphlla oOGBsAcHseTca ©Gosee
TJIaBHBIM npoTekanueM KpuBoii Cy=f(a) B o6jacTH 3aKpHTHUYe-
CKHX yIJIOB aTaKM, HMelolled moJOTHH, HeUeTKO BHpaXKeHHbIA (pas-
MBITBIH) MaKCHMYM ¥ IIOJIOTMH HAKJIOH TP NepeXOfe U 3aKpUTHUe-
CKUM yriaM ataku (puc. 2.12).

Ecann ucxomnas yryioBasi CKOPOCTb BpallleHUs CaMoOJeTa HeBeJH-
Ka (BeJHYUHBl Adcew HEBEJNHKH), 3HaueHHs Cy mopHMMamomeRcs
(Cymoms) u onyckamoueiics (Cyon) TOJOBHH Kphlia OJH3KH  (CM.
puc. 2.7). B pesysnbraTe aBTOpPOTAlUs OKA3bIBAETCS MaJOHHTEHCHB-
HOH, a MHOrZa BooGIue He BO3HHKAET (3HaueHHSI Cypogm B Cyon COB-
TIafaioT).

Onnaxo npy BOSHHKHOBEHHH CKOJIbXKEHHS KapTHHA Pe3KO MEeHd-
ercs. CxonbiKeHHe NPHBOLUT K TOMY, 4TO o(beKTHBHOE YIJIHHEHHE
IIPaBOH ¥ JIEBOH NOJIOBHH CTPEJIOBHAHOTO KpBLIa (a ciael0BaTeNbHO,
¥ X HeCyIlHe CBOMCTBA) 0Ka3bIBAIOTCA pasiMYHBIMH. OPpdeKTHs-
HOe YyAJHHEHHE BHIABHHYTOTO BHepel IOJYKDhlIAa OKasbiBaercs
GospiinM, yeM oTcralomero. C yBeJHUeHHEM yria CKOJbXKeHHs 3¢-
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dekTHBHOE YIJIHHEHHE OTCTAIONIEro MOJYKPhJa YMEHBIIAETCS U IPH
JOCTaTOYHO GOJIBIIOM CKOJNBXKEHHH 3TO MOJYKPHIIO CTAHOBUTCSA Kak
6bl' KpbiloM Majoro yamuHenus. ITepeman BemuuuH Cymops # Cyon

H3MeHsieTcs (B 3aBHCHMOCTH OT M3MEHEHHs BEJHYHH a ¥ o JTOT Ie-
peman MOXeT BO3pacraTh JHG0 y6nBaTh). Kpome TOro, mpu noss-
JeHHH CKOJbXKEHHS H3MeHseTcs elle w 3((deKTHBHAsA CTPEJOBUL-
HOCTb TIPaBOM H JIeBOf MOJIOBHH KpHla, XapakTep IepeTeKaHus Nor-
c . PaHHYHOTO CJIOSl Ha NMpaBOi
y'r ¥ JeBOf €ro TOJOBHHAX
3\ 1 T. 1. Bce 310 mpuBOIMT

/ i T>< To=== K eume Goublleir HepasHO-

/ - — MepHOCTH IIpOTeKaHHs Xa-
Y4 PaKTEPHCTHK aBTOPOTAIlHK
/ / CTPEJIOBHIHOTO KphbLIa (IpH
/4 CKOJIbXKeHHH. AHaJornuHas
/ /4 (3auacryio eme u GoJee
C/I0XKHasl) KapTHHAa Npo-

0 L TeKaHHS  XapaKTepHCTHK
50 &, 2pad  apTOpOTANMM B 3ABHCHMO-

CTH OT 'COBMECTHOTO BJIHS-

Puc. 2.12. 3asucumoctu Cy=f(a) y ca-
MOMeTOB C mpaMHM, cTperosummM u HHA YIVIOB @ M B mMeer
TPEYroJIbHEIM KPHLIIOM MECTO U Yy TpPEYroJbHOrC

KpHIIa.

W3 puc. 2.12 BugHO, UTO IPH YBeJMUYEHHH YIryia aTakH B 3aKpH-
THYecKo# 06sacTi Cys CTPEIOBHIHOTO KPHIJIA MOCIE PA3BUTHSA Npak-
THYECKH IOJHOrO OTPHIBA IIOTOKa MOXKET HeNpepHBHO BO3PACTaTh
no yray ataku. Cyy IPSMOTo KpBLIA B 9TOH 06JacTH yrIOB aTaku
BHayajle pacTeT, a 3aTeM =3aMeTHO CHHXaeTcfl. ¥ TPeyroJbHOTO
KpblJIa MOXeT HMETb MEeCTO Hekotopoe cHuxKeHHe Cyy ¢ yBeanueHH-
€M yrja aTaku B 06GJacTH IOJHOrO OTPhIBA MOTOKA, HauMHAKOIeeCs
JHUWb HAa OYeHb GOsbMIUX yriax atakd. OTcyTcTBHe cHuKeHHS Cy
C yBeJHUYeHHEM @ B 0GJIACTH IOJHOrO OTPHIBA NOTOKAa IIPaKTHYECKH
HCKJI0YaeT BO3MOKHOCTDb IIOSBJICHHSI aBTOPOTALUH Y TAKUX KPHLIbEB
IpH OTCYTCTBHH CKOJIbXKeHHS. ¥ CTPENOBHIHBIX H TPEYrOJbHBIX
(0cOoGeHHO TOHKUX TPEYrOJbHBIX) KpPbIIbEB XapaKTEPHBIM SIBJISETCS
CPaBHHTEJBHO Masoe H3MeHeHHe Cxi B 06/1aCTH OKOJIO- U 3aKDHTH-
YeCKHX YIJIOB aTaKHu.

CaMoJIeTHl ¢ KPBLIbSIMH ‘GOJBIIOA CTPENOBHAHOCTH (KaK CTPEJO-
BUIHBIMH, TaK ¥ TPEYIOJbHBIMH) CPaBHUTEJbHO MAaJOro YAJHHEHHS
MOTYT aBTOPOTHDPOBATb C OUEHb GOJBUIMMH YIVIOBHIMH CKOPOCTSIMH
U Ha BeCbMa ‘GOJIbIINX 3aKPHTHYECKUX YIIaX aTaKH.

Ha puc. 2.13 nas cpasBHeHusi mpuBeleHbl SKCIePHMEHTAJIbHbIE
(mosyueHHbIe TIpH MONBITAHUSIX B a3pOAMHaMHUuecKOidl TpyGe) muar-
paMMbl aBTODOTAIHH IBYX caMoJeToB: ¢ TpaMbiM (x==0) u cTpeso-
BUIHEIM (X==45°) kpninom. U3 rpaduka, B 4aCTHOCTH, BULHO, UTO ¥
caMoJieTa CO CTPEJOBHAHBIM KpBHIJIOM Ge3pasmMepHas yYrJoBasi CKO-
POCTb aBTODOTANUH NPH CPABHUTEJbHO MaJOM yrie CKOJNbXKEHHS B
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OnpeleNieHHOM JHala30He YIJIOB aTaKy MEHsSeT CBOeH 3HaK, a IpH
OTCYTCTBHH CKOJIbXKEHHSI B CPaBHHUTEJbHO ‘GOJBIIOM AHMala3oHe 3aK-
PUTHYECKHX YIJIOB aTakKd aBTOpOTamus BOOOIle He Bo3HMKaeT. IIpu
CKOJIbXKEHHH aBTODPOTAIHUS CTPEJOBHIHOTO KpHlJa HauuHaeTcs 3Ha-
YUTEJbHO paHblle, YeM y NPSMOro Kpbina. Tako# CIOXHBIH Xapak-
Tep OOTeKaHusl CTPEJTOBUIHOTO KPHIIA OOBSCHAETCA COBMECTHBIM
BJIMSIHUEM YTJIOB @ H P Ha IoJoxeHue obsacTedl OTPHIBA [OTOKA C

@ x=0 @ x=45° %

flpu Hapymrom
CKONMbMEHUU >0

fpu Bnympenrem
CKOMIbIEHUU () <0
4 7

1) )3 /
z I\

V/j . a 0 NV o

Puc. 2.13. JInarpaMMul aBTOPOTaUMH CaMOJETOB C Ipsi-
MBIM H CTPEJOBHIHEIM KDHLIOM:

I—BHYTpEHHEe CKOJbXXeHHe, |B|=,10°; J—BHYTPEHHEEe CKOJbXKe-

HUe, |ﬂ|=5°; 3—cKoubKeHUsT HeT, B=0; 4—HapyXHoe CKOJbKC-

Hue, |ﬂ[=5"; 5—HapyXKHOE  CKOJbXKEHHe, |B|= 30°% 6—
]Bl=30°; 7——|ﬁ|=5°; 8—cKoJbXKeHus HeT, P=0

BepXHEH MOBEPXHOCTH Kpblia. M3MeHeHus HampaBjieHHS aBTOPOTa-
LMY CTPeJOBHIHOrO KPHJa IPH HEKOTOPHIX COUEeTAHUSAX YIJIOB aTa-
KH ¥ CKOJbXKeHHS 00YCJIOBJIeHB OCOOEHHOCTSIMH DaclpOoCTpaHeHHus
o6JsacTell OTPHIBA IOTOKA MO TAKOMY KPBLIY.

Ha puc. 2.14 cxemaTHuecku mOKas3aHo pacmpocTpaHeHue o6Ja-
cTell OTpPEIBA TIOTOKA IO CTPEJOBHIHOMY M IIPIMOMY KDEHLIbSIM C yBe-
<JIMYeHHeM YIJ1a aTaKH NPHU CKOJbXKEHHH.

Y CTpeNIOBHIHOTO KpPhlJa NPH CKOJbXEHHH 06/1aCTh OTPHIBA IIO-
TOKa 3apoXIaeTcs Ha KOHIle OTCTAIOLLEro NOJYKpBLIa (@< dxp, CM.
puc. 2.14). C gpanbuefinuM yBeJuueHHeM Yyria aTaKu 06JacTb OTpPHI-
Ba MOTOKa MOABJSETCd W Ha BBIABHHYTOM BIepel IOJYKDHLJIE
(a=axp). C yBesHUeHHeM yriia aTaKU 1O 0. >0xp OHA 3HAUHTEJIBHO
pacmupsercs, OXBaTblBasi Bce ONepexalolllee MONYKPHIJIO, MPH 3TOM
Ha OTK/IOHEHHOM Ha3aj NOJYKphJIe COXpaHseTcs ellle HeKOTOpas
00sacTb 6e30TPLIBHOTO 06TekaHus. B pesysbraTe MPOHCXONUT H3-
MeHeHHe HanpaBJIeHHs BpalueHuss Kpeuia. danee (a>>axp) mMOTOK
MOJHOCTBIO OTPBIBACTCSl W HaupaBJieHHe BpalleHHs Kphijia CHOBa
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H3MEHSETCA,  UTO OGBSACHAETCS HECHMMETPHUHBIM PaCIOJIOKEHHEM
Kpblia OTHOCHTEJNBHO BEKTOPAa CKOPOCTH HaGeraroulero IOTOKa.
Ina cpaBHeHHs Ha puc. 2.14 mokasaHa cxeMma pacnpoCTpaHEHHSE
06s1acTH OTPHBA NMOTOKA IO PasMaxy IpsMoro kpnaa. Fs cxemsl
: BHJHO, 9TO 00J1aCTb OTPHI—
Ba IIOTOKa BHauase BO3HH-
KaeT Ha KOHIe 3aJHero To-
JYKpHJIa U C yBeJIHYEHHEM
yIyia aTakd IOCTENeHHO:
pacuupsieTcs, paBHOMEDHO-
pacnpocTpaHsiscb  BIPaBo-
o pa3Maxy M 3aHuMas Bce
GOJIBIIYIO YaCTh KPblIa, IpH.
3TOM HanpaBJeHHe Bpalle-
HHSl Kpblla He M3MEHSeTCH.
Ilo yxa3aHHBIM TIpHYH-
HaM XapaKTepUCTHKH aBTO-
pOTalMU KpblIa HEHYJeBOIT
CTpeJoBHAHOCTH  (CTpeJo--
BHIHOTO U ellle B GoJblel
5] CTeleHH TPEYTOJBHOIO)
KRR BecbMa CYIIECTBEHHO 3aBU-
CAT OT COYETaHHS BeJHUHH
yraos a u B. B pesyabrare
YMeHbIIEeHNs KPUTHYECKOro+

Puc. 2.14. Cxema pacnpoctpaseHns 061a-  yrjla aTakKy TOJ BJAHSHHEM
cTefi OTpHIBA NOTOKA (3alITPHXOBAHH) IO
CKOJIb2XKE€HHS aBTOpPOTalyA
CTPEJIOBHIHOMY H NpAMOMY KPHIY a cJael0BaTelbHO pn .m'ro: .
’

IIOp Yy CaMOJIETOB CO CTpe--
JIOBHJHEIM U TPEYTOJbHBIM KDBHLIOM IPH CKOJBXXEHHUH MOTYT BO3HH-
KaTb JaXe Ha MeHbUINX YIriaxX aTaky, YeM y CaMOJIETOB C TpPSMBIM
KDBIJIOM, HECMOTPS Ha TO, YTO KDUTHYECKHE YIVIBI aTaKu y NOCHeN-
HUX NIPH OTCYTCTBHUH CKOJIbXKEHHS OKAa3BIBAIOTCA 3HAUHTEJBHO MeHb-
mwuMu (cM. puc. 2. 12).

OmnucanHbIf BhILlE XaPaKTep pacnpocTpaHeHusi 06/acTeil OTpPHI-
Ba MOTOKAa IO pa3Maxy CTPeJIOBHIHOrO KphLIa NPH CKOJbXKEHHU MO-
JKeT BBI3HIBaTh NEepHOLMUECKHEe H3MeHeHHs HalpaBJieHHs BpalleHHS:
camoJsieTa IpHM BXOAE B IUTONOP (@aHAJOrMuYHAas KapTuHa MOKET
HMETb MeCTO H Y CaMOJIeTOB € TPeyroJbHHIM KpbltoM). B atoMm cay-
yae Ha MEPexXOJHOM yyacTKe IITONOPA BO3MOMKHBI HEIPOH3BOJbLHBIE
TIepeXOJbl M3 MITOIIOPA ONHOTO HAmpaBJeHHS B IUTONOP APYTOTo-
HanpaBJeHHusd, faxe NPX HEH3MEHHOM IIOJNIOXKEHHH pyJaeld (B ToM
YHcse W IO LITONOPY HAyaJbHOTO HAaNpaBJeHUs BpalleHud).

2.5. ABTOPOTALLUS $IO3EJSIKA

Kak yxke ykaseiBajoch, OGHYHO GOJbIIAsA YACTH MO--
MeHTa aBTOPOTAllMH CO3[aeTCd Ha CaMOJieTe KPBIJIOM, XOTS B TOM:
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MJH MHOH CTENeHH NpPaKTHUECKH BCe DacCIOJIOXKEHHHEe B Haberaio-
1eM BO3LYIIHOM INOTOKE YacTH CaMoJeTa MOTYT CHOCOGCTBOBAaTh
CO3/laHHIO aBTOPOTAUMH. B HEKOTOPHIX CJyyasix NPH HAJHYHH CKOJIb-
KeHusa (lo3essaXK caMoJIeTa MOXKET CO3LAaBaTh 3HAUMTE/bHBIE MO-
MeHThl aBTOPOTAaIHU.

AsropoTanus ¢iosensxKa MOKET BOBHHKATD MPH ONpeAe]eHHbIX
thopMax momepeyHOro CEUSHHS HOCOBOH M (HJHM) XBOCTOBOH ero ua-
CTell B Cly4yae HeCHMMETPHUHOrO OGTeKaHNs UX HaGeraioumyM BO3-
OYUWHHM TIOTOKOM, 0COOeHHO NpH GOJBIIMX YyIiax aTaku. B wacTHo-

Puc. 2.15. Cxema pacnofioxeHHs NONEPeYHOro cede-
Husi HocoBoH uyactu ¢rosenska ABC, cosgatomedn
MOMEHT aBTOPOTalHH

-CTH, HOCOBasl 4acTb dro3essiKa MOXKET HHOTLA BHI3LIBATH CPaBHH-
TeJbHO ‘GOJbIINEe MOMEHTH aBTOPOTAaLMU. ABTOpOTAIHs, CO3LaBae-
Masi HOCOBOM 4ACTbIO (pio3es1sixKa, BO3MOXKHA, HampuMep, npu bopme
IONepevyHOro ceueHus rosenska Tulma nokasaHHOH Ha puc. 2.15.
Ilpn Hanmuuuy CKOJbKEHNsS HaGeratouui BO3AYIIHbIA NOTOK B TIIOC-
KOCTH IIONEePEYHOro CeveHus HOCOBOM yacTu ¢rosensika ABC nonxo-
T IOZ YTJIOM By K HOpMaabHo# ocu camosera Oyy. Ilpu sToM BO3-
MOXHEI FBa BapHaHTa PAaCHOJOXKEHHS HOPMaJbHOH Yy u GOKOBOH
Zg COCTaBJSIOLIUX Pe3Y/bTHPYIOMEH a9pDONHHAMUYECKON CHIB Ry,
IeHcTByIOIel Ha paccMaTpuBaeMoe ceueHye osenszka (puc. 2.16):

1) BeqwunHH Y¢ u Zy mosoxuTeabubl (cM. puc. 2:16, a).

2) BemuuuHa Yy mosoxuTesbHA, a Zg— OTpUILaTeNbHa (CM.
puc. 2.16, 6). ‘

Tlpu Hanuuuu OTpULATENbHON GOKOBOH a3pOXMHAMHYECKOH CHIII
Zp, TOUKA TPHUJIOKEHUS KOTOPOH HaXONHTCS BHIILIE INPOROJbHOH OCH
camosiera Ox;, TPOXOAsIIEH uepe3 LEHTP THAKeCTH caMmosera (Tod-
Ka mepeceyeHust ITOH OCH C paccMaTpHBaeMbIM ceueHueM iosens-
xKa o6osHaueHa GyxBoii D), Bo3HHKaeT aBTOpoTauus (prosenasxa.

N3 npusenennoit Ha puc. 2.17 cxeMsl crnekTpa OOTeKaHHUsI cede-
-aug ABC BunHO, YTO OTPHIB IOTOKa B PacCMaTPHBAEMOM ciayyae
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BO3HHKAeT B BepXHe# yactu (pro3enska Ha CTOPOHE, IPOTHBOIIOJOXK-
HOM TOMH, Ha KOTOPYIO Haleraet moTOK Bo3ayxa. Ilpu aToM mosiBisi-
ercsl MecTHasl 06/1acTh MOBBIIIEHHOTO XaBiaeHus. Ha nporuBomosox-
HOH cTOpoHe rosensiKa coxpaHsaeTcs 0e30TPbIBHO® OOTEKaHHe H,
CJIelOBaTeJbHO, MOXKET CYIIecTBOBATh 06/aCTh pa3pexkenus. [ToBul-
LIeHde pas3peXeHHs Ha CTOPOHe Haberawomiero IOTOKa H Bo3pacTa-
HYe JaBjIeHUs Ha NPOTHBOINOJOXKHOA CTOpOHE NPH HAJHYHH CKOJb-

4

At

—
Vo

Puc. 2.16. CxeMa pacnosioxXeHHs HOp- Puc. 2. 17.
MajJbHOH H OOKOBOII a3pOJHHAMHYE- CrnexTp 06-

CKHX CHJI, ZefCTBYIOIIHX Ha NONepeyYHoe TeKaHHs
ceuenne ABC wHocoBo#l uacTh ¢ioseds- NONIePeYHOr O

Ka MPH CKOJbXKEHHH CceyeHHsI

HOCOBO#t

4acTH
(rozensika

ABC

JKeHHs, BbI3bIBAIOLIETO HECHMMETPUYHEIN OTPBIB MOTOKA, U SIBJSETCS
IIPUYUHON BO3HMKHOBEHHUS MOMEHTa aBTOPOTauHuu (ro3essixKa.
[losiBneHne aspoguHaMUUeCKOH CHMBl Ry, TPHICKEHHON Ha NJIe-
uye ry, CO3MAET aj’pOJMHAMMUeCKHH MOMEHT KpeHa drozensxa
xp=IRpry. Kax mpaBuno, nomepeunoe ceueHne (rosensizka siBJjs-
eTCs1 OCECHMMETPHUHBIM, a LEHTD TIKECTH CAMOJIeTa JEeXKUT B IJIOC-
koctu ero cuMMmerpul x,Oy,. Torna Benuwunna Myg ompeleasieTcs
TOJIbKO 60KOBO# CHIOH Zg: Myp=2Zpr,. [Ipy Zp<<0 moment Myp
ABJISETCS MOMEHTOM aBTOpOTaluH. DokoBas cuia Zg co3maer
a3poAMHaMHUYecKHH (MOMEHT pbicKanus Myy=Z4OD (cM. puc. 2.15).
CyMMupyst 3TH s1eMeHTapHble (AeHCTBYIOIHE HA OTAENbHbIE ceue-
HHS1) MOMEHTH IO BceMY (IO3e/]siKYy, HAxXOLHM pe3yJbTHPYIOLINe
MOMEHTH KpPeHa ¥ PBHICKaHHs, cO3/JaBaeMbie (PIO3easaKeM.
W3 ckasanHOro BuAHO, uTO aBTOpOTALHsS (PlO3essKa Hemocpel-
CTBEHHO CBsI3aHa C HapylieHHeM Ge30TPEIBHOTO ero 06TeKaH!us U mo-
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SIBJEHHEM HECHMMETPHYHOrO OTpPbIBA mOTOKa. IIpm OTCYTCTBHH
CKOJIbXKeHHsI oOTeKaHue NpaBOH U JIeBOH NOJOBHH (Mo3essaxka OKa-
3BIBAETCS CHMMETPHUYHHIM H, CJEeNOBaTeJbHO, 60KoBasg cuia Zg=0.
B sroM cayuae aBropoTamus io3ensizka BOSHHKHYTb He MOXKeT.
B paccmorpeHHOM ciyuae HCTOYHHKOM aBTOpOTauuu <losensxa
ABJIsIeTCS ‘60K0Basi a’pOAMHAMHUYecKas CHJa, BO3HHKAIONAs HA ero
HOCOBO# yacTtu. BBuAy TOro, uTo moOsiBJeHHe MOMEHTAa aBTOPOTALUN
¢drosensizka HemOCPEACTREHHO CBSI3aHO C OTPHIBOM IIOTOKA, BeJIMYMHA
3TOr0 MOMEHTA CYLIEeCTBEHHO 3aBHCUT OT (DOPMHI IIONEPEYHOTO ceye-
HUs (ro3ensizKa, MIEPOXOBATOCTH €r0 HOBEPXHOCTH, BEJHYUHBI yrJia
aTaku camoJiera, yucesa M moJsera, Re u T. 1. 3HauyUTeJbHOE BJIHA-
HHe Ha BeJHYHHY MOMEHTa aBTOPOTALHH (ro3ensiKka MOXKET OKasbl-
BaThb TaKxe W yroJ KpeHa, TakK KakK BeJIHUYHHA g IPH MOBOPOTE ca-
MOJIeTa OTHOCHTEJNbHO ero MpOLOJBHON OCH H3MeHsieTcs. B ormesnb-
HBIX Cayuasx MOMEHT aBTOPOTauuu (prosensdxka MOKeT BO3HHKATDb
Jaxe IPH IOKPUTHYECKUX YIrJjaX aTakd, Ha KOTOPBHIX KPHLJIO CO31a-
eT BCcerfa TOJbKO aspoAHHaMuueckoe aeMmdupoBanue.



I'JIABA 8

MOMEHTDBI H CHJIHI,
JEWCTBYIOILUE HA CAMOJIET B IITONMOPE

[Tonananne camosera B HITOTOP, KaK yKe YKasblBa-
JIOCb BbIIIE, CBSI3aHO € BLIXOJOM €ro Ha 3aKPHTHUECKHE YIJIBl aTakKH,
IIpH KOTOPHIX 6€30TPhIBHOE OOTEKaHHE 'CaMOJIeTa HAPYIIaeTcsl — I10-
SIBJISIIOTCS Pa3BUTBble 006JaCTH OTPHIBA NOTOKA (B MeEPBYIO Ouyepelb,
Ha KphlJe), PaclnoJoXKeHHble, KaK IPaBH/IO0, aCHMMeTpU4YHO. B pe-
3yJIbTaTe aCHMMETPHYHOTO OTPHIBA IOTOKA BOSHHKAIOT KPEHSIUH H
3aBOPauMBaIOIHA MOMEHTHl aBTODOTALUH, CJAENACTBHEM KOTOPHIX M
SIBJISIeTCS TIEPEXOJ| CaMoJieTa K XapaKTeDHOMY ABHMKEHHUIO IO CIHpa-
JIEBHIHOH TPAEKTODUH — MTONOPY. DTO CYLIECTBEHHO KPHBOJHHEH-
HBIH PEXUM [OJIeTa € CHJIbHBIM IIPOSIBJIEHHEM B3aHMOAEHCTBUS NpO-
HOJILHBIX U GOKOBBIX MOMEHTOB ¥ CHJI.

3.1. MOMEHTbI H CHJIDbI,
OBYCJIOBJINBAIOHIUFE NEPEXOJ
OT CBAJIMBAHHUA K IITOIOPY

Paccmorpum cxemaTHuecku MOMEHTBE M CHJBL, HefcT-
BYIOIME Ha CaMOJIET ¢ MOMEHTa Hayaja CBaJHBAHUS O BO3HHKHO-
BeHHUs mronopa. JlomycTuM, YTO B HCXOJHOM peXKHMe TIIoJeTa Ha
JOKDUTHYECKHX yIJaxX aTakKu caMmoJer Obl cOasakCHpPOBAH IO MO-
MeHTaM MpHu HeATpasjbHOM MOJIOXKEHHH pyas BeicoThl. Ha puc. 3.1
3TO COOTBETCTBYET pEXKHUMYy IoJeTa, O603HaueHHOMY TOuko#i I
(aspoxpuHaMuyecKuii MOMeHT TaHraxa M,,=0 npu 8;=0). 3arem
JIETUHK TIOJTHOCTBIO OTKJIOHWJ PYUYKY ynpaBieHHs Ha cebs. [Ipu atoM
BO3HUK KaOPHPYIOIIUHA a3pOAHMHAMHUYECKHA MOMEHT, YBeJHYHBalo-
WMH yros araku camoJsera. AspoluHaMHUEeCKHA MOMEHT TaHraxa
M;3>0 (MomeHT Ha KaGpupOBaHue) BHI3LIBAET MOSBJIEHHE YTJIOBOM
CKOPOCTH TaHraxa .>0, yBesnuuBaliollell yros TaHraxa. YBeJH-
YeHHe yrya TaHraxa (a CJeloBaTeJbHO, H yria artaku) Gyner mpo-
NOJIXKATbCSl JO BBIXOIA CaMOJIETa HA HOBHIH peXxuM ‘GanaHCHPOBKH
mpu 8z=0s max (TOuka 2). B mpoiecce BeIxona Ha yKa3aHHBIH pe-
XuM GyIeT NOCTHTHYT KPUTHYECKHH YroJ aTakM — BO3HHKHET CBa-
JUBaHHE CaMoJeTa.
ITox BnusiHueM psina $akTopoB (reoMerpuueckas UM a3pOLH-
HaMuyeckass aCHMMETPHS CaMoOJieTa, BO3MOXKHOe OTKJOHEHHe DyJs
HallpaBJIeHNS .UJIH 3JEPOHOB U T. II.) OOTeKaHHe caMoJieTd Ha TakKux
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pexuMax OObIYHO OKa3blBAeTCS aCMMMeTPHUYHBIM. AcuMMeTpus 00-
TeKaHus (IO OTHOIMIEHHIO K [JIOCKOCTH CHEMMETDHM CaMoJieTa) IpH-
BOJHUT K IIOSIBJIEHHIO aCHMMETDHYHBIX o0fJacTedl OTphHIBAa IIOTOKA.
AcuMMeTpHus pacnoJioxXeHHs o6sacTell OTpPbIBAa NMOTOKA H BO3MOXK-
HOE€ BO3JeHCTBUE JOMNOJHUTENbHBIX BOSMYLIEHUH (THPOCKONHIECKOrO

ey Cy v
AN
\‘\//—\
Mx MX MX=0
Wy Wy Wy
— F TN
— &

Puc. 3. 1. Cxema pasBuTHsI ABHXKEHHA CaMOJieTa OT MCXOLHOTO DeXH-
KHMa T0JIeTa Ha MOKDHTHYECKHX YIJax aTakd A0 BO3HHKHOBEHHS
mronopa

MOMEHTa JBHTaTesel, BepTHKAJbHBIX OPLIBOB BETPa U T. II.) BHI3HI-
BaeT MOsIBJIEHHE HAYaJbHOHN YIJIOBOH CKOPOCTH KpeHa wq7#0. Kpe-
HeHue caMoJieTa IPUBOJUT K TiepepaclpefieJleHUI0 YIJOB aTaKU Ha
NpaBoOM M JIeBOM MOJAYKphLliae (cM. puc. 2.1). Pasznnune yrioB ataxu
NPHUBOJIUT, B YACTHOCTH, K TOMY, UTO TAHTeHI[HaJbHEIEe a3POAUHAMHU-
CKHe€ CHJIBl IIPABOTO ¥ JIEBOTO MOJNYKPbIIA OKA3bIBAIOTCS PA3HBIMHU IO
BejquuuHe. [TosiBasieTcst asponuHaMuUuecKHi MOMeHT peickanus. [Tox
BJHMSIHHEM HHEDIHOHHOTO B3aMMOLEHCTBUS JABHKEHMH (cM. ri. 6)
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BOBHHKAET WHEDIHOHHBIE MOMEHT pbiCKaHus. Bce 3To mpUBOAHT K
TOSIBJIEHHIO YTJIOBOH CKOPOCTH PBHICKAHHS ®y170. Tak BO3HHMKAIOT
a3poLUHaMUUECKHE U HHEPIHOHHBIE MOMEHTH], a CJIeN0BATE/IbHO, yI-
JIOBBIE YCKOPEHUS U YTJIOBble CKOPOCTH BPAallleHHsl CaMoJjieTa OTHOCHU-
TeJbHO BCEX TPeX ero ocefl.

C mosiBjieHHeM aBTOpOTalMy HauupHaercs miromop. [Tox Bosgmed-
CTBHEM MOMEHTAa aBTOPOTALHH HayaJbHas YIJOBas CKOPOCTb Kpe-
Ha Bo3pacTaeT (HEYCTAaHOBUBHIASCS aBTOPOTANUS CaMoJeTa).
B pesysbrare nposiB/ieHHs HHEPIHOHHOTO B3aUMOJeHCTBUS GOKOBO-
TO ¥ MPOJOJNBHOIO NBUKEHHMH CaMoJeTa IpH ero BpalleHHH NOSBJISA-
eTCS1 HHEDIHOHHBLII MOMEHT TaHraxa Mym, CMEINaomHl pexuM
HPOZOJIbHOM 62 IaHCHPOBKY CaMOJIETA N0 MOMEHTY B CTOPOHY GOJb-
HIMX yrioB aTaku (Touka 3). C TeueHHWeM BpeMEHH TIPH TaKOM JBH-
JKEeHHH camoJjieTa B 061aCTy 3aKPUTHUECKHX YIJIOB aTaKy aspojuHa-
MHYecKHe MOMEHTHI KpeHa, PbICKaHHS ¥ TaHraxa MOryT ypaBHOBe-
CHTbCS COOTBETCTBYIOLIWMY HHEPLHOHHBIMH MOMEHTAaMH, 4 a3ponH-
HaMHYeCKHe CHJIBl — COOTBETCTBYIOIMMH MacCOBHIMU CHJIaMH (Bec,
CHJBl HHepuuu). Bo3HUKaeT peXXuM yCTaHOBHBLIErocs MITONOPA,
T. e. PeKHUM, B KOTOPOM BCe XapaKTeDHUCTHUKU ABMKEHHS caMmoJera
(yrsioBasi CKOPOCTb BpAIEHHS, YIJbl aTaKH U CKOJbXKEHUS, I0JO-
*eHHe caMoJieTa OTHOCHUTEJbHO OCH (IITOIOPa) OCTAaIOTCs HEH3MEH-
HBIMHU 110 BpEeMeHH.

3.2. PABHOBECHE CHIJI
B PE)KUME YCTAHOBHUBUIETOCS IITOMOPA

YCTaHOBUBIIHMCS HA3bIBAETCS LITONOP, B KOTOPOM BCe
XapakTePHCTUKU pexHMa ¢ TeueHHeM BPEMEeHH OCTAIOTCH MOCTOSIM-
HBIMH.

Crporo roBops, pexkyuM YCTAaHOBHBIIETOCS LITONOPA MOXKET CY-
LIeCTBOBATb TOJbKO IPH HCHBITAHUAX THHAMHUUYECKH NOTOGHBIX MOJe-
Jied caMOoJIeTOB B IITONOPHOM aspoiMHaMHueckoi TpyGe (mTomope-
HUe B Cpelle MOCTOSIHHOH NMIOTHOCTH). B peasibHBIX YC/IOBHAX MO-
JieTa peXXHMa YCTaHOBUBIIEroCs MITOTIOpa GbITh He MoxeT. Obbsc-
HSeTCH 3TO B OCHOBHOM CJIELYIOLIUMH OOCTOSTEJIbCTBAMH.

JIBrxKeHue camMoseTa B IITONOPE CBSI3aHO € U3MEHEHHEM BBHICOTHI
ToJieTa. YMeHbIIeHHe BBEICOTHI CONPOBOXKIAETCH BO3PACTaHHEM
IJIOTHOCTH BO3AyXa. Ilns coxpaHeHHsT peXuMMa yCTaHOBHBILErOCs
WTONnopa Tpebyercs, B YaCTHOCTH, OOECNEeUHTh NMOCTOSHCTBO BEJIH-
YMH a9pONMHAMHYECKUX CHJ ¥ MOMEHTOB. B 3TOM ciyuae mpu Hewus-
MEHHBIX VIJax aTaku 0 CKOJIbIK eHHs He00X0AUMO, UTOOLl BEJTHUHMHBI
CKOPOCTHOrO Hanopa q= Q;V
TOCTOSIHHBIMHM. HO Tpy H3MeHeHMM ILIOTHOCTH BO3LyXa IJSA COXpa-
HEHMs NOCTOSIHCTBA CKOPOCTHONO Hanopa TpebyeTcs COOTBETCTBYIO-
ulee ysMeHeHHe HCTHHHOHM cKopocty noJgera. [losBasieTca JHHeHRHOe

, unucea M mosera u Re ocraBanuch

g av
.YCKOpeHHe V=7. A 5To0 yKe HOCOBMECTHMO C YCJOBHEM CYIIECT-

48



BOBaHHS yCTAHOBHBIIErocsi pexxuma. Kpome TOro, nmpu H3MEHEHUH
BBICOTHI II0JIeTa MeHSIIOTCS ¥ 3HadeHus uncesq M u Re, T. €. MOXeT
U3MEHSATbCS XapaKrep BJHMSHHUS CXXHMaeMOCTH Y BS3KOCTH Ha a3po-
IHHAMHYeCKHe XapaKTepDUCTHKH CaMoJieTa.

BecbMa BaxHBIM BJASETCS TO 00CTOATENbCTBO, UTO JJIS ABTOPO-
TanU{ XapakTepHa MPONOPUHOHANBHOCTD MEXIY JHHEHHOH H YIJo-
BOH CKOPOCTSIMM, a {IpH H3MEHEHHH
IJIOTHOCTH BO3AyXa 3TO YCJIOBHEe Ha- / I

pymaerca. OXHEM H3 OCHOBHBIX (hax- /&)‘”
TOPOB TIOLOGHS B 3TOM Clyyae sBJAsIET- .

Csi OTHOCHTeJbHas IJIOTHOCTb CaMoJie- ]—————4 A3

T4, T. €. OTHOIIeHNUEe YCJOBHOH TJIOTHO- | | & é

CTH caMoJeTa K TUIOTHOCTH Bo3ayxa. | 4, \ 13
[MosToMy B HATypHBIX YCHOBHAX Pe- |\ \ | Reosd
KHM [ITONOpAa MOXKeT OBITh JIHIIb 2

YCJIOBHO y'CTaHOBUBIIUMCA, T. €. KBa3HU-
YCTaHOBUBLINMCS. TeMm He mMeHee pu-
MEHUTEJNbHO K CpPaBHUTEJNBHO 'HEIPO-
JNOJXKUTEJBPHBIM (peXHMaM {ToNopa
€ JOCTaTOYHOH AJs TNPAKTUUECKUX Iie-
Je#l TOUYHOCTBIO MOXKHO CUMTATh PeXH-

/lg

Topusonmarns

MBbl IUTOMOpA, IPOTeKalollue ¢ MOUTH $ /
NOCTOSIHHBIMH CpefHUMH (6e3 yyera /

X KoseGaHuWil) BeJHYMHAMH YIVIOBBIX /.
CKOpOCTeH, meperpysok, yrJaoB Ha- « g, v
KJOHA camoJiera W NpuOOPHOH CKOpO- X1 /

CTH  TOJIeTa, yCTaHOBHBIIKMHCS. /

B najbHelilieM Takue peXUMBI OyaeM

Ha3bIBaThb YCTAHOBUBIINMHUCS. /';,,,,,

B pexuMe yCTaHOBHUBIIErOCs (ITO- ?‘

nopa (puc. 3.2) camoJer Bpamiaercs

OTHOCHTE/bHO BEPTHKAJbHOM ocH (ocu  Puc. 3.2. Tpaexropus npuse-
HITONOpa) C MOCTOSHHBIMH 3Ha4eHHS- §§faﬂ(f§$‘§;‘§§§cﬂ ? pi’:;%e.
MH BCeX MapaMeTpOoB €ro [ABHXKEHHA: KaJIbHOI'0 WITONOpA

o, o B, V ur. o B obmem cayiae

YCTAaHOBUBINEroCs INTONOpA pe3yJbTHPYIOLlas aspojHHaMHYecKas
cuna R mepecekaeT WJIOCKOCTh CHMMETPHH camoJseTa (IJIOCKOCTb
x10y;). OnHako, yuuThiBas, 4YTO B LITONOPEe KpBLIO OOTEKaercs
COpPBaHHBIM IIOTOKOM, a IIpPM OTpbIBe IIOTOKa IOJHAasi CHJa as3po-
NVHAMHYECKOTO [aBJIEHHSi Ha KPBIJIO NPUOJH3HTENbHO IepIeH/IH-
KyJsipHa €ro moBepxHocTu (T. e. TaHreHnuambHas X; u GokoBas Z;
COCTaBJSIOIAE DE3yJbTHPYIOEH adpOAuHaMHYeCKod cuibl R cy-
1ECTBEHHO MeHbIe ee HOpPMaJbHON cocTaBjsoumeid Y;), MOXKHO
npuGIMKEHHO CYHMTATh, YTO pe3yJbTHpylomas cuila R JeXHur B
IJIOCKOCTH CHMMETPHH camoJieTa. B pexmMe yCTaHOBHBILErOCs
BEPTHKAJbHOrO HITONOpa NpH HepaboTraomux [gBUrarejsx (Tsdra
paBHa HyJI0) BeC CaMoJieTa YPaBHOBEUINBAETCS  BEPTHKAJbHOM
npoekuued pe3yJbTHpPYyIOIled aspOJMHAMHYECKOH CHJIbI, a TOpH-
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30HTaJbHas e IPOEeKIHUsl PABHA Ii0 BeJIHUHHE TeHTPOCTPEMHUTEIbHOR
G .

cune Fy=-—o’r. TlpuMem TaKxKe, 4TO yroJ KpeHa B peKHMe ycTa-
4

HOBUBIIETOCH IITOIIOPA paBeH HYJIIO.

B BepTHKaJpHOM IITONOPe JBHKEHHE CaMOJieTa IPOUCXOAHT MO
KPYTOH CIMpajy Majoro pagmyca, NO3TOMY TPUGIMIKEHHO MOKHO
CUATATb, YTO TPAEKTOPHS JBHIKEHHS IIEHTPA TAKECTH caMoJjeTa
6aHu3Ka K BepTukanpHo#l. Torna a=~90°+9.

BblpasyuB pe3yJbTUPYIOYIO a9POJIHHAMUUYECKYIO CHIY 4epes ee
kosdppuunent Cp=]/ C2+4-C%-C?, nonyuaem yc/ioBHs paBHOBe-

CHsl CHJI, NEeHCTBYIOIIMX Ha CaMOJIeT, B NPOeKULSAX Ha BepTHKAJb-
RYIO U TOPH30HTATbHYIO OCH:

V2
G=CpS -9-”7‘-"—- sin @ (3.1}
H
V2
4 o’r=CpS -QHT“”- cos a. (3.2y
g

U3 Gopmyasr (3.1) naxogum BeIpaxKeHHe IJsi CKODOCTH JBHIKe-
HHS LeHTpa TSKECTH caMojieTa B pacCMaTpHUBAaeMOM pexuMe LITO-

nopa
Vo — l/ __220G (3.3)
0gSCp sina

Beanuynna Cr B mrTomope H3MeHsIETCS CPaBHUTENbHO MaJjo, Tak
KaK Ha 3aKPUTHYECKHUX yraax aTaku najeHue C, o0GBIUHO B 3HAYH-
TeJIbHOM CcTemeHW KoMmIeHcupyeTcss BospacranueM C, (pHc. 3.3).
Hns caMoJieTOB ¢ IPSIMBIM KPBIIOM, Y KOTODBIX KPUTHUECKHE YIJIbI
aTaKy OTHOCHTENbHO HEBEJHKH, MOXHO NPHGJIKEHHO CUHTATh
Cr~ Cymax. ¥ CaMOJIETOB CO CTPEJOBHJHBLIM H TPEYTOJBHHIM KPHI-
JIOM, ISl KOTOPBIX KPHTHUECKHE YIJBl aTaKu OKa3blBAlOTCH 3HAYH-
TeNbHO GOJMbIHMH (60abiuse 3HaueHuss Cy npu Cymax), BEJHUHHDI
Cr npeBbimaioT BenunuHbl Cymax npuMepHo Ha 20-30%, 1. e. Crx
~ krCymax, Tle kp~1,2+1,3.

Bocnonb3oBasinychk U3BeCTHEM BbIpaxKeHueM nJis MMHHMAaJAbHOX

2G
ckopoctd V= —————, noayuaem u3 (3.3)
2xSCymax
v
V =?&——. 3. 4
" Vg sina (3.4)

Ilpunsis kr=1,25, naxonum, 4To B peXXuMe KpyTOro LITONOPA
npu a=25° ckopocTb camoneTa Viy=2 1,4V pin, B PeXRHME I0JOTOro
mronopa npu =55 Vs = Viin, @ B pexKuMe NJI0CKOro MITONOPA ¢
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a=65" Viur 2~ 0,95Vnin. 3HauuT B paccMaTpUBaeMOM cJyuae B pe-
*HEMe KPYTOro LITONOPa CKOPOCTb CHUMKEHHS CaMoJseTa ‘6OJIbIIe MH-
HHUMaJbHOH CKOPOCTH Ha TOH 2Ke BBHICOTE IIOJIETa, B PeXHMe IOJOro-
IO UITONOPA 3TH CKOPOCTH MPHMEDPHO PaBHB], a B peXHUME IJIOCKOTO
LITONOPA CKOPOCTb CHHUXKEHHS CaMOJIeTa OKA3bIBAETCs JaKe MEHbIe
MHHHUMAaJbHOH. ¥ €aMoJ/1eTOB ¢ IpsiMbiM KpeiioM (Rr==1,0) Bcerna
Vm'r>Vmin-

Puc. 3.3. 3aBucumoctu Cy=

=f(a) u Cr=9¢(a) nas ca-

MOJIETOB C NPSIMBIM H CTPeJIo-
BUAHBIM KphlioM (f==0)

Pasnenus nmounenso Bmipaxenue (3.2) na (3.1), Haxomum mpH-
OnmKesHyIo (GOpMyTy I/ ONpeleseHUs] pajuyca LITONOPa Fpr:
- gciga (3.5)

rl.u'r""‘ 9
o
Eciau BMecTO o NOACTaBUTL €€ BhbIPpaxKeHHe uepel 6e3pa3mepHylo

YTJIOBYIO CKOPOCTb w=i, mosryuaem
2V
2
ur==EED (3.6)
W
OnenuM BeJWYHHY pajuyca IpH I[OJOroM uronope. IIpHusB
=2 pan/c u a=45°, HaxoxuM u3 popmMyas (3.5) rmm=~2,5 M. Pa-
IOMYC WTONOPA MOJYYHICH HeGoabuM. Clie10BaTeNbHO, TPAEKTOPHUS
ABMKEHHs] caMoJleTa B IUTONOPe AEACTBUTENbHO NPeNCTaBJSIET CO-
6ol crupasb, 3HAUHTENbHO BBLITSHYTYIO B HANpPaBJIEeHHH BEePTHKAJH.
3Hasi YIJIOBYIO CKODOCTb o, JIETKO ONPENeNUTh BpeMsi BUTKA Iy U
NOTEPIO BBICOTHl 32 BHTOK Ap JiJisi peKHMa YCTAHOBUBILENOCS BEPTH-
KaJIbHONO LITOTIOpA:

2% 174
= = (3.7)
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hy=V gt =" (3.8)

IMpn ®=2 paxn/c Bpems BuTKa cocraBisier npuMepHo 3 c¢. [Ipu-
B G/S=300 krc/m2, a=45° u Cr=1,8, HaX0AUM H3 BHIpAKEHHSS
(3.3) nas Beicotsl mosera H=10 XM CKOpOCTh CaMoJjieTa B MITOIO-
pe Vmr~110 M/c. [Ipu aToM moTepsi BHICOTHI 33 BHTOK COCTaBHT
npumepHo 350 M.

OueHuM moOrpenrHocTb, 0GYCTOBAECHHYIO CAEJaHHBIM BHIIIE Npef-
IIOJIOXKEHHEM O TOM, YTO BEKTOD CKOPOCTH CaMoJIeTa B IITOMIOpe MpHu-
MepHO BepTHKaJeH, T. e. uTo 0~ —90° (a=~90°+%¥). Bocmoasso-
BaBIIUCb H3BECTHBHIM BBIPAKeHNEM IS TOPHBOHTAJbHOH COCTaBJfA-
[oLe ckopocTH mosieta Viop=Vc0os 0 1 moACTaBUB B Hero ee 3Haue-
H¥e, paBHOe OKDYXHOH CKODOCTH caMmoJeTa B IITONOPE fmr, 4
BMecTo V — ckopocTb Vigr, monyuaem

cos = Llur_

mT
[Tpu yrmosoit ckopoctd w=2 pan/c, papuyce »nn-ogo a rmr=
=25 M u ckopocTH Vmry=110 M/c Haxomum cOS 0=ﬁ =0,0455.

Aro coorBeTcTByeT 0~ —87°40°, T. e. BecbMa Gamsko k —90P.
HHpiMu cmoBaMm, B paccMaTpHBAaeMOM d@ipUMepe TPaeKTOpPHS JABH-
KeHus IEeHTPa TSAXKECTH caMoJeTa (B IITOTIOPE TOJAbKO Ha 2°20” oTx-
JIOHEHa OT BEPTHKAJH.

3.3. PABHOBECHE MOMEHIOB

IITomop mpexcrabisieT coGOf UYpea3BEIYANHO CJOXKHOE
IPOCTPAHCTBEHHOE JIBMIKEHHE CaMOJieTa, KOTOPOe MOXHO paccMmar-
pHBaTh KaK pe3ysbTaT HAJOXKEHHs APYT Ha APYyra ABYX NABIKEHHMH:
OTHOCHTEJIbHOTO — BpaleHHsT caMoJjieTa BOKDYT OCH, IPOXOAsieR
yepes ero IeHTP TSAKeCcTH (CXeMaTHUYeCKH# IITONOpP), M IMepeHOCHO-
ro — ABMKEHHS caMOro IeHTpa TSXKEeCTH caMoJjieTa B lIpOCTPAHCTBE
IO cnupajeBHIHOH TpaekTopuH. Tak Kak BpalleHHe Tesa Ompee-
JAsieTcsl NeHCTBYIOUIMMHY Ha HEro MOMEHTaMH, a IUTONOp XapaKTepH-
3yercsl rJAaBHHIM 00pasoM BpalllaTeJbHBIM JBHKEHHEM <CaMoJeTa,
TO, CJeJ0BaTe/IbHO, OCOOEHHOCTH WITOIOPA CaMOJIeTa ONpedessioTCs,
B [IePBYIO Ouepelib, &ro MOMeHTHbIMI Xapakrepucrukamu. OcHOB-
Hble TapaMmeTphl MTonopa (a, B ¥ ®) 3aBUCAT OT a3POJMHAMUYECKHUX
¥ MHEPUHOHHBIX MOMEHTOB OTHOCHTENbHO BCEX TPEX Ocell camoJera.

PaccmoTpuM yc/s0BHSI paBHOBECHSI MOMEHTOB, NeHCTBYIOIHX Ha
caMoJeT B pexXHMe yCTaHOBHBIIerocs iutonopa. [IpoekTupysi Bek-
TOD YTJIOBOH CKODOCTH BpallleHHs] CaMOJIeTa B IITONOPE HA OCH CBSt-
3aHHOM CHCTeMBl KOOPAMHAT (puc. 3.4), moayuaeM H3BeCTHble CKa-
JSIpHBI® YpaBHEHUS:

®,, =0 C0SaCcosf, (3.9)
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oy, = — o sin a cos B, (3. 10)
v, =osin §. (3. 11)

M3 sTHX BHIpaXXEHHH BHIHO, YTO B OOLIEM c/Iyyae IITONOPa BCE
TPH COCTABJSIOLINE YITOBOH CKOPOCTH ® IO OCAM CaMOJeTa OTJAHY-
HHl OT HyJs. OHH 3aBHCAT OT YIJIOB aTakKd M CKoJb)eHus. CienoBa-
TeJbHO, B LITOTIOPE Ha CaMOJIeT AeHCTBYIOT BCe a’pOAMHAMHUYECKHE
MOMEHTbI, CBSI3aHHBIE C YTJIOBLIMH CKODOCTSIMH: MOMEHTBHI IeMIpH-

pa

Ocs wmong

@ \) X sinot

Puc. 3.4. Ilpoekuus BekTopa Puc. 3.5. CxemaTHueckoe H30-

yraos0it CKOpoCTH, IITOopa T rephach " omommenio
Ha OCH CBSI3aHHOH ¢ caMoJe-

TOM CHCTEMH KOOPIMHAT B BEPTHKAJIbHOH OCH
IPaBOM HOPMAJBHOM IITONOPE

POBAHHs MJHM ABTOPOTAUMH U IepeKPecTHBIE MOMEHTHF OTHOCHTENb-
Ho Tpex ocefi (MOMEHTHI, OmpelejsieMble BPallaTeJbHEIMH TDPOH3-
BOIHBIMM), a TaKXKe BCe adpOJHHaMHUYyeCKHe MOMEHTHI, CBSI3aHHbBIE
C yrJIaMy aTaK¥ H CKOJbXeHHs (MOMEHTHI, ONpejesieMble CTaTHYe-
CKUMH IPOU3BOLHBIMK). Bce 5TH aspoauHaMuyecKue MOMEHTH B pe-
JKHUMe YCTaHOBUBIUErocs IITONOpPA NOJKHB ObITh YpaBHOBEIIEHb
COOTBETCTBYIOUUMY MHEPIVOHHBIMY MOMEHTaMHU.

Bce ocHOBHBIE ITapaMeTphl 1ITONOPA 3ABUCSAT OT adPOAUHAMUYE-
CKHX ¥ HHEPIHOHHBIX MOMEHTOB OTHOCHTEJNBbHO TPEX ocell caMoJera.
Onnako BBUAY TOrO, UTO OCHOBHON MPHYHHOH IITONIOpA SIBJAETCH
BBIXOJI CaMoOJieTa Ha 3aKpHUTHYECKHe YIJBl aTaKu, a 3HAUUT JJis BhHI-
BOJa CaMoJieTa M3 IITONOpa HeOOXONHMMO YMEHBIIUTb YroJ aTaky,
B IIepBYI0 oOuepelb, NPH M3yueHHH HITONOpPa HEOOXOXZMMO oOIpeje-
JSTb MOMEHTBI, PETYJUPYIONIHE Yoy aTaKH — MOMEHTHl TaHTaxa.

TMpoananuaupyeM pusHUeCKyil0 KapPTHHY BO3HUKHOBEHHS HHep-
IMOHHOTO MOMEHTa TaHraxa M,m; B BepTHKasbHOM iTomope. is
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HaTJIITHOCTH BPAalllalOUIUHACA OTHOCUTEJBHO OCH IITONMOpPa CaMOJET
3aMEHHM CHCTEMOH JBYX TSKEJIbIX B3aUMHO IePHEHIHKYJISPHBIX
crepxkHelr (puc. 3.5) ¢ paBHOMEpPHO pacnpefeseHHOH MO UX AJIHHE
Maccoit. PaccmoTrpuM BHauase crepxedb AB, pacnonoxeHHBIH IOZ,
yrJIoM o K ocH BpameHusi. Ha aneMeHT 3TOTO CTepXKHs ¢ Maccol
dm 1pu BpalleHUH C YIJIOBOH CKOPOCTHIO ® IeACTByeT 3jeMeHTap-
Has ueHTpoGexHas cuia dFAP=dme’xsina. 3ra siaementap-
Has NeHTPoOexKHasi CHJa NPHJIOKEHa Ha Ijleye XCOS ¢ OTHOCHTEJb-
HO OCH, IPOXOJsillell TIEPIeHIUKYNSPHO CTEPKHIO yepe3 TouKy O u
Jexailel B roOpH30OHTAJbHON MJIOCKOCTH (COOTBETCTBYIOLIEH JIIOTIe-
peunoii ocn camosera Oz;). Cuna dF$5 cosmaer OTHOCHTENbHO

3TOH OCHU 9JIEMEHTaPHBIA UHEPIYOHHEIA MOMEHT

. 1 .
a’M;‘f =dF;:Bx cos a=dmo?x? sin o cos a=-? dme?x®sin 2 a.

CyMMupysl 3/eMeHTapHbIe HHEPIMOHHBIE MOMEHTH ([0 BCeH JUIMHE
cTepxkHsi AB, nosyyaem TOJNHBIA MOMEHT OT CHJ MHEDPIUH CTEPXKHS
oTHOcHTeJbHO ocu 02:

sin2a o { sin2a ,, o
£ﬁ=-—2——u) szdm=2—'lx(!)

HertpyznHo y6enuThesi, 4TO ®TOT MOMEHT JeHCTBYeT Ha yBesHue-
HHe yrja aTaku o. AHAJOTHYHO TIOJYYaeM, YTO Ha SJEMEHT CTepXK-
Hs1 JIC peficTByeT sieMeHTapHasi LEHTpoOexHas cuna  dFEC =

=dmo’y cOS@, MOMeHT KOTOPO¥ OTHOcHTenbHO ocH Oz paBen
. 1 .
AMAC= —dmo’y cos ay sin a= - dmoe’y? sin2a.

B sTOM BBIpaXKeHHH CTOMT BHAaK MHUHYC, TAaK KaK 3JeMeHTapHLIH
WHePUHOHHBIH MOMEHT deg CO31aeT BpallleHHe 10 YacoBOH CTpe-
Ke OTHOCUTeNbHO OcH 02y (CTpeMHTCS yMEeHBIIUTb YIrOJI aTakKH).
[MTonHblil MHEPUUOHHBIH MOMEHT OTHOCHTENbHO ocu Oz, meficTBYIO-

o sin 2a
muii Ha crepxenb JC, cocrasusier MA(= ———1I 0"

Yy

THDYIOIHH 'MOMEHT OTHOCHTebHO ocH Oz; OT cusl HHepuHH 06OHX
CTEepIKHel paBeH

sin 2a , ’
M= M8 4 MEE=122 (1 [') g,

. Pesynb-

Ecnu BepHYTbCSI OT CHCTEMBl CTEpoKHEH K caMoJIeTy, TO JIETKO
yGenuTbest, yto B 9TOM cayuae I’ u I,/ GynyT MOMEHTaMH HHEPUHH
caMoJieTa COOTBETCTBEHHO OTHOCHTENbHO mirockocTelt 210y u 2,0%;,
a @ — yroJl aTaky, N3MepeHHBIH OT KODHeBOH XOPAb KpHLIA.

3Hast XapaKTePUCTHKY aBTOPOTALUH camosera (cM. puc. 2.8) u
€r0 MOMEHTH! HHEPUHH, HeTPYJHO NOCTPOHTH AHATPAMMY 33aBUCHMO-
CTH MHEDMOHHBIX MOMEHTOB TaHra)a, COOTBETCTBYIOUIHX YIJIOBHIM
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CKOpOCTSIM Ha KpuBoi w=/;(a), oT yrsa araku. Takasi 3aBUCUMOCTb
Mum={>(a) moKaszana Ha quarpamme, uzoGpaxeHsHoi Ha puc. 3.6.
Ha stom ke rpaduke nmpuBeIeHHI U 3aBHCHUMOCTH aspOIMHAMUYe-
CKOTO MOMeHTa TaHraxka M;,=/f3(a), noayuyeHHbIe U3 Pe3yIbTaTOB
HCIIBITAHUH MOJeJH caMoJjeTa B apOAMHAMHUUECKO! TpyOe Ipu pas-
JIYHBIX YIJIaX OTKJIOHEHUS PYJISI BHICOTHL.

[To nuarpamme Tuna TpHBeJeHHON Ha pHC. 3.6 HAXOAAT BO3MOX-
Hble DEXHMBl YCTaHOBHBILIErocs

LITOTIOPA, COOTBETCTBYIOIIME My
OIpeneJeHHOMY OTKJIOHEHHIO PY- ~
Jisl BEICOTHl. DTO PEXHMEI, Ompa- ~Mzq (65=0) -

JefnsieMble DaBEHCTBOM abCoJIIoT-
HBIX BeJHYUH JecTabUIH3UDPYIO-
1er0 HHEePIHOHHOTO M CTabu/IH- \//
3UPYIOLIEr0 a3pOAHHAMUUECKOTO <
MOMEHTOB TaHraxa. Ias ompe- @
IeJleHHs] YCTaHOBUBIIUXCS pexKH-
MOB WITOTIOpa YHAOOHO BMeECTO doay—)
}Mzw

KPUBOH apOANHAMUUYECKOTO MO-
MEHTa TaHhaxXa HaHeCcTH Ha
rpadguk ee 3epkajibHOe OTOOpa-
Kenue (sHauenns M.q c obpar- o 5¢ JlnarpamMMa HHepUHOH-
HbIM 3HAaKOM — CM. IYHKTHD Ha8  yoro m aspoaMHAMHYECKOTO MO-
puc. 3.6). Tourkm mnepeceueHus MEHTOB TaHraxa caMojeta B
ofenx KpDHBHIX M OYIyT Tpel- wronope
CTaBJATb COOOH peXMMBI yCTa-

HOBHUBILIETroCH IUTOIIOPA.

U3 puc. 3.6 BUAHO, UTO CYIIECTBYIOT ABa PeXHMa yCTaHOBHBLIE-
rocs IUTONOpA ‘Ha PAacCMaTpHBaeMOH BBICOTE IOJIETa, KOTOPBIM COOT-
BeTcTBYIOT TOYkH A u B. B Touke A mMeeT MeCTO pexXuM KDYTOro

HITOMOPA, B Touke B — Io/oro My IJockoro. BeawuuHer o ans
KaXKIOTO M3 3THX DEXKNMOB ONPEIeSIOTCS Mo AuarpaMmme aBTOPO-
tauuu (cM. puc. 2.8). Herpyauo yGenutbesi, uto Touka A CoOTBETCT-
ByeT HeyCTOHUHBOMY pPEXHUMY pPaBHOBecHs, a Touka B — ycTofunBo-
My. JleACTBUTENbHO, €CJH B pEXHMe IITOTOPA, COOTBETCTBYIOLLEM
TouKe A, moj AeHCTBHEM KaKOro-iuGO BHEIIHErO BO3MYILEHHS NpPO-
H30HJeT HeOOIbIIOe U3BMEHEHHE @, TO BO3HHKAIOLIee IPH 3TOM H3Me-
HeHHe My u M,y Oyzer cnocoOGCTBOBATh NajbHeHIIeMy OTKJ/IOHE-
HHIO OT HCXOAHOTo pexuma. Ilpu yMeHblIeHHH yria aTaku caMoJe-
Ta Iof AefcTBHEM KaXuxX-11u00 BHEUIHWX NPWYHH M HEH3MEHHOM IIO-
JIOCKEHHH DYJIsI BBICOTHI THKHUPYIOWIMH a3pOAMHAMHUUYECKHH MOMEHT
no abcoNOTHOM BeJMUMHE OKasbiBaeTCs 00Jblile HHEPHHOHHOrO Kab-
pPHUPYIOIIET0 MOMEHTA, YTO NIPHBONUT K JajJbHeHIIeMy yMEHbIIEHHUIO
yria aTaku d npekpanienmo spatiuenus. [Ipu yBennuenun yraa ara-
KY HHepUUOHHBIN KaOpHUpPYIOIUI MOMEHT yBeauuuBaeTcs OHICTpee,
4eM MUKHPYIOUHA aspogHHaMuuecKuil. B pesyabTaTte camoJeT npo-
ZOJIKaeT yBeJIHYUBATH YI'OJ aTakKH — JO BHIXOLA Ha PEXHM YCTOH-
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yuBOro pasHOBecHsl (Touka B). AHa/NOrMYHBIME pPacCyXIeHHSIMHU
JIeTKO NOKa3aTh, YTO TOUKa B COOTBETCTByeT yCTOHUHBOMY DEXHUMY
yCTaHOBUBIIETOCS LWITOIOPA.

VBeJnueHHe MHEPUHOHHBIX KaGpHDYIOIMX MOMEHTOB IDH HEH3-
MEHHB X 3HAa4eHHSAX M,, MPUBOIUT K HePeXOAy pexuma YCTOAYHBOTO
YCTaHOBUBILErCCS IITONOPA Ha GOsblUNe YIJbl aTakKH H Hao6opoT
(puc. 3.7). YmeHbluenne abCOMOTHOA BeJHUUHBI adpOJHHAMUUECKO-
ro MHKHPYIOLIEr0o MOMEHTa BbI3biBaeT IepeMellleHHe TOUKH B Ha
quarpaMMme Tuna wsoGpaxKeHHOM Ha puc. 3.6. BIpaBo, T. e. TaK XKe,

KaK u yBesuuenue M, yn, TPUBO-

-~ IUT K IEepeXony YCTOHYUBOrO pe-

\ )K¥Ma Ha GOJblne YTIAB aTaKH.

VBeauuenne |M;a| npuBOZHT

K yMeHBIIEHHI0O YIJIOB aTakK{

YCTOMYUBOTO PpeXHMa YCTaHO-
BHBILIETOCS IITONOPA.

Tax, manpumep, yBeaudeHze
Pa3HOCTH TWIOCKOCTHBIX MOMeEH-
toB unepuuu I,’—I,’, BHI3BaHHOE
yBeJIHUEHHEM Beca caMosieTa HiIH
nmepepacupeeseHyeM Macc B Ha-

npasaennu oceit Ox; u Oy, npu
Puc. 3.7. VsMeHeHHe puarpaMMbl pasB- [IPOYHX PABHBIX YCIOBHUAX COTPO-
HOBECHI MOMEHTOB TaHraxa B 3aBHCH-
MOCTH OT HMHEpIHMOHHHIX Kabpupyiommx BOXKIAETCA yBEJIHUEHMEM HHEp-
MOMEHTOB IIHOHHOI'O MOMEHTa TaHraxa H
nepexoioM peXHMMa YCTOHYH-
BOTO yCTaHOBHUBILIErocsi IITONOPa
Ha OGOJbIIKe Yribl aTakd. AHAJOrHYHBIA pe3yJabTaT IIOJYydaeTcs,
B YACTHOCTH, IIPH TIepexone K GoJiee 3aTHAM IeHTpOBKaM (puc. 3.8),
a Takxe DU YBeJHUEHUH BEICOTHI I10JIeTa.
3HaunTe bHO '00Jiee CJAOKHBIM OKa3blBaeTCs JBHKEHHE CaMoJe-
Ta Ha NePeXONHOM yuacTKe IITOTIOPA, KOTAa OCh MITONOpPA ellle CPaB-
HUTeJbHO JajeKa OT BepTHKaJ/M, a HalpaBJeHHe BEKTOpa CKOPOCTH
He coBIajaeT C HalpaBJeHHeM OCH BpallleHusl caMoJeTa. Y IpOlleH-
Hasi I1Js1 HarJfJHOCTH CXeMa pacloJIOXKeHHsT BeKTODOB BHEIIHUX
CHJl 1 MOMEHTOB, ONpeJe/sIONX MPOJ0JbHOe JBUXKEHHE CaMoeTa
Ha ne,pegoguHoM yYacTKe JIeBOTO HOPMAaJIbHOTO LITONOpa, DOKasaHa
Ha puc. 3.9.

[TpunsiTO, YTO PE3yNBTHPYIOIIHI BEKTOP YIJIOBOH CKOPOCTH Bpa-

LIEHHsl caMoJeTa B LITONOPe @ JEeXHT B IJOCKOCTH CHMMETDHH Ca-
MoJeTa, a YIJIOBOe YCKODEHHe TaHraxa B pacCMaTpUBaeMbIil
MOMEHT BpeMeHH paBHO Hyjaw (g,=0).

Ha puc. 3.9 119 npocTOTH! paccysKAeHUul COBOKYIHOCTb BCEX Je-
MEHTapHBIX Macc camoJjera (m=G/g) mpencraBieHa B BUAE JBYX
COCPeNOTOUEHHBIX Macc My U My (My+My=m), pacnoSOXKEeHHHX B
HOCOBOH H XBOCTOBOH 4acTaXx (pio3essizka Ha ero TPOLOJbHOH OCH.
OTH MacChl IIPH BPAlleHHH CaMOJIeTa CO3[al0T IEeHTPOGEKHBIE CHITBI

Mzun //
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Fry=mo%; u Frp=my0?rs, TPABOASIIKE K NOSBJICHMIO HHEPUHOH-

HOrO KaGpHUPYIOIIero MOMEHTa TaHTaXa
Ha paccmaTtpuBaeMoil cxeme B IIJIOCKOCTH CHMMETPHH CaMOJIET2

B IITONOPE MOKABAHbI YETHIPE CHILI H 1B MOMEHTa. DTH CHJbI: BEC
cavonera G, pesynb'rnpyxomaﬂ ue.H'rpo6e>KHaﬂ cHia  MHEpLHR

F —-Ful—{-Fnz, TaHreHIHAIbHAS CHIIA HHepUHH J= mV H pesyiib-
THpylOmas aspONUHAMHUECKAs CHI2 R= CRSq Cuna R paBHa

CyMMe Tpex CHJI: G, F u J. B obmeM cayyae JBHKEHHS CaMOJIeTa
Ha NepexOpHOM yqac'rKe wITOIOpa

CHJIBL © MOMEHTH OKa3bIBalOTCs He-
ypaBHOBELICHHHIMH — HMeeT MeCTO
HeyCTaHOBHBILIeecs [IBHMKEHHE ca-
moJsiera. CHIBI 1 MOMEHTH SBJISIOT-
sl TIepEeMEHHBIMH IO BPEMEHH.

M,

Fopusonmaune

Puc. 3.8. lisMeneHue puarpaMMhl Puc. 3.9. Cxemaruueckoe wu3oGpaxe-

PaBHOBeCHs MOMEHTOB TaHTaxa B HHe B3aHMOIEHCTBHS CHJI H MOMEH:

3aBHCHMOCTH OT a3POJXHHAMHYECKHX TOB Ha IePeXONHOM YdacTKe HITO-
IHKHPYIOIIHX MOMEHTOB nopa

B neficTBHTeTbHOCTH IBHXKEHHE CaMOJIETa B LITONOPE OKashlBa-
eTcsl 3HaYHTeJbHO G0Jee CJIOXKHBIM 10 CPAaBHEHHMIO ¢ YIIPOLIEHHBIMU
cXeMaMH, pacCMOTPEHHBIMHY BhIle. B o6iem ciyuae Bce XapaKTepH-
CTHKH JBHXEHHS caMoJ/eTa B LITONOPE OKA3LIBAIOTCI (PYHKIHUSIMHU
BpeMeHH, JIMHEHHbIE H YIJIOBble YCKODEHHS He PaBHH HYJM0. DTO Ol-
pelensiercss BecbMa CJOXHBIM IPOSBJIEHHEM JeHCTBHS MOMEHTOB
TaHraxa, ppiCKaHus ¥ KpeHa, B 3HaYUTEJbHOH CTeleHH 00YCI0B/IEH-
HBIM a3pOJMHAaMHUYECKHM, HHeDIHOHHLIM, THPOCKOIIUUECKUM H KHHe-
MaTHYEeCKUM B3aHMOJeHCTBHEeM (IEpPEeKPECTHBIMH CBA3SIMH) IIPO-
IOJBbHOrO ¥ GOKOBOTO JBHKEHUH camoseTa. B obiieM cayuae pis
NOJyYeHUs] peXHuMa YCTaHOBUBILErocsd IUTONOpPAa HeOOXOAUMO OXHO-
BpeMeHHOEe BBLINOJIHEHNE CJAEAYIOIMX YCIOBHEA (IpM paccMaTpuBae-
MOM IOJIOXKEHUHU BCeX pyJeil):

Mz rm+Mz a=0y
My mx'l‘My a=09
Mxm!—l"an:O'
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Ecnu paBHOBecHe BceX MHEPLUHOHHBIX H a3pOJHHAMHYECKHX 'MO-
MEHTOB He NOCTHraeTcsi OIHOBPEMEHHO, TO HMEeT MeCTo JHOO KoJje-
OaTe/pHBIN HITONOP, JNHGO 1a)e CaMOINPOU3BOJBHBIN BBHIXON CaMo-
JleTa u3 MTOoNopa (HeyCTAHOBUBILHACS PEXKHM).

W3 Bcex asponmHaMHUECKHX XapaKTEePHCTHK OCHOBHOE BJIHSHHE
Ha 0cOGEHHOCTH LITONOPA OOLIYHO OKA3BLIBAIOT adDOJMHAMUYECKHH
MOMEHT TaHraxa, a Takxke aspOAMHaMUYEeCKHH MOMEHT pPHICKaHHUS
(Yyroa ckosbxeHus). A5pOogMHAMHYECKHI MOMEHT PHICKAHHS MOZKET
OKasHBaTh peniaiollee BAHSHHE HA XapaKTePUCTUKH BHIXOJAA U3
LITONOpa, CO3[aBasi BHYTPEHHee CKOJIbXEHHE, CIIOCOGCTBYIOLIEe
VMEHBILIEHUIO YIJIOBOH CKODOCTH BpalleHWs CaMoOJieTa B IUTONOpE
(cm. . 8).

Crenyer OTMETHTb, YTO B IPHHIHUIE TIPH pelIeHUH 3afad JHHa-
MHKHY II0JIETa HeJb3sl pacCMaTpHBATh BONMPOC 06 OTCYTCTBHU paBHO-
BecHsl MEXAY MOMEHTAMH HeHCTBYIOUIMMH M HHEDHUOHHBIMH, a TEM
60Jiee BEIHOCHTb CyXkKIeHue 00 YCTOHUMBOCTH 3TOTO pPaBHOBECHS.
WnepnyuonHble CHJIBI BBOLAT, TOJb3YsAch mnpuHuunoM xpAnaambepa,
IPH PacCMOTPEHHH OTHOCHUTEJNBbHOTO ABUIKEHHS, HO 3TO MOXKHO Je-
JaTh TOJbKO B TOM CJydae, eCJM IBHXKeHHE H3BeCTHO, HalpUMeED,
TIpH IBHXKeHHM uacTell mMawuH. Ecin, paccmarpuBas peficTBytomiye
¥ MHePUHOHHble MOMEHTHl He I0JyYaloT paBHOBECHS, ATO TOBOPUT O
TOM, YTO HENPaBUJbHO NPHHAT XapakTep MABHKEHHS (HampuMmep,
HMesl JeJlO €O CJOKHBIM BpallleHHeM, OIIMGOUHO CUHTAIOT €ro mpoc-
TeIM gBuxeHueM). IIpumeHss ypaBHeHus: B dopMe Diiepa, HeoG-
XOLHMO CTaBUTb PABEHCTBO MeXIY CHJIaMHU AeHCTBYIOIIUMHA W HHep-
UHOHHBIMY, a YCIOBHE HX DABHOBeCHS MOXKHO ONpENessTb TOJbKO
TOLO0POM YTJIOBHIX CKOpOCTeH H ycKOpeHHH. DTO GBIIO OTMEYeHOo
npodeccopom B. C. IIbIIHOBEIM ellle B TPHALATHIX TOJaX NpH pellle-
HUH 3ajlay, CBA3aHHBIX cO WITOmOpoM camoJjera. OQHAaKoO JeTasabHO
TaKOH MeTOJi H3yueHHus ILTONIOpA IlOKa elle He pa3paborad.



I'VIABA 4
KJIACCH®HUKALLUA PE)KUMOB LITONMOPA

4.1, NIPHHIHUN KJACCH®HKALUUH

PaccmoTpuM cBanuBaHue, UITONOP W a3POMHEPLHOH-

HOoe BpallleHHE, T. €. BOK COBOKYIHOCTb HENPOH3BOJbHBIX CIOXKHBIX
BpaileHui camosera (puc. 4.1).

OCHOBHBIMH 3aJlauaMM IPH H3yUYEeHUM pEXUMOB CBaJHUBAHHA,

' IITOMOPAa U a3DOMHEPIHOHHONO BpALIEHHUS fABJAIOTCI OTpaboTKa

HenpousBonsnsre croxisre
Gpawenua carronemaq

Canubanue
Joo] =]~
Wyye#0
r/.,y,l # a

Wmorop
[atepl>1Qpl
Wryz#0
Wep#

Gpawenue
Jwxri=0
Wyz# g

HHoprans-| |llepebep- Hoprians-| | epedep-
Hoe Hymaoe He1d HYmb1
azop>0| |aso<0] o> a0 |0<a,<0

Puc. 4.1. Cxemarndueckast KJ1acCHPHKALUST HENPOHU3BOJb-
HBIX CJOXHBIX BpalleHHH camoJjieTa

CPelNCTB HaJeXHOro TPeNOTBpAlleHHs MONaXaHUsl caMoJieTa B 3TH
PEeXHUMBI ¥ ONTHMAaJbHHX METOLOB BHIBOJA CaMOJIeTa M3 BTHX pe-
KUMOB.

Y oxHOTO M TOro xKe caMosieTa B 3aBHCHMOCTH OT DaSJMUHBIX
(bakTopoB (HauaJbHON BEICOTH M CKOPOCTH IOJIETA, IEHTPOBKH, KOH-
durypauuu camosera u T. I.) MOCYT ObITb CaMble PasHOOOPasHbIe
PexUMEl HENPOU3BOJbHBEIX CJIOXKHBIX Bpamenu#. Jlas ObicTpoit M
TIpaBUJIBHOA OPUEHTUDPOBKM BO BCEX 5THX CJOKHBIX M OIIACHHIX pe-
XKUMax, oOJieryeHUs MX H3yUeHHS M OLUEHKH De3yJbTaTOB JETHHIX
HCHBITAHUA CaMOJIeTOB (enecoo6pasHo pasienuTb ASTH PEXKUMH Ha
HECKOJIbKO BHIOB, KaXKIblfl H3 KOTOPHIX OGBeNUHSET pEeXUMBI IO
OCHOBHBIM HX NpH3HakaM. B ocHOBY Takoil Kaaccuukamuy neseco-
06pa3sHO NMOJIOKHTL CHENYIONMH NPUHUKI: OObeIHHEHHe OTAENb-
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HBIX pPeXUMOB CBaJIHBaHMs, HMITONOPA M A3DOMHEPHHOHHOrO Bpallle-
HHUS @0 BHAAM JOJIXKHO TPOH3BOIUThCS [0 NMPH3HAKaM, KOTODHIE B
CBOell COBOKYIIHOCTH OIPENeJsIOT TpebyeMble MeTonnl BeiBoga. Ha-
IIpUMep, K OIpelejeHHOMY BHIY HITONODOB CJelyeT OTHecTH BCe
peKUMBI, IJsl BHIBOJA M3 KOTODHIX NOJKEH IPHMeHATbCH OJIHH H
TOT e MeToJ THJOTHPOBaHHA (MeTol BeIBoAA u3 mTomopa). Mcxo-
Isl W3 3TOTO MPHHIUIA PACCMOTPHM BHauaJe KJjaccubHKaUHO pas-
HOBHIHOCTell CBaJMBaHUS B HOPMaJbHOM U IlepeBepHYTOM IOJeTe,
a 3aTeM HOPMAaJbHBIX H IlepeBepHYTHIX mTOonopoB. C 3T0f TOUKH
3peHHsl Bce MHOroo6pasie DeXHMOB a3pPOUHEPLHOHHOrO BpalleHHS
COBpPEMEHHBIX CaMOJIeTOB GyleM cudTaTh OJHHM BHIOM, TaK Kak
IJs BEIBOJA M3 HUX IpUMeHsieTcs OXuH (0OWIMi NJA BceX 3THX pe-
XUMOB) MeTON NU/IOTHPOBAHHA (CM. . 6).

CymecTByeT HeMaJO pasHOBUIHOCTell DeXKHMOB CBaJHBaHHUSA Ca-
MoJieTa (CcBasJMBaHMe Ha HOC HJH Ha KPHLIO, CBajJUBaHUe B BHIE KO-
Je6aTeNbHOrO HJIM alepHOLUYecKOro NBHKEHUS caMojeTa u T. I.),
OIHAKO C TOYKH 3PEHHUs NPUMEHsIEMbIX METOIOB BBHIBOJA BCE OHH MO-
TyT ObITh 00BEJHHEHH B ABa BUJA: CBAJHBAaHHE C HCXOMLHOTO PEXKH-
Ma HOpPMaJbHOTrO TIOJIeTa M CBaJHMBaHHE C HCXOAHOTO pEXXHUMa Iepe-
BepHYTOTO moJjeta (cM. puc. 4.1). s xaxpmoro u3 3THX [IBYX BH-
OB HMeeTCs CBOH MeToJ BeIBoAa (CM. IVI. D).

CoBpeMeHHbIE CaMOJIETHl OTJAHYAIOTCS MHOToo0OpasueM PexkKHUMOB
HODMAJILHOrO W IepeBepHyToro mromopa. OmIHAaKO B COOTBETCTBHH
€0 chOpMYJUPOBAHHBIM BhHIIlle NPHHUIMIOM Ki1accubUKanUH BCe 3TH
PEXKHMBI MOTYT ObITh OGbeJHHEHbl B HECKOJIbKO BHIOB, KaXXAOMY U3
KOTODBIX IIPHCYLI OJZMH ONpeJeseHHbII MeToJ BbhiBORa. PaccMoTpum
Tonpo6Hee MOCTPOEHHYIO MO TAaKOMY GIPHHOHIYY KJjadccHPHKaHUIO
juronopoB. HauHeM ¢ pexXiHMOB HOPMAaJbHOTO LITOMNOPA.

4.2. KIIACCH®HKAUHA HOPMAJIbHBIX HITONIOPOB

Jls 6oJibllIel YETKOCTH BHIBJIEHUS OCHOBHBIX 0COGEH-
HOCTeji PeXKHMOB BCe BBl HOPMAaJbHOI'O H NepeBepHYTOro IITONOpa
COBpDEMEHHBIX €aMOJIETOB Pa3LeIAIOTCA Ha JBe MPHHIUNHAJILHO pas-
JIMYHBIE TPYINbL: YCTOHUHBBIE H HeycToiuuBhie mronopsl. Heycroii-
YUBLIM Ha3BIBAETCS WITONOP, B KOTOPOM HampaBJieHHe BpallleHus ca-
MOJIeTa OTHOCHTENbHO HODMaJbHOH W NPONOJBHOH eno Ocel mepuo-
IHYECKH CaMOUPOUSBOJILHO MEHAeTCHd WJAM IMPHOCTAHABJIUBAETCH.
Pexum HeycTOHYHBOrO LITONOpPA XapakTepH3yeTcs BeCbMa Hepas-
HOMEDHBIM BpallleHHeM c GOJbIIMMH aMIVIHTydaMu KoJeOaHuil ma-
paMeTPOB IBHKEHHS caMoJieTa ¥ MepHOTNUeCKHMH NPeKpalleHus My
BpameHus. [Ipw 3ToM yriioBoe mosoKeHHe caMoJeTa MOXKeT cylle-
CTBEHHO M3MEHSIThCA: HOC C€aMoJieTa B OTHeJbHble MOMEHTH MOXKET
HEIPOU3BOJbHO MOLHUMATHLCS BhINIe TOPU30OHTA HJIM ONYCKaTbeA 3a
BepTHKAJb, a6COMIOTHbIE BeTUUMHBI YIJIOB KpeHa BpPeMeHaMH MOTYT
npesbrnath 90° (a muorga u 180°). B Takux peskumax OObIYHO MMe-
€T MeCTO TeHIEHIMd K CaMOIPOU3BOJBHOMY MepEXoAy camoJieTa U3
LWITONOpa ONHOTO HampaBJeHHs B HITONOP APYroro HanpaBJeHHUs

60



(Hanpumep, U3 NpaBoOro B JeBHl), JUOO HaKe K CaMONpPOH3BOJbHO-
MY U3MEHEHHIO 3HaKa CPeJHero yria aTakd camoJieta B IrTonope (K
nepexoiy ¥3 HOPMaJbHOrO B IepeBepHYTHIH ILITOMOP M HAo6OpOT).

CoBpeMeHHBIM CaMoJieTaM NPHCYLUH PeKHMBI HEyCTOWYMBOTO H
YCTOHYMBOrO HOPMaJbHOIO IITonopa. HeycToliunBbie HOpMaJbHbIE
IIITONOPHl COBPeMEHHBIX CaMOJIETOB HMEIOT CJIeAYIole pasHOBUIHO-
ctu (puc. 4.2):

HopransHsid wmonop
Qep> Uy >0, My>0, Wyy U Wyg PAIHEIX JHaKob

Heycmoayubsiu Yocmouyubsia
Wy ze,=Var="71(1) Wiyey™ CONSE#0
I I
= <~ T 1T ’}r"«'q""’.
Q 1N e V | o | S

~3 § E |V eSSy Ditfe . &I 3 I
IS E © S ol HZSN S L3S S| sSS |
© S S SE|ONZT ST nfR3 HHEER N
AU E R N T NN NISS > ST Y 8
S<8¥Ses I8 o3|l fsse & 1SS YNBSS I
Soi8|lsT tslESs oSl IRES SRS s HEss < il
S SS|I5 s 3N ISSw ! HISw S o m§§§'»8’HEs%‘R€|
32 [ISEISYES S I[SS S58[IIRS Y s iR 3!
X ~ 3 X 2
SRIEER N S< g :<§_3‘<§V{ 3< S gg%g:
b\ T gug V' Wbug VNV Ggg !
[ 0ud rremod Su00e WIW | | wemog n2w |\ memod N3H || memod Hen |

Puc. 4.2. Tlpunsartas kiaaccupukaluus HOPMAaJbHBIX HITONOPOB COBPEMEHHBIX CaMo-
JIeTOB

— LITOIIOPEY, MPOTeKatolllye B BUIE GHeHHH, T. e. MITOMOPHI, OcC-
HOBHEIE ITapaMeTpPhl KOTOPhIX (YIryoBas CKOPOCTb, YTJB AaTak{ H
CKOJIbXKEHHUS, a C/JIeJOBaTeNbHO, U Neperpy3ku) H3MeHSITC ¢ MepH-
OIMYECKHMH HapacTaHUAMHM ¥ 3aTyXaHHUSAMH KojebaHuil camoJieTa;

— INTOIIOPHI, IPOTEKAlolle B BUAe NafeHHs JUCTOM IO cIIHpa-
JIeBHIHOH TPaeKTOPHUH;

— IITONOPH C HApaCTAOUIMMY KoJeOaHUSIMU ‘caMoJeTa.

ITpumeprr 5TUX TpeX pasHOBHIHOCTEH HEYCTOHUHMBOIO HOPMaJb-
HOTO LITOMOpA NpUBefeHH Ha puc. 4.3, 4.4 u 4.5. Ha rpaduxax mno-
Ka3aHHl IOJIeTHBIE 3amUCH TIpHGOPOB-CaMOMIHCIEB, NOJYYeHHBIE IDH
JIETHHIX MCHOBITAHHUSX HA IITONOD COBPEMEHHBIX CBEPX3BYKOBLIX Ca-
moseroB. Y3 puc. 4.3 BuLHO, UTO B LITONOPE, IPOTEKAIOUIEM B BHIE
OneHuil, U3MeHeHHs] YIJIOBHIX CKOpPOCTEH M IHeperpy3ok (a 3HaguT
¥ YIJIOB aTaKH M CKOJbXKEHHSI) NPOMCXOASAT B BHAe UHKIAYECKHX
KoneGaHui camosera (OueHmii). SIBneHne OGueHuMit 3akmaoyaeTcs B
TOM, YTO aMIJIHTY/Bl IaDaMEeTPOB, XapaKTePH3YIOUUX ABHXKEHHe KO-
Je6momieficss CHCTeMbl (B WaCTHOCTH, camoJjieTa), NepHOJHIECKH TO
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BO3pacTraloT, TO yObIBAIOT, B TO BpeMs KakK KojeOaHUs B Hpefesax
. T
HeGOJIBIIONO IPOMEXKYTKa BPEMEHH t=—_|—_——- OCTaIOTCS MPH-
V1 -+ Vo
OJIU3UTENBHO TAPMOHUYECKUMH (CHHYCOHAANbHBIMU). Buenus BoO3-
HUKAIOT NP HaJOXEHUU (CyNeplO3HIMH) ABYX TaDMOHHYECKHX KOJe-
6anuil, UMEIOWHUX pasuble aMnIuTyAbsl Ay u Ay ¥ 4acTOTH Vi M Ve,
KOTJa 3TH YaCTOThl MaJjio OTJIHYAIOTCS OfHA OT Apyroi (Hampumep,
Ha 1+2%), a wacToTa cBOGOIHBIX KosebaHui camojera O©GJH3Ka K
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Puc. 4. 4. ITosernsle 3anucH npHGOPOB-CaMOMUCIEB, TO-

JTyueHHEIe NPH BHINOJHEHHH HEYyCTOHYMBOTO HOPMAJbLHOIO

uiTOTIOpa B BHAE MNafeHHdA JHMCTOM (pexuM mitomopa ¢
t~9 no t~42 c; meron BhiBoxa Ne 1H)



vi ¥ vo. AMIIHTYZia TAKOTO pes3yabTHpyloliero KomeGamus A sBjf-
eTcsi MeJJEeHHO MeHsiolelics QYHKUHEHd BPEMeHH, MPHUEM H3MEHe-
HuS ee mporcxonaT B npexenax or |Ai—As| no Ai+A, ¢ uacroroi
Vo= |ve—vi|, Ha3bIBaeMO# 4aCTOTOH GHEHHH.

B npuseieHHOM mpuMepe (cM. puc. 4.3) B HayaJe H KOHIE Kax-
ZoTo WHKJIa Guenni (1= 30, 44, 60 u 76 c) yrioBble CKOPOCTH KpeHa
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Puc. 4.5. ITonetHre 3amucH NpuGOPOB-CaMONMCHEB, NOJYYEeHHEE MPU

BHIIOJIHEHHH HEYCTOHYMBOrO IPaBOr0 HOPMaJbHOrO IITONOpa C Hapa-

CTAOUIMMH KoJe6aHHAMH caMoJera (pexxum mromopa ¢ t=13 no
t~59 c)

H pbICKaHHSl OKasblBAIOTCH PaBHLIMH HYJIO, a B CepelHHEe IMKJIa
aMILUIITYOB MX CPeIHMX (OCpeIHeHHbIX) 3HAaUeHUH JOCTHUTaIOT CBOe-
TO MaKCHMyMa, T. . B HauaJjie i KOHIe KaxJoro nukia 6ueHuit Bpa-
IeHHe caMoJeTa TpakTHYecKu IpekpallaeTcs, a K cepefluHe LUK
BpallleHHe OKa3hBAETCS HHTEHCHBHBIM, HO COIDOBOXKIAeTcs 3HAYH-
TeJbHBIMU KoJeGaHusMyu camosiera. OcolbfeHHO BeJHKH IomepeuHbie
KosnebaHusa camoJgeTa. B paccmaTrpuBaeMoMm peXHMe pasmaxy KoJe-
6aHuil yraI0BHIX CKODOCTEl KpeHa M PHICKaHUsl BpeMeHaMH HOCTHra-
10T Aoy~ 4 pan/c u Aoy=1,4 pan/c, a paamaxu kone6aHuil Iepe-
TPY30K TOXOAAT A0 Any 1,2 1 Any ~1,5. AMIUTHTY B YTJIOBBEIX YC-
KODEHHH JOCTHraloT Mo KpeHy ey~ 3,5 pan/cz (f~37+38 ¢) u mo
phicKaHmIO €y ~'1 pan/c? (f=~60-+-61 c). LlukanynocTts ‘GueHHH coc-
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TaBJasgeT npuMepHo 14--16 ¢. Kax yxe yka3blBa;J10Ch BhILE, MEXKIY
3THMY UHKJIaMH HabMIOJAIOTCS OCTAaHOBKM BpallleHUs camoJjeTa
(0cOGEeHHO YeTKO BHIpaXKeubl 3TH CCTAHOBKH OTHOCHTEJBHO ero HOp-
MaJbHOM OCH), CONMPOBOXKAAIOLINECS BO3pacTaHHEM CKOPOCTH B pe-
3yJbTaTe YMEHbIIEHHsI yIyia aTtaku (fy; Nagaer, a CKOpPOCTs pac-
TeT). B mpemenax KaxIoro Takoro uukJa kosebaHuil (tounee, aB-
TOKoJseOaHuil) kojebaHusl caMoJieTa NMpOHCXOIAT CO CpelHel yacTo-
Toil mopsangka 0,4-+-0,5 xoneGanuilt B CeKyHu1y, T. €. ¢ MEPHOIOM TIO-
psanka 2,0-2,5 c.

IloxasanHslit Ha puc. 4.4 pexXUM LITONOPA, NTPOTEKAOUIHEA B BUTE
najeHus JUCTOM IO CNHpaJeBUIHOH TPaeKTODHH, CONPOBOXKAAETCS
NepHOJHYeCKUMY H3MeHeHUsIMH HanpaBJeHUs BpallleHUus 1 Pe3KUMH
H3MeHEeHUSIMH IIOJJOJKEHHsl caMoJieTa B NMpPOCTpaHcTBe. Tak, Hampu-
Mep, B TeueHHWe NePBHIX ABYX CEKYHI Iocje cBanuBaHus (f=~~ 8-+
10 ¢) Hece camosleTa MOBOpPayUBaeTCs BJIEBO, 2 KPEHEHHE IPOUCXO-
IHT HA JIeBOe KPHLIO (3JeMeHT JIEBOro HopMaJsbHOno mronopa). Ilo-
CJle 3TOTO BpallleHHe caMoJjeTa OTHOCHTE/]bHO ero HOPpMaJsbHOH OCH
nproctaHasauBaercs (0y1=0 B moMeHT f= 10 i¢), a 3aTem KpaTko-
BpeMeHHO (f=~'10--11 ) moc camoJieTa NOBOpauHBaeTcs BIPaBO,
TOTZla KaK HamnpaBjeHHe BpallleHHs CaMoJeTa OTHOCHTE/NbHO ero
IPOJOJMbHOK OCH OcTaeTcss HeusMeHHBIM. TloTom yriaoBasi CKOPOCTb
PHICKaHUS OMATbh MEHSIeT CBO# 3HAK — HAYMHAETCS BpalleHHEe caMo-
neta BiaeBo (f=~11--13 ¢c— 3/eMeHT JIeBOrO HOPMAJbHOTO WITOIO-
pa). Haunnasa ¢ 13-i ceKyHIS! OZHOBpEMEHHO MEHSIOT CBO¥ 3HaK
yrJ10Basi CKOPOCTb KpeHa M yIJIoBash CKOPOCTb DBHICKAHHS — HOC
caMoJeTa IIoBopayuBaeTcs BIOPaBo, a KpeHeHHe NPOUCXONUT Ha Ipa-
Boe Kpu1o (f=13--16 ¢ — sneMeHT npaBono HOPMaJbHONO LITOIO-
pa). Ilocne atoro mosBisieTCs 9JEMEHT JIeBOTO HOPMAaJbHOrO IITO-
nopa (!~ 1618 c), 3areM — BecbMa KPaTKOBPEMEHHBIH 3J€MEHT
JIeBOTO mepeBepHyToro mronopa (f~18-+-19 c¢) u t. 1. Tako# pe-
¥KHM TaKXKe IPOTEKaeT C IGOJbIIUME YIJIOBBIMH YCKOPEHHSMH CaMO-
Jgeta. Tak, Hanpumep, MakCUMaJbHbE AMIIATYAbl YIJIOBONO yCKO-
peHunsi KpeHa JOCTHraiOT 3HaueHHH er~1,5 panp/c ({=20-+-22 c),
a yCKOpeHusi peicKaHus gy~ 1,0 pan/c (f~34-+-35c).

W3 npuBeneHHOTO MpHMepa BHAHO, YTO B TAKOM pEXHMe MOTYT
MMeTb MecTo 60JIblliMe MepuoLHyecKHe H3MEHeHHS HEe TOJbKO BeJH-
YHH, HO U 3HAKOB YIJIOBBIX CKOpDOCTed (a Takxke ycKopeHui) Kpe-
Ha ¥ peickanus. CaMoseT JEeTHT, Kak Obl MepeBaJHUBasch ¢ KPHIIA
Ha KPBLIO C [ONePeMEeHHBIMH MOBODOTaMH HOCA TO BIPaBo, TO Bie-
BO (IBMXKEHHe THIIAa IANAIOIIETO JUCTA), IPH 3TOM WEHTP ero Ts-
XeCTH JBHXKETCH IO CUpaseBUAHON TpaekTopuu. Ilpu aBukKeHHH
THIA NMaJaloliero JHCTa pe3Kue WH3MEHEHHS IpPeTepleBaloT yTJIbl
4ATaKU H CKOJIbXKEHHS, a TaKKe YyIrJIOBOe® TOJOXKeHHe (CaMmoJeTa B
npocTpaHcTBe (YTJbl KPeHa, PHICKAHHUS M TaHTaxa).

Pexum HeycTOHYMBOro mpaBOro HOPMaJbHOTO IITOMOPA, B {IPO-
necce KOTOPOror BO3HHKJIM Hapacraiouie KosaebaHust (aBTokoJseba-
HHSA) caMoJiera, moKasaH Ha puc. 4.5. 13 rpaduka BuiHO, 4TO yer-
KO BHIpaxKeHHble HapacTalollye KoJe0aHHs HOpMaJbHOHN Neperpys-
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KH Hauyajaucb npumepHo uepes 810 ¢ mocse BOSHUKHOBEHHUS CBa-
nuBanus. [1o HCTeueHHH 3TOrO BpeMEHH CpeflHsisl BeJH4YHHA HOP-
MaJIbHOH Neperpy3kHu fycp Hauajla MOHOTOHHO yBEJHUHBATBHCS, a KO-
Je6aHud Ny, OTHOCHTENbHO 3TOH CpenHell BeJHYMHBl GLICTPO Hapa-
etaau. Tak, HanpuMmep, B HayaJje pexXUMa BeJHUHHA lycp COCTABJIS-
aa oxoso 1,5 ({~21--23 c), a B KOHIE Aycp TPEBBICHIA 2,5. AMIIH-
TyAa xonebaHuit ny 4yepes 30 ¢ mocje BOSHHKHOBEHHS HapacTaio-
KX KosteGanuii mocturaa Ang =~4,5. IIpa 3ToM CcKOpocTh H3MeHe-

o . dn
HUS HOpMAJbHOH INEPErpy3KH N0 BpeMeHH ny1==d—ty!- noxoxunaa

IO yeTHIpeX eIWHMWI Meperpysku B ceXyHIy. B mpomecce Takux Ko-
JeGaHuil, MPOMCXOAUBLUINX C NMEePHOJOM mopsnka 2,53 ¢, camoser
MepHOJHUYECKH BBIXOAUJ TO Ha BecbMa MaJjble NOKDHTHUecKue (Be-
JUYUHBL 1,y OKA3BIBAJHCh OJIH3KHMY K HYJI0), To HA GOJbIIKE 3a-
KDUTHUYECKHE YIJIbl aTaKH.

Hecmotpst Ha 3amMeTHbIe pa3jnyusd B XapaKTepUCTHKAX PaccMoOT-
PEeHHBIX Bblllle TPeX Pa3HOBUIHOCTeH HEYCTOHYUBHIX MITONOPOB, 00-
UM IJIs1 HEX SIBJISIETCS OJHO UPe3BBIYAHHO BaxHOe 0OCTOSATENb-
CTBO — JJIf BHIBOJA CaMOJIeTa M3 BCex 3THUX peXHMMOB 1pebyercs
NPUMEHATh OAMH M TOT XKe MeTox BeiBoja (merox Ne 1H, cm. ra. 7).
ITostoMy B mpuHATOH K/1acCHbUKAUUK OHU BCe OTHECEHBl K OXHOMY
BULy — Heyc—oHuuBhle WITONOPH (I BMI HOPMaJbHHIX IITONOPOE).

YcTofuMBLHIM Ha3bIBAaeTCH MITONMOP, B KOTOPOM CaMoOJieT He H3-
MeHsieT HalnpaBJ/ieHUsI CBOEro BPAILleHUs HY MO PhICKaHMIO (HEeH3MeH-
HBIA 3HAK YIJIOBOH CKODOCTH PBICKAHUS ®y1), HU 1O KpeHy (Heus-
MEHHBIH 3HAK CpefHel BEeJHYUHBI YTJOBOH CKOPDOCTH KDEHA Wxcp) H
OTCYTCTBYIOT 3aMeTHbIE IJIsl JIeTUNKa OCTaHOBKH BpamleHus. Bpauie-
HHe caMmoJjieTa B TaKHX peXMMax OKashlBaeTCl CPABHHUTEJbHO HH-
TEHCHBHBIM H CTaGH/IBHBIM. '

YcroiunBble IITOMOPHI MOTYT OBITh KOJeOaTeJbHBIMH HJH PaB-
HOMEPHBLIMH. YCTOMUMBBIA KoJeGaTeslbHBIH WITONOP (9TO CpPaBHH-
TeJbHO MaJIOYCTOHUMBHIH PEXKUM) MOXKeT COINPOBOXKIATLCHA BecbMa
GOJBIIHMH 10 aMTJIATYIe KoJeGaHUIMU yIOBOH CKODOCTH KpeHa,
OJHAKO TIPY 9TOM @MIJIHTYAB KoseGaHUH yrjOBOH CKODOCTH PBhlcC-
KaHusl CPaBHHTEJbHO HEBEJUKH. BenuuuHbl wy B Iporlecce Koseba-
HHUHA He TOJbKO He MeHSIOT CBOH 3HaK, HO Jaxe He GLIBAIOT DAaBHH
Hymo (|wyi|>0). Konebanus neperpysku B yCTOHUHBOM Koaeba-
TeJbHOM ILITONOpPE OKa3biBAIOTCS OOBIYHO MEHBIINMH, UeM B HEYCTOH-
uypBom. CpegHue YIJbl aTakd caMoJeTa B YCTOHUMBOM Koje6GaTesb-
HOM HOpMAaJIbHOM IITOMOpeE, KaK NPaBHU/I0, HEe INPEBHILAIOT Gcp S
=~ 30°+-40°. Y coBpeMeHHBIX CBEPX3BYKOBBIX CaMOJIETOB B TaKHX
pexuMax MTomopa O6GbIYHO acp~r 35°+-40°. ManoycTONUUMBHIA KoJe-
6aTeNbHBII HOPMAJbHBIA HITONOP — 3TO OGBLIYHO KPYTOH IITOIOP
MU GIM3KUHA K HEMY IO BEJUUHHAM Q¢p TIOJOTHH IITOMIOD.

Ha puc. 4.6 npuBeneH npuMep YCTOHYHMBONO KoJebGaTeabHOTO
HOPMaJIbHOTO LITONOPA. DTO JeBh HOPMaJbHBIA LITONOP, OH MaJo-
yCTOHYMB; IJIS1 BEIBOLA caMOJieTa M3 HEro JOCTaTOYHO IPHMEHeHHS
CpaBHHUTEJNbHO cjaboro Merona BeiBoga — meroma Ne 2H (em. ru.
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7). DTo KpyTO#l WITOMOD CO CPEAHUM yIJIOM aTakH Gep~35°. Pas-
Max KojeGaHHil yrioBofi CKODOCTH KpeHa B pexHMe JOCTHnan
Aw~3,5 pan/c, a yrioBoi ckopoctu prickanus Awy~0,8 pan/c.
Ha nporsixeHnnu Bcero pexuma yrioBas CKOPOCTb PEICKaHUS COXpa-
HALJIACh TOJOXKHUTENbHON (wy1>0). KomebGanus HopManbHOU Iiepe-
TPY3KH B OCHOBHOM NPOHUCXOAMJM C aMONUTYMOH, He mpeBblLIAlO-
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Puc. 4.6. IToneTHbie 3amucu npHOOPOB-CAMONMCLEB, MOJNYYeH-

Hble NIPH BBINMOJHEHHH YCTOMYHBOTO KOJEeGAaTENbHOTO JIEBOTO

HOPMaJIbHOTO LiTOnOpa (pexuM mrronopa ¢ t~6 mo {=16 c;
Merop BriBoma Ne 2H)

mel Any =1, a Konebanusi 60KOBOH Neperpysku — ¢ Any He GoJgee
~0,5.

YcroiiuuBble paBHOMepHbIe IITONOPHI NPOTEKAOT NPU CPaBHU-
TeJbHO MaJBIX aMIIUTYJax KOJeGaHHH caMoJieTa ¥ XapaKTepHBy-
IOTCA €ro MHTeHCHBHBIM YCTAaHOBHBINHUMCSl BpalieHHeM CO CTaOHJIb-
HBIM BbIJlepKUBaHHeM HaYaJBHOrO HalpaBJeHUs 3TOro BpallleHHus.
YcrofiunBele paBHOMEDHbIE HOpMaJbHbIE IITONOPH GHIBAIOT JABYX
BHIIOB: CO CPeJHEH CTeNeHbIO YCTOHYMBOCTH (OGBLIYHO 3TO PEXKUMBI
[IOJIONOTO IUTONIOPA) M BeCbMa yCTOHUMBLIE (OGBIYHO BTO IJIOCKHE
HJIK GJIM3KHe K HUM MO BeJTHYHHE Gcp MOJNOTHE IITONOPHI). YCTOHUH-
BbIi pDaBHOMEpHBIH ILITONOP CO CpefHell CTENeHbI0 YCTOHYHBOCTH
npoTeKaer, KaK NpaBHJIO, IPU CPeIHUX YIJIaX aTaKH CaMoJieTa B pe-
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KHUMe B JHANA30He OT dep~ 30°+-40° 10 acp~60° (Gosbluel 4acThio
Yy COBPEMEHHBIX CBEPX3BYKOBHIX CaMoJIeTOB B TakoM IITOMOpe
Qop = 45°).

Becbma ycTOHUMBBIH paBHOMEPHBIH MHTEHCHBHBIH 1ITOMOP NpO-
MCXOMMT IIPH YrJaax aTakH, PAaBHBIX MJM TPEBHIIIAIOMIHUX Qep ™~
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Puc. 4.7. IMoneTHble 3amucH NPHGOPOB-CAMOIHCIIEB,
NoJyYyeHHble NPH BHINOJHEHHH YCTOHYHBOTO PAaBHO-
MEepHOr0 MPaBOTO HOPMAJBHOTO WTOmOpa  (pekHM
mronopa t=~20 no t~61 c; Meron BuBoAa Ne 3H)

~60°=-70° ¢ ouenb GBICTPHLIM BpallleHHEM CaMoJieTa. Y COBpeMeH-
HBIX CBEPX3BYKOBBIX CaMOJIETOB 'C TPeYTOJbHBIM KDBIJIOM BCTpeua-
IOTCSl pPeXXKUMbl TAKOTO BecbMa yCTOHYMBOTrO ILITONOpPA, IpOTEKalo-
IHe NpH CPedHHX Yyraax araky, npubmuxkamouuxcs Kk 90° (moctu-
rawomux 80--85° a uworma u ‘6ojee), ¢ OueHb OONBIIMMH CPEXTHUMH
yrJIOBBIMEM CKOpocTaMu (mopsiika 2--3 pan/c u GoJiee) # CpaBHH-
TeJIBHO MaJIBIMH Kose6aHusMu camosera. [Is BeIBoga camosera us
TAaKOro pexXHMa pPaBHOMEPHOTO BeCbMa YCTOHYHBOTO MHTEHCHBHOTO
HOPMaJIbHONO IITOMOpa, KaK [paBHJO0, MpHMEeHsieTcss HamboJjee
CHJIBHHIA MeroJ BoiBoga — Meton Ne 4H. OpHako B HeKOTOPHIX
(mpaKTHuecKH BecbMa peJKHX) HCKIIOUHTENbHBIX CJHydasx Jaxe
NpHMEHEHN® 3TOr0 MeTO0Ja He NPUBOMUT K BHIXOLY CaMoJIeTa U3 Ta-
Koro mromnopa. B 9Tux penxux cayyasix tpeGyeTcs IpHUMEHSTb OCO-
Obie MeTOLbl BHIBOJAA, O KOTOPHIX OyleT ckaszaHo B I 7. [logoGuble
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BeCbMa YCTOMYMBble PaBHOMeDHble HHTEHCHBHBIE PEXKHMbI MepeBep-
HYTOro LITONOP@ ¢ 3aTPYJHEHHBIM BEIXOLOM Y COBpEMEHHBIX CaMoJie-
TOB, KaK IpaBHJIO, He BCTPEYAIOTCH.

[IpuMep ycTOHUHBONO pPaBHOMEPHOTO ‘HOPMAaJbHOTO LITOIODA
npuBefieH Ha puc. 4.7. B sToM pexume acp~45°. KoneGanus yrio-
BHIX (CKOpOCTeH CpaBHHTENbHO HeBeJHKH (Aoximaz=~1 panfc,
Ay max=~0,3 pan/c).

PaBroMmepHbI#l (X0TS ¥ ¢ 'GOJIbIIMME KONeGaHUAMH YTIOBOH CKO-
POCTH KpeHa) HOpMaJbHBIH LITOTNOP C BecbMa GOJNBLION CTEHEHbIO
YCTOMYMBOCTH JBHKEHMs camoJieTa nmokasaH wa puc. 4.8. Ha pucyu-
Ke cpeflHMe YTJbl aTakH caMmoJeTa mnpeBnmanu 70° (HauyuHas c
t~45 c). Ilpu 3ToM YyrioBasi CKOPOCTb pHICKAHHS IpeBblIANa
3 pan/c, onHako KoJieGaHHs ee GBIJIM OTHOCHTENBHO Majbl (Awy =
~0,8=1 pan/c), a oTHOLIEHHe ee K cpelHell YIIOBONH CKOPOCTH phi-
CKaHMs He NPeBHIIAJIO ———::’y‘ ~0,25--0,3.

c

Taxum o6pasom, B coomepTcwun C MPUHSATHIM NPUHIUIOM KJjac-
cudHKanuy MOXHO CYHTaTb, YTO COBPEeMEHHBLIM CaMoJeTaM IpHCY-
UI¥ YeTbIpe XapaKTePHBIX BHIA HOPMaJIbHODG HITOMOpa (CM. pHC.
4.2): ‘

I Bug — HeycTOHYMBHIA HOpDMaJbHBIH IUTOMOD, JJS BbIBOLA U3
KoTtoporo Tpebyercsa npumeHsatb meron Ne 1H (em. ra. 7);

Il Bum — ycrofiuuBelfi  KoseGaTe bHBII HOpPMAaJbHBIA LITOIOD
(MeTor BeIBoma Ne 2H);

I11 Bug — ycToAYMBbI# paBHOMEDHBIH HOpMaJIbHBIH WTONOD (Me-
Tox BeiBoza Ne 3H);

IV Bug— oueHb MHTeHCHBHEIH, BeCbMa YCTOHUMBHIH paBHOMEp-
HBIH HOpMaJIbHBIE ITOmOp (MeTox BeiBozma Ne 4H).

4. 3. KIIACCH®HKALIMS NEPEBEPHYTBHIX LITONOPOB

IlepeBepHyTHIE IITONOPE! COBPEMEHHBIX CAMOJIETOB GBI
BalOT HeYCTOHUMBHIMH M ycToHuuBbIMH (puc. 4.9). Heycroituusbiit
IIepeBepHYTHIA ITOIOD CPaBHUTEJIbHO ONHOTHUIEH — OH He OT/Hua-
€TCS TaKUM KOJHYeCTBOM pa3HOBUIHOCTeH, KaK HeyCTOHUMBLIA HOP-
MasnbHBH mTomop. Kak mpaBuso, HEyCTOAUMBHIA Il€peBEPHYTHII
LITOMOD NPOTeKaeT B BHJe MafeHUs JUCTOM IO CIHpaJeBUIHON Tpa-
€KTOPHH, TOJIbKO IIPH BTOM CaMOJIeT HaXOLUTCS B IIepeBepHYTOM IIO-
JOXeHNH. JIeTHas mpakTHKa MOKashbiBaeT, UYTO Y COBPEMEHHBIX
CBEPX3BYKOBBIX CaMOJIETOB PeXMMBI HEeyCTOHUMBOrO IepeBepHYyTOro
IITONOpa BCTPEUAIOTCS CPAaBHUTEBHO PEdKO.

IIpuMep HeyCTOHUYMBOTO IepEBEpPHYTOTO IITONOPA TOKa3aH Ha
puc. 4.10. M3 rpagura Bunno, 4TO B Hauage pekHUMAa IIPH OTKJO-
HeHHOH Ha ce6s pyuke ympaBiaeHus (83<<0) u OTK/IOHeHHO# BIe
pel sepofi menaau (8z<<0) BO3BHHK BJIEMEHT JEBOTC HOPMAJbHOTO
wromopa (Af=~2-+-3,5 c).

Tlocne oTkNOHeHUs pyukH ynpaBjeHus or cebs (6z>0) camo-
JIeT Nepellles] B HeYCTOHUMBHIH mepeBepHYTHH miTonop. C MOMeHTa
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BpeMeHn {5 mo {~7 ¢ HabmoKancsa 3MeMEHT JeBOrO IMepeBepHy-
TOrO WTOMOpPa, ¢ ¥~ 7 no £~ 8 ¢ — 3/IeMEHT NPABOro MepeBepHYTO-
ro mwromnopa, ¢ 8 mo {~9,5 ¢ — 34eMeHT JIEBOTO HOPMAaJbHOTO
mronopa, ¢ £~9,5 ¢ mo ¢=111,6 ¢ — cHOBa AJIeMeHT NPaBOro mepe-
BEDHYTOrO WITOMOPa M T. A. PexuM conpoBoxmaercs 60JbIIHMH KO-
Je6aHUSMH YTJOBBIX CKOPOCTEH U Mepenpysok caMoJera.
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Puc. 4.9. Tlpumsran  ||SEFS Y| =°~\'§< I
knaccupukaums mepe- | ;; o7 =8 7 ;c i
BEPHYTHX  wTomopos | ug= | | bug- |
COBPEMEHHBIX camo- L/emad N2l1 y  Ilemod N3/

JIETOB

YcTofuuBbIe IepeBepHyThle IITONOPH pa3fensloTcs Ha JBa BH-
na: xoaeGaresbHble ¥ paBHOMepHble. KosebaTenbHbIH TepeBepHY-
THH IITONMOP — 3TO MAaJOYCTOHUMBBIH DEXUM, CONPOBOKAAIOUIUHCH
3HAYUTEJLHBIMU KOJeOaHHSIMH BCeX OCHOBHBIX €TI0 ImapaMeTpoB (yr-
JIOBBIX CKOPOCTEH, yTJIOB aTaKH ¥ CKOJNbKEHHS, T. 6. Ieperpy3oK).
B xoseGaTesbHOM IepeBEepPHYTOM IITONOPe CpefHie abCcoMIOTHbIE Be-
JUYMHBl YIJIOBBIX CKOPOCTE!l KpeHa M DbICKaHHS OOBIYHO CPaBHH-
TeJbHO 0M3KH MeXAy coGoil. KosebarteabHble mepeBepHYThIE LITO-
TIOPH (06BIYHO MaJIOyCTOHUMBHL.

B npuBenennoM Ha pHc. 4.11 npumepe nokasaH pexuMm, B Haua-
Jle KOTOPOr¢ BO3HMK DPaBHOMEDHBIH NpPaBLIH HOPMaJbHBIH HITOMOP
(t~10--18 c), koTOpHIHA, OAHAKO, ITOJ BIHUSHUEM CPABHUTEJNbHO He-
0OJIbIIOTO OTKJIOHEHHUS 3JIePOHOB MPOTHB IITomopa (Ad,~3--5°)
He ycmeJr pasBUTbCA W Iepelllej B KOJ€OaTEJbHBIH IMpaBHH HOp-
MaabHblA mTOomop ((=18--33 c). B aToM kosnebareapbHOM LITOMOpE
cpelHHe BEJHYMHB ©y1 H Oy BecbMa O6Ju3KH MeXIy co6ofi:
|oyep| 0,9 pan/c, a wxcp=1,2 pan/c. Cpepruii yron aTaku camo-
JIETa B 3TOM DEXHME COCTABJSI Gep=~ —37°. DTO MaJOyCTOAIUBHIA
KDYTOil nepeBepHYTHIH HITOIOP.
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Puc. 4. 10. TTonernsle 3anucH nprGOPOB-cCaMONHUCIEB, MO~
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Toro mromopa (pexuM mromopa ¢ {=~3 no =24 c;
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YcToAuMBHIH paBHOMEpPHBbIH NMepeBepHYTHIH IITONMODP TIPOTEKaeT
OGBIYHO NpH BecbMa GOJBbIIHX aGCOMOTHBIX BEJHYHHAX YTIOBOH CKO-
pocTu Kpena (mopsiaka 3 pan/c u 60see) CO CPABHHTEJNbHO Masbl-
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Puc. 4.11. Iosernrle 3anucH nmpu6opoB-caMo-

[HCLEB, NOJYYeHHble [PH BHINOJHEHHH YCTOM-

YEBOTO IIPABOTO NepeBepHYTOro mromopa (pe-

XKHM KojeGartesbHoro wmromopa c¢ (=18 no
t~33 c; Meron BeiBoga Ne 2IT)

MH KoJseGanusvu camosera. Ms puc. 4.12 BuaHo, 410 B TAKOM WITO-
nope kose6aHus yrIOBBIX CKOPOCTEH KPeHa M DHICKaHHs MpaKTHye-
CKH OTCYTCTBYIOT. ¥TJIOBast CKODOCTb KPeHa KPaTKOBPEMEHHO J10XO-
IHUT 1o ab6COMOTHON Beauunne 10 |ox|=~3,1+-3,2 pan/c. Cpennuit
YrOJl aTaKy CaMoJieTa B 3TOM LITONOPE Gep~ —70°. IDTO MJIOCKHH
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Puc. 4.12. TlonerHsle 3amucu  NPHOGOPOB-CAMOINMCIEB,

MOJyUYeHHEle NIPH BbLINOJHEHHH YCTOHYHBOTO PaBHOMEPHO-

rO TPaBOTO IepeBepHYTOro WITONOpa (peXHM mepeBep-

HyToro mromnopa ¢ t~28 mno t{=~40 c; MeTox BHBOJA
Ne 3IT)



nepeBepHyTHI# wwTomop. M3 puc. 4.11 BuaHo, yTO maxe B Heycles-
IIeM pasBUTbCS PABHOMEDHOM IEDPEBEPHYTOM IUTONOPE (Wxcp H
®ycp MOHOTOHHO HapacTaloT) YrJoBas CKOPOCTb KpeHa MPHMEpHO
yepes 7 ¢ mocJe Hayaja pexMMa NOCTHraeT yxe |owu|=~2,5 pan/c.

YcroliuuBbIfl paBHOMEDHBIH IepeBEepPHYTHIH LITONOP COBpPEMEH-
HBIX CaMOJIETOB — 3TO OOBIYHO IJIOCKMH HJIM WHOTLA CPaBHUTEJbHO
ONU3KHA K HEMY IO 3HAUEHHUSM G¢p MOJIOTHEA mTonop. B otsauune ot
PeXHMOB HOPMAJbHOTO IITONOpA BCE PEIKUMBI PaBHOMEPHOTO Mepe-
BepHYTOTO WITOnopa O0beAMHSAIOTCS B OLMH BHH, TaK Kak IJf BCeX
IPHMEHNM OJHH M TOT XKe MeToJ BboiBoja. OOBACHSETCS 3TO TeM,
4TO, KaK NpaBHJO, BCE PEeXUMbI paBHOMEPHONO epeBePHYTOro IITO-
Iopa 06/1afaloT MeHbIINM pa3bpocoM TNpHCYLIHX UM 3HayeHHH
dcp, YEM ITO HMeeT MeCTO B HOpPMaJbHOM IuTomope (creunudpuka
npotekanusa saBucuMocTd Cy=F(a) B o6JacTi OTpHLATENbHBIX 3a-
KDHUTHUECKHX YIJIOB aTaKM ¥ APYTHX aHAJOTMYHBIX XapaKTepHCTUK,
BJHSIONMX HAa XapakKTep LWITONMOpa).

MenonoM mHIOTHPOBAHUS, TPEOYIOUIMMCS JJIs BHIBOAA CaMOJIeTa
U3 MI0CKOTO (uay GJIM3KOrO K HeMY IO BeJHYMHAM Ocp ITOJOTOrO)
flepeBepHYTOro mronopa, ssiasiercs meton Ne 3I1 (cMm. ru1. 7), Toraa
KaK JJIf aHaJOTHYHHIX PeXXHMMOB HODMaJbHOTO LITOmopa TpebyeTcs
Goslee CHJIbHBIA METOJ, BBIBOZA (C HCIIOJIb30BAHHEM 3JISPOHOB — Me-
Toga Ne 4H). .

OTcyTcTBHE HEOOXOLHMOCTH NMPUMEHEHUsI GOJIee CHIBHOrO METO-
Ja BbIBOJA caMoJeTa (C HCMOJb30BAHHEM 3JEPOHOB) H3 YCTOHUYMBBHIX
PeXHMOB NepeBepHYTONO: WITOMOpa 00yC/IOBJEHO TeM OOCTOATENb-
€TBOM, YTO B IPUHIIUIIE CAMOJIETH BHIXONSAT U3 IIGPEBEPHYTOrO LITO-
1opa Jierue, ueM U3 HOPMaJbHOTO.

Takum o6pasoM, COBpeMeHHBIM caMOJeTaM MPHCYILH TPH Xapak-
TepHBLIX BHJa ITepeBepHYTOro MTONOpa:

I Bun — HeycTOMUUBLIA MepeBepHYTHIH INTONOP, AJS BHIBOLA H3
Kotoporo Tpebyercss npuMeHsaTh MeTon BoiBoga Ne 1IT (em. ra. 7);

Il Bun — ycrofiuuBelii KoseGaTeNbHBIH NEpeBEPHYTHIA  IUTOMOP
(MeTton BuiBoma Ne 2[1);

IIl BuA — yCTOAUUBEIA PABHOMEPHBIH [I€PEBEPHYTHIA IUITOTOP
{MeTton BrBona Ne 3IT).



I'JTABA 5

PASHOBHWJIHOCTH PE)KHMOB
CBAJINBAHHA

5.1. OCHOBHBIE XAPAKTEPHCTHKH CBAJIHBAHHSA

HwmeloTca nBa OCHOBHBIX acleKTa H3yyeHHS XapakKTe-
PHCTHK CBAJIMBAHHUS: H3yUeHHEe aaPOAMHAMHUYECKHX XapaKTePHUCTHK
camoseTa (XapakKTepHUCTHK ero OOTeKaHus) M H3yueHHe NMHAMUKKE
noserta (XapaKTepHCTHK ABHKEHHUS IEeHTpa TAXKeCcTH camoJtaeta u
€ro BpallleHUs] OTHOCHTEJIbHO CBOETO IIeHTpa TAXKECTH) Ha TaKHX pe-
x)umax. Ilpn aToM paccmMaTpuBalOTC KaK NpelcpbiBHble (mpellle-
CTBYIOLMe CBaJMBAHHIO) DEKHMBI II0JeTa, TaK M HEMOCPeICTBEHHO
CaMM DeXHMBHl CBaJHBaHUA (C MOMEHTa HauaJja CBaJUBaHHA H IO
BO3BpAleHHsI CaMOJIeTa Ha 3KCIJyaTalHOHHbIE (PEXUMBI [0JIeTa)
MJIM, KaK MX MHOrJA HasblBalOT, CPHIBHblE PEXKHMBI TIOJeTa. YKasaH-
Hble peXMMBl U3YYalOTCsl IPHMEHHUTENbHO KO BCEM YCJIOBHAM 3KC-
nayaTtaliu caMoJieTa: IIPH BCeX 3KCIJyaTaMOHHBIX Becax, IEeHT-
pPOBKax ¥ KOH(pUTYpamusx camosera, pexxuMax paboThl CHIOBOH yc-
TaHOBKH, ) YHKIIMOHAJbHEIX CHCTEM ‘CaAMOJIeTa, CKOPOCTAX, Yyucaax M
W BBICOTAX MOJIETA, Meperpyskax, atMochepHbIX YCJOBUAX H T. 1.
ITosToMy mpu M3yueHHH CBaJaWBaHHS, B MePBYIO Ouepelb, BHEMaHHE
yAesasieTcsl CaeNyIOUIM BOIPOCAM.

1. XapakTepHcTHKaM YIpaBJsSeMOCTH U yCTOHYHBOCTH, OCcOBeH-
HOCTSIM IIOBeJl€HUS, TMJOTHPOBaHNS M 6aJaHCHPOBKH camoJjeTa B
noJieTe Ha GOJbUINX NTOKPHTHUECKUX SKCIIYaTAaUMOHHBIX (OMU3KHX H
PaBHBIX OXKHIAeMbIM BEJHUHHAM Oyon) M JOKDHTHUECKHX HESKCILTY-
aTalHOHHBIX (B JHaNa3oHe Ogon<a<0c) YrJax aTakH.

2. Hannuuio u XapakTepy IpOSIBJIEHHUS IIPU3HAKOB, CHTHAJH3H-
pyIOmuX 0 NpubJHKEeHHH CBaJUBaHuS.

3. CKJIOHHOCTH caMOJIeTa K CBAJIMBAHHIO |(TOYHE® — COMPOTUBIIA-
eMOCTH caMoJleTa CBAJHBAHUIO) H BO3MOXKHOCTH INpeXOTBDallleHHs
HOoNafaHus B BTOT PeXKHUM.

4. Metonam nujoTHpOBaHHS, TpeGyoomuMcs IJs NPefoTBpalle-
HHS CBaJMBaHHUA. .

5. CKOpOCTSIM CBAJHBaHUsS W MHHHMaJbHO JIOMYCTHMBIM CKODO-
cTaM nmoJeta, T. e. 3HaueHusaIM Cyc (o) H Cypron(00n)-

6. OcoGeHHOCTAM NOBENEeHHS ¥ MUJIOTHPOBAHUS CaMoJeTa IpH
CBaJIMBaHHH.
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7. BOBMOXKHOCTSIM MapHPOBaHUS Pa3BUTHS PEeXHMOB CBaJHBa-
HHUA H 0coOeHHO HaJjibHeflIero nepexona caMoJieTa B LITONOP.

8. MeTonaM BBIBOZA CaMOJIieTa U3 CBAJHBaHUS U YCJIOBUAM BOC-
CTaHOBJIEHUs BKCIIYaTAHOHHBIX PEXKUMOB [10JieTa (moTepe BbICOTHI
Opu BHIBOJE M3 CBAJMBAHMA U T. II.).

5. 1. 1. du3nueckue NPHYHUHBI CBAJIHBAHHUS

CBasnuBanue 06yCJOBIEHO NOSBJIEHHEM Pa3BUThIX 06-
Jactell cpriBa Ha Kphblie (CPBIBOM TIOTOKA MJH IPOCTO CPLIBOM
OGBIYHO HA3bIBAIOT OTPBIB MOTOKA, NMPHUBOISIIHE K HeXeJaTe bHbIM
NOCTeJCTBUSAM, T. €. 3aMETHO YXyAUIAOMNA a’pogUHAMHUECKHe
XapaKTepHCTHKH camoJsera). CPelB  NPOUCXOIUT TOI JeHCTBHEM
TOJIOXKHTEJLHOrO TpajHeHTa JaBJeHUus H NoJ BJAHAHHEM JaMuHap-
HBIX ¥ TYpOYJNeHTHBIX BA3KHX siBjeHMil. [Ipn oTcyTcTBHM OfHOTO M3
3THX ABYX «DaKTOPOB CPHIB (OTPHIB NIOTOKAa) He BO3HHKaeT. B 3aBu-
CHMOCTH OT MEeCTa BOSHHKHOBEHHS 30HBI CDbIBa (OTpPBIBA [OTOKA)
10 IJHHEe XOpIbl Tpoduas KpBlaa pas3iuualoT HOCOBOH (C mepenHel
KPDOMKH) H XBOCTOBOH uau nuddyscpHBli (C 3agHell KpOMKH) OT-
priB oToka. HocoBoil oTpHIB iGhIBa€T ABYX BHIOB:

1) oTpeIB ¢ mepefHell KDOMKM KDblla CPAaBHUTENbHO TOJICTOTO
npop U, KOria HOTOK BHE3AaNMHO OTPBIBAETCH Y mMepeldHeH KDOMKH
H JaJbllle IPOJOJIXKaeTCs 30Ha OTOPBAHHOTO IOTOKA;

2) OTPHIB MOTOKA C TOHKOrO MPOodu/sA, Korna BGJMU3U MeperHeH
' KDOMKH OTpBIBAaeTCsl JTaMHHapDHBIA MOTOK, 3aTeM OH TYpOy/H3HUDPY-
eTcs M BHOBb IIPHCOEJHHsIETCS, HO yXKe Kak TypOyJeHTHBIH MOTOK
¢ o6pa3oBaHHeM TaK Ha3blBaeMOro «Iy3bIps» (JO0KaJH30BaHHOH 06-
JacTH OTOPBABIIErocsl IOTOKA, TIPOCTUPAIOMIEHCS Ha OrpaHHYeHHOe
paccrosHue Mo JJHHE M IO HODMaJHM K XODJe Kphlla) Ha BepXHeH
NOBEePXHOCTH Kpblia. [IpH yBennueHun yria aTaku TOYKa MPHCOEIU-
HeHMsl TaKOTO NOTOKa IepeMeliiaeTcs BHU3 1O TeueHuio. [lyswipu
OBIBAIOT ABYX BHIOB: KODOTKHEe U JJuHHBIe. KODOTKHi my3bipb Xa-
pakTepeH TeM, 4TO NpPY BHe3almHOM €ro paspylleHHH MPOHCXOAHT
OTPHIB ¢ mepelHell KPOMKH Kpbljia C AaJbHeHIINM CPBIBOM IMOTOKA,
BbI3bIBAIOLUINM Pe3KOe NaleHHe MOAbeMHON CHJbL ¢ OBBILIEHHE JIO-
G0BOro cOmpoTHBIeHUsS. DTO HanboJiee HeXKeaaTeTbHbIH BUI OTPbIBA
notoxa. MHorna posHuKaeT KOMGHHHPOBAHHBIA OTPHIB IOTOKA: 01-
HOBDEMEHHO MOSBJSAIOTCS 30HBI OTPHIBA y llepelHell U 3aiHeHl Kpo-
MOK Kpblia. B 3aBHCHMOCTH OT IOJIOKEHUS HauyasbHOH 06s1acTH OT-
pbIBa ICTOKA IO pa3Maxy Kpblla pas3jHyaloT KOPHEBOH, CpelHHHBIH
H KOH1eBOH OTPbIB NOTOKA.

Korzna ckopoctp moroka, 06TeKaomero Kpbljo, CTaBUTCS CBEPX-
3BYKOBCH (NpH IpeBHIIEHMH KPUTHUECKOro yucna M), Bo3HHKaeT
«CKayoK» (cHCTeMa CKaykKOB) YIJOTHEHHs, KOTODbIH B3auMOAEHCT-
ByeT C IOTPaHHYHBIM CJIOEM KphlIa. B pesysnbTare 9TOro B3anMo-
1eHCTBHA MOXeT TaKXe BO3HUKHYTb OTPHB noroka. Ho u B aTom
cayyae, KaK 4 IpU JO3BYKOBOM TeUeHHH, OTpPHIB NOTOKA CBA3aH C
yBeJIMYeHMEM NaBJeHHs B HampaBieHunu TedeHus. OIHAKo B cayuae
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CBEPX3BYKOBOTO NOTOKa YBeJHUYeHHe AaBJeHHS O0YyCJOBJEHO HaJu-
ureM CKauka yIJIOTHEHHS.

CBepx3BykoBoe TypOyJeHTHOS TeucHUe OKasblBaeT 6oJbliuee COoM-
PCTHBJIEHHE OTPBIBY MOTOKAa, BHI3BAHHOMY B3aMMOJeHCTBHEM CKau-
Ka YIJIOTHEHUS C IOTPAaHHYHBIM CJOEM, YeM JaMHHapHoe. YBeJunye-
HUe yryia aTakd NPUBOJAUT K NepeMelleHHI0 CKayKa YIIOTHeHHS
Hasaj 1o xopAe (najblue OT mepegHedl KDOMKM Kpblia) ¢ OLHOBpeE-
MEHHBIM BO3DaCTaHHEM ero MHTEHCHBHOCTH. Eciw mpu 5TOM HHTEH-
CHBHOCTb CKauyKa YIJIOTHEHHS OKa3biBaeTcsl HeLOCTATOYHOH s TO-
ro, yToObl BEI3BATb MECTHBII OTPHIB IIOTOKa B BHAE JOKaJbHOTO
My3bIPs, TO CKAYOK BCE e MOXKET BBI3BIBATh yTOJILEHHe NOrpaHuy-
HOTO CJ/IOS, IPHUBOJisllee K BO3HHKHOBEHHIO OTpHIBA IOTOKAa — HO
yXKe y 3amHeli KpoMku Kpblja. [IposiBjieHne B3auMOAEeHCTBUA CKay-
Ka YIJIOTHEHHS C MOTPaHHUHBIM CJIOeM, BhI3BIBAIOIEE OTPHIB MOTOKA,
MOKeT GBITh BeCbMa Pa3HOOGPa3HBIM — B 3aBHCHMOCTH OT ynceaq M
1 Re, cTeneny TypOyJeHTHOCTH IOTOKA U T. I

OCHOBHBIMH XapaKTepHCTHKaMM CBaJMBAHHUS SBJISIOTCSA: YTJBI
aTakn (kKos(pduoueHTH NMONLbEeMHONH CUJBE) CBaJMUBaHHUA, XapaKTep
IBHKEHHS caMoOJeTa B HauaJje CBAaJHUBAHHUS, MaKCHMaJbHbBE YIJO-
Bbl€ CKOPOCTH BpallleHHus H YIJIOBble YCKOpeHus '(B IepByIo ouepieb,
YIJIOBBle CKODOCTH M YCKODeHHMSI KpeHa M pbICKaHHS) H BepTHKAJb-
Hasl CKOPOCTb CHMXeHUsI camoJera. [losBieHue pasBuBLIMXCH 06-
JlacTe# CpBIBA MOTOKA HA KpbLIe IPH CBAJHMBAHUH COTMPOBOKAAETCA
OOBIYHO OTIyCKaHWeM HOca W (MJIH) KpeHeHHeM caMoJjeTa B PE3YJib-
TaTe MECTHBIX MOTEePb MOIBEMHON CHJBl KPblIa B 006/1aCTAX COpBaH-
HOr0 mOTOKa. B 3aBUCHMOCTH OT HampaBJ/leHHS IBHXKEHHSI caMoJeTa
NpY CBAJHBAHUM paA3JHYalOT TPHU OCHOBHBIE €r0 [PasHOBHIHOCTHU:
cBaJMBaHHe Ha HOC, CBaJMBaH¥e Ha KDPbLJIIO M CBaJHBaHHE IO CIIH-
pauau. Ilpu cuMMeTpUYHOM 3apOXKIEHUHN W PA3BUTHH obsacTell CpHl-
Ba [OTOKA Ha NpaBOH U JIeBOH IOJOBHHAX KpblJA C yBeJHYEHHEM
yrJja aTaku caMoJjieTa BOSHHKAIOT CHMMeTPHUHble (110 OTHOLIEHHIO K
[LJIOCKOCTH CUMMeTpHH camoJtieta X;0y1) moTepy MOIbEMHOH CHJIBI
Kpblyla, B pesy/JbTaTe UeTO NPOUCXONUT CBAJHBAHHE CaMOjeTa Ha
#Hoc. B atoM cayuae ac (cM. puc. 1.5) BecbmMa 6/1M30K HJIH paBeH
Qxp (G~ Oxp). [IpH CyIeCTBEHHO HECHMMETPHYHOM (pa3BHTHH OG-
JlacTed CpPBIBa IIOTOKA Ha NPaBOH U JEBOH IOJOBUHAX KPblJa BHAua-
Ji¢ BO3HHKaeT KpeHeHHe — IIPOUCXOJHUT CBaJHBaHMe cCaMoJjeTa Ha
KpBIJIO, a 3aTeM y¥Ke W ONyCKaHHe Hoca camoJjeTa. Takoe cBajuBa-
HHE TPOUCXOAUT OOBIYHO IIPH O, 3aMETHO MEHBHIHX Oxp (Cc<<Oxp).
Onycxanue Hoca camoJsiera B 9TOM cyyuae 0GyCTOBJIEHO HAPyLIEHH-
€M paBHOBeCHs CHJ B HalpaBJeHHH BepTukKa/aw (IOLbeMHAs CHJA
MeHbllle Beca caMoOseTa), a TaKXKe BO3HHKAIOUIMM [PH KpeHeHUU
CKOJIbJXKEHHEM Ha onycKaloieecsi Kpuuio. IIpn aToM BoccraHaB/IHBa-
IOIMA a5POJHHAMHYECKHH MOMEHT DBHICKAHMS HalpaBJjeH Ha yCTpa-
HeHHe BO3HHKAIOIENO CKOJIbXeHHs. Iloa meficTBMeM 3TOrO MOMeEHTa
HOC CaMOJIeTa NOBOPAYHBAaETCsl BHHS.

ITpu HaMMyuH HEHyJIeBOH YIVIOBOH CKOPOCTH KpeHa (wx15=0) yr-
JIBl aTaKH CeYeHHH Ha OJHOH NMOJIOBHHE KPHJIa GyoyT yBeJIHYHBATHCH,
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a Ha Apyroil — yMeHnblaTbcs. 13-3a Takoro yBesHYeHHsl YIJIOB aTa-
KM Ha OJHOH MOJIOBHHE Kpbl1a NPH ero BpamleHHH Oynyrt 6GoJsee HH-
TEHCHBHO Pa3BHBATbCS MECTHble 06,1aCTH CpbIBa 1noToka. IIpu 3Tom
BO3pacTaHHe MOABEMHOH CHJIBI CAMOJIeTa C yBeJHUYEeHHeM Yrja aTakd
(HauMHasi C OKOJIOKPHTHYECKHX YIJIOB aTaKH) MOXKET NPOHCXOAHTb
3HAYUTEJNbHO MeJi/IeHHee H CONPOBOXKIAThCS YMEHbIIEHHEM 3HAYEHHIT
axp (pHc. 5.1). AcUMMeTpHSI pacnoJIokeHHs1 06sacTell CpEIBa IOTO-

R

[0/

Puc. 5.1. UsMeHeHue HecyIHX CBOHCTB ca-
MoJieTa TIPH ero BpalleHHH (3alITPUXOBaHBI
06s1acTH cpBIBa MOTOKA)

Ka 10 Kpbly, 06yCcJIOBJIEHHAsT MOSIBJIEHHEM YIJIOBOH CKODOCTH KpeHa,
B CBOIO Ouepe/b, CNOCcOOCTBYeT gaJjbHeHeMy YBeJHYeHHIO abCcosIoT-
HOH BeJHYHHBI 3TOH YrJIOBOH CKOpPOCTH KpeHa H T. A. To ke camoe
MoxeT Ha6JIl0aTbCsl H HA XBOCTOBOM OIEPEHHH CaMOJIeTa.

Y caMoseToB ¢ npsIMbIM KpBLJIOM KOPHEBOH OTPBIB IOTOKA MPHBO-
JHUT OGBIYHO K ONYCKaHHIO HOCA M PE3KOMY YBEJHYEHHIO CTENEeHH Mpo-
JOJIbHON YCTOHYHBOCTH, a CPEIUHHBIH OTPHIB — TaK¥kKe K ONYCKaHHIO
HOCa, HO C OJHOBPEMEHHLIM KpeHeHHEeM caMoJeTa M3-3a aCHMMeTpHY-
HOTO pasBHTHsA o6JacTedl OTpbiBa HA JIEBOH WU MNpPaBOH INOJOBHHAX
Kpbina. KoHIleBOH OTPHIB MOXKET NPHBOAUTL K KPEHEHHIO CaMoJieTa
C ONyCKaHHEeM HOCa M CONPOBOXKIATbCSl CHHUIKEHHEM HJIH JaxKe IOTe-
peft 30 (peKTHBHOCTH NONEpPEYHOro ynpaBjeHHs (B NEPBYIO Ouepeb,
H3-3a najgenus 3¢ HeKTHBHOCTH 3.1epOHA HA ONYCKAIOMIeHCcs T0N0BHHE
KphHlJIa). ¥ caMo0./1eTOB CO CTPEJOBHIHBIM KDPblJIOM BJIHSHHE pPacHoJio-
JXeHus obJsiacTell OTPHIBA HOTOKA MO pa3MaXxy CKa3bIBAETCSI TOUHO TaK
JKe, OJIHAKO NpH 3TOM NepeMelieHHe 06JaCTH OTPbIBA NIOTOKA MOKET
6oJiee CyLIECTBEHHO BJHSTb HA NPOJNOJbHOE [BHXKEHHE CaMOJeTa.
Haun6onee He61aronpusaTHHIM OKAa3biBAa€TCSl KOHIEBOH OTPHIB MOTOKA,
KOTOpbIH MOXeT NPHMBECTH K IOSIBJIEHHIO HEYCTOMYMBOCTH CaMoOJeTa
HO meperpy3ske. BhINyck 3aKpblJIKOB Ha CTPEJOBUIHOM KpHlJe MOXKeT
3HAYHTENbHO NepepacnpeneysaTh NOIbEMHYIO CHJIY HO pa3Maxy KpH-
sa. O6GBIYHO 3TO YBeJHYHBAET HECyIlHe CBOHCTBA CPeIHHHOH YacTH
NOJNYKpblJla M INPHBONHT K MepeMellleHHI0 o6JacTel Hauaaa oOT-
pHIBa MOTOKa K KOHLAM Kpblia. [locjenHee BemeT K BO3PAacTaHHIO
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KaOpHPYIOIHX MOMEHTOB, a IpH HaJHYHH AacCHMMETPHH CpHIBA —
H KpeHSIIIHX MOMEHTOB NpH CBAJIHBAHHH CaMOJIETA.

ITagenune Cy; npu OTpbIBE NOTOKA BelIeT K OGIIEMY YMEHbLIEHHIO
MONABEMHOH CHJBI Kpblia, a yBeanueHHe Cyy TPHUBOIUT K PE3KOMY
yBeJMYEHHIO CONPOTUBJIEHHS H, CJIe0BaTeNbHO, K NAJEHHIO a3pPONH-
HaMH4ecKoro kavectBa. [Ipu nepexose yepe3 KpUTHUECKHH yroJ aTa-
KH BO3HHKaeT yCKOpEeHHe, HanpaBJ/eHHoe Ha3as i BHH3. OHO 06YCJ/I0B-
JIEHO TMpHpalleHHeM a3pOJAHHAMHYECKOH CHJIBI, HanpaBJIeHHBIM
Ha3ajJ — BHM3 U NPHJIOXKEHHBIM B (oKyce cpriBa. [To anasoruu c pac-
NPOCTPAHEHHBIM NOHSITHEM a3poAHHaMHuyecKoro ¢okyca, Haes KOTO-
poro 6blzia 3anoxeHa B pabore C. A. Hanabiruna «K o6uieit Teopuu
Kphbl1a MOHOIJIaHa», ony6/auKoBanHo# B 1922 rony, B. C. [TbiuHOBEIM
[32] BBeneno nousiTHe Gokyca cpuiBa (POKyca CPLIBHEIX PEXHMOB 06-
TeKaHHus1). B pa6ore [32] nansl MmeTonbl pacuera GpOKYCOB CphIBA KPHI-
Ja 4 camoJieta. [lokasaHo, 4To NMpH NJIaBHOM Pa3BHTUH OTPbLIBA NMOTO-
Ka ¢oKyc cpblBa Kpblia pacno.iaraercsi o6bIYHO B HEMOCpEACTBEHHOH
6,1M30CTH OT NepeHel KPOMKH Kpblyla, a IPH pe3KOM OTphiBe — Hena-
JeKo oT ¢okyca niaBHOro obrekanus (npumepso Ha 10+-169% xop-
nbt). Pokyc cpbiBa camoJsieTa MOXKET pPacrnoJarathesl JaJjJeKo Bmepe-
IH TepegHell KDOMKH Kpbla — IIPH 3TOM BO3HHKAIOT 3HaYHTEJbHbIE
MOMEHTHI Ha MMKHPOBaHHE (YCTOMYHBHIH IO Meperpyske caMoJier).

XapakTepUCTHKH CBAJIMBAHHUSI ONPENENSIOTCS He TOJbKO MeCTOM
2apOXK/EeHHs] CPblBa NOTOKA (HANpHMep,  KOHIEBOH HJIH KOpHEeBOH
CPBIB), HO TaKxke GLICTPOTOH U XapakKTepoM pa3BHTHS obJacTedl CphI-
Ba IIOTOKAa HA BepXHeH MOBEPXHOCTH Kpblia. Ecan 6b camoseT H yc-
JIOBUSI 0OTeKaHHst ObIIH HIeajbHO CHMMETPHYHBIMH, TO H pacnpo-
cTpaHeHHe o6GJiacTell cppiBa 1O 06eHM MOJIOBHHAM Kpblja ObL10 GBI
OIMHAKOBbIM. B 3TOM cilyyae KpeHeHHe CaMoJieTa IPH CBaJHBAaHHH
He BO3HHKa.10 Gbl. OHAaKO B peaJbHHIX YCJOBHAX OOBLIYHO BCerza
CYIIeCTBYeT Kakas-TO acCHMMeTpHsl caMoJieTa H OOTeKalolllero ero
HOTOKA, a CJIeOBATE/IbHO, CYHIECTBYeT ACHMMETDHS CpbIBa, IIPHBO-
IA11ast K MOSIBJEHHIO KPEHSMINX MOMeHTOB (HauboJsee onacHbIX NpH
CBa/MBaHUM). YKa3aHHAsl acHMMeTpHsl MoxeT ObITb BBI3BAHA HAJIH-
YHEeM CKOJIb}KEHHS, FTeOMETPHYECKHMH HJIH XKEeCTKOCTHBIMH Pa3JIH4Hs-
MH 1paBO# U JeBOH NMOJOBHH KpblJIa, BJHSIHHEM THPOCKONHYECKOTO
MOMEHTa [BHraTesNeHl, HayaJbHOH YIJIOBOH CKOPOCTbIO KPEHA Mx1F=
0 u 7. n. Y3 Bcex aTux (HakTOpoOB pelIAIOlUM AJs CaMOJIETOB CO
CTPEJIOBUIHBIM U TPEYTOJbHBIM KpBLIIbSIMH OKa3blBaeTcs OOBLIYHO
CKOJIbXKEHHE.

Ecau no Bbixoma camosieTa Ha yribl aTakd, 6JH3KHe K o, 067a-
CTH CpHIBAa NOTOKAa Ha 0GeMX MOJOBHHAX KpPBlJA Pa3BHBAIOTCSH CHM-
METPUYHO, & ACHMMETPHsSI 0OTeKaHHUsl BO3HHKAeT JIHIIb IPH NOAXO0Ie
K O, TO CBAJIMBaHNe NPOUCXOIHUT B BHIE ONMYCKaHHS HOCA C NMPAaKTH-
YeCcKH OJIHOBDEMEHHBIM KpeHeHHeM caMoJjeTa (OZHOBpeMeHHble IBH-
JKeHHs KpeHa M TaHraxa 6osbliofi aMmauTyznbl). B aTom cayyae ac
MOXKeT ObITb MeHblIe WM paBeH Oxp. IlocnenHuit BuI CcBaJIMBaHHSA
06GBLIYHO HMEET MECTO y CBEPX3BYKOBHIX camosieToB. O6yCIOBIEHO 3TO
HECHMMETPHYHBEIM 3apOXKIeHHeM M pa3BHTHeM obJjacTell CprIBa HOTO-
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Ka Ha Kpblyle GOJIbIIOH CTPEJOBHAHOCTH H CPABHHUTENBHO MAJIOro yi-
JIHHEeHHS, 94TO NpH O60/bIIOA CKOPOCTH pacmpocTpaHenus obJjacrei
CPBIBA MO KPBIJIY BbI3bIBAET NMOSIBJIEHHE OTHOCHTENBHO GOJIBIIHX Kpe-
HAUIKX, a TaKXXe 3aBOPAYHBAIOMIMX Aa3POAMHAMHYECKHX MOMEHTOB.
B pesyabTaTe BO3HHKAaeT JIBHIKEHHE CaMOJIeTa MO CIHPaJeBHIHOH
TPaeKTOpHH (CBa/JTHBAHHE IO CIHPAJH).

[TosiBieHHe 6O/bIINX KPEHSIIHX H 3aBOPAYMBAIOIIHX MOMEHTOB
npu 60JbINOH CKOPOCTH pAacnpoCTpaHeHHs 06JacTell CphiBa IOTOKA
10 KphIIY 00BbsicHsIeTCs ci1eqylomuM o6pasoM. [lonmycTum, 4TO HaA mpa-
BOH NMOJIOBHHE KphlJa 06JacTb CpbiBa NMOTOKA MOSIBHJIACH PAaHBILE,
4eM Ha JeBOM. [3-3a GosibLIOH CKOPOCTH pacmpocTpaHeHHs 3Ta 06-
JlacTb CpPBIBA HA4yHET OBLICTPO Pa3pacTaThCsl M BCKOPE MOXKET OXBa-
THTb 6OIbIIYIO YaCTh MPaBO# MOJIOBHHBI KPhLIA, TOTLAa KakK Ha JEBOH
II0JIOBHHE Kpblia 06/1acTh CpbIBA 33 3TOT KOPOTKHII NPOMEXKYTOK
BpeMeHH ellle He ycneJa BO3HHKHYTb. B pesy/bTare moabemHas cH-
Jla TIpaBOH NOJIOBHHBI Kpblla 3HAUYHUTEJNbHO CHHIKAETCS, a ero Jo6o-
BOe CONpPOTHBJEHHE 3aMeTHO Bo3pacraert. [3-3a sToro maxe mpu oT-
HOCHTEJIbHO HeGOJbIIOM pa3Maxe Kpblia BO3HHKAIOT JOCTATOYHO
Gosblle a3pOAMHAMHYECKHE MOMEHTHI, OOYCJIOBJEHHbIE TaKHM He-
CHMMETPHUYHLIM PacroJ/iokeHueM objacTell CppIBA MOTOKA: KPEHSIMNH
(Ha mpaBoii mONOBHHE KpPhLa) W 3aBOpauYHBAIONIUi (B CTOPOHY Impa-
BOH NOJIOBHHBI KpblJia).

¥ caMoJIETOB CO CTPENOBUIHEIM U TPEYTONbHBIM KPBIJIOM Ha 6OJb-
IIMX YTrJ1ax aTakKu CTeHeHb IIONepeyHOil CTAaTHYeCKOH YCTOHYMBOCTH
OKasblBaeTcsi (IIpU NPOYHX PABHBEIX YCJOBHSIX) 3aMeTHO OGoJbluel,
YeM Yy CaMOJIETOB C TPSMbIM KpblioM. [103TOMY Nmpu KpeHEHHH caMo-
JieTa C TaKHM KpbLJIOM BO3HHUKAIOT GOJIbIIME BOCCTaHAaBJIHBAIOIIHE
MoMeHTH KpeHa M 3= ME8, npensiTcTByIOIHe Pa3BUTHIO ABHKEHHS

KpeHa. JTO crnoco6CTBYET TOMY, YTO y CaAMOJIETOB CO CTPEJOBHIHBIM
M TPEYTOJbHBIM KpPbIIOM 6o0Jbllie MPOSIBJSIETCS TEHAEHLUHUS K CBaJH-
BaHHIO Ha HOC, a He Ha KPHBLIO.

B pesyabrare yrabl KpeHa, pasBUBaoLluecs IPH CBa/JMBaHHH Ca-
MOJIETOB CO CTPEJIOBHIHBIM U TPEYTOJbHBIM KPBIJIOM, B CONIOCTABHMbIX
YCJIOBHAX OKa3blBaIOTCS 3aMeTHO MEHbUIMMH, 4YeM Yy CaMOJeTOB C
OPSIMBIM KDBLIOM.

B kauvecTBe nmpumepa Ha pHC. 5. 2 mpHBeNEHbl NOJIETHbIE 3aMHCH
npu6opoB-caMONKCLEB, MOJyYeHHbIE IPH CBATHBAHHUH C Ja/bHEHIINM
NepexoioM B IITONIOpP IBYX CPABHHUTEJbHO OJHOTHNHBIX (MO Ha3Ha-
YeHHIO ¥ NPHHLHUNY KOMIOHOBKH) CaMOJIETOB: JO3BYKOBOTO camoJeTa
C HeCTPeJOBHIHBIM Kpbljiom Mul'-9 M cBepx3ByKOBOro caMmoJieTa C
TpeyroibHbBM KpblsioM Mul'-21. Hecmorpsa Ha 3HauHTEeIbHO MEHBLUHH
pasHoc macc B HanmpaBJsenuu ocu Oz, camosier Mul'-21 npu cBanuBa-
HUM KPEHHTCS MeHee MHTeHCHBHO, yeM camoger Mul-9. U3 rpacdu-
KOB BHJHO, YTO NPHMEPHO 3a 3 C C MOMEHTa Hauajaa CBaJHBaHHS y
camosiera Mul-9 yrsioBas cKOpocTb KpeHa JIOCTHI/IA BEJHYHHBI
0x~2,0 pan/c ¥ 1anee MpoposKala yBeIHUHBATLCS, TOTAA KaK Y
camosietra Mul'-21 3a 3T0 BpeMsl yrjoBasi CKOPOCTb KpeHa IOCTHIJa
CROEr0 MaKCHMyMa, DaBHOTO wx1~0,65 pax/c, m 3ateM Haua;a
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yMmeHbmatbes. CiieoBaTesbHO, yroJ KpeHa NpH CBaJIMBAHHH 3a pac-
CMaTpHBaeMHH NMPOMEXYTOK BpeMeHH y camoJsera Mul-9 Gbin mnpu-
MepHO B 3 pasa 60ablIuM, ueM y camosera Mul'-21.
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Puc. 5.2. Tlonetnrie 3amucu npHOGOpPOB-caMOMHCILEB, MNMOJy4YeHHBle NMPH CBAJHBaHHH
¢ jpanbHefUIMM TepexogoM B mitonop camoderoB Mul'-9 (a) m Mul-21 (6)

5. 1. 2. CpaauBaHue u 6e30nNacHOCTD MoJeTa

Jis noBbimieHusi Ge30MACHOCTH I0JeTa HeoOXO0IHMO
cTpeMuTbCcsl obecneyuBaTh Ha BCeX CaMoJjeTax XOpONIHE XapakTe-
PHCTHKU cBajuBaHus. [log XOpoUIMMH XapakTepHCTHKAMH CBaJjlMBa-
HHS IOHUMaeTcs clelyomiee:

— NOSIBJIEHHE [pH BO3HUKHOBEHHH CBAJIMBaHHUsl IBHXKEHHf Ca-
MoOJIeTa C ONMyCKaHHeM HOCa NpaKTHUeCcKH 6e3 KpeHEHHs HJaH ¢ [10-
CTaTOYHO MEIJIEHHBIM KpeHeHHeM:
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— COXpDaHeHHe [OCTaTOYHLIX 3aMacoB YNpPaBJIAEMOCTH H yCTOH-
YHBOCTH CaMoJieTa MNOcCJe BO3HHKHOBEHHSI CBaJIMBAaHHS, NMO3BOJSAIO-
mux u3beraTb NMOMajaHHsl ero B HEyNpaBJiseMble MONOXKEHHS;

— HaJIMyHe CBOEBPEMEHHO MPOSIBJSIOMHXCS H OTUYETIHBO PA3JIH-
YUMBIX JIETYHKOM MPENYNpexKAaIoUHX NPH3HAKOB;

~— XOpOIIHH BHIXOJ M3 CBaJMBaHHsA (CPaBHHTEJbHO MpPOCTHE Me-
TOJAbl NHJOTHPOBAHUS AJS BLIBOJA cCaMoJjeTa M3 CBaJIMBaHHs, He-
6oJblast NOTEPst BHICOTH Ha BBIBOJE M T. I.) ;

— JIerKMH BBIXOJ CaMoJieTa H3 KpeHa M CHHXKEHHS IOCJe BbIBO-
Jla ero M3 CBaJHBaHHs, NO3BOJISIOUHA yBEpEeHHO MpeJOTBPallaTh
npeBbllIeHHe NMpeebHO JONYCTHMBIX CKOpocTeil M uucen M mosera
B Mpollecce CHMXKEHHSI CaMoJIeTa yKe Ha JOKPUTHUYECKHMX yrjax ara-
KM H T. IL;

— cOXpaHeHHe pPa6OTOCNIOCOGHOCTH JBMraTeneli B MpoLecce U
nocJe CBaJIMBaHHUSI.

Cnenyer, onHaKO, OTOBOPHTb, YTO <XOPOIUIHE XapaKTEpPHCTHKH
CBAJIHBAHUSI» — 3TO B 3HAUMTENBHOH CTENEHH KaYeCTBEHHBIH, a He
KOJNHYEeCTBEHHBIH KDUTEpHH, CKopee CyOBEKTHBHBIH, yeM OOBEKTHB-
Hbli. Bo MHOrom Takast oueHKa OmpeensieTcs JETHBIM MacTepCTBOM
M HHAHMBHIYyaJbHBIMH OCOOEHHOCTSIMH JeTdHKa. Tak, B YacTHOCTH,
JUIST XOpOIIEeH OIEHKH JEeTYHKAMH XapaKTePUCTHK CBaJMBAaHHS He
06s13aTe/IbHBIM ABJISIETCS JABHXKEHHE CaMoJIeTa C ONMyCKaHHEM HOCa,
€CJIM Ha 3TOM caMoJieTe HMEIOTCSl XOpOIUHe NMpeaynpexaolie npH-
3HAKH U COXPAHSETCS NOCTaTOYHAsl 3G (HEKTHBHOCTb PYJsl BHICOTHl Ha
OKOJIOKpHTHUYECKHX yriax artaku. HaGuaionaromuiics, Kak NpaBHJIO,
BecbMa IIMPOKHH AHana3oH H3MEHEeHHS XapaKTepHCTHK BbIXOJa H3
CBaJIMBAHHS TaKXKe B OCHOBHOM 3aBHCHT OT KBaJH(MHKALHH H TpPEHH-
POBAaHHOCTH JIETYHKOB.

BoJbmoe 3HaueHHe ¢ TOYKM 3peHHs! IOBHIIICHHS 6e30HaCHOCTH
roJieTa MMeEIOT YCTaHOBJIEHHBIE Ha caMoJieTe aBTOMAaTHYEeCKHe HJIH
noJyaBTOMaTHYeCKHe YCTPOHCTBA, MPENATCTBYIOIIHE BHIXOAY 3a OMpe-
IeJeHHble 3KCIJIyaTaLHOHHBIE OrpaHWyYeHHs (MO yraaMm aTaku H
CKOJIbXKEHHMsI, Ieperpy3kaM, yrjaam KpeHa u T. I.), a eCJH 3TO Bce XKe
TIPOM3OLIJIO — TO MPENSITCTBYIOIINe cBajuBaHui0 camosera. Ocoben-
HO BaXKHO 3TO IIPH NOJIETe Ha MaJjblx Boicotax. Ecam camouser e
HMEEeT eCTEeCTBEHHBIX NMpenynpexaarllux NPH3HaKOB — HALO cO3ja-
BaThb UCKYCCTBEHHbIE, €CJIH He MMeeT YeTKO BLIpaKEeHHOTo Xxapakrep-
HOTO JBHKEHHS NPH CBAaJUBaHMU (TPYAHO pAaclo3HaeTcsi CBAJHBa-
HHEe) — Heo6X0onnuMO O6eCIeunTDb JeTIHKa HaJeKHOl HCKYCCTBEHHOH
nHbopMauyeli 0 BO3HUKHOBEHHH CBaJHMBaHMs (HampUMep, THIA TakK-
THJbHOH CHTHAJM3alHKH) C TPHHYAHTEJbHHIM OTKJOHEHHEM pYUKH
ynpaBJjieHHs] Ha NapUPOBAaHHE CBAJHBAHHs, O yeM OylneT cKa3aHO HH-
xe. OCHOBHON 3ajmauell BceX 3THX YCTPOHCTB sBJsieTCs NpenoTBpa-
[IeHHe CBAJUBAHUS CaMoJieTa.

[Toa MJIOXMMH XapakKTEPUCTHKaMH CBaJHBaHHS OOLIYHO MOHHMA-
eTcsi: pe3Koe ONYCKAaHHe MJIH NMOJAHHMAaHHE HOca camoJieTa NpH cBa-
JUBaHHH, HENOCTAaTOuYHass 3¢p¢(eKTHBHOCTb pyJed IMpH TNoAxXone
U B CBaJuMBaHHM{, uYpe3MepHass TPsACKa KOHCTPYKLHH, DasBUTHE
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HeynpasJ/isieMOro KpeHendsl, pe3KuX GPOCKOB caMoJieTa C Kphlia Ha
KPBLJIO, NOTEPs MyTEBOI YCTOMUYMBOCTH C Pa3BUTHEM IHBEPTEHTHOTO
JBMKEHHS DBICKAHHS MJH pe3KHX OGOKOBHIX KoJie6aHMH camoJera,
3HayMTesbHAS HeCTaOMJBLHOCTb XapaKTEPHUCTHK CBaJHBaHHs (OT pe-
JKHMMa K pexumy) # T. n. ObecrneyeHne XOpOIINX XapaKTePHUCTHK CBa-
JIMBAHHSA — OJHA U3 OCHOBHHIX 32134 KOHCTPYKTOpa.

Kak yxke ykasbiBasoch, cBaJuBaHHe 06yC/IOBJIeHO BOSHHKHOBEHH-
€M Da3BHTHIX 30H OTPhHIBA NMOTOKAa C NMOBEPXHOCTH KpHIJIA B CBSI3H C
BBIXOIOM CaMoJjieTa Ha OKOJIOKPHTHYECKHE YIJIbl aTaKH. YTO B OCHOB-
HOM XapakTepu3yeTcs CJAefyIOUHMH crenH(HYECKHUMN NPH3HAKAMH:

— MNOSIBJIEHHEM HeJIMHEHHOCTH mpoTeKaHus Kpusoi Cy=f(a);

— H3MeHEeHHeM CTeNeHH NPOXOJbHOH CTATHYECKOH YCTOHYHBOCTH
caMoJsieTa M HAKJOHA 0aJIAHCHDOBOYHBIX KPHUBBIX OTKJIOHEHHH DyIs
BBICOTHI 10 YrJy aTaku d=1F (a);

— mnajeHueM, a MHOTIa U NMPAaKTHYECKH MOJHOH moTepel 3ddek-
THBHOCTH 3JIEPOHOB;

— BO3HHKHOBeHHeM O6oJiee HJIM MeHee 3aMeTHbIX INPH3HAKOB
6/1M3KOT0 cBaJIMBaHHUs (Npenynpexaaloniel aspoIHHaMHYECKOl Tpsc-
KH KOHCTPYKLHH, NOJAePIrUBaHUA PBIYaroB yIpaBJIeHHs, NOKauHBaHHUH
caMoJieTa U T. I.) ;

~— pa3BHTHEM YIVIOBBIX CKOPOCTeH (yCKOpeHHH) H YIVIOB OTKJIOHE-
HHSI CaMoJIeTa OT HCXOJHOTO yNpaBJ/seMOro pexuma noJjera, HE Ha-
pHpyeMBbIX OTKJIOHEHUSMH pyJiell 6e3 yMeHbIIeHHs yria aTaku caMo-
aerta 10 |a| <|acl-

BaxXHO OTMETHTb, UTO XaPaKTEPHCTHKH CBAJHBAHHS ONPENeNsIoT-
csl Kak a3poJHMHAMHMYECKHMMH H HMHEDIHOHHBIMHM XapaKTepPHCTHKaMH
caMoJieTa, TaK U NPHMEHsieMbIMH MeTOJaMH NHJIOTHPOBaHHS.

¥ caM0JIeTOB €O CTPENOBHIHEIM KPBIJIOM CTENEHb IPOJOJIBHON CcTa-
THYPCKOH yCTOHYHBOCTH NIPH CBaJHBAaHHH OOLIYHO yMeHblnaercsl (OHA
MOEeT HAaYHHATb YMEHbHIATbC HAa OOJNBHIMX yrJjax aTakd eme 10
BO3HUKHOBEHHS CBaJHBaHHs, CIIOCOOCTBYS TeM CaMbIM BBIXOLY CaMO-
Jera Ha OKOJOKDUTHYECKHe YTJbl aTaku). MHorjna Bo3HHMKaeT Hel-
TPaJbHOCTb HJIM Jaxe HeyCTOHYHBOCTb CaMoJIeTa IO Neperpyske.
IToaTomy HecMoTpst Ha najgeHne 3 PeKTHBHOCTH NPOLOJIbHOTO YIpaB-
JIEHHS HaKJIOH KPHBBIX 8z=JF (@) yMeHbLIaeTcsl, a HHOILA U MEeHsSeT
CBOH 3HaK — BO3HHKaeT HeyCTOHYMBOCTb (Tak HasblBaeMas <«JIOXK-
Ka») 1o meperpyske. ¥ camoJIeTOB C NPSIMbIM KPBIJIOM 3anachl yCTOH-
YMBOCTH Ha OOJIbIIMX YIJIaX aTakW BO3PACTalOT H OTPHIATE/bHBIH
HaKJIOH KpUBOH 0y=F (@) 3HauHMTEJbHO YBEJHIHBAETCS.

Bo3HnKHOBeHHe CBaJ/IMBAHHUS ellle He 03HauaeT HeH36exKHOro nomna-
nagus camoJiera B wronop. EcIu JieTYNK NpaBH.IbHO H CBOEBPEMEH-
HO NpHHHMAaeT Mephl IO BLIBOJAY CaMOJIeTa U3 CBaJHUBAaHHA, TO, KakK
NpaBU/IO, 3TO NPHBOAMT K BO3BpAlIEHHIO CaMoOjeTa Ha NOKpUTHUE-
CKHe DeXHMBl MoJieTa (IOKpPHTHUYECKHe yribl ataku). Ecau ke mo
Kakoi-qu60 NpHYHHE IOCJe CBaJHUBAHHS CaMo.eTa JEeTYHK He NpH-
MeHHT TpebyeMblii MeTO MHJIOTHPOBAHHUS AJ1S1 BO3BpAIIeHHs caMoe-
Ta B HCXOAHBIA NOKDUTHUYECKHH peXHM IOJeTa HJH eCIH IOoYeMy-
Jn60 NPHHATEE MePhl OKa3bIBAIOTCH HEJOCTATOYHBIMH, TO CaMOJIET B
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npouecce PasBHUTHSI PeXHMa CBAJHBAHHS MOXKET NEPEeATH B HOBHIA
pexuM noJjera — nomactb B mronop. Ilonaganue camoJsera B IITO-
fop NPOHUCXOIHT TOJbLKO B TOM CJyvae, eC/IH B Npolecce pPa3BHTHS
pexHuMa CBAaJIMBAHHS BO3HHKAaeT aBTOPOTALHS CaMOJIETa.

JocTaToyHo HaneXKHO MpeIonpereTHTh XapaKTEeDUCTHKH CBaJlH-
BaHHS, a TeM G6oJlee — IITOMOpAa CaMoJieTa ellle Ha CTafHH ero-
NPOEKTHPOBAHHS NPAKTHYECKH HEBO3MOXKHO. TaKas OlEeHKa MOXKeT
6bITb aHA TOJBKO IO pe3y/bTaTaM JIETHBIX HCIBITAHHH JaHHOrO ca-
MoJieTa.

CJaenyeTr OTMETHTb, YTO TEDMHH CBAJHBAHHE NMPHMEHHM TOJbKO K
caMoJieTy B nejoM. Henb3st roBOpHTh O CBaNMBaHHM Kpbljaa. MOXHO
FOBODHTb O CPHIBE INIOTOKA C Kpblia, NPHBOASIIEM K CBaJHBAHHUIO
camosera B Les10oM. O6ycl0BIEHO 3TO TeM, YTO Aaxe C YHCTO a’po-
JHHAMHYECKOH TOYKH 3PEHHS He TOJBKO CPhIB IOTOKA C KPhlJIa Xapak-
TepH3yeT pexKHM IoJIeTa cCaMoJleTa, Ha3blBaeMblil cBa/iMBaHHeM. CpuiB
MOTOKA C KpblIa MPHBOAMT K H3MEHEHHIO MOJSI CKOCOB IOTOKAa B 06-
JIACTH PaclOJIOXKEHHsS XBOCTOBOTO ONEpeHHsl, K H3MEHEHHIO YCJIOBHI
HHTepdhepeHI N Kphlja ¢ (ro3ensikeM H T. . XapaKTepHCTHKH CHM-
METPHYHOIrO CBaJHBAHHA ([IBHKEHHE CAMOJIETA B MJIOCKOCTH CHMMET-
pHH) 3aBHCSIT OT a3POAMHAMHYECKOr0 B3aHMOBJIHSHHS YCJIOBHH obTe-
KaHMs Kpblia, (lo3essi:Ka H FOPH30HTAJbHOTO OnepeHHs. AcuMMmer-
pPUYHOE CBa/IMBaHHE OMNpEeNeNsieTcs adPONHHAMMKOH KOMOHHAIHUH
Kphlia, (lo3e/s1Ka, TOPH3OHTAIbHOIO H BEPTHKAJbHOTO XBOCTOBOTO
OnepeHHUs.

5.1.3. Tpu Tuna 3asucumocreii C,=f(a)

JIBuxkeHHe camoJieTa NpH CBAJHBAHHH B OCHOBHOM OII-
penensieTcss xapakTepoM nporekaHusi 3aBucumoctH Cy=f(a) npu
yrJ1ax aTaku |pa|> ac|. Uem pesue u3MeHseTCS yrosl HaKJOHA
3TOl KPHUBOH, a CJ1eI0BAaTeIbHO, H YaCTHAs NIPoU3BoaHas a,=0C /oa
[0 YIJy aTakH, TeM pe3ue NPOHCXOAHUT CBAJHBaHHe camoJieTa H TeM
BEpOSITHE! NPH 3TOM BO3HUKHOBeHHe KpeHeHHs. Ilo peskomy wus-
MEeHEHHIO0 POU3BOAHOMN a, (Npou3BogHAd KO3 (HLHEHTa NOABEMHON
CHJIBl TIO YIJIy aTakH) B 06JIaCTH OKOJOKPHTHUECKHX H OJH3KHX K
HHM 3aKPUTHYECKHX YIJIOB aTaku 3aBHCHMOCTH Cy=f(a) pasnu4HbIX
CaMOJIETOB B NMEPBOM MPUOJIHKEHHH MOTYT OBITb pasfieseHbl Ha TPH
OCHOBHBIX THHa (pHc. 5.3), AJs Ka)KIOro H3 KOTOPHIX B OTHEJbHO-
CTH XapaKTePHBIM SIBJSETCS Caenylollee.

Tun 1. Hajinune YeTKO BHIPAXKEHHOr0 MaKCHMyMa  KPHBOH
Cy=f(a) c HHTEHCHBHBIM, HO He CKauKOOOPa3HHIM, a CPABHUTEJbHO
NJIaBHBIM H3MeHeHHeM Ko3d¢HuiHeHTa NOABEMHOH CHJBI NPH mepe-
XOJ€ K 3aKPHTHUECKHM YIJaM aTakH.

Tun 2. Hannuue NMKOOGPa3HOro MakcHMyMa C BeCcbMa DE3KHM
(npakTHYeCKH CKaykKoOOpa3HbIM) MajeHHeM Ko3(hdHIHeHTa NOLbeM-
HOM CHJIBI IPH TPEBHIIECHHH KPHTHYECKOrO yIjla aTtaku. B atom ciay-
Yyae NPOHU3BOJHASA Ay BO BCeM JHamna3oHe NTOKPHTHUECKHX YIJIOB aTa-
KH OCTaeTcsl MpaKTHUeCKH HeH3MEeHHOH.
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Tun 3. OrcyTcTBME UYETKO BHIPAXKEHHOTO MAaKCHMyMa KpPHBOH
C,=f(a), Koria BelH4YHHH KO3((QHULUHEHTa NOXBEMHON CHJBI B HIH-
POKOM JHAamna3oHe OKOJOKDHTHYECKHX YIJIOB aTaKH OKasbiBalOTCH
CpaBHHUTEJBHO GIH3KHMH K Cymax.

3asucumoctu Cy=f(a) mepBOro THUIa XapaKTEPHB! AJs TO3BYKO-
BLIX CaMOJIETOB, TPETbErO THIIA — TJs CBEPX3BYKOBBIX CaMOJETOB.
Bropoit tun 3aBucumoctd Cy=f(a) BcTpeyascs y CTapbix HLO3BYKO-
BHIX CAMOJIETOB C NPSIMBIM KPBIIOM GOJIBIIOH OTHOCHTEJNBHOH TOJ-
IIUHBL.

Bosee maaBHHI XapakTep TporeKaHus 3aBucuMoctH Cy=f(a)
B pafiOHe MaKCHMyMa 3TOH KDHUBOH M MeHblIne BeIHUHHB Cymax ¥

% G k &
1 / 3
—_— - -
o o

Puc. 5.3. Tpu Ttuna saBucuMocrefi Cy=f(a)

CBEPX3BYKOBLIX CaMOJIeTOB OOBACHSAIOTCA B OCHOBHOM CPaBHMTEJbHO
MaJblM yIJHHEHHeM M GOJIbLIOH CTPEJOBHAHOCTBIO KpblNda, MeHD-
uiell OTHOCUTEJbHOH TOJIUIMHON KphblIa B 6ojiee OCTPOH ero nepenHei
KpoMKkoil. TOHKoe KpBlJI0O MaJjIoro yiJuHeHHsl 6oJiee NOABEDIKEHO II0-
SIBJeHUIO paHHell TypOy/Jau3aluu OOTEKaHWs —y HETO 3HAUHTENbHO
raHpille (Ha 3HAYUTENbHO MEHBUINX, YeM Yy Kpblia GOJIBIIONO yIJIH-
HEeHMs, yrJlaXx aTakH) BO3HHKAIOT MeCTHHle 06GJiacTH TypOyJIH3HpPO-
BAHHOTO NOTOKa. Bhi3BaHHoe TypOy/nn3auueii SHeprH3UpOBaHHE
IIOTOKA NPHUBOAUT K 3aTATHBAHHUIO PAa3BUTHA CPHIBA IIOTOKA C KpHIIa.
KpoyMe Toro, nmuku paspsiKeHHsi Ha BepXHell IIOBEDXHOCTH TaKoOTo
KpblJla OKa3bIBAIOTCS MeHbUINMU. [lo3TOMYy npu nosiBleHHM pa3BH-
TbIX OOJlacTefl CphIBa IIOTOKAa M CBA3aHHOTO C 3THM HCUE3HOBEHHUS
YKa3aHHBIX IIHKOB pa3peKeHHs Iepenaji faBileHus (U3MeHeHHE pe-
3yJAbTUPYIOLIEH a3pOAHHAMHUYECKOH CHJBl Kpblia) OKa3blBaeTcs He
TaKUM OOJbIIMM B NPOHCXOAUT 6oJee NJaBHO, YeM y Kphlja 6oJIbLIO-
TO yNJHHEHHUS.

OrHomeHne nepuMerpa K IVIOI[ATH KpblIa B Clyuyae Majoro ero
VIOMHHEHHS OKa3biBaerTcs OGJbIIMM, YeM Yy Kpbla GOJNBUIOrO YAJIH-
HeHus. PaccMOTpuUM I/ HarVIAZHOCTH IBa NPSMOYTOJNBHBIX KpELIA
OJIMHAKOBOH XOPJbl — KPBIIO MaJIOTO M KPbIJIO GOJBIIOrO yAJHHEHHS.

O603HauuM pasMax ¥ XOpAy IEPBOrO COOTBETCTBEHHO uepe3 [ u
b. Torna ero mepumerp I1;=2(/+0b), a mromans S;=10b. Ecnu pas-
Max Kpblja GOJBIIOTO YAJHHEHHs NpeBHIIaeT pa3Max Kphlia MaJio-
TO yAJAHHeHUs Ha Al, TO mepuMeTp H IJIOLIAAb TAKOTO Kpblia 60Jb-
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IIOTO YAJHHEeHHs GYAYT COOTBETCTBEeHHO paBHBI: [Io=2(I4+Al+b) u
Se='(I4+Al)b. U3 310r0 NOTyYaEM
M T gy M

> 1
S1 TS, l(l-i-Al+b)>

Tak kax oTHOlIeHHe NepuMeTpa K IJIOLaAH BO3pPacTaet, TO, Cle-
JOBaTeJNbHO, Y Kpbla MaJOTO Y/IJHHEHHS YCHJIHBAeTCs BJHAHUE
nepeTeKaHUsI MOTOKAa Ha KPOMKaxX Ha Xapakrep OOTeKaHHsI BCEro
Kpbli1a, 60 yBeJHUMBAETCS 4aCTb NOBEPXHOCTH KDhlNA, HA KOTOPYIO
HETIOCPEICTBEHHO BO3IEHCTBYeT IepeTeKaHue. IJTO €nocoOCTBYeT
yMEeHbUIEHUIO IHKOB pa3peXKeHHs M JOTOJHHTEJIbHOMY, a IMIaBHOE —
NOCTENIeHHOMY YMEHbIIEHHNIO pa3pekeHHs Ha BepXHeH IOBEPXHOCTH
KpBlIa C yBeJNMYeHHeM yrja araku. Diarogaps MeHbIUHM IHKaM
paspexeHusi, 6osee paHHed U MHTEHCHBHOH TypOyJausanuu 0OGTeKa-
HUSI M MEHBIIHM IyJbCaluAM AaBjeHHs OoOTeKaHHe KpblJa Majoro
YVIJMHEHUs] NIpY yBEeJHUYEHHU yIJa aTaku aBiasercs 6o/ee yCTOHYH-
BbIM. [TosTOoMy INOIBIIEeHHe NOJHOTO MJAH OJHM3KOrO K 3TOMY CphiBa
IIOTOKA Ha KphlJe MaJjoro yIJHHeHHs (TOsB/JEeHHe Pa3BUTHIX 06Jac-
Tell CpbIBa, OXBATHIBAIOLUIUX NPAKTHYECKH BCE KPBIIO, HIH OGOJABUIYIO
ero yacte) 3atsiruBaercs. CpbIB BO3HHKaeT HAa 3HAUYUTEJIbHO GOJb-
IIUX yTJ1ax aTaky.

ITepBwiit Tun 3aBucumoctd Cy=f (a) xapakrepeH mJs CpaBHH-
TeJbHO TOHKHX NpOQH/IeH KpblJa C OTHOCHTEJNBHO MAaJBIMH DafHy-
CaMH HOCKa M Jaxe JJs1 He OYeHb TOHKHX mNpodujeii NpH Majbix
uncaax Re. D10 mpoduin, Ha KOTOPHIX JaMHHADHBIH NOrpaHHYHBIR
CJIOf OTpLIBaeTCs y MepeldHell KPOMKH, 3aTeM OH TypGyJH3HpyeTCs
M ONATh NMPHCOEIUHSETCS] K MOBEPXHOCTH mpodu/as Kpblia, o6pasys
CPaBHHTEJNBHO TNPOTSKEHHYIO [0 XOpje 06JacTb OTphBa (IJIHHHBIR
ny3bipp). C yBeIHUEHHEM yT/Ia aTaKH Takas 06/1acTh OTPHIBA MOTOKA
pacuupsieTcss B Hampab/JeHHH K 3aJHell KpOMKe Kphblia, IpH HEKO-
TOPOM YTJIe aTaKu JIOCTHTaeT €e, 00pa3ys OTHOCHUTEJIbHO TIaBHBIN
cpeIB noToKa. Ilpu TakoM xapakrepe 00TeKaHHs OTPHIB IOTOKa MO-
JKeT 0Ka3biBaTh 3HAUUTENbHOE BAMSHHE Ha TPOTEKaHHe 3aBHCHMOC-
reit Cy=f (a), Cx="F (a) u m,=—@(a) B MUAPOKOM AUATIA30HE yI/IOB
aTaKd. YBeJuueHHe yucaa Re MoxkeT NpUBOLHTL K GoJiee pPe3KOMY
npoTeKkaHulo 3aBHCHMOCTH Cy=f(a) B OKpeCTHOCTH ee MaKcuMyMa,
T. e. NIpUGJINKATh KO BTOPOMY THITy 3TOH 3aBHCHMOCTH.

Bropo#i Tun 3aBucuMoctn Cy=f(a) xapakrtepeH mias npoduiei
KpblJla, OTNIUYAIOIHXCS OCTPBHIMU IIHKAMU pa3pexeHus B HOCOBOM
4aCTH, Y KOTOPHIX OT/eJeHHe JaMHHADHOTO HOTPAHUYHOIO CJI0s BO3-
HHMKaeT 3HauuTeJbHO OJMXKe K NepeiHell KpoMmke. ¥ 3Tux npoduieit
C yBeJIHUYEHHeM yrJa araku o0/1acTb OTpbIBA JaMHUHApHOTrO Norpa-
HHYHOTO CJIOsl IlepeMellaercs K nepefHed Kpomke. OrgeauBliascs
4acTb NMOTPAHHYHOTO CJIOs1 OBICTPO TYpOYJIH3UDyeTcst U 3aTeM ONATh
OpHCOeNNHsAETCT K MNpoduaio Kpblsia, o6pa3ys MajJo mpo:
TAXKEHHYI0O 10 XopAe o6JgacTb OTphiBa (KOPOTKHH  NIY3bIPb).
C nanpHefmnM yBeJHUYeHHEM yIJa aTaKu 3Ta 00/1acTb yMeHbIIaeT-
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€f, a 3aTeM pa3pyliaercs, BbI3BIBAs BHe3alHblil Pe3Kuil OTPHIB IO-
TOKA. ’

Tpernit Tun 3asucumoctelt Cy=f(a), KaK yxe OTMeyanOch, Xa-
paktepen s npoduieil Kphlia, o6ecneyuBaOMIMX CrJIaXkKeHHbIE
IHKH pa3pelKeHHss B HOCOBOH HYacCTH. ¥ TaKUX NpodHIel OTCyTCTBY-
IOT 3HAUYUTENbHble HeOJaronpHUATHEE TPajHeHThl AaBJeHHs B XBOC-
ToBO#l uacty. [Ipu 3TOM O6GBIYHO TypOYJEHTHHIH NOTDaHWYHBIN CJIOH
oTHensieTcsl OT Npoduna BOJAU3M 3aaHel KpoMKH. Touka oTaelneHus
NOTOKa NepeMelllaeTcs BUepel C yBeJlHueHHeM yraa artaku. Ha ca-
MoJleTax, HMEIOUMX KpPblIbS C TaKUMH NPOQUIAMH, YBelHyeHHe
gpcaa Re 6marogapsi yMeHbIIEHHIO TOJNLIUHBL TypOyJeHTHOTO Norpa-
HHYHOTO CJIOsi MOXKeT NoBbIATh 3HayeHHe Cymax (TPH 3TOM TOYKa
nepexona MOXET CMellaTbcsl Bliepe], He Hapylias IVIaBHOCTH IIPO-
TEKaHUsl XapaKTePUCTHK B OKPecTHOCTH Cy max).

5.2. BIUSSHHUE ®OPMbI KPBIJIA B INJIAHE

Paccmorpum mnoppoGuee BausiHHe ¢GOPMBI  KpBLIA

B IIJIaHE HAa MECTO 3apOXKAeHHs 06/JacTH OTPHIBa NMOTOKAa Ha KPHIJe.
Ha puc. 5.4 cxematHuecKd mokasaHbl 06/1aCTH 3apOXKIEHHS OTPHIBA
NOTOKAa (3aLITPUXOBAHbI) NPH BHIXOAE HA GOJIBIIHE YIJIBl aTaKH AJS
IIeCTH THUIOB KPHIJIbEB.

1. HectperoBuamoe (TpamlenueBUAHOE) KPHLJIO CPaBHUTENbHO
:00JIBIIOTO YAJTHHEHUS H MaJoro CyKeHHUs.

2. HectpenoBunHoe (TpanlelueBHIHOE) KpPHIJIO CPaBHUTENBHO
60.IBbIIOTO YATUHEHUS U CYXKEHHS.

3. CrpenoBuAHOE KpBUIO C MaJblM YIJIOM CTPENOBHIHOCTH
-CPaBHHUTEJNbHO GOAbIIOT0 YAJNWHEHHS H MaJIOTO CYXKEeHHUs.

4. Crpe/loBHAHOE KPBLIO ¢ OOJBIINM YIVIOM CTPENOBHIHOCTH TaK-
JKe CPaBHUTENbHO OOJIBIIONO YAJHHEHHS M MaJOTO CyXKeHHs.

5. TpeyrovibHOe KDBIIO MaJOTO yIJIHHEHUs C OOJNBIIHM YIJIOM
CTPEJIOBUIHOCTY 3aKPYIVIEHHOH NepejHed KPOMKH.

6. TpeyronbHOe KPELIO MaJoOro yIJUHEHHS C OOJBIIUM YTJIOM
<CTPEJIOBUIHOCTH H OCTPOH NepenHell KPOMKo# (cmpaBa Ha puc. 5.4).

Cxema, mpHBelieHHass Ha pHUC. 5.4, HaIVIANHO UJUIIOCTPHPYET TOT
‘paxT, 4TO B COTMOCTABHMBIX YCJIOBUAX yBeJHUEHHE CYXKeHHsl H yIJa
CTPENOBHAHOCTA KpblIa NPHUBOAUT K CMEIIEHHIO 00J1acTH 3apoxkKie-
HHSA CPbIBA NOTOKAa K KOHIAM KpBIIa. ¥ CTPENOBHUIHOTO Kpblia C Ce-
YyeHHeM, IOCTOSTHHBIM N0 pasMaxy, 6e3 KpyTKH pacnpefeseHHe qaBJe-
HHs CYIIECTBEHHO H3MEHSeTcsi B HaNpaBJeHWH pasMaXxa Kpblia
(puc. 5.5). Jaxe Ha MaJbIX yIIax aTakd pacrnpelesieHde IaBICHHUS
[0 XOpAe B KODHEBHIX U KOHIEBLIX CEUEHHAX KDblIa CYL[ECTBEHHO
pasanvaercs. Ilo cpaBHEHHIO ¢ HECTPEJIOBHIHLIM KDBUIOM Y CTPEJIO-
BHUAHOTO HalJ/I0JaeTcsi BO3pacTaHHe pa3peXKeHHs B XBOCTOBOH wac-
TH KODHEBOH XODJEI, a TaKXe U Y HOCKa KOHUEBOH XOpAbl (HOCOBBIE
NHKH pa3peXeHUs). YBeqHUeHHe yIvia aTaKu NPHUBOJUT K yMeHbIle-
HHIO MHKOB Pa3peXeHHA B KODHEBBIX CEYEHHAX M K YBEJIHUEHHIO HUX
B KOHIEBHIX CeYEHHAX KpHJIa. B KOpDHeBBHIX ceueHUsX BO3HHMKAaeT
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TEHAEHLHA K TOSABJEHHIO CPBIBA NIOTOKA Y 3ajHell KDOMKH, a B KOH-
LeBBIX — K CPBIBYy IIOTOKa Yy NepefiHell KPOMKH. YBe/lHueHHe yIja
aTaku NPUBOJAHUT TaKXKe K yCHJIEHHIO BJIHSHHS TDEXMepHOro o0TeKa-
HHsl KPBLTa, K YBEJIMYEHHIO BJHSHHA BA3KOCTH. Y CTPeJOBHIHOIO
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Puc. 5.4. CxemaTnueckoe H30- Puc. 5.5. CpaBHeHne smiop
6paxkeHHe BJHSHHA HOPMbI KpHI- pacnpesiesieHdss [aBJEHHS IO
Ja B INIaHe Ha MeCTO 3apoxie- Xopae y  HeCTPeJOBHAHOrO

HHSL 06JacTH CcpPHIBAa NOTOKA (TpameuneBHgHOrO) H CTpe-

JIOBHTHOTO Kpbljia

Kpbeia (mpu OTCYTCTBUH ad3pORUHAMUUECKHX TIpeGHell, COOTBETCT-
Bylolllefi KDYTKH KpblJIa H T. I1.) BO3HHKAaeT NepeTeKaHHe NMOTPaAHUY-
HOT'O ‘¢JIOS1 BAOJIb KDPblJa — OT KOpHEeBOH ero 4acTH K KOHIEeBOH, 0COo-
OeHHO BO/IM3H 3aJHeHl KPOMKH. D10 obecrneynBaeT GJaronpHsTHOE
eCTeCTBEHHOE YIpaBJeHHe TIOTPAHUUHBIM CI0eM B KODHEBOH 4acTy
KpblJa, OXHAKO NPHBOAUT K YTOJILEHHIO TYPOYJEHTHOrO NOTPaHHY-
HOTO cJIosi BOJIM3U €T0 KOHLOB, CIIOCOOCTBYIOIIEMY KOHIIEBOMY OTDHI-
By IOTOKa.

ITpu cpennux 3HaUeHHAX YIja CTPeJOBHIHOCTH Kpbila, 06Janam-
IEer0 yMepeHHbBIMH yIJIMHEHHeM H CyXKEeHHeM, KOHLEBOH CpPbLIB IOTO-
Ka ¢ Kpbljla MOXeT IPHBOAUTb K NOSIBJCHHIO HEYCTOHYHBOCTH CaMo-
JieTa IO Tieperpyske (K NOSBJIEHHIO TaK HA3bIBAEMON <«JIOXKKH IO
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Teperpy3ke» — Kpupasi m,=¢(a) HamnoMHHaeT No (GopMe JIOXKKY).
Harasano 3to Moxer OBITh NOSICHEHO CJAeqyOMHUM o6pa3oM (cM.
puc. 5.5). KoHueBo#l cpbiB NPHBOAMT K NaJeHHIO pa3pekeHHs Ha
BepXHell NOBEPXHOCTH KOHLOB KpblIa, BbI3BIBAIOLIEMY MOSIBIEHHE

MOMeHTa Ha Ka6pupoBaHHe. DTOT MOMEHT,

by ’ CIIOCOGCTBYSI YBENHYEHHIO yIJIa aTaKh ca-
Lyma / MoJiera, O0yCJOBJIHBaeT HaJbHellllee pa3-
pacrande o6JacTd CphIBa MOTOKA M T. I.

Cynn B peaJbHBIX YCIOBHSIX, €CTECTBEHHO, Kap-

THHAa OKa3bIBaeTcs 3HauHTeJIbHO Oosee
CHIOKHOHA. BO3HMKHOBEHHIO HeyCTOHUHBOCTH
Mo neperpy3ke MOLYT TakKiKe CIOCOGCTBO-
BaTb YMeHbIlleHHe YNpYrHx AedopManui
KpblJla B pe3yJbTaTe NOSBJEHHS CPblBa IIO-
TOKa, {I0ITOPMa’KHBaHUE H H3MEHEeHHe CKO-
ca TIOTOKa B 06JIaCTH PacllOJOXeHHs TOpH-
30HTAJbHOTO OTEpeHHs U T. I

Hauano HenuHeHHOro NPOTEKAHHS Oy
(puc. 5.6) 3aBucumoctu Cy=f(a) o6yciaoB-
MeHO NOsIBJeHHeM Da3BUTHIX oOJacTel KOH-
1IeBOTO CpbiBAa NOTOKA, NPHBOAAIIUX H K Ha-
PYIIEHHIO JIMHEHHOCTH NPOTEKaHHS 3aBHCH-
MocTH m,=@(0). YBeJuueHHe yria aTaku
(mocsle BOBHHKHOBEHHS CPBIBA MOTOKA) TIPH-
ﬁ BOAUT K pPa3pacraHuio 06JacTH COPBAHHOIO

4.m. NOTOKA, pacnpocTpansiollelics B HalpasJe-

;" HHM K KODHEBBIM CEUEHUSIM Kpbula. 31ech
o

Qxp B 3aBUCHMOCTH OT TpoduIA Kpblaa, 4HCIA
Qyp ays  Re ¥ T. . BO3HHKaeT OTPHIB TMOTOKa y Ile-
pemHell WM y 3amHeli ero xpomok. Bospa-
d _o_b CTaHUe NMOIbEMHON CUJIbl 6e30TPLIBHO obre-
KaeMbIX KODHeBHIX CeUeHMH Kpblla MNapH-

pyeTcs majeHHeM IOABbEMHOH CHJIBI KOHIle-

Puc. 5.6. Cxema, mimocr- BBHIX ero cedenuit. Hauunas c HekoToporo
pupylollas  BO3HHKHOBe- YrJla aTakKH (Omy — YTOJI aTakH Hauaja He-
gg;erp“yegg°‘:{“:"°gg§bmg§ yCTOMYHBOCTH) MOMEHT Ha KaGpHpoBaHHe,
yraax ataku 06y'c/I0BJIE€HHBI naJeHHeM TIOJ'beMHOH CH-

Jbl KOHIEBBIX CeYeHHH KpblIA, MOXKeT II0

a0COMOTHOH BeJHYHHE IDEBbICHTb MOMEHT

Ha NMKUPOBAHHE, co3laBaeMbli 0Ge30TPHIBHEIM O00TEeKaHHeM KOpHe-
BbIX ceyeHHH. Bo3HHKaeT NpONO/IbHAs CTaTHUeCKas HEYCTOHYHBOCTb

caMoJieTa IO neperpyske: mfy >0 (cmyomHas xpusas I m,=aq(a)

Ha puc. 5.6). Taxkoe siBjleHHe uyalle BCEro BO3HHKAaeT Ha camoJeTax
CO CTPeJIOBHAHBIM KpBJIOM, MMeEIOIIUM CcpefHHe (He MaJjbie H He
GoJbIliMe) BeJHUYHHBl YIyla CTPEJOBHAHOCTH, H CPABHHTEJNbHO BBICOKO
pPacloJIOKEHHBIM TOPH3OHTAJbHBIM OIlepeHHeM, 0 YeM IoapoGHed
OyZer cKa3aHO HUKE.
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Ilpn HeycTOHYHBOCTH TIO Ieperpyske cBajiBaHHe MOXKeT HauH-
HaATbCs C MOJbeMOM (TOYHee, B Ipoliecce NMOAbEMa) HOca caMoJera.
3aTeM OOBIYHO BO3HHKAET CJOXKHOe INIPOCTPAHCTBEHHOE [BHMIKEHHE
camoJjieTa C KpPeHeHHeM, B IpolLecce KOTOpPOro KaOpupoBaHHe IIpe-
Kpamaercs. [locie aToro HauMHaercsl JIBHXKEHHE caMoJeTa IO CIH-
palny c OmycKaHMeM HOCa, CONPOBOXKIAaeMoe, KaK NpaBHJIO, HHTEH-
CHBHBIM KpeHeHHeM caMmoJsera. 3HaueHHSl Cymax B TaKHX cayyasx
IOCTHTaloTCsl OOBIYHO HEe3aRoJro 4O pacupocTpaHeHHss 06JacTn
CphIBa NIOTOKA NPAKTHUYECKH 10 BCEMY pa3Maxy Kpbhlia.

AsponuHaMHyecKHe XapaKTeDHCTHKH caMoJera IpH GOJbIIHX
yIJIaX aTakd MOTIYT CYLIeCTBEHHO 3aBHCETb, B YACTHOCTH, OT BHICOTH
pacToMOXKeHHs] TOPU3OHTATbHOrO ONepeHHus (IO OTHOLIEHHIO K IJIOC-
KOCTH XOpJ Kpblia) ¥ yHaJeHHOCTH ero OT 3aJHell KPOMKH Kpblia.
Pa3BuTHe cpblBa TIOTOKA Ha BepxHell NOBEPXHOCTH Kpblla 3HAYH-
TEJbHO YMeHbUIaeT CKOC NOTOKa 3a KpblioM. Ilpn Hu3kOoM pacmoJo-
)KEHUH TOPH30HTAJbHOTO ONepeHHs (HHXKe INIOCKOCTH XOPJ Kphblia)
3TO OOBIYHO YJYyUHIaeT XapaKTEPHCTHKH IPOJOJIbHOM YCTOMYHBOCTH
caMosiera (yMeHbIIAeT OTPUIATENbHYI0 HOLBEMHYIO CHJIY TOPH30OH-
TaJbHOTO OTIepPeHHs), BbI3bIBasl NOSIBIE€HHE BOCCTaHAB/IMBAIONUUX MO-
MEHTOB — MOMEHTOB Ha IHKHpOBaHHe. B HeKOTOpBIX caydYasx 3TH
MOMEHTHl MOTYT NepeKpblBaTh II0 a0COMIOTHOH BeJHUHHEe MOMEHTHI
Ha kabpupoBaHHe, co3/laBaeMble CPHIBOM IIOTOKA C Kpbl1a, U TOria
camoJier OyZmer NpOmOJbHO ycTOHuuB (KpwBas 2 Ha puc. 5.6). Ana-
JoruuHblil 3ddeKT rocTHraercs CO3qaHHEM OTPHLATEJILHOTO IoTe-
peunoro V ropuaoHTaJbHOTO ONepeHUs (3TO desnaeT ero Kak Obl pac-
NOJIOXKEHHBIM HHXKe). IIpu BbICOKOM pacNOJOXKEHHH TOPH30HTAJIb-
HOTO ONepeHHsi YMeHbIIeHHe CKOCa NOTOKAa 33 KPHIIOM MOXKeT IpH-
BOJHUTb K 3HAUUTEJIBHOMY YXYIIIEHHIO XapaKTepa NpPOTeKaHHs KpH-
BOH m,=(a), BEI3bIBas MNOSIBJEHHE MOTOJHHTENbHBIX Kabpupyio-
IHX MOMEHTOB.

Ha xpblie ¢ 6GOJBIIHM YTJIOM CTPENOBHIHOCTH, MAJBIM YIJIHHE-
HHeM H OOJBIIHM CyXeHHUeM 006JacThb CpblBa NOTOKa IOSABJSETCS B
KOHIeBOH YaCTH KPblJa MPH CPABHUTENbHO HEOOJBIINX YIiIaX aTakd.
C yBeauueHueM yria araku 3ta oGJacTb paspacraercs, paclpoct-
paHssicb BROJb TepeIHeli KPOMKH K BeplliHHe Kpouia. [lpu
6oNbIIMX  yryax aTakd BHXpeBas INeJeHa, pacrnosoxKeHHast
BIOJb IlepefHedl KPOMKH B 00JaCTH CpbIBa NIOTOKa, CBEPTHIBAETCS B
CIMpaJibHBle BUXPeBbIe KI'YThl, Yepe3 KOTOPHIE Neperekaer Haberao-
Ui BO3LYUIHBIA NOTOK, 6e30TPHIBHO OOTEKAIOMMi 3aTeM BHYTPEH-
Hue O6aactu Kpblaa. IlosoxkeHne 3THX BuXpell CylIeCTBEHHO 3aBH-
CHT OT HaJH4yHfl CKOJbXeHUs. OHM B 3HAYUTEJNbHOH CTeNeHH
DTpefenaioT a3poJHHaMUYecKHe XapaKTepHCTHKH Kpblia HpH 60Jb-
IIUX yIJax aTak.

[Tpu nosBnenun pa3BuTHIX o6JaacTell CphBa NOTOKAa € Kphblaa
Ha MOKTPHYECKHX YTJax artaku 3aBucuMocTb Cy=f (a) y camoJera
CO CTPeJTOBHAHBHIM KPBIIOM MOXKET HHOTJAa HMeThb BHH, IIpeiCTaB-
JeHHbI!I HA puc. 5.7. B 3troM cayyae HauyuHas c yria aTak# camo-
JIeTa a==0ors HaKJIOH KpUBOA Cy=f (@) 3HauuTENbHO yMEHBIIAETCS
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(mostBAsieTCS TaK Ha3bIBa€MbIA «OTBaJ» KPHBOH), T. €. NIOJ BJHSAHM-
€M CpBiBa IIOTOKA HecylllHe CBOMCTBA KpblJa 3aMETHO YXYALIAIOTCH.
Onnako HauhHas ¢ yIJla aTakd a=a; B pe3yJbTaTe MECTHOH CTa-
Ounusanun obJaacTell cpplBa NMOTOKAa Hecyliue CBOMCTBA KpBLIA CHO-
Ba HECKOJIbKO yJayuIlaloTcsi — HaKAOH KpuBoit Cy=f (a) yBennuu-
Baercs. B Takux caydasix oObIYHO BeJHYHHA YIJIa aTakKH, COOTBETCT-
BYIOLIEr0 Haya/ly OTBaja KPHBOH (Gors), SABJISETCS TpaHHIEH 3Kc-
MJyaTalyOHHOTO  [IHamnas3oHa

ey NOJIOXKHUTENbHBIX YTJOB aTaKu

&y max camosera (Ogon). O6BIUHO TpH

c (—‘T\ 3TOM yroJl aTakKH CBaJ/INBaHHUA
e (

Q¢ ‘OKa3bIBaeTCs 3aMeTH)

Cyomt o MEHBIIIE Qxp, TAK YTO B IIOJIETE
‘ C HYJeBOH CKOPOCTHIO KpeHa

H TPH OTCYTCTBUM CKOJBbXKE-

HUA TIpaKTHYECKU HEBO3MOXKEH

BBIXOX caMosera Ha Cymax
(kpoMe ciyuaeB BBHINOJHEHHS
- 4 = MaHeBpOB ¢ OOJBLIOH HCXOM-
/l Aomg®y Qg  Olxp O HOH BEIHYHHOH &,1>0). O6D-
SICHSIeTCSl TO TeM, YTO C Ha-

Puc 5.7. [Mpumep crnemuduueckodi 3aBHCH- uanoM CBalHBapHs (mpH BH-
moctn Cy=f(a) y camonera co crpemo- XOA€ CaMmoJ/iera Ha Cyc) mpo-
BHIHBIM KPbHLJIOM HCXOOUT ONyCKaHHE Hoca <ca-

Mosera. [laxe Tpu IOJHO-

CTHIO OTK/JIOHEHHOH 'Ha cebs
pyuKe ympaB/leHHS YroJl aTaku caMmoJeTa jaJjbllle He BO3pacraer
J0 Tex 1nop, MOKa B Ipollecce CBAaJHBAaHUA He Da30BbeTC YIVIOBas
CKOPOCTh KpeHa, YBeJHUYHBAIOIlas MeCTHble YIVBl aTaku Ha OIy-
cKamomeMcs moaykpblie. KpeHenne camosiera IpUBOLHT TaKXe K IIO-
SIBJIEHHIO CKOJIbXKeHHus. TOJbKO B pe3y/bTaTe MNOSBJIEHUA YIJIOBOH
CKODOCTH KpeHa wx15=0 u yrsia ckonbxkenus =0 B paccMaTpuBae-
MOM CJlydae BO3MOXKEH BBIXON CaMoJieTa Ha KPHUTHYECKHe, a 3aTeM
H 3aKPUTHYECKHE YTJIbl aTaKH.

Jasi coxpaHeHHs] TOCTaTOYHO BBICOKHX adPOJHHAMHYECKHX Xa-
PAKTEPUCTUK KPBIIa Ha GOJBIIHX CBepX3BYKOBBIX CKOPOCTSX IOJeTa
cllellyeT €O3[aBaTh KPHLIO C NO3BYKOBOH NepexHeil KpOMKOH (HOp-
MaJ/ibHas 10 'OTHOIIEHHIO K INepefHeli KPOMKe COCTaBJAlOLIas CKO-
pocTu Haberamuero NOToKa COXpaHsieTcss NO3BYKOBOM), T. €. ¢ 60JIb-
ol crpesIoBUAHOCTBIO. Tak, HanpuMep, npH uucie M nodera,
paBHOM 2,5, yToJl CTPEeJOBHAHOCTH NepenHell KDOMKH HOJXKeH GBITh
nopsaxa 70°. Kak ¢ aspoguHaMuyeckoil, Tak U C KOHCTPYKTHBHOMH
TOYeK 3peHHd HauboJee MOAXOISLIUM JJIS 3TOTO SBJSETCS TOHKOE
KPBLTO: TPeyroibHOe (Heabrao6pa3Hoe), THIA [JBOHHOA MAeJbTH,
OXHBaJbHOE HJHU roTHUeckod (GopMHl B miaHe. M3BecTHO, YTO CPHIB
MOTOKa C Kpblia GOJBIIOH CTPENOBHIAHOCTH IO TIepelHell KpPOMKe,
COCTaBJeHHOTO M3 Npoduiefi ¢ 3aKpyrieHHHIM HOCKOM, HauMHAETCSH
Ha ManbiX yraax arakd. IIpu 3tom BuxpeoGpa3oBanue NPOHCXOLAT
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JIEWb Ha HEKOTOPO# YacTH pasMaxa Kphlaa. Y xpbina ¢ 3a0CTpeH-
HOM TepeJHell KPOMKOH CDEIB IIOTOKA NPOHCXOAHT 1O Bcell IJIHHE
Takoil nepenuell kpoMku. OGpasyiomuecs TpH ITOM Y TiepefHedH
KPOMKH BHXDH OKa3bIBalOTCS JOCTATOYHO ycroiiunBeiMH. OHH IPHBO-
ISAT K TIOSLBJIEHHIO 0COGOTO, XapaKTepPHOTO TOJbKO 1A TaKoro Kphl-
Jla 06TeKaHus, IPH KOTOPOM CpPbIB NOTOKA B OOLIYHOM ero HOHHMa-
HHH TPaKTHYeCKH He Bo3HUKaerT. Ha ToHKOM Kpblie ¢ 3a0CTPEHHOH
nepenHeil KPOMKO@ IIOYTH Ha BCeX YIJaX aTakKH (3a HCKJIIOYeHHEM
OUYeHb Y3KOr0 [JHana3oHa YrJ0B aTakW, B KOTODOM HMEET MeCTO
6e30TpPEIBHOEe OOTeKaHne — OGBIYHO 3TO pacyeTHHle YIJH aTaKH
KpeHCcepcKoro mnoJera) NpOUCXOAUT 6oJiee HJIH MeHee HHTEHCHBHOE
oTjaeJeHHe (OTPBIB) NOTOKA.

Takum o6pa3oM y TpeyroJbHOTO KpblIa MajOH OTHOCHTEJbHOH
TOJIIHAHBl U MAJIOTO YAJHHEHUs, HMEIOIeTr0o 3a0CTPEHHYIO TePeIHIOn
KPOMKY € GOJIBIIMM YIJIOM CTPeJOBHIHOCTH, OTPHIB IOTOKA HauH-
Haercsl 110 BCell [JIMHe ero nepeasell KpoMku (cM. puc. 5.4). Haun-
Hasl CO CpaBHUTENbHO HEGOJBIINX YIVIOB aTaKH Ha OCTPOH IepeldHel
KPOMKe IIOSIBJISIETCS] MEeCTHBIHl OTPBHIB TOTOKA, BO3HHKAIOMIMI HeIo-
cpencTBeHHO y HepenHeir KpoMku. OOGBIYHO Ha JO3BYKOBBIX CKOpOC-
TAX NIOJIeTa TaKOH OTPHIB HAUHHAETCS Ha OuYeHb MaJblX yIJiax aTakH,
TIPY CBEPX3BYKOBBIX CKODOCTAX — HaUWHasA C YIJIOB aTakKu NOpAJKa
15°+20°. B o6sactu oTpeiBa o6pasyercsi BUXpeBOe TeueHHe. Y Bep-
IIHHBl KpblJla NOSIBJASIOTCS JBe CBeDHYTBHle CIHpa/JbHO BHXDEBbHIE Ile-
JIeHbl, IPOCTHpAIOIIKecs MO NMOTOKY BIOJb BCEro pa3Maxa IepelHHX
KPOMOK IIpaBO# M JIeBO TIOJOBHH Kpblla. DTH CHHpaJbHble BHXpe-
Bble IleJIeHbl OKa3bIBAIOTCS BecbMa HMHTEHCHBHBIMH. Takas obiactb
C MHTEHCHBHBIM BMXDEBBIM TeUEHHEM, HaUMHASICh y BEPIUMHBI KPHLIA,
NOCTENEHHO paCIIMpPseTcs [0 Mepe npwéJImKeHHa ee K OCHOBAaHHIO
KpHJIa Tak, 4To ee popMa oOKa3biBaeTcs OJH3KONH K KOHHUECKORL.
[TosToMy Takue BHXDH Ha3bIBAIOT KOHHUECKHMMH HJH CIHPAJbHBIMH.
Konuueckue BHXpH, oOpasoBaBuIHeCs B pe3yJabTaTe CBepPTHIBAHUSA
BUXPEBOH IeJIeHbl, CXOAALeH ¢ NepeqHell KPOMKH, Ha3bIBalOTCS Iep-
BUYHBIMH HJIM OCHOBHBIMHM BHXPsIMH. KoOHHYecKue BHXpH, HAXOnd-
muecs B 06/1acTH MexXIy NepelHell KDOMKOH M NepBHUYHBIMH BHXpS-
MH, Ha3bIBAlOTCS BTOPUYHBIMH BuXpsAMHU. [losiBIeHHe BTOPHUHBIX
BHXpefi (BTOPHYHOrO OTPbiBa IIOTOKa) OOYCJOBJIEHO MHAYLHUPYEMBbI-
MH OCHOBHBIMH BUXPSIMH I'DafyeHTaMHu JaBjeHHsl. BTOpHuHble BHX-
pHM HMEIOT 3HAaYMTeJbHO MeHbIIHe pa3Mepbl. HanpaBnenue ux Bpa-
LIeHAS TPOTHBOTIOJOXHO HANpaBJeHHIO  BpalleHWs TePBUUYHBIX
BUXDeH.

B cnekTpe oOTekaHHsl TAKOTO KpBLIa MMEIOTCSl JBe YETKO BhIpa-
JKeHHble JIMHHH, HAa KOTODBIX TIDOHCXOIHUT INPHCOEIMHEHHE TOTOKa
(BoccraHOBJIeHHe Ge30TphIBHOrO of6TekaTtens). OmHa M3 3THX JHHUEA
ABJseTCA TPaHULlell MeX1y 00JacThbi0 BHXPEBOIO TeueHHsS Y Nepel-
Hell KDOMKH M TeUeHHeM B CpelHeil 4aCTH Kpblia. DTO JHHUS pas-
JelleHHs1 TeueHHH (JIMHUSA TIDUCOENUHEHHS BHXPEBOH IeJeHHI).
Bnoib Hee NpOHCXONHT pe3Koe H3MEHEHHEe HaNpaBJeHHs NOTOKa —
OT HanpaBJeHHs, TPAKTHUECKH NapasJyieJbHOTO HalpaBieHHIO Hale-
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raiouero notoka (B o6;aactu 6e30TpEIBHOrO o6TeKaHHs), K Hanpas-
JIeHHIO B CTOPOHY IepelIHell KPOMKH M KOHIOB Kpblla (B o6Jaactu
BHXpeBOro TeueHusi). Ha JHHHM BTODHYHOrO OTpbiBA CHOBA NPOHC-
XOJWT 3HAUHTeNbHOE HM3MeHeHHe HalpaBleHHs TedeHus. Mexay
3TOH JMHHMEH W mepejHell KPOMKO! ITOTOK NPAKTHYECKH IapajjeleH
NepefHell KPOMKe KpHhlia.

a m,

Paspywenue
CpoiB Guxpebozo
nomoxa meyenuA
i

m

I

Puc. 5. 8. 3aBucumocty Cy=f(a) u m,=
=¢q(Cy) Yy TPEYroJbHOTO KphIA, HMEIOLIEro
320CTPEHHYIO NePEXHIOI0 KPOMKY C GOJbLIHM

YIJIOM CTPEeJNOBHIAHOCTH

3HauuTeNbHOE YBeJIWYEHHe YIJIa aTakd BHI3bIBAET IIOBBIIIEHHE:
MHTEHCHBHOCTH KOHMYECKHX BHXpefl U IepeMellleHHe HX K KOPHEBOMH
YacTH KphbiJa. TO JOCTATOYHO YCTOHUUBBIE BUXPH, NPOCTHPAIOILHECS
Najleko Ha3al 3a 3aJHI00 KPOMKY Kpblla. Takne BHXpPH MHAYLHDY-
10T 6OJIbIIMEe CKOPOCTH (CKOPOCTb TeYeHHs BIOJb OCH BHUXPS B He-
CKOJIBKO pa3 IpeBLIIaeT CKOPOCTb Haberamoilero noroka), 6jaarona-
ps YeMy Ha BepXHeH NOBEPXHOCTH KpblIa IOABJIAIOTCA 'GOJIBIINE
obmacty paspexeHus. ITO NPHBOAUT K CO3NAHHIO MOIXBEMHOH CHJIBI,
BO3pacTalolell ¢ YyIJOM aTaku OBICTpee, UeM IO JHHEHHOMY 3aKOHY
(puc. 5.8). Kosdduunent noxbeMHoll Cuabl KphiJia B 3TOM ciyuae
MOXKHO CUHTATh KakK OBl COCTOSIIMM M3 [ABYX <chaaraeMbix: Cy=
=Cyn+ACyus. TlepBoe ciaraeMoe—.uHeiHass COCTaBJOmAn
(Cy a), mpoTlopIHOHANBHASA YIVIy aTakd. TeOpeTHYeCKH MOXKHO
CYyuTaTh, YTO TaKoH KodpduuueHT moabemHo#t cuabl (Cyy)
Mor OBl OBHITh Yy pacCMaTPUBaeMOTO TOHKOTO Kphblla B cJlyyae
6e30TPHIBHOIO €ro OOTeKaHusi, T. €. €CH Obl He NMPOHCXOAHJIO OTAE-
JIEHHE TTOTOKA y epeiHeli KpOMKH. BTopoe cilaraemoe — HeauHefHas
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cocrasisiiomas (ACy ux) sBAsIeTCS HesNMHeHHON (yHKUMeH yria ara-
K. [Ipu6auKenHo MOXHO cuuTaTh ACygx TIPONOPHUOHAMBHEIM aS/3.
Hannune ACyg; 00ycaoBIeHO GOJbIINM pa3pexKeHHeM Ha IOBepX-
HOCTH OCHOBHOIO BHXps (TIO3TOMY HHOTAA €e Ha3blBalOT BHXPeBOMH
HOABEMHOH CHJION).

[Ipun HekoTOpOM yIJle aTaku ap (yroJ aTakd Hadajia paclliHpe-
HHSL BHXps) XapaKTep TeueHHs CyIlecTBeHHo MeHsercs. o yraa
aTakKi gp HMeeT MECTO yCTOHYHBOe BHXpeBoe TeueHue. IIpu mocru-
eHHH (M HajbHeHIIeM TIpeBBIIIEHHH) Gp MPOHCXOJHT De3Koe pac-
IIHpeHUue sApa BUXPS M BO3HWKaeT KpynmHoMmaciuTabHas TypOyJeHT-
HOCTb. DTO pa3pylleHue BHXpeBOro TedeHus. Hauwnaercs oHO B
HIKHeH (pacHo/ioXKeHHOM HHXKe IO NOTOKY) 4YacTH KphlJa H 10
Mepe YBeJMYEHHSl yIJa aTakd paclpocTpaHseTcs BBepX IO Tede-
Hulo. Hauunaercs o6umuil OTPHIB NOTOKA C BepXHEeH IOBEPXHOCTH
kpelia. HeycrofiunBoe JaMHHapHOe TeueHHe II€PEXOAHUT B TypOy-
aentHoe. Ha puc. 5.8 3amrpuxoBana 06/acTh NOTepb INOLBEMHON
CHJIBI, BO3HHKAIOUIUX H3-3a Pa3pyIleHHs BHXPEBOTO TedeHHs. Bein-
YHHA Op BO3pACTaeT C yBeJHUEHHAEM yIJa CTPeJOBHIHOCTH IlepelHeH
KPOMKH Kphbl1a. Bausinue uucaa Re Ha aspoamHaMuueckne xapak-
TEPUCTHKH TAaKOTO TPEYrOJBbHOTO Kphlia IpH OOJBUINX YIVIaX aTakH
nposiBasieTcs OOBI'YHO 3aMeTHO clabee, 4eM y CTPEJOBUIHONO KpHiIa.

W3 ckasaHHOrO BHIHO, YTO OCHOBHOH OCOOEHHOCTBIO OOTEKaHHS
Kpbllla MaJOro YHAJHHEHHS, HMeIOllero 3a0CTPEeHHYI TepelHIO0
KPOMKY GOJBIIOH CTPEJOBHAHOCTH, SIBJASETCS BO3HHKHOBEHHE MecT-
HOTO OTPBIBAa IIOTOKA HA BepXHeH IOBEPXHOCTH KpblJa, NOSBJAANOLIE-
rocst HelNOCPeNCTBEHHO Yy NepefiHell KPOMKH ellle NPH MalbX yriax
araku. B o6nacTi copBaHHOTO NOTOKa HMeET MeCTO YeTKO BhIpa-
JKeHHOe BuxpeBoe TeueHue. JlaBleHHe B ILeHTpPe 3TOTO BHUXPEBOTO
TeUeHHss W Ha BepPXHeH NOBEPXHOCTH KphlJa 3aMeTHO IOHHXKaercsd.
Haumnnas ¢ yria ataku ap pexKHM TeueHHsl 3HAUMTEJbHO H3MEHsSeT-
csl. BosnukaeT peskoe pacliupeHHe sipa BUXPEBOTO TeUYeHHs — pas-
pyueHue (B3pbIB) BHXpeBOro TeueHus. IIpomcxomur oO6GmuA cphIB
notoka. Takoe pe3koe H3MeHeHHEe XapakTepa OOGTeKaHHs CBS3aHO C
Nepexoa0M HEYCTOHYMBOIO JaMHHADHOIO TeueHHs B TypOy/JeHTHOe
U BO3HHKHOBEHHEM KpYyIHOMAacHITaOHOH TypOyIeHTHOCTH.

Y kpblia u3MeHseMOH B II0JIeTe CTPeJOBHIHOCTH HA NMPOTSIKEHHH
mojera MoXeT HaGJiofaTbCcsi 3HAYUTENbHOE H3MeHeHHe HeCcyLIHX
cBoiicTB. Pa3max Kphlia, ero yAJHHEHHEe, OTHOCHTeJIbHAs TOJNLIHHA
H IJIOLIafb YMEHBIIAIOTCS C YBeJIYUYEHHEM Yrja CTPeJOBHIHOCTH (C
OTK/JOHEHHEeM KOHIIOB Kphlia Ha3anx). V3aMeHeHme yria cTpesnoBHA-
HOCTH BBI3BIBAeT TaKXe H3MeHeHHe KDHBH3HB M KPYTKH Kphlja.
Ha6monaerca caenyomas 3akOHOMEDHOCTb: TIPH MaJblX yriax
CTPEJIOBHAHOCTH (CPaBHUTEJBHO GOJBLIOM YIJHHEHHH) Kpblla ero
a3pOJIMHAMHYECKHe XaPAKTeDUCTHKH B 3HAUHTENbHOI CTelleHH Ol-
peensioTcs XapakKTepUCTHKaMH ero npoduief, a mpu GOJbUINX
yriax CTPeJOBHIHOCTH (CPaBHHTENbHO MaJOM YIJHHEHHH) OTpe-
Iessolle reOMeTPUUeCKO! XapaKTePHCTHKOM TaKoro Kphlla OKasbl-
Baercsl ero ¢opma B maane. Ilepexom oT pa3BepHYTOTNO MOJOXKEHUS
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Kpblia (MHHHMAJbHBIH YTOJ CTPENTOBHAHOCTH) K IOJIOXKEHHIO, CO-
OTBETCTBYIOLIEMY €ro MaKCHMaJbHOH CTPENOBHAHOCTH, MOXKET NPH-
BOAWTb K BecbMa CyurecTBeHHOMY yMenbiienuio C» # Cypno (B mep-

&y Cymax
Ay
Az

As

A;>>2A,> 2,
1

a 0 50 X,epad

Puac. 5.9. Ilpumepnt 3aBucumocreét Cy=f(a, A) u
Cy max=0(X)

BYIO Ouepelb B pe3yJbTaTe YMeHbIIeHHs YAJAHHeHHA Kpblaa). [lpu-
Mep H3MEHEeHHs XapaKTepHCTHKH Hecymux cBoiicts8 Cy=f(a) B
3aBUCUMOCTH OT YAJHHEHHs: KpbIa M u3MeHeHH Cymax B 3aBHCH-
MOCTH OT yrIJIa CTPEJIOBUAHOCTH TAKOTO KpblIa NpuBefeH Ha puc. 5.9.
c —Ct =24
Ilpu Goapmux yriax CTpeJOBHIHOCTH IPOM3BOAHASA ay—C;_ ™
MOXKeT yMeHbiatscs Gosiee ueM BaBoe. ITagenne Cymax CTaHOBHTCS
0COGEeHHO pe3KHM, HauMHasi C YIVIOB CTPEJIOBHAHOCTH mopsika 45°

5.3. PEBKOCTb CBAJIMBAHHS

YeM pesue MPOHUCXOAUT CBAJHBAHHE, TeM OHO ONac-
Hee — HECMOTPSI Ha To, 4To BeauynHa Cy. (Takke KakK U Cymax)

BOo3pacTaerT C yBEJAHWYEHHEM CKODOCTH HapacTaHHUd YrJja aTakKu

. da
a=7, T. e. UTO GoJee pe3Koe CBa/IUBAHHE NMPOUCXOAUT IO3XKEe —

Ha GOablKX yraax atakd. OObsCHAETCS 3TO TeM, YTO NMPH OLICTPOM
BLIXOle Ha PEeXHM CBaJKBAaHHS B PACNOPSXKEHHH JeTYHKa OCTaeTcs
MeHbllle BPpeMeHH AJsl NTapHPOBaHHs CBAaJUBAaHHS H IpeLOTBpalle-
HHUS NIOCJEeAYIOLIEro BXoja caMoJieTa B IITONOP, a TakXkKe elle H Io-
TOMY, YTO B IIpOLieCCe CBaJIMBAaHHA CaMOJIeT BBIXOLHT H3 CBOEro
OOBLIYHOTO IOJIOXKEHHSI B NMMPOCTPAHCTBe M NpubJaHKaeTcs K 06JacTH
HEeJONYyCTHMBIX (0COGEHHO AJIS1 HeMaHeBPEeHHHIX CaMOJETOB) B HOp-
MaJIbHOH JIETHOH 3KCIJIyaTalluu NOJIOKeHUH TeM ObICTpee, 4eM pesue
cBasuBaHHe. Pe3KoCTb CBaJMBaHH4, T. €. HHTEHCHBHOCTb IIpOTEKa-
HHS HEIIPOM3BOJILHOrO ABHXKEHHS CaMoJeTa Ioc/e NpeBLIIeHNs yria
aTaKu G B HayaJbHBIH IIEPHOJ 3TOrO [BHKEHHS, XapaKTepPH3YeTCs
B OCHOBHOM MaKCHMaJbHO AOCTHTHYTOH NPH 3TOM aGCOJIOTHOH Be-
JIMYHHOH YIVIOBOTO YCKODEHHSI KPeHa &x max= (®x)max H BO3HHKILIEH
3aTeM MAaKCHMaJbHO# abCOMIOTHOH BeJHYHMHOH YIJIOBOH CKOPOCTH
KPeHa ®x max. JDTO JBe U3 HanGo/ee BAXKHBIX XapaKTEPHCTHK CBAJIH-
BaHus. [loMHMO uX, CBalHBaHHe XapaKTepH3YIOT TakKkKe H aGCOJIOT-
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Hble BeJHYHHBI MaKCHMaJbHOMH erlOBOﬁ CKOpPOCTH DBICKAHHAI ®y max

¥ MaKCHMaJIbHOTO YIJIOBOTO YCKOpEHHs PHICKAHHS &ymax= (Wy)max-
OTH ueTblpe mapaMeTpa M ONPERESIOT B 3HAUHTEJNbHOH CTENeHR
ycloBHsi paGoOTH W BO3MOXKHOCTh OPHEHTHDPOBKH JIETUHKA B TaKOM
GbICTPO pa3BHBamOLleMCs pexnMe. B HeKoTophix cayyasx (B yacT-
HOCTH, IIPH HAJHYMH HEYCTOMYMBOCTH IO Meperpyske) BecbMa CHJIb-
HOE BJIMsIHHE MOTYT OKa3blBaThb NMapaMeTpbl NPOJOJBHOTO ABHKEHHS
camoJjieta (o, U €;).

Tabauya 5.1
MakcHMaabHble Yri0OBbie CKOPOCTH H YCKOPEHHS
NPH CBAJMBAHHM PA3JHUHBIX CAMOJIETOB
Camouier l (';;‘;;;‘lal’c‘ l l;*;‘;?é‘l

¥Vr-1 1,85 1,65
Ak-7 1,8 1,2
S1x-9B 1,4 1,1
P-39 («Aspoko6pa») 2,0 2,2
JIaI'T-3 (6e3 mpenxprlIka) 1,5 1,3
JIaI'T-3 (c npeRKpHIIKOM) 0,9 0,85
VJla-7 (6e3 npenxphuika) 1 1,5
VJ1a-7 (c npeaxpEIIKOM) 0,7 1,45
Jla-9 1,5 0,6
Jla-11 1,9 1,3
Mur-9 2,6 1,05
MuT-15 1,0 0,65
Mnl-17 0,9 0,9
Murl-19 0,8 0,75
Mul-21 0,5 0,38

ConocraBieHHe OCpPeIHEHHBIX aGCOMIOTHBIX BEIHUHH Mg max X
€xmax CAMOJIETOB CTAapOH H COBPeMEHHOH KOHCTPYKUHH, IOJyYeH-
HBIX TI0 JaHHHIM JIETHBIX HCHBITAHHH Ha BBICOTAX INOPsAAKa 58 KM,
npuBefeHo B Taba. 5.1. DT BelnuHHBI OBUIM ONpENENeHH TPH OT-
KJIOHEHHBIX MO CBAJHBAHHIO PyJAax (Py/Jb BBICOTH GBI OTKJOHEH
IIOJIHOCTBIO BBEPX, PYJb HaNpaBJeHHsS — TOJHOCTBIO B CTOPOHY Bpa-
IIeHHs caMoJieTa) H HEHTPaJbHBIX 3JepoHax. JlaHable TaGaAuIBI
NOKa3bIBaAlOT, UTO CBaJMBAaHHE CBEPX3BYKOBBIX CaMOJETOB IPH CO-
MOCTaBMMBIX HaYa/JbHBIX YCIOBHAX INpOTeKaeT Gojiee MJIaBHO, YeM
CBa/lMBaHHE [03BYKOBHIX camoJeroB. Huke Gymer moxasano, 4To
BEHYMHBl €xmax U OCOOEHHO Wxmax Y OXHOTO H TOTO K€ CaMoJeTa
B 32aBHCAMOCTH OT HAYa/IbHBIX YCJOBHH IIOJIeTa MOTYT H3MEHAThCA
B HIMPOKHX Ipejenax.
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Ha puc. 5.2 gns cpaBHeHHst OblI:z (pPHBENEHBbl 3anHchH NpHGI-
POB-CaMOMHCIEB, NOJyYeHHbIe B NOJeTe INPH CBaJHBAaHHH C JaJb-
HEAlIHM NepPexXofOoM B ILITONOP HO3BYyKoBoro camojera Mul'-9 u
cBepx3BykoBoro camojsiera Mul-21. B o6oux paccmaTpuBaeMbIxX
cJlyuyasx CBajJHBaHHe caMoJjeTa IPOHCXOAMJIO HAa NpaBoe KPBHUIO C
NOBOPOTOM HOca caMosiera Brpaso. [IpumepHo uepes 4 ¢ nocie
Hauaja CBaJjuBaHusg caMosera Mul-9 (cM. puc. 5.2,a) GwlIM J0-
CTHTHYTHl MaKCHMaJ/bHble aGCO/IOTHBIE BEJHYHHBI YIVIOBHIX CKOPOC-
Teil KpeHa ¥ PHICKAHHA Oxmax~ 2,650 pan/c H |wymax| ~0,7 panfc.

CBasnBaHue CBEPX3BYKOBBIX CaMOJIeTOB OOBIYHO TIPOHCXOMHT IIO
enupasu. [Ipn 3TOM B nepBHle CEKYHAB NOCJAE CBAJHBaHHs, KaK Ipa-
BHJIO, BO3HHKAaeT KaGpHPYONIW MOMEHT, CTPeMsAIIUHCcA HeCKOJbKO
HOAHSTH HOC camoJeTa (B NpHBEAEHHOM Ha pHC. 5.2,a mpumMepe
yrjoBasi CKOPOCTb TaHraxa Oblla NMOJOXKHTEJbHOH B TeueHHe IpH-
MepHO 5 ¢ Toc/ae BO3HMKHOBEHHSI cBanuBaHua: [~ 5--9 c), a 3areM
HOSIBJISIETCS MOMEHT Ha NHKHpOBaHHe (Ha pHC. 5.2,a |® max|=
~0,55 pan/c npu {==8 c).

Has npuGnuKeHHOM OLEHKH COOTHOLIEHHS BEJAHYHH YTJOBBIX YC-
KOpeHU# NPH TaKOM CBaJuBaHHU CaMoJjeTa pacCMOTPUM KayecTBeH-
HYIO KapTHHY U3MeHEHHs adpPONMHAMUYECKUX CHJ U MOMEHTOB, Hei-
CTBYIOL[MX Ha CaMOJIET B 3TOM pexHuMe. 2

Ilpu nmosBneHuu cpaBHUTEIbHO NPOTSAXKEHHBIX obJacTell cpbiBa
AOTOKAa Ha KpBlJIe BEKTOD pe3yJbTHPYIOLIEH a3POAHHAMUIECKOH CHIIBI
caMoJieTa BHauajle HECKOJbKO BO3pacTaer, a 3aTeM YyMeHBIIaeTcs
H CMellaeTcs IO Xople Hasald. HauanbHoe Bo3pacTaHue pe3yJbTH-
pyiolliell a3poANHAMHYECKOH CHJBI OOYC/JOBJIEHO YBeJHUEHHEM ee
k03)PHLHEeHTOB N0 YIVIy aTaKy, a JajbHelllee yMeHbIIelne — mpe-
KpallleHHeM 3TOro SIBJIEHHSI W NaJleHHeM CKOPOCTH IoJieTa B pPe3yilb-
TaTe BO3pacTaHHs KO3(p@HIHEHTa JT0GOBOTO CONPOTHBICHHUS.

OGo3HauuM BeXTOp pe3yJbTUDPYIOLEH adpOJHHAMHUYECKOH CHJIBI
nepeji cBajJuBaHHEM, T. €. Iepel NOSIBIEHHEM pa3BUThHIX ob6jaacTeil

5

CpHiBa TNOTOKA, yepe3 R (ero coCTaBJsIONMe B CBA3aHHOH C CaMo-
zneToM cucteMe ocell koopauHar X u Y), a moc/e cBaluBaHHs, T. €.

Noc/ie Pa3sBUTHA CPhIBAa NOTOKa, uepe3 R (ero cocramisiomue X¢ ¥
Yc). Pasnocte 3tux BektopoB o6o3naunM AR. (AX., AY.)=R (X,

Y)—Rc (Xc, Y¢). Bexkrop R cocraBisier OGHYHO HeGOJBLUION Yrog
C HOpMaJbIO K IIOCKOCTH XOPHA Kpblia, IO3TOMY €ro COCTaBJISIOLLNE
N0 OCAM CBA33aHHOH C CaMOJIETOM CHCTeMBl KOODPIHHAT YAOBJETBO-
paiorT HepaBeHCTBY X <K Y. IleficTByloliue Ha caMoJieT IPH CBaJIH-
‘BaHHH C HepaGoralomuMm pasurartedeM (P=0) kacarenbHas n, H
HOpMaJsbHas Ny Neperpy3ku GyAyT paBHbI

nx=%<0 Hn,= }(;c >0,

npuueM |n.| < ny. IIpn HecUMMeTPHUHOM CpEHIBE IIOTOKA a3PONHHA-
MHYeCKas DaBHOJEHCTBYIOIIAass CMeLIaeTcss 10 HAMpPaBJAeHHIO OCH

+
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Oz, Ha BeauuyuHy 2;. DTO NPHUBOJIUT K .IOABJEHHIO adPONUHAMMUYeE-
CKHX MOMEHTOB KpeHa Myc=Y 2| u poickauus My.=X.z,, co3zaio-
IIWX YIJOBble YCKOPEeHHsl KpeHa  PhICKaHus

e =u') =ch= Y2 U e __u;y=Myc= Xczl.
Iy Ty

x X Ty P ¥y
Tak kak y CBepx3BYKOBBIX caM0/1eTOB Jy>>J. u 0ObIuHO Myc>
>Mye (Ye>Xc), To npu cBaiuBauuu |e|>>|ey|. B atom cayuae
JABHXEHHE CaMoJjieTa TpeICTaBJseT CO00H HHTEHCHBHOe KDEHeHHe B
CTOPORY Kpbllla ¢ 60Jiee pa3BUTON (TOYHee — GoJblllel M0 IJIOMIaLH

R 7y |
K| \7 A
-— y.m.
. by | ARe REAL
k bl - - bx

Prc. 5. 10. CxeMa cuJi, 1eHCTBYIOLIIHX Ha caMOJieT NPH CBAJHBaHUH

uin Gojiee ynajJeHHOH K KOHILYy Kpbiia) 00JacTbio CPHIBA MIOTOKA M
CPaBHHTENbHO MeHee HHTEHCUBHHIH NOBOPOT HOCAa caMoJieTa B CTO-
POHY 3TOTO Xe Kpblia. YBeluueHHe MOMEHTOB HHEPIUH OTHOCHTE/b-
HO HOpMaJbHOH 'OcH Jy Yy CBEPX3BYKOBBIX CaMOJETOB NPHUBENO K 3a-
MeTHOMY yMeHbLIEHHIO HX YTJIOBBIX YCKODEHHH, a Cled0BaTedbHO, H
YTJIOBbIX CKODOCTell pBICKAHHMSA INPH CBa/JMBaHMM (1O CPaBHEHHIO €
IOSBYKOBBIMH CaMOJIETAMH).

Hns oueHKH BeNMYMHBI YTJIOBOTO YCKODEHHSl TaHTaXa BOCMOJb-
3yeMcsi cxeMoft, npuBefeHHol Ha puc. 5.10. [lo cBanuBaHus Ha ca-
MOJeT HEeHCTBOBaJ Aa’pOAMHAMHYECKHH MOMEHT TaHTa)a, DaBHHIA
NPOU3BEICHHIO HOPMAJIbHOH COCTABJSIOUIeH pe3yJbTHPYIOMIEH a3po-

-

IUHAMHUYECKOH CHJBI Y Ha" pacCTosAHUE OT TOUKHU €€ NPHUJIOKEHHUA N0
->

LIeHTpa TsXKecTu caMojera Yx. [locne cBanuBaHus Ha camoJer Hefi-
CTBYT De3Y/IbTHDYIOIIHH a3POAMHAMUYECKHA MOMEHT TaHraxa,

paBHBIH TIPOM3BEIEHHIO CHIBI Yc Ha ee TJIEYo: Y (x+x). YBeanue-
HMe TJeya JAefCTBHS CHJBI BO BTODOM CJyuae OGBsICHSETCA CMelle-
HHeM IBeKTOpa pe3yJbTHpYIOIlel a3pOAMHAMHUECKOH CHJBI N0 XOpHe
Ha3aj mocJe CBaJHBaHUA caMoJsera. TakuM o6pd30M, NpH BO3HHK-
HOBEHHHM CBaJMBaHHA JeHCTBOBAaBIIHMH paHee Ha caMmoJieT a3poAHHa-
MHYECKHH MOMEHT TaHraXa H3MEHHTCS Ha BEJIHUHUHY
MM, =Yx—Y (x+x,)=AY. x—Y x,.

YBennuenne MOMeHTa TaHraxa Ha AM,c. U3MeHUT yT/I0BOe YCKO-

peHune TaHraxa Ha BEJIHYHHY
AM,.  AY x—Y.x

z— - -t

Iz Iz




ITpu AY.<0, uto o6blyHO GbIBaeT TIPH Pa3BHBLIEMCS CBaJHBa-
HAHM (B OCHOBHOM H3-32 YMeHbIIeHHsS CKODOCTH NoJieTa), H Haxe
mpu AY.>0, ecan Toapko |Yex;|S>|AYcx|, y camonera mMeercst
TeHJEHUHS K ONYCKaHWIO HOCA NPH CBaJWBaHHH. Bbllle roBOpHJIOCH
O TOM, 4TO B Hauaje cBaauBanus 00bluHO AY.>0. Ecau npu arom
| Yex1| <|AYcx|, To caMoser B Hauale CBaJHBaHHA TOJNHHMAeT HOC
H TOJBKO 3aTeM (DpH M3MeHeHHH 3HaKa AY:) y Hero mossisercs
TeHAeHIuA K nukupoBanuio. O6biyHO J.>>Jx, a |%1]| <|2:1|, mosromy,
KaK MPaBUJIO, MPH CBATUBAHUHU |€&,]| <|ex].

Ecnu kpuBasa Cy={i(a) uMeer nonorui MakCUMyM, TO TIDH BBHI-
X0Jle caMoJieTa B MpOLECCe NJIaBHONO er0 TOPMOXKEHHsS ¢ HCXOLHOTO
peXuMa MPsSIMOJHHEHHOTO TOPH3OHTAJbHOTO KOODAHHHPOBAHHOTO
mojieTa Ha YIJIBl aTaKy, OJIM3KHE K Oxp, MOXKET 0Ka3aThCs, YTO €
JNaJibHEHIINM YBeJUUYEeHHEM o HeCyllHe CBOHCTBA CaMoJieTa MPaKTH-
4ecKHM yKe He BO3pacTaioT, a JIoOOBOe COMPOTHBJEHHe MPOXOIKAeT
yBeJM4uBaThCsl. B pe3dysbrare maJeHus CKOPOCTH NOABbeMHAas cuJa
MOXeT 0Ka3aThCsl MeHbllle Beca CaMoOJieTa — BO3HHKHET IapallioTH-
poBanue. Eciu maxe mapamoTHpoBaHHe BO3HHKJIO Ha yrie aTaku
a<oc, TO H3-3a CHHXKeHHuda camoJiera (Y<<G) ero yros ataku Hauu-
HaeT yBeJHYMBAThCS M MOXKeET JOCTHYb Oc. [lapamioTupoBaHue MOXKeT
BO3HHKHYTb U B Haya/bHBIl MOMEHT CBaJHBaHHS C YKa3aHHOTO BBl

X
HCXOJHOTO peXhMa ToJeTa, ecau npu 3toM AM, =0 (AYC=YC———‘—)
X

H H3MeHeHHe CKOca MOTOKa 3a KpBUJIOM He TIPHBOXHT K Ile-
pebGanancupoBke ‘camosnera. OJHaKo B mpolecce pPa3BHTHA TaKOro
IBUKEHHS M3MEHeHHe YIVIOB aTakKH Kpbla H XBOCTOBOTO OIepeHHs,
KakK TpaBu/o, IPUBOAUT K HADYLIEHHIO paBHOBeCHS MPOJOJbHBIX
moMeHTOB. HaumuHaercs Bpallenue caMoJieTa OTHOCHTEJNLHO €0
6okoBoil ocu. CpanuBaHMe, BO3HHKalOIlee B Ipolecce NapallioTH-
poBaHus, OObIUHO (N0 KpaiiHell Mepe B HauaJe peXHMa) IPOHCXO-
IHT C OMyCKaHueM Hoca camoJsera. Ilpm oroM caMoler MOXeT
NepexOoJUTh HAa MeHbIIMe YIJIbl aTakKH, PasTOHATbCA H CaMOCTOS-
TeJdbHO (6e3 BMellaTesJbCTBA JIETUNKA) BBIXOAHMTH H3 CBaJUBaHUA —
HayuHATb TTHKHPOBAaHHe.

HaunGosee pesko u CO 3HAUNTENbHBIMH KOJIeOaHHSIMH MOXKET Ipo-
TeKaTb CBaJUBAHHE MHOTOABHTaTEJbHBIX CaMOJIETOB C HCXOZHOTO
pexXuMa moviera mpH HepaboraiooleM (OTKa3aplleM) KPHTHYECKOM
aBuraresne. B 3TuX cAyuasx JIeTUHK NpeXJAe BCETO NOJKEH HeMex-
JeHHO NapHpOBaTh COOTBETCTBYIOIIMMH OTKJOHEHHSIMU OPTAaHOB Y-
paBJieHHs] TEHIEHIIMIO CaMoJieTa K Pa3BOPOTY U KPEHEHHIO, a TaKXKe,
@CJIM TOJIbKO 3TO BO3MOXHO, YCTPAHHTb aCHMMETpHIO TSATH, ONACHYIO
H3-32 BO3MOXKHOTO IIOSIBJIEHHS] TPH STOM 3HAUHTEJBHBIX YIVIOB
CKOJMbXeHUus U kpeHna. Iljia mpekpalleHus AeHCTBUS ACHMMETPHUUHON
THATH CJefyeT OTKJIIOUUTb (eCIH 3TO BO3MOXKHO) ABHraTesb, CHMMET-
puyYHbIN OTKa3aBmeMy. Oco6eHHO De3KHM MOXKeT OHTh CBaJHBaHHe,
00yCJIOBJIeHHOe [JEeHCTBHEM OdeHb OOJBLIINX BO3MYIUEHHH — THIA
CHJIbHOH B3DBIBHOM BOJIHBI, BHe3aNHHX YParaHHBIX NOPLIBOB BeTpa
(BepTHKAMbHHX) H T. I
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Y camosieToB C KpbLIOM OOJIBIION CTPEJOBHIHOCTH, He HMelo-
IMX CNENHadbHBIX TPOTHBOCPLIBHBIX IPUCIOCOGIEHU , CPBIB [IOTOKA,
BO3HHMKAIOWIMA HAa KOHLAX KpBLIa, HAaXOASIIHXCS HajeKO 3a IEHT-
POM TSAKECTH 'CaMOJIeTa, MOXKeT TIPUBOLHTD K IepeMellleHHI0 pe3yb-
TUpYIOlell a5POAMHAMUUYECKOH CHJIBI BIepell, NpHYeM HaCTOJAbKO,
4TO OHA OKaXKeTCs NPHJIOXKEeHHOH BlepeqH LieHTPa TaxKecTd. B aTom
clyuae BO3MOXKHO BO3HHKHOBeHHe OOJIbIIHX BeJHYHH €, (YIJIOBHIX
yCKOpeHuil kaOpHpOBaHMA) H3-3a TPOSABJEHHS HEYCTOHYMBOCTH ca-
MoJieTa 10 Ieperpy3ke Ha GOJBIINX YIJIaX aTaKH.

B mpuBefeHHOM Bbillle IPHUMepe CBaJUBaHHs CBEPX3BYKOBOIO Ca-
MoJeTa (CM. puc. 5.2,6) cpeiHHe BeNHYHHBl YIVIOBBIX YCKODEHHH
cocraBasiin &,~0,38 pan/c?, ey~ —0,12 pan/c?, T. e. nefAcTBUTEND-
HO |&x|>>|ey|. Cpennee yrioBoe ycKopeHWe TaHraXxa B 3TOM CJy-
yae BHavaJe OBLIO HAampaBJeHO Ha MOLBEM HOCAa caMoJjera H
COCTaBJsAIO NpUMepHO &,=0,12 pap/c?, a 3areM y &, H3MeHHJICA
3HaK W OHO cTano paBHO e~ —0,24 pan/c2. Takum oGpa3owm,
¥ B LaHHOM mpuMepe |e;| <|ex|.

5.4. NIPEAYNPE)XAAIOUIUE NMPU3HAKH
5.4. 1. O6mue TpeGoBaHus

[1pu mpuG/avXeHHH K CBAaJHMBAHHIO Ha camoJjere A0J-
2KHbl BO3HHMKaTh JIOCTaTOYHO XOPOLIO DPa3IMYHMble JIETYHKOM ecre-
CTBEHHBIE WJIH MCKYCCTBEHHBIE NpeAylpexpaiomue IPHU3HAKH, 3a-
6Jy1aroBpeMeHHO HH(pOPMHUDYIOLINE JEeTYHKa O NPUOIMKEHHH 3TOro
OmacHoro pexmuma noJeta. Ilpemympexkpatomue npu3Haku (sBJIe-
HHUSI WK CHUTHAJBI) JOJMXKHBI BO3HMKATh Ha CKOPOCTH, IOCTaTOYHOH,
[0 MHEHHUIO JIeTYuKa, JJsl TOro, 4ToObl BOBpeMs INpPEAyNpenuTb €ro
O Haxsurampomeficas omnacHoctu. Ilpemynpexpaiomue sgBIeHHS HIH
CHTHAaJBl JOJIKHB ObITh JIETKO H 6e30IIHO0YHO pPaclo3HaBaeMbIMH,
JOCTATOYHO WHTEHCHBHBIMH M XapaKTePHBIMH TOJIBKO JJIS 3TOTO CIe-
nu¢HYeCKOro pexuma nojera (OpuGIMKeHHs M CBajauBaHMio). Ha-
JHuyue Ha caMmoJjieTe NPEAYNPeXAAIOMUX IPU3HAKOB CYIIECTBEHHO
nosbilllaeT 6e30MacCHOCTb MoJieTa Ha OOJbIIMX yrjax aTaku, 3Ha4yH-
TesNbHO oGJieryaeT paGoTy JeTunKa (UYJeHOB 3KHIIaXa), MO3BOJISET
Jiydlle MCIOJb30BaTh MaHeBpPEHHble BO3MOXHOCTH CaMoOJieTa.

EcrecTBeHHBIMH mpeaynpexXnalOlIMy IPH3HAKaMH MOTYT OBITb:
TpsiICKa KOHCTPYKIHWH, OTHEJbHBIX ee 3JE€MEHTOB HJH pHIUaroB Y-
paBJieHMsl, IOKauuBaHus (KoseGaHUSI) MM OPOCKH caMoJeTa Io
KpPeHy, PbICKaHMIO WJIM TaHTaXxy H T. . B KauecTBe HCKyCCTBEHHBIX
NPU3HaKOB, NpPEAYNpPeXAAIOIUX JeTYnKa O IpUOIHKEeHHU CBaJUBa-
HHSA, MOTYT HDHMEHATBHCS: HCKYCCTBEHHO BO30yXKIaeMble TpscKa H
(naH) TOMYKHM DHIYArOB ympaBJIeHHs, CleNHaJbHble 3BYKOBBIE H CBe-
TOBBIE CHTHAJBI H T. Tl. 3BYKOBBIe CHT'HAJbl MOTYT TIOCTYNaTh B BHIE
CHTHAJIOB CHpeHBl, 3BOHKA, peueBoil HH(POpPMAauuH JeTYUKY (UIeHaM
3KHuIaXxa) O NpuOIHXKEHUH CcBajuBaHua (HampHMep, 4Yepe3 Hayl-
HYKH) u T. . CBeTOBble (NmpuMeHseMble OOBIYHO B COYETAaHHH CO
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3BYKOBbIMH)— B BHIeE ‘CBETAIIUXCS HaJmMuCell Ha CIeNHaJbHbIX Tab-
J10, npo6JecKoBhIX orHed u T. 1. I[losBJeHHe MCKYCCTBEHHBIX Npeay-
TIpeXJaloIUX TIPU3HAKOB NpefycMaTpuBaeTcss 0ObIYHO HAa CKOPOCTH,
npeBbllIAOIIell CKOPOCTb CBAaJHBaHUS Ha -BejnuumHy AVy,, cocras-
astomyio ot 5 mo 10—I12 % 3roit ckopocTu cBaiuBaHufA. Beanunna
YKa3aHHOTO Juamna3oHa u3MeHeHuss AVyp 3aBHCHT OT Da3/IMUHBIX
cnennduyeckux GakTopoB H, B IIEPBYI0 ouepellb, OT OCOOGEHHOCTEH
NOBENEeHHs W THJIOTHPOBAHHS JAHHOTO 1CaMOJIeTa, XapaKTePHCTHK
€ro ympaBJsSeMOCTH M YCTOAYHBOCTH, Ha OOJBIIHX YTJIaX aTakH, B
T. IL .
CaMas pacnpocTpaHeHHas Da3HOBHIHOCTb €CTECTBEHHBIX INpeiy-
NpeXIaolNX NPU3HAKOB — eCTeCTBeHHas INpelynpexiaiollas HiH,
KaK ee HMHOTIA Ha3BIBAIOT, adpofuHaMHUecKas TPSCKa, BO3HHKAIO-
mas npu npubauKeHun cBanuBanus. [Ipexynpexnamomas Tpacka —
3TO XOpOIIO 3aMeTHas AJS JeTUHKa TPACKA KOHCTPYKIHH caMoJera
WM ee OTHAEJbHBIX 3JEMEHTOB, BbI3blBaeMas TIOSIBJEHHEM NyJIbCH-
PYIOIIUX a3pPOIMHAMHYECKUX CHJ IDH BO3HHKHOBEHHH CpDHIBA IOTO-
Ka. ¥ J03BYKOBHIX CaMOJIETOB NpH noaxone K ac (Cyc) 0OBIUHO Beer-
JIa BO3HHKaJa Ipepylnpexnaioias Tpsacka, IPHUEM 3HAUEHHA Or
(Cyr) u ac (Cyc) 3HauuTeNbHO pa3iHyaNHCh MeXAy coboil. Bemu-
guHBl Or (Cyr) ¥ ac (Cyc) Y CBEDX3BYKOBBIX ICaMOJIETOB OOBIUHG
TNPH CBAJHBAHHW € MHUHUMAJbHBIX HJIH GJIH3KHX K HHM CKOpOCTel
moJsieTa (MaJgble uncia M, nyo=1), a 3auacTyio ¥ TIpH CBaJHBaHHH C
BeCcbMa OOJBIINX NO3BYKOBHIX CKOPOCTEeH MmoJeTa GHIBAIOT BecbMa
OJM3KH WM AaXe NPAKTHYECKU cOBNanaioT. IHTEeHCHBHOCTH Tpeny-
npexaaouiei TpACKH y CBEPX3BYKOBBIX CaMOJIETOB IIpH CBaJHBaHHK
C TaKHX pPeXHuMOB NoJieTa OObIYHO HeBesauka. [Ipu MaabiX MCXOZHBIX
ckopocTax (umcaax M) moJsera MHOTZA Haxe BHIXOA Ha d¢ (Cyc) HE
BBI3bIBAET NOSIBJIEHHS 3aMETHOH IJISl JIeTUYHKA TPSCKH KOHCTPYKIUH,
T. €. eCTecTBeHHas mpenymnpexaaionias TPsicka BOOGINE OTCYTCTBYET.

BpIXxoJ €BepX3BYKOBBIX CaMOJETOB, HMEIOLUIUX CTPEJOBUIHOE HIH
TPEYroJbHOe KpbLIO, Ha TIPENCPLIBHBIE PEXKHMBI YaCTO CONPOBOXK-
JaeTcs NOKauYHBaHHWEM €aMoJeTa C KPBIIAa HAa KPBUIO (IIOTepeyHble
KosnebaHHus) C IOCHeNYIOUMM KpeHeHHeM B OQHY cropoHy. MHorza,
NIOMHMO TIOTIeDPeUHBIX, BO3HUKAIOT elle H NyTeBble KoJleOaHHA caMo-
JieTa, CBSI3aHHbIE C yXyHUIeHHeM XapaKTepUCTHK GOKOBOH YyCTOHUH-
BOCTH C yBeJHYeHHEM YIJa aTaKu CaMoJieTa, a TakKXe C BJIUSHHEM
NyJAbCHPYIOMIMX a3POAUHAMUUECKUX CHJI, OOYCJIOBJIEHHBIX MOABJIEHH-
eM MeCTHhIX obJacTeil CpEIBa TIOTOKA.

ITpu BeIXOZE Ha pEXHM CBaJMBAHMS C MaJbBIX HCXOAHBIX UYHCeJ
M u neperpysok (ny=1) 3TH nokauuBaHus BO3HUKAIOT NpPH 3Haue-
HHSIX KO3((QHIHeHTa NOABLEMHOH CHJBI caMojera, MeHbIHX Cye
06b1yHO Ha 15+-20%, u TIPOUCXOAAT B BHAEe HeGOJbLINX MepHOAUYE-
CKHMX KOJieGaHHH caMoJieTa C KpblIa Ha KpPbLIO C MaKCHMaJbHBIMH
YIJIOBHIMH CKODOCTSIMH KpeHa Nopsiika @y~ +3--5 rpan/c. Takoe
NOKayMBaHME CaMoJieTa INPOJOJKAeTcss BIJIOTh JO CBaJHBaHUS.
OGHIYHO y TaKHX CaMOJETOB BENHUUHY Qpon (Cypon) BHIOHpAIOT CO-
OTBETCTBYIOIIEA HayaNy 3THX KojebGaHHi (NPH OTCYTCTBHH APYTHX
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KaKuX-JH60 - OTpaHHUYeHHH SKCIIYaTalHOHHOIO JHMana3oHa BeJHYHH
Koa¢ddHuHeHTa NOLBEMHON CHIIBI).

I'Ipu HEIOCTATOYHOCTH HJH TNPaKTHYECKOM OTCYTCTBHH 'eCTecT-
BeHHO# Npejynpexaaiolliedl TPACKH B HEKOTOPHIX ClyYasX NPHMeHs-
10TCS a3POJHHAMHTECKHE COCcOGH! MCKYCCTBEHHOTO CO3laHHsI TaKo#
Tpsicku. C 3TOH meabl0 MOTYT GBIT HCNOJAb30BaHbl, HampuMep,
IacTHHYaTHe TYpOY/IM3aTOphl HA HOCOBOH 9acTH KphlLIa, C03Aalo-
Lide MyJbCAllMH JaBJEHHS Ha BepXHeH IOBepXHOCTH KpHL1a, HHTEH-
CHBHOCTb KOTOPHIX BO3pacTaeT NpH NDHOIHNKEHHH K @c. Takue
TNyJbCaLHH JAaBJEHUS TPHBOAAT K MOSBJCHHIO a3POJHHAMHYECKOH
TPSACKH, NMPaKTHUYeCKH He MeHdsd aspozmuamnqecxne XapakTepuCTH-
KU caMoJieTa Ha 3THX pexHuMax.

Eciau Ha camoJsieTe, HMeIOIEM CHCTEMY aBTOMAaTHYeCKOH CTabH-
JH3alHH N0 KPeHy, MNOSBUJIHMCH €CTeCTBeHHble NpeRynpexpaaioliye
TpHU3HAKU B BHJE NOKAuMBaHWA HJAH ODOCKHM C Kpblia Ha KpBHLIO,
Heo6X0NMMO UMETb B BUAY caenyouiee. [Ipu paGore TakoH CHCTEMBI
(B mpocrteiimieM cayuae —1npu pabote Aemndepa KpeHa) Bce ciy-
yafiHble OTKJOHEHHS yrjia KpeHa OT 3aJlaHHOTO NapHPYIOTCs €10 H
‘TakuM 06pa3oM 3TH TIpelyNpexIaiollie NPH3HAKH 3aTYIIEBLIBAIOT-
cs. Ecin Ha TakOM caMoJjieTe TOJIETBI MOTYT BBINOJHATBCS H C OT-
KJIOYEHHOM ¥ C BKJIOYEHHON CUCTeMOH aBTOMAaTHYecKoil crabuausa-
LMY, TO B TOCJHEIHeM CJyyae paclio3HaBaHHe JIETUHKOM NpHOJHXKe-
HHS CPBIBHBIX PeXHMOB IoJieTa 3aTPYHHSETCS, a CJAeA0BaTeNbHO,
B €r0 pacnopsxeHWH OCTaeTcsl MeHble BpeMeHM MJY IapHpOBaHH:A
HeINpOH3BOJBHOIO BHIXOJA CaMoJieTa Ha HEIKCIIyaTallMOHHBIE Yr-
Jabl atakd. Ho 3aTo npu sTom Gnaronaps pabore Aemndepa iiapu-
pylOTCS H cJyualiHble HakpeHEHHs caMoOJieTa, KOTOphble, KaK OBLIO
I0Ka3aHO Bhillle, MOTYT NpPOBOLHUPOBAThH CBaJIUBAaHME.

5. 4. 2. TAKTHJIbHAsA CHTHAJHU3aIHA

B Hacrosiee BpeMsl IIHPOKOE PacIpPOCTpaHeHHe MOJY-
yuia TakTuabHag (oT JaTuHCKoro caoBa tactilis — ocszaemblit)
WM, KaK ee WHOTAA Ha3blBaIOT, TAKTHU/IbHO-UMIYJbCHAsl CHUTHAJIH3a-
uud. Takas curHajau3anus — 3TO BOCIPHHHMAaeMOe OpraHamu ocs-
3aHNS JIeTYHKA HCKYCCTBEHHO CO3JaBaeMoe NpenylnpexieHue O NpH-
OMMXXeHHH CBaJHBaHHs, WM, HanmpuMmep, ONacHOM BO3paCTaHHU
yria CKOJbXKEHHu$, NPUBOASIIEM K DPa3BHTHIO HeynpaBJseMoro (Iu-
BEPreHTHOTr0) 60KOBOTO IBUXKEHHS, B CBOIO OYepelb, BHI3LIBAIOLIETO
cBaquBanue. IlpuHnun pa6orel TakTHibHOrO curiamusatopa (TC)
uype3BHIYAHHO MpPOCT: PYy4Ka YIpaBJeHHS SBJASETCS CHrHaJU3HPYIO-
UM 3/eMEHTOM, TPelynpexXIaAlUUM JIeTIHKAa O NPHOIHKEHHH
NpelesbHO JONMYyCTHMOrO (AJsi NpeXOTBpallleHHsi BBIXOAA HA ac)
YINIA aTakKM Quon. B HEKOTODHIX ciaydasx (HampuMep, Ha caMoJere
F-111) B KauecTBe CHTHaJH3UDPYIOLIEro 3JeMEHTAa HCINOMNB3YIOTCH
TIelaJIH CHCTEMBI NyTeBOr0 YNpaBJeHHS.

IMpenynpexparoliye cur1ajnl No4alTCS B BUle TOAYKOB (TOAep-
TUBaHHH) PYUYKH YNpaBJieHHs, HallpaBJeHHBIX B CTOPOHY TpeGyemo-
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ro OTKJOHEHHS C IeJbl0 NapHpPOBaHHSA BHIXOJA CaMoJjeTa Ha YIJbE
aTaky, NpeBHILIAIOIHE NpedeabHO AONYCTHMBIH: B HalpaBJE€HHH OT
cebs1 TIpu BBIXOJle Ha GoJabliHe (6JH3KHE K NpedeJbHO AONYCTHMO-
My) TOJIOXKHTEJbHbIEe YIJBl aTakW M Ha cebsl NpH BhIXoAe Ha GJu3-
KHe K OTPULATENbHOMY INpeldesbHO AonycTHMoMYy (6oJbLiHe OTpH-
gare/abHble 3KCIUIyaTalMOHHBIE) yray ataku. CJaenyer CTPeMHTbCS
K TOMY, YTOOBl HHTEHCHBHOCTb HIpefyNpeXAaloUHX CHIHAJOB BO3-
pacrana mo mepe NpUOJIMKeHHS K cBajauBaHuio. IlogepruBanue
PYYKH YIpaB/ieHHsi TIPOM3BOJMTCS CNlelMaJbHBIM TOJKaTeneM, cpa-
6aTbiBaHHE KOTOPOro NPOMUCXOAMT TIpH BHIXOJe caMoJieTa Ha olipe-
JOeJeHHbI YTOJ aTaKH Oraxr — Yrosl cpabatbiBanus TC. Beanunna
yrja aTakH Graxr, TIPH KOTOPOM JOJKeH BkJIouatbcs TC, moxer
onpefensTbCs, HaNpHMep, ClIeAyOLNM 3aKOHOM:

Orayr = aTC+ Aam ‘i‘ Aag + A, -I— K,q,

rIe opc-— pacyeTHOe 3HAauYeHHe yrja aTakH, Ha KOTOPOM MIOJKeH
cpabathiBath TC mpu goCTaTOYHO MasjoM (NPAaKTHYECKH OKOJIOHYJIe-
BoM) umucie M B kKoopauHHpoBaHHOM noJjere (f=0), npx KoTopom
yroJl aTakH yBeJHYHBaeTCcsl oueHb MmIaBHO (a=0);

Aay — H3MeHeHHe PacYeTHOTO yria aTakH, 00YCJOBJIEHHOe BJIH-
sHHeM 4Hcaa M Ha BeJIMUHHY Ojon;

Aap — H3MeHeHHe PacyeTHOTO yriia aTaKH, OO0YCJOBJIEHHOE BJH-
SIHHEM CKOJIbJKEHHS Ha BEeJHUUHY Gpom;

Aox — H3MeHeHUe pacueTHOro yrJjia aTakH, onpenejsgeMoe H3Me-
HEHHEeM KO!Hq)Hl"ypal.llfII/I caMoJIeTa,

K:a — onepexaromuil ujieH, BBOXUMBIH JJISI ONlepeXKeHHs MOoJayH
CHrHajla JeT4HKy B Ciydae Pe3KOro HapacTaHus yria artaku. Bemu-
YHHA OTepeXeHUs TPONOpIHOHAJbHA @ — YeM BhINIe TEMI Hapac-
TaHHs yrJaa aTakH, TeM paHblue (IPH MEHbUINX YIJax aTakH)
npoucxoaut cpabateiBanue TC.

. Kak yxassiBasmoch Bhie, Ha camosere F-111, umelomem Kpblio
H3MeHsieMOH B NIoJieTe CTPEJOBHIHOCTH, ycTaHOBJeHa cucrema TC,
nepefaiouiasi JETYUKYy CHTHaJ NOCPEACTBOM TpPSCKH INefajed. 3To
CHCTeMa NpelynpeXIeHHs JeTYHKa O NMPHOJHKEHHH PeXHMOB CBa-
JHBaHHs, NOTEPH YNPAaBISIEMOCTH U Pa3BUTHS HENPOU3BOJBLHOIO
pHICKaHHA caMoJleTa, KOTopasi OJHOBPeMEHHO C Bbliaueil Ipeayn-
peXIarIIuX CHTHAJOB IepelaeT elle H COOTBETCTBYIOLHE CHIHAJbE
Ha OTKJIOHEHHE pyJIed.

TaKTHUIBHBIA CHrHAMM3aTOP YCHEMIHO NPUMEHSeTCs IPU OTCYT-
CTBHH HaleXHBIX eCTeCTBEHHBIX IIpeAYNpexalouUuX HPU3HAKOB,
au6o B ciayuyae CAHIIKOM paHHero (3aX0Jiro 0 BHIXOAA HA @) HIE
OyeHb TIO3JHEro (HENOCPEACTBEHHO TMepel BHIXOAOM HAa dc) HX
nposiBieHHsl. DT0 GJHU3Kas K eCTeCTBEHHOH, XOpOLIO BOCIPHHHUMae-
Masa (ocsizaeMast) JeTYHKOM (HENOCPEACTBEHHO PYKOM HJIM HOTOi)
curHanusanus. OHa cnOCOGCTBYeT YMEHbUIEHHIO BPEMEHH pPeakKIHH
JeTYHKa Ha NpelfynpeXIalolui cHUrHaj (OTKJIOHEHHEe pBI4aroB Y-
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PaBJieHHs] NPOH3BOAUTCS TOH Ke pPykoR uiu Horofi). Hamuume Ha
camonere TC mo3BoJisieT JIeTYHKY TOYHee BHINMOJHATH TpebGyemble
MaHeBpbl, BHIBOIUTh CAaMOJIET Ha IpelesbHble PEeXHMBI, COXPaHss
TIpH 3TOM IOCTATOUHBIH YpOBeHb 6e30IacCHOCTH IOJIETA.

CraTtuctuyeckde JaHHbBle 06 aBapHiX M KaTacTpodax rpaxaas-
CKHX CaMOJIeTOB Ha aBHAJHHHSAX MHpa H 3amucH OG0PTOBOHM perucT-
pupyomell anmapaTtypbl (CamMONHCLEB aBapUAHBIX PEXHMMOB IOJe-
Ta) NOKAa3BIBAIOT, YTO BEPOSITHOCTb JOCTHXKEHHSI B TIOJIeTe CKOPOCTH
cBasuBaHusl paBHa mnpumepHo 1,0-10-5 (1. e. omuH ciayuadm Ha
100.000 noJsieroB), Torna Kak BepOSITHOCTb BBIXOZA Ha CKOPOCTb,
NpU KOTOPOH HeOGXOAMMO TOCHIIaTh MpeAylpexaeHHe JETUHKY O
NpHGJNKEHHH CPLIBHBIX PpEXHMOB, OKa3hlBaeTCi HAaMHOTo 60Jb-
et — nopsagka 1,0-10~% (T. e. ogHH BHIXOA Ha 3Ty CKOPOCTb 3a
1000 noseroB). [ysi 3apyOe:KHbIX TSXKeJNbIX BOEHHBIX CaMOJIETOB
yKasaHHble  BEpOSITHOCTH  JeXaT B  IIpefiejlax  IPHUMEpPHO
1,0-10-5+-1,0-10~* u 1,0.10-3+1,0-10~2%; njaa MaHeBpeHHBIX BOeH-
HBIX CaMOJIeTOB (KaK NIPH BBINOJHEHWH TPEHHPOBOYHBIX MOJIETOB,
‘TaK U B yCJOBHUSIX 60€BOT0 UX NPHUMEHEHHS) 3TH BEPOSITHOCTH MOTYT
ObITh 3HAYHTEJBHO GOJBIIMMH (NMpHYEM B TPEHUPOBOUYHBIX IOJETaX
OoHM O6GBIYHO GoJsibhle, ueM B GoeBhiXx ycnaoBusx). Iloatomy Hasnuuue
Ha caMoJieTe CBO€BPEMEHHO MHpOSIBJSIOIUXCA UYETKHX M HaJIEXHO
pacrnosHaBaeMblX JIETUMKOM CpeJHell KBaJdu(pHKALMH Npenynpex-
JaloIUX TPHU3HAKOB I103BOJISIET CYLIECTBEHHO IIOBBICHTH YPOBEHb
6e30MaCHOCTH NOJIeTa.

5.5. BMJUAHUE HAYAJIbHBIX YCJIOBHH

PexXuMBl  CBa/NWBaHHs, SIBJISIONHUECT CYIIECTBEHHO
HEYCTAHOBHMBIUMMHUCS PEXHMaMH IOJIETa, IPH KOTOPBIX HMEEeT MeCTO
HEYCTaHOBHUBILeeCs OOTEKaHHe CaMoJieTa C Pa3BHUTBIMH O0G6JaCTAMH
OTpPBIBA NOTOKAa (ONMHCBIBa€MOe 3aKOHAMM HECTAllHOHAPHOH HeJH-
HefHOH a’pOAMHAMHKH), OTJIHYaeT CHUJIbHAsE 3aBUCHMOCTb OT Ha-
YaJbHBIX YCJIOBHH. XapaKTepHCTUKH CBAJHBAHUS MOLyT 3HAYH-
‘TeJIbHO M3MEHATbCS B 3aBHCHMOCTH OT HCXOLHOTO XapakKTepa IBH-
JKeHHsl caMoJeTa, T. €. OT THIA HCXORHOro pexmma nosera. Mcxox-
HbIH peXXuM XapakTepusyercs napamerpamu H, V, n, u ppyrumu,
ONpEeNeSIONMMH HavyaJbHble YCJIOBUSI [IBHXKEHHUS CaMoJieTa, a Tak-

y dH 5 av
JKe MX NMepBbIMH NPOU3BOJHLIMHU 110 BPEMEHHU = V=7,
dn
Nny= dty H T. .|, T. € PE3KOCTbIO BBHINOJHEHHSA HCXOALHOTO

MaHeBpa. B 3aBHCHMOCTH OT HayaJIbHBIX YCJOBHH BCE PEXHUMbI CBa-
JIUBaHHSI YCJAOBHO MOryT OBbITh pasfesNleHbl B OCHOBHOM Ha TpH
TPyNMNBl: CBaJquBaHHe ¢ MUHUMANBHOH (Vmm) uaM 6au3KOH K Hel
CKOPOCTH MNPSMOJHHEHHOT0 TOPH30HTAJNBHOIO KOOPAHHHPOBAHHOTO
(=0) monera, cBaausanue npu Vyp>> Vi € KOOpAMHUPOBAHHOTrO
BEPTHKAJBLHOTO MaHeBpa M, HAaKOHell, CBaJHBaHHE C INPOHU3BOJbHBIX
TPOCTPAHCTBEHHBIX MaHeBPOB (B ofmieM ciaydae npu Po7#0, wo=0
#T. IL).
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5. 5. 1. IloTeps ckopoctH

CBaJjiuBaHHe C MCXORZHOTO peXHMa KOOPAHHHUPOBAH-
HOTO NPSMOJIMHEAHOrO TOpPU30HTaJbHOrO mnojera NpH Vip=Vimm
(nyo=~1) BO3HHKaeT B pe3y/bTaTe IIJIaBHOrO TOPMOXKEHHS CaMoJeTa
IIPH CPABHUTEJbHO MeNJIEHHOM OTKJIOHEHWH DYYKH YyIpaBJeHHs Ha
ce0s, T. . C TOCTENEHHBIM MeJJIEHHBIM TOPMOXEHHeM N0 MHHH-
MaJbHOH cKopocTH (mo Bhixoma camoJsera Ha Cy.). Takoe nBuxke-
HHe caMoJieTa HOCHT Ha3BaHHUE NMOTePH CKOPOCTH B NPSIMOJUHEHAHOM
nosnere (puc. 5.11). B 3ToM ciyuae TopMOXKeHHE CaMOJeTa MOXKET
NPOU3BOAUTHC KaK IPH HCXOXHOM GaslaHCHPOBOYHOM (HefTpaJb-
HOM) MOJIOXXEHUH DY/l HampaBJIeHHSI W 3JEPOHOB, TaK M C Napupo-
BaHHEM 3JepOHaMH u (WJIH) pyJeM HampaBJleHHUs BO3MOXKHOH TeH-
IOeHIUM caMoJieTa K KPEHEHMIO MJH Pa3BOPOTY IPH BBIXOJE €ero Ha
6oJibIlKe yriapl aTaku. [Ipu TakoM cBajiMBaHUM KaK JO3BYKOBHIE, TaK'
H CBEPX3BYKOBBIE CaMOJIEThl OGBIYHO CaMONPOU3BOJBHO B LITONOP He:
nepexonsit. OTKJIOHeHHe PYUKH YIpaBjeHHs oT cebGs N0 HefATpaJb-
HOro (MM GJIM3KOTO K HEMY) IIOJIOKEHHSI ¢pa3y Mocje TaKoro CBa-
JHUBaHHA, KaK NPaBHJO, NPUBOAUT K BO3BPAIEHHIO CaMoJeTa B
006/1aCTh 3KCIIyaTallMOHHBIX YIJIOB aTaKd (YTO MOXKET COIPOBOXK-
JIaThCsl IEpeX0Ji0M caMoJieTa B NMUKHPOBaHHE), T. €. K MOJHOMY BOC-
CTaHOBJIEHUIO HOPMAJIbHOA YNpaB/isieMOCTH camoJieTa. Hekotopnle
caMOJieThl He BBIXOAST Ha pPeXHUM CBaJuBaHUS Jaxe IpH
NIOJIHOM OTKJIOHEHWH PYYKH YyIpaBJeHus Ha ce6s B paccMaTpu-
BaeMOM pexuMe moJiera. IIpy HaJHMUHM HAYaJbHOTO CKOJIbXKEHHS
(Bo=~0) cBamuBanne ¢ Vpp= Vmin NMPOHCXOAUT 3HauuTeNBHO OOJsee
pe3Ko H, KakK TpaBUJIO, NPUBOXHUT K IOCJELYIOIEMY BXOLY caMmoJe-
Ta B IUTONOP.

5. 5. 2. CBajqnBaHue ¢ KOOPAMHHPOBAHHbLIX MAHEBPOB

CBanuBaHHe € KOOPAMHMPOBAHHOTO BEPTHKAJBHOTrO
maHeBpa (nyo>1, Po=0), T. e. cBanuBaHHE CO CPaBHHUTEJbHO
6o/bnx NpuUGOpHEIX cKopoctell moseTa (Vup>> Vimin) 6€3 ckosbxke-
HHS TIDOMCXOLHT 3HAYHTEJNBHO pe3ye, YyeM NPH NOTepe CKOPOCTH
(puc. 5.12). O6bscHsIeTCa 5TO GOJBIIMMH a3pOAWHAMHYECKHMH CH-
JaMH M MOMEHTaMH, JeHCTBYIOIUHMH Ha caMOJIeT IpH GOJbIUKX
NpHOOPHBIX CKOPOCTSX (CKOPOCTHBIX Hamopax) moJsera. Takoe cBa-
JUBaHHe MOXKeT BO3HMKHYTb IIDH IepeTATHBAHHH PYUKH YTpaBJe-
HHA B KOODJAHHHDOBAaHHOM MaHeBpe C HaXOASIUUMUCA B HeHTpaJb-
HOM (HCXOZHOM GaJJaHCHDOBOYHOM) MOJIOXKEHHH pYyJe HampaBaeHHsS
H 3JiepOHax.

B 3aBHCHMOCTH OT Haya/bHBIX YCJIOBUH BEJHUYHHBl | 0x max|
U |€xmax|, @ TakXke |@ymax| # |eymax| NpH cBamuBaHMHM oOxHOrO:
H TOrO Xe caMoJjieTa MOTYT MeHATbCA B BeCbMa IIMPOKMX Ipelesax.
ITpun HanMuuu HavyaNbHON NeEPerpysKH n,0>>1, T. e. mpu cBajuBa-
HHH ¢ GOJIbIIMX NPHOOPHEIX CKOpOCTeHd, STH apameTpbl OOGLIYHO-
3HAYHTeJbHO Bo3pacraloT (Tabu. 5.2), 4TO B OCHOBHOM OGYCJIOBJIE-
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HO yBeJHuYeHHEeM a3pOAHHAMHYECKHX MOMEHTOB KpeHa U pPbLICKAHHA
H3-3a yBeJHYCHHS CKOPOCTHOrO HAmopa.

Tabauya 5.2
Bauanne HavaJLHOMH Neperpysku
Ha cBaauBaHue (Ho=~6—7 km)
| ®rmax |, Ppan/c | exmax |, pan/c?
C .
amorer ngeel  |nge~2,5+3,00 np~1  |ngox~2,5+3,0
Mul'-19 0,8 2,0 0,75 2,7
Mul’-21 0,65 1,7 0,38 2,0

Uem Goablle HayanbHOE YMCIO0 M NpH CBaJuBaHHH, T. €. UeM
GoJiblie BBICOTA MOJIETa NPH TOH JKe MPUGOPHON CKOPOCTH CBaJiHUBa-
HHs, TeM paHbllle BO3HHKAeT NMpepynpexalomas TpscKa U TeM BbI-
1ie ee MHTEHCHBHOCTb. ¥ CBEPX3BYKOBBIX CaMOJIETOB 4acTo OBIBaeT
TaK, YTO IIPH BeCbMa MaJblX (IPaKTHUYECKH OKOJIOHYJEBBIX) HayaJb-
HBIX yHcaax M mpemympexxparomasi Tpsicka OTCYTCTBYeT, a C yBe-
JIMYEHHEeM HayaJbHOro uHcjda M BO3HMKaeT W NpPH CBaJHUBaHHU C
OKOJIO3BYKOBBIX CKODOCTell CTAHOBHUTCS BeCbMa HHTEHCHUBHOM.

CHHXKeHHe HHTEHCHBHOCTH INpelynpexAaloumes TPSICKH CBepx-
3BYKOBBIX CaMOJIETOB II0 CPABHEHHIO € JO3BYKOBBHIMH (HpH OAHHA-
KOBOM HCXOJHOM peXXHMe IoJieTa) OOyCJHOBJEHO MEHbLUIUMH TYJIb-
CalHsMH [aBJieHHs B IIOTOKe, OOTeKaooleM KpBLIO CPaBHUTEJNBHO
MaJioro YAJHHeHHs,, a Takxke OOJbleH MXEeCTKOCTbIO KOHCTPYKLHU
3TOro Kphbina. VIHTeHCHBHasi Tpsicka BO3HHKaeT MpPH COBHAfEHHH
4acTOT a’pOAMHAMHYECKHX TyJabcalnui (NMyJbcaluii NaBJIeHUS) W
IIepBOro TOHAa M3THOHBIX KoJeOaHUH KpbLia.

YacToThl a3poAHaMHUYECKUX NyJbCalUil OOBIYHO COCTABJAIOT 3—
8 kosie6aHMil B ceKyHAy. HacTOThl IEepPBOrO TOHA HU3THOGHBIX KoJeba-
HUA KpBJa y HO3BYKOBBIX CaMOJIETOB OOBIYHO JIeXaT B INpeleaax
5--7 Kose6aHHil B CEKyHAY. ¥ CBEpPX3BYKOBBIX CAMOJIETOB KpBLIO
OKa3blBaeTCs 3HAYUTEJNbHO XKecTye — B OCHOBHOM GJiaronapsi MeHb-
LIeMy ero yIJHMHEeHHIo H 6oJiee MOIHOMY CHJIOBOMY Habopy, BHIGpaH-
HOMY M3 yyera obecnedeHHs: TpeOyeMbIX XapaKTEDHCTHK adpoympy-
rocTH B moJieTe ¢ GOJNBIIMMH CBEPX3BYKOBBIMH uucjJaMu M u ckopo-
CTHHIMH HamopamH. YBeJHUYeHHe MXEeCTKOCTH Kpbila INPHBENO K
NOBBIIIEHHIO YaCTOT €ro COGCTBEHHbIX KosieGaHuil. HacToThl mepBOro
TOHA M3rHOHBIX KoJe6aHHH KpblIa y CBEPX3BYKOBBIX CaMOJIETOB CO-
cTaBJsI0T npuMepHO 8—11 KoJsieGaHuil B CEKYHAY H BHIIIIE.

Ha puc. 5. 13 npuBeneH mnpumep #H3MeHeHHS KO3G(DHUIHEHTOB
noxbeMHOR cuibl mo uyucay M. M3 rpaguka BumHO XapakTepHoe
yBenudenue pasHuubl ACy,=Cy,.— Cy, C yBeauuenuem uucia M.
ITpu manbix (OKOJIOHY/EeBhIX) uHciaax M Beauunna . ACy, OGBLIUHO
6biBaeT HeBeJHKa HJIH JaXKe PaBHA HYJIO; HA OKOJIO3BYKOBBIX CKOpPO-
crsax ACy . moxet pocturath 20—309% ot Cy.. Cienyer CTpeMHTb-
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¢ K TOMY, yTo6bl BesivyuHa ACy. He Oblia paBHa Hymo {(mnas co-
3/aHHsl €CTECTBEHHO!N CHTHAJM3alMM JIETYHKY O BhIXOJAe Ha -OKOJIO-
KPDUTHUYECKHe YIJIBl aTakH) W BMecCTe C TeM, YyToOnl OHa He Obliaa
caumkoMm Besauka. [lociennee MoXeT NPHBOAHTb K UYpe3MepPHOMY
CYKE€HHIO [Hana3oHa MaHeBPEHHBIX BO3MOXXHOCTEH caMmoJieTa B HOD-
MaJIbHOH ero sKCIJyaTalHH.

Camu mo ce6Ge BequuuHbl Cy ¢, 1 0c06eHHO Cy«, C YBeJHUEHHEM
yucaa M 3aMeTHO yMeHbiialmoTcs. Tak, HampuMep, NIpH Bo3pacra-
HUM YHcia M OT OKOJIOHYJ/IEBBIX [0 OKOJIO3BYKOBHIX €ro 3HAYeHHH
BeanurHa Cy . MOXeT yMeHb-
maTthes Ha 25—35%. YMeHn- Oy
menue Cyn OOBIYHO OKa3bl-
BaeTcs elle GoJiee CyIeCTBEH-
oM. C yBennueHneM yuciaa M
H3-3a majneHus 3dexTHBHO-
CTH TPOROJLHOTO YNpaBJIeHHS
YMEHbINAIOTCA M BeJIMYHHBI
Kox(punuenra NoAbEMHOH
CHJBl, Ha KOTOPOM CaMoJeT
MoxeT ObITh cOanaHCHPOBaH
B MpOJOJBHOM  OTHOLIEHHH
IpH TIOJHOM OTKJOHEHHH pyd-

K4 ynpasJenus. HaubGoJsiine
HOCTHXHMBIE TIPH 3TOM 3Ha-
yeHusi C, 0603HAUAIOTCS HH- Puc. 5 13. I
nexcou & Cyn Hanommme Pl 513, Tomuen xepassepnrne ey
IOCTHXXHMBlE Ha CBEPX3BYKO-

BBIX CKODOCTSIX TpPH I[IOJHOM

OTKJIOHEHHH DYYKH ynpaBjieHus Ha ce6s1 3HaueHus C, o6o-
3HAYAIOTCS CO 3HAKOM MHHYC (OTpHIlaTeJbHOE OTKJOHEHHEe PYJS Bbl-
coTbl) Cys—. AHaJOTMUHble 3HAYEHHsS] NIPU IOJHOM OTKJIOHEHHH pyd-
KM ynpaBJieHusi ot ce6s1 o6o3nauaircs Cyps.

3nauenus Cy; 3aBHCAT OT NOJIETHOH LEHTPOBKH CaMOJeTa: Iepe-
MellleHHe LEeHTpa TSXKecTH Blepel (BO3pacTaHWe CTENEHH IMPONOJIb-
HOH CTaTH4eCKOH yCTOHYHMBOCTH caMoJjeTa MO nmeperpyske) NPHBOLHT
K ymenblennio C,5 1 Hao6opoT.

Y coBpeMeHHBIX CBEDX3BYKOBBIX CAMOJIETOB CO CTPEJIOBHIHBIM H
0COGEHHO C TPeYyroJbHLIM KPBLIOM IpeAylpexaamonias TpscKa Ha
CpaBHHUTEJNbHO GOJBINUX yHcJaX M nosBiasercss (ecJad TOJbKO BO0O-
Ile OHAa HMeeT MeCTO), Kak MpaBHJ/O, 3al0Jro Ao cBanuBanusi. Of-
HaKO Ha TaKOM caMoJleTe HHOTZa MOXKHO 6€30macHO YBeJHYHBATDH
YyroJl aTaky H mocje Hayaja TPSICKH, He JONycKas ONacHOro IpH-
OJIMXKeHUs1 K yrJy aTakH cBaJHBaHHA. B 3THX ciyyasx BeJHUHHH
Unom (Cy non) MOTYT OKa3biBaThcsl BhilIe 0r(Cyr), T. €. TPACKa MOXKET
BO3HHKAaThb Ha 3KCILIyaTAlMOHHHIX peXuMmax moJera. OrpaHuuenue
9KCIIyaTallHOHHOTO JHana3oHa yrjoB aTaKH BeJMYHHAMH Or B 3TOM
ciyyae mpuBesio 6bl K 3aMETHOMY CYXKEHHI0O MaHEBDEHHBIX BO3MOXK-
HOCTell camoJjieTa. A B HEKOTODHIX CJydyasXx, Ha06OpOT, B KauecTBe
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Qnon NPHXOIHTCA NMPHUHHUMATH yrﬂbl aTaKH, 3HA4YUTEeJbHO MeEHbIIHE,
YeM @y — HalIpuMmep, €CJHU A0 BbIXOJAa HA oy BO3HHKAIOT TaKHe 0CO-
6e€HHOCTH B TNOBEIEHHH H MHJIOTHPOBAHHM CaMoOJieTa, KaK, HallpuMep,
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HENIPOH3BOJbHOE PHICKAHHE H T.(I.
Ha manabix uucnax M y cBepx-
3BYKOBBIX  CaMOJIETOB Ipenay-
npexpamouas TpsCKa HHOTrAa
BOOOLIe NPAaKTHYECKH He BO3HHU-
KaeT WJIH BO3HHKAeT CJHIIKOM
no31H0. Tonbko Lpu cBoeBpeMeH-
HOM M JIOCTaTOYHO HHTEHCHBHOM
ee TIPOSBJIEHHH B KaUeCTBE Oyon
NPUHUMAIOTCS 3HAYEHHS .

5.5.3. CpaauBaHue
C HEKOOpAMHH~
POBaHHBIX
MaHeBpOB

HauGosee peskum
H HePaBHOMEDHBIM OKa3hIBaeTcs
CBaJWBaHUe NpU OOJBIINX IPH-
OOpHBIX CKODOCTSIX U HAYaJbHOM
CKOJIbXKeHun (0coGeHHO ¢ Bpa-
[eHHeM) caMoJieTa — TPeThs
rpynmna peXHUMOB CBaJUBaHHus.
B stoM cayuae, TOMHMO BAHAHHA
60Jb1I0 NMPHOOPHOH CKOPOCTH H
yicsa M mosera, CyIecTBEHHYIO
pO/ib HI'DAIOT ACHUMMETpPHs, He-
paBHOMEDHOCTb H HecTalHJib-
HOCTb O0TeKaHus caMoJiera IIo-
TOKOM Ha HCXOLHOM pexuMe
(mpu Bo##0, wo%~0). B uactHo-
CTH, NIPH CBaJTUBAHHH C Hempa-
BHJIBHOTO (HEKOOPAHMHHPOBAHHO-
ro) supaxa (puc. 5.14) wus-3a

‘TIaJleHus1 Pe3yabTHPYIOLIeH aspo-

IMHAMHYECKOHA CHJBl YyMeHbIIaeT-
€1 H ee BepTHKaJbHas COCTaB-
agomas. B pesyabrarte (u3-3a

Puc. 5. 14. ToneTHbe 3amuck npuGopoB-

CaMONHCIIeB, NOJyYeHHble NPH CBaJHBa-

HMH C JeBoro BHpaxa ({=3 c) c mo-

CIeYIOIHM TIePeXOZOM caMmoJjeTa B

npaBbli HOpMaJbHHI wmTomop (i~
~5+235 ¢



HaJHYHsl HCXONHOIO yIya KpeHa yo7=0) TpH CBaJuBaHUH, HallpuMep,
C JIGBOTO BHpa)Ka BO3HHKAET CKOJbXKeHHe Ha JeBoe ke (BHYTpeH-
Hee) KPBIIO, UTO INPHUBOAUT K YyMeHBIIEHHIO 3h(PeKTHBHOTO YTia
CTPEJOBHIHOCTH 3TOTO KPHIIA H, CJeLOBaTeNbHO, K HEKOTOPOMY YBe-
JINYEHHIO €r0 MOABEMHOM CUIBL. B mpuBelTeHHOM NpHMepe NMOKa3aHO
CBaJIHBaHHe, BO3HUKIIEE B pPe3yJbTaTe NePeTATHBAHUS DYUKH YIIpaB-
JIeHHsl Ha BHpaxe.

BHyTpeHHee CKOJb}KeHHe BBI3BIBAET K TOMY Xe W 6ojiee HHTEH-
CHBHBII CDHIB NOTOKA HAa HapyXKHOM Kpblie (ero 3ddekTHBHHIA
VIOJI CTPEJIOBUTHOCTH Bo3pacTaer). Bce 3TO MPHUBOAUT K H3MEHEHHIO
HanpaBJIeHHsl BpAllleHHs W PE3KOMY CBAJHBAHHIO CaMOJIeTa yKe Ha
HapyxHoe (B NaHHOM cJyuyae — mpaBoe) Kpbimo. Takum obpasom,
CBa/JMBaHHWE C BHPAaxKa HOCUT PE3KO BHIPAXKEHHBI KoJeOaTesbHBIH
XapakTep M NMPOUCXOIUT C NMEPEMeHON HampaBJIeHHS BpAallleHHs Ca-
moJieta. Eciu camoJsieT nomagaer mocJsie 3TOTO B LITONOP, TO HATIPAB-
JIeHUe 3TOTO IITOTOpa OKa3niBaeTcss OOGpaTHBIM HAMpPaBJAEHHIO Bpa-
HIEHHs1 caMmoJieTa B BHpaxe. Tak, B WaCTHOCTH, M3 puc. 5. 14 Bup-
HO, 4TO IO CBAJMUBAHH HMEJNIO0 MeCTO JeBOoe BpallleHHe — CaMOJeT
HaxonuJcs B JieBOM BHpaxe (w,>0 corsiacHO NMPUHATOMY IpaBHIY
3HakoB). [Tocse cBanuBaHUS HampaBJeHHE BpAIEHHS CaMOJIeTa W3-
MEHMJIOCh — BO3HHK NpaBulil mronop (w,<<0 — camoJser moBopayu-
BaeT HOC BIpaBo). B paccMaTpuBaeMoM mpuMepe THPOCKOMHUYECKHA
momMeHnT potopa TPJI (neBoe BpameHHe poTopa NBUTATENs) MPH Ha-
JHYUH ©,>0 B mpoiecce CBaJWBaHHS CTPEMHJICS NOBEPHYTb HOC
caMoJieTa BJIEBO, T. €. CNOCOGCTBOBAJ CO3MaHHIO NMPaBoro (HAPYK-
HOTO) CKOJIbXKEHHS.

5. 5. 4. U3MeHeHHs yrioBOii CKOPOCTH
M yrjia KpeHa npu CBaJHBaHHH

H3smeneHne yrioBofi CKOPOCTH KpeHa 10 BPeMEHH NpH

CBaJIMBAHHM CaMoOJieTa B OCHOBHOM ObIBaeT IBYX THMOB (pHc. 5. 15).

1. C TakuMu KoJeGaHHSIMH YTJOBOH CKOPOCTH KpeHa, MPH KOTO-
pBIX B Npolecce CBaJWBaHMsl H3MeHseTcs He TOJbKO abCosoTHAs
ee BeJHWUYHMHA, HO JaXe M 3HaK
(cM. puc. 5.15,q). w, Ox o,

2. TIpakTuuecku 6e3 KoJe-
GaHufl MJIH C TaKHMHU Koseba-
HUSIMH Oy, TIPH KOTODHIX 3HaK
ee He Menserca (CM. pHC. \
5.15,6). B mepBoM cayuae (¥ ¥
MOXKeT M3MEHATbCH M 3HaK
yria kpeHa (caMoJieT «Iepe- /y
BaJIHBAETCsA» C KPblIa Ha KPH- ¢
no). Kak ykasprBanoch BhIILE,
Takas KapTHHa Habaioxaercs a) 4)
OOBIYHO NpU CBAJMBaHHH cCa-

MoOJIeTa C MPOU3BOJIBHBIX NPO-  Ppye. 5.15. I'padux usMeHenns yriaosolt
CTPaHCTBEHHBIX MaHeBpOB, CKOPOCTH H YIJIOB KpPeHa IIPH CBaJHBAHHH

1
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4
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OCOGEHHO IIPH HAJIWYMH Haya/JbHbHIX KpPeHa MJIH CKOJIbXKeHHs
(Yo#0, Bo%~0, nyo>1). Bo BTOpOM cayyae yrosa KpeHa mpH CBaJ/u-
BaHWH HENPEPLIBHO YBEJMYHBAETCS — CaMOJIeT C CaMoro Hayaja
CBa/NMBaHHS KPEHUTCsS BCE BPeMS B OJHY M Ty XKe CTOPOHYy. IDTO
COOTBETCTBYET CBAJMBAHHIO NIPH NIOTEPe CKOPOCTH.

5.4. CBAJIUBAHHE C BOJIbUIUX CBEPX3BYKOBbBIX
CKOPOCTEA U JHHAMHYECKOTO NOTOJIKA

5.6.1. CBaanBaHHe CO CBepX3BYKOBBIX uyucea M

HecMoTpss Ha HeBO3MOXHOCTb BLIBOJA caMoJjera Ha
Cyc npu 6OJbIINX CBEPX3BYKOBBIX CKOPOCTSIX IOJIETA Jaxe B CIy-
Yyae MOJHOTO OTKJOHEHHS! PYYKH ynpaBJeHHs Ha ceOs NpH BHINOJ-
HeHWH KoopauHHpoBaHHHIX MaHeBpoB (Cys <K Cy., cM. puc. 5.13),
CBa/IUBaHHWe CaMoJieTa BCe K€ BO3MOXKHO M mpH uuciax M>1. Bos-
MOXHOCTb CBAJIUBAHUS caMoJeTa NpH 6oJbIINX CBEPX3BYKOBBIX YHC-
nax M o6GycroBjieHa B OCHOBHOM [BYyMsl NpHYHHAMH. Bo-nepBhIx,
npu yucaax M>>1 wu3-3a nafeHus CTeNEeHH NyTeBOH CTaTHYeCKOH
YCTOHYMBOCTH CaMoJieTa BO3MOXKHO IOsIBJIeHHe OOJbIIMX  YIJIOB
CKOJIbXKEHHSI, B pe3yJbTaTe Yero H3-3a HeCHMMETPHYHOro O6TeKaHHs
CBaJIHBaHHe MOXET HACTynaTh NPH 3HaueHussx C, 3HAUUTEIbHO MeHb-
wux, yeM Cy. B cayyae B=0. IIpu 3ToM cBasuBaHHEe NMPOHCXOLUT
€ anepHONHYECKHM HapaCTaHHEM CKOJbXEHHs, BeCbMa HHTEHCHBHO,
TaK YTO JIETYHKY, KaK NpPaBHJIO, HE yJdaeTcs NapupoBaTh NOCAeny-
IOIMA nepexoj camoJjera B IITONop. Bo-BTOphIX, Ha G6OJbLIMX
CBEPX3BYKOBBIX UHC/Aax M u3-3a nafieHusi CTeNeHH NyTeBOH CTaTH-
4ecKOH yCTOHYHBOCTH CaMoJieTa BO3MOXHO pe3Koe NMpOosiBJIeHHe B3au-
MOJeHiCTBUS NPOJNOJbHOTO M OGOKOBOro JABHXKeHH# camoJera. B pe-
3yJbTaTe TaKOr0 B3aHMOAEHCTBHS MABHKEHHH MOTyT BO3HHMKaTb
HenpoH3BOJibHble 3a0pOCHl MeperpyskH C BBIXOJOM caMmoJeTa IpH
sroM Ha Cy.. Takoe cBajuBaHHe COMPOBOXKAaeTcsl OOBIYHO BO3HHK-
HOBeHHeM OoJbIIMX a6COMIOTHBIX BeJIHYHMH Neperpy3ok (Kak HOp-
MaJjibHOH, TaK U GOKOBOH) YU 3HauyUTeJbHEIMH KoJeOaHHSMH CaMo-
jgera. OHO TaKxKe, KaK NDaBUJIO, 3aKAHYHBAeTCs INepPexoJOM caMo-
JeTa B IWTOnop (cM. ri. 6).

5. 6. 2. CpaquBaHue ¢ JHHAMHYECKOI0 NOTOJKa

¥ cBepX3BYKOBBIX CaMOJIeTOB 60JIbILOE 3HAYEHHe H 0CO-
Oyio cnenuduKy HMEIOT pPeXHMH IoJleTa Ha AMHAMHYECKOM NOTOJ-
Ke. [IpuHIMIIHA/NBHBIX OTJAMYHE B MOBEJEHHWH CaMOJIeTa NpH CBaJH-
BaHUM C JHHAMHYEeCKOro MOTOJKa MO CPaBHEHHIO CO CBajJMBaHHeEM
¢ 6oJbIIMX, HO elle He AWHAMHUYECKHX BHICOT (He BhHIIIe CTaTHye-
CKOTo TMOTOJIKA), KaK mpaBusio, He OniBaeT. OHAKO NPEINOCHIIOK K
CBaJIMBaHHIO caMoJleTa NPH MoJieTax Ha AMHAMHYECKHX BBICOTAX H,
B YaCTHOCTH, HA JMHAMHYECKOM MOTOJIKe OoJibllle IJiaBHBIM 06pasom
M3-32 MPOMCXOJALIEr0 NMPH 5TOM HHTEHCHBHOI'O yMeHbIIEHHS CKOpO-
€TH noJieTa ¥ NajleHus] CTeNeHH a’poJHHaMHUUyecKoro nemndupona-
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HHMs (IpH OTCYTCTBHHM HMJH IIPH HepaGorawoollefi aBTOMaTHYeCKOH
cTabUIN3aluK CaMoJIeTa).

IIpu nomxone K peXHMy CBaJHBaHHA H4 JHHAMHYECKOM IIOTOJ-
Ke KoJefaHHsi caMmoJjeTa (oco6eHHO Kose6aHHs ero ¢ KphJjia Ha
KpbLJIO) 3aMeTHO BO3pacTalOT M HAayMHAIOTCA Ha GOJpMmIHX npubop-
HBIX CKOPOCTfIX IIOJIeTa, a CaMO CBaJIMBaHHe NpoTeKaeT OObIYHO 60-
Jee Bsso. OGyCJOBJIEHO 3TO TeM, YTO a3POJHMHAMHYECKHE MOMEHTHI
(kak caMoBpalieHusl, Tak ¥ AeMNndHPOBaHHS) INPONOPIHOHAILHBI
IJIOTHOCTH Bo3ayxa. IlosToMy cBanuBaHHe caMoJieTa Ha MEHbLIHX
BbICOTax (IpPH NMPOYHUX PABHBIX YCJOBHAX) MPOHUCXOJHUT OOBIYHO 3HA-
YHTeJbHO pe3ye. 3a[0Jiro A0 Hayajla CBaJHBAHHUS C AMHAMHYECKOTO
MOTOJIKa BO3HHKAIOT HENpOH3BOJbHbIE KosleOaHHA caMmoJera (B oc-
HOBHOM IIONEepeyHbIe).

CpajuBaHHe C JMHAMHYECKOTO MOTOJIKA, KaK u ¢ mobof npyrof
BBICOTBI, MOXKET 3aKaHYMBATbCSl NOMNajaHHeM CaMoJeTa B IITOMOP.
B 3ToM ciyuae oObIYHO BBIBECTH caMoJeT H3 IITOMOpa  yaaercs
TOJIbKO Ha 3HAYHMTEJbHO MEHbIIMX BHICOTAaX (IO CPAaBHEHHIO C BHICO-
TO# HayaJia CBaJHUBaHHA), TaK KaK a3pONHHAMHUYECKHe pyJIH Ha
NHHAMHYECKHX BBICOTAX OTHOCHTEJbHO Mano3¢d¢deKTuBHb. C TOUKH
3PeHHsi 3amaca BBICOTHI YKa3aHHOe OGCTOATENbCTBO He ONacCHO.
OnHako TakoH 3aTSAHYBIIHACA PeXHUM INTONOpa Ha OOJBLIMX BBICO-
Tax NPUBOLUT K TOMY, YTO JIETYHK BBIHYXKJIEH MJIUTENIbHOE BpeMs
HaXONUTbCS B pEXHUMe HEeNpephiBHOTO M BeCbMa HepPaBHOMEPHOro
(0 uem Gyzmer ckasaHo nojppoGHee B CJeAyIOlleH TJjaBe) BpalleHHs
camoJieTa, UTO YCJOXKHsEeT paboTy, OPHEeHTHPOBKY H yXY/IIaeT CaMo-
yyBCcTBHE JeTyHKa. [103TOMYy mpH nojerax Ha AMHAMHYeCKOM IMOTOJI-
Ke OT JeTuuka Tpebyercsi oueHb YeTKOe IUJOTHPOBaHHE BO n3bexa-
HUe CBaJIMBaHHS.

JleTHast MpakTHKa M aHAJH3 JIe? dbIX MPOUCIIECTBHHA MOKa3bIBAIOT,
YTO CBaJUBaHHE CaMoJeTa C JAWHAMUYECKHX BBICOT MOXKeET BO3HH-
KaTbh B OCHOBHOM MO CJIELYIONINM NPHYHHAM.

1. M3-3a HeycTOAUYMBOCTH caMoJeTa MO Neperpy3ke Ha GOJbLIMX
yriax aTaku.

2. V3-3a nosiBjieHHsl pPBICKaHHUS, 0O6YCJIOBJEHHOTO AEHCTBHEM TH-
POCKONHMYEeCKOr0o MOMEHTa DOTOpa MABHraresss NPH BO3HHKHOBEHHH
YTJIOBOH CKOPOCTH TaHraxa.

3. U3-3a noTepu caMo/ieTOM YCTOHYHMBOCTH MOJ BJHMSHHEM HHEp-
IIIOHHOTO ¥ (B MEeHbIIEH CTeneHH) a3pOAMHAMHYECKOro B3auMojei-
CTBHS NPOJOJIbHOIO H GOKOBOTO €ro JIBHIKEHHI.

Bo3MOXHOCTb NomagaHusi caMoneTa Ha JHHAMHYECKHe BHICOTHI
¢BsI3aHa C NpeBpallleHHeM HaKOIUIeHAOH MM INpPH pasroHe Ha MeHb-
IIHX BBICOTaX KHHETHYECKOH SHEpPTHH B NOTeHIHAJbHYIO, T. €. C He-
H36eXKHbBIM yMeHbLIEHHEM CKODOCTH MOJIeTa NpPH BHINOJHEHHH «rop-
Ku». ClieoBaTe/IbHO, IMOJNET Ha JHHAMHYECKOM MOTOJKe H GJIH3KHX
K HeMy BbICOTaX, KOTJa y caMmoJieTa ecTb OOJbIIOf 3amac MOTeHIH-
AJIbHOW 3HEPTHH, HAKOIVIEHHBIH 3a CyYeT M3PacXOJ0BaHHUS GoJbliei
YacTH ero KHHETHYECKOH 3SHepPruH, MPOHMCXOIHMT MPHU BeCbMa MaJbix
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npUGOPHBIX CKOPOCTSIX H CKOPOCTHBIX Hamopax. MaJsble cKOpOCTHLIE
Hanophl CHUXKAIT 3¢ (eKTHBHOCTh a9pPONHMHAMHYECKHX OpPraHoB YyII-
paBJeHHsI M YXY[IIAIOT XapaKTePHCTHKH YCTOHUHBOCTH caMmoJera.
B pesyabrarte n/1s1 HOBHIIIEHHST 6€30MAaCHOCTH NOJIeTa HA 3THX BHICO-
Tax CjAelyeT JeTaTb ¢ BeCcbMa MaJibIMH 10 abCOJIOTHOH BeJHYHHE
yIJIaMH aTakd caMoJieTa, MPH KOTOPhIX HOpMaJbHasg Ineperpyska
o6blyHO ObiBaeT 6au3ka uiau paBHa Hyao. [loatomy abconioTHbe
BeJIMYHHBl a5pOJHHAMHYECKHX CHJI' M MOMEHTOB, NeHCTBYIOIIHX Ha
caMoJIeT B TaKMX peXHMax MoJeTa, HeBeJUKH, a, C/1e0BaTeJbHO, HX
BJHSIHHE HA NUHAMHKY IOJIeTa CKa3hBaeTcsd 3HAUMTEJIbHO MEHbLIE,
YeM Ha CTAaTHYECKHX (He BbIlIe CTATHYECKOTO MOTOJKA) BHICOTAX.
ITocnenHee siBJIsieTCS NOMOJIHUTENBHBIM LOBOAOM B NOJb3y TOTO, YTO
noJieT Ha AMHAMMYECKHX BBICOTaX, U 0cO6eHHO BOGJH3H BepLIMHH!
TOPKH, CJefyeT MPOBOAWTb HAa MaJbiX yr/iax aTakH: YBelHYeHHE
a3pOJIMHAMHYECKOH NMONBbEMHOH CHJB caMmoJjleTa C BO3pacTaHHEM
yrja aTaku NPAKTHYECKH He MOBJHSET Ha XapaKTep TpPaeKTOPUH
noJiera, SBJASIOLelicas Mo cyuiecTBy OaJIJIHCTHYECKOH KpDHBOH, T. €.
IpaKTHYeCKU He IOBBICHT NHHAMHYECKHH [OTOJNOK, a MOXKeT JHIIb
€1oco6CcTBOBATh BO3HUKHOBEHHIO CBAJIMBaHHUS.

AHanyu3 MaTepHaJoB MOJIETOB Ha JHHAMHUYECKOM MOTOJKE K JaH-
HBIX MOJE/NHMPOBaHHMS TAKHX peXHMOB IOKa3plBaeT, YTO B JaHHOM
cjllyuae HMHEDLUHOHHBIE CHJIBI U MOMEHTHl Npeo6JajaloT Hajx aspojH-
HaMHyeckuMH. OHAKO BCJIEJCTBHE MaJbiX YIVIOBBIX CKOPOCTeH Bpa-
IleHHs] caMoJieTa B NoOJieTe Ha BHICOTaX, PaBHBIX MJH OJHU3KHX K
JHHAMHYECKOMY MNOTOJKY (B BepxHeH 4acTH TOPKH), BJHSIHHE 3THX
VHEPIMOHHBIX CHJT W MOMEHTOB Ha JHHAMHKY INoOJeTa MOXKeT OKa-
3aThCs BCe JXe BTOPOCTeNeHHbLIM MO CPaBHEHHIO C BJHSIHMEM THPO-
CKOINIHYECKOro 3(dekTa, Co3LaBaeMOro BpAIIAIOUIHMHUCS  YacTIMH
JIBHraTtess.

ITosaTomy ¢u3nuecKass KapTHHAa BO3HHMKHOBEHHSl CBAJIMBAHHS ca-
MoJieTa C AMHAMHYECKHX BBICOT BBINVIITHT CJeLYIOLHM o006pa3oM.
Kak yxe ykaseiBajioch, H3-32 MaJbIX a3pOAHHAMHUYECKHX MOMEHTOB
Ha TakUX BBICOTaX BO3MOXKHO MOSIBJEHHE JHUIIb CPAaBHHUTENbHO He-
60/IbIIMX YIJIOBBIX CKOpOCTell BpamieHusi camoJera. OmHako naxe
TakKas yrjoBasi CKOPOCTb TaHraxa MOXeT NPHBOIHMTb K IOSIBJIEHHIO
OTHOCHTEJIbHO GOJIbIIMX I'HPOCKONHYECKHX MOMEHTOB pBHICKaHHS. DTH
MOMeHTH OGYCJIOBJEHb CPABHHTENbHO GOJBIINMM MOJSPHBIMH MO-
MeHTaMH HHepuuu poTopoB TPJl coBpeMeHHBIX CBEpX3BYKOBBIX Ca-
MOJIETOB M BBICOKHMM 0060OpOTaMH JBHraTejefi Ha TaKHX BBICOTAX —
naxe npu paboTe HX Ha peXHMax MaJOoro rasa H aBTOPOTAllHH.
OHH BLI3HIBAIOT MNOSBJIEHHE TaKUX YIJIOBBIX CKOPOCTeH pBICKaHHS,
NPH KOTOPHIX MOXeT MOCTATOYHO CHJbHO NPOSBJATHCS THPOCKOMH-
yecKoe B3aUMO/IefICTBHEe NPOLO/IbHOI0 U GOKOBOTO IBHKEHHI caMoJie-
ta. [locnenHee U MPHBOAHT K BBLIXOAY CaMoJIieTa Ha PeXXUM CBaJHBa-
HUSL.

®akTopaMy, CNOCOOCTBYIOUIUMH CBAJHMBAHHIO, SIBJASIOTCS TaKKe
CKOJIb)XEHHe, cO3JaBaeMoe THPOCKONHYECKHM MOMEHTOM pPHICKaHHS,
H IJI0XO0€ 3aTyXaHHe CBOGOJHBIX MPOJOJNbHBEIX H GOKOBBIX KOJMeOaHHUM
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‘Ha OOJIbLIMX BBICOTAX, Ha KOTOPHIX CaMOJIET <«HEIJVIOTHO CHAHMT B
Bosnyxe». Jli060e BHelIHee BO3MYLeHHe U 6oJiee WM MeHee 3Hep-
THYHOEe OTKJOHEHHE DYJSi MPUBONHUT HA 3THX BHICOTAX K MNOSBJEHHIO
JIOJITO He3aTyXalolUuX KojiebaHuii caMosieTa, MPOUCXOASIIUX CO CPaB-
HHTEJbHO GO/IBUIMMH aMIJINTYaMH.

Hcxonnble yriioBble CKOPOCTH TaHraxa, c/yxKallie nepBONpHYH-
HOH Da3BHTHS TAKOro [BHXKEHHSI CaMoJieTa, MOTYT OBITb CO3JaHBI
TIpH HEeJOCTATOYHO MJIAaBHOM OTKJOHEHHHM PYYKH ynpaBsJieHus. Eciau
Yy caMoJieta Ha GOJBIIHX yrjax aTakd BO3HHKaeT HEYCTOHYHUBOCTB
1o neperpyske, TO NMPH BBIXOJ€ €ro Ha 3TH YIVIBl aTakKH B pe3yJbTa-
T€ CO3JJaHHOTO pyJ/JeM BBLICOTHl HMINYJbCa BO3HHKAeT yXKe CaMompo-
u3BosbHOe KabGpuposBaHHe. CaMo no ceGe Takoe ABHXKeHHEe MOXeT
TIPOHCXOJUTb JOCTATOYHO OBICTPO M HA JMHAMHYECKHX BBICOTAX,
a teM Gosiee ellle W NPH AONOJHHTEIbHOM BO3[EHCTBHH T'MPOCKOIH-
YeCKOr0 M HHEPLUHOHHOrO MOMEHTOB (Za)Ke IpPH CPaBHHTEJIbHO
HeGOJIbIIOM HCXOMHOM BpallleHHH CaMoJIeTa).

BOT OfMH H3 NpHMEpOB CBAaJHBaHUS C JUHAMHYECKOrO NMOTOJKA,
3aKOHYMBLIEroCsl MepexoqoM camoJsera B mronop. Caymatenb KO-
Ml JeTYHKOB-ucnbiTaTeneir npu 6Gase dpsapac B CIHA Cwmur B
1965 r. Ha camosere NF-104A BhimosHAN 3aniaHUpPOBaHHEIA yueG-
HOH mporpaMMoii nosieT Ha AMHaMHYecKHii noTosoK. OH HoMXKeH
6bl1 HaGpaTh BHICOTY 27450 M B mpolecce BBHIIOJIHEHHS KPYTOHR rop-
ku. Ha Beicore 25300 M (BOsiM3M BepUIIMHB TOPKH) H3-32 PE3KOTO
OTKJIOHEHHS] PYYKH yNpaBjeHHs OT cebsl BO3HHKJA OTpPHIaTesNbHad
yrJjoBasi CKOPOCTb TaHraxa M caMoJleT HayaJ NJaBHO ONMYyCKaTb HOC.
Ilpu sToM ucTHHHAsi cKOpocTb mosera Gwlia paBHa 408 kM/4, mpH-
GopHasi CKOPOCTb H CKOPOCTHOH Hanop OBLIM BeCbMa HEBEJIHKH U CO-
craBasanu toorsercTBeHHo 89 kM/u m 39 krc/m2. TypGopeakTHBHBIMH
JBHraTe]b caMoJseTa paGoTas Ha peXHMe MaJjoro rasa, OLHAKO
BBHAY O6OJIbLIOH BBHICOTHI MOJieTa OGOPOTH €ro ObLIH BeJHKH
(4000 06/muH).

AHanus noJseTHbIX 3amucei npnéopos-camonncueB H MaTepHaJioB
MOIeJHpOBaHuA YCJIOBPIﬁ 3TOrO moJieTa IoKasaJ cCJeAylollee. HOJI
JedCTBHEM THDOCKONMHYECKOro MOMEHTAa DPbICKAHHA NOCJE MOABJICHUSA
OTpHHaTeJleOﬁ erIOBOﬁ CKODOCTH TaHraxa HayaJoCb BpalleHHe HO-
€a caMoJieTa BJIeBO — MOSIBHJIOCH NpaBoe CKoJbXKeHHe. M3-3a norme-
peyHOl CTaTHuecKoil yCTOHYMBOCTH caMoOJeTa 3TO CKOJbXXeHHe NpH-
B€JI0 K BO3HHMKHOBEHHIO a3pOAHWHaMHYECKOr0O MOMEHTa KpeHa —
HayaJioCh KpEeHEHHe €ro Ha JIeBO€ KPhbLJIO, UYTO IPHBEJO K H3MEHEHHIO
yrJja aTakH.

Takoe coueTaHHe AeHCTBHH THPOCKOIHYECKOTO M a3pOAHHAMHYeE-
CKOT'0 MOMEHTOB BBI3BAJIO NOSIBJIEHHE CJOXHOIO MPOCTPaHCTBEHHO-
ro JBHKEHHS caMoJieTa C BpallleHHeM ero OTHOCHTEJbHO BCeX Tpex
oceil. IlosiBneHune YIJIOBRHIX CKOpOCTeH IPHMBEJIO K BO3HHKHOBEHHIO
WHEPLUHOHHHIX AeCTaGHIN3HPYIOIIHX MOMEHTOB DBICKAHHS H TaHra-
¥a, CrocoGCTBOBABIINX JajbHeAIIeMYy YBeJHYeHUI0 a6COMIOTHHIX
BeJIMYHH YIJIOB aTaKH M CKOJIbXXeHHs. B pesyabrate camoser more-
psiJl yCTOHYHBOCTD, Bhillle/] Ha GOJbIIHE YIVIbl aTaKH — HayaJoch CBa-
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JIUBaHHWe, a 3aTeM LITOMOpP, M3 KOTOPOro JIETYHKY He yIajochb €ro
BriBecTH. Ha BhicoTe 12 KM JIeTYMK KaTanyJbTHPOBAJCH.

Ananus MatepuaioB Takux nojeroB Ha camosere NF-104A u or-
3BbIBbHI JIETUYHKOB-UCHBITATE el M0Ka3aJ/H, YTO ONTHMAJbHEIA yroJ Ha-
6opa BBICOTHl AJISi BBEIXOJAa Ha JHHAMHUYECKHUH MOTOJOK COCTaBJA]
65—70°. T'opka ¢ TakuM yriom HabGopa BEICOTH BHINOJHAJACH NPH
yrie aTtakd camoJiera mopsiika 5°, HaKJOH CHMHKH Kpecja JIeTUHKa
K HODMaJbHOH OCH caMoJieTa cocTdBjsia 14°. B pesy/brare mpH BbI-
MOJIHEHUH TOPKU KOPIYC JIETYHKA OTKJIOHSJICS OT BEPTHKAJH HA yroJi
nopsiaka 84°=89° (seTunK pacmosarajcsi NOYTH TOPH30HTAJbBHO).
Taxkoe HeoGhYHOE U HEyNOGHOE MOJIOXKEHHe 3aTPYyIHsJI0 paboTy JeT-
YHKAa W HMCKJI0YaJO0 BO3MOXKHOCTb BH3yaJbHOTO IHJIOTHPOBAHHUSA Ca-
MoJieTa, JHIIasl JeTYHKa BO3MOXHOCTH OPHEHTHPOBATHCS MO 3eMJe H
eCTeCTBEHHOMY ropu3oHTy. [IoaToMy TakuHe MaHeBpHl BBLINOJHAJIHCH
no mpu6opaM, YTO BHOCHJIO JONOJIHHTEJNbHBIE TPYLHOCTH B MHJIOTH-
poBaHHe. YKa3aHHbI (aKTOp KOCBEHHO TaK¥Ke CIOcOOCTBOBaJ MO-
BBIIIEHUIO BEPOSITHOCTH HENPOH3BOJBHOIO BHIXOLA CaMoJeTa Ha KpH-
THYeCcKUue pexuMbl. Bo usbexxaHue cBajJuBaHUA [JS TPEHHPOBOUYHHIX
MOJIETOB C BHINOJIHEHHEM TropkH Ha camosere NF-104A Gblnu BBene-
Hbl OTrPaHMYeHHs N0 XapaKTepHCTHKaM TpPaeKTOPHH: CKOPOCTb B
BepXHell TOYKe TrOpKH NOJKHA Obllla OCTaBaTbCl CBEPX3BYKOBOH,
4TOGHl CKOPOCTHOH Hamop Gela npumepHo 100 xrc/mM2, a MakcHMaJb-
HBIH yros Habopa BBICOTH B Hpollecce BBHINOJHEHHS FOPKU He HMpeBhl-
maJn 45—50°.

BospacraHue HayaJbHO# cKOpocTH (yucjaa M) mpH CBaJHBaHHH
C NMHAMHUYECKOT0 MOTOJIKA BJIMSET TaK XK€ KaK U NpPH CBAJHBAHUHK
Ha CpelHUX BHICOTaX: ¢ yBeauueHHeM Vo(Mo) MHTEHCHBHOCTb CBaJIH-
BaHHS ¥ a6COJIOTHbIE BEJMYMHBI YIVIOBBIX CKOPOCTEH M 'yCKOpeHHit
Ox, Oy, £x, &y BO3PACTAIOT.

[ToMuMO mepeyHCIEHHBIX BHIIIE, ellle MHOXecTBO (DaKTOpOB MO-
JKeT CYNIeCTBEHHO BJIMSITh HA XapPAKTEPHCTHKH CBAJIMBAHHUS: BHeI-
Hssl KOH(QHrypauus caMmoJieTa, ynpyrue neopMauuu ero KOHCTPYK-
IIMH, METOAbI MHUJIOTHPOBAHUS (B YACTHOCTH, PE3KOCTb H IOCJENOBa-
TEeJbHOCTb OTKJOHEHUS pyJeil), pexXum paboTwl ABUraTeseH, MmoJjo-
JXKeHHUe caMoJieTa Nepej] BBHIXOJOM Ha YyIJbl aTakd CBAJMBAHUS W IP.
ITosTOMy pexuMBI CBaJHUBAHUS Aa)Ke OLHOIO H TOrO XKe caMoJiera
NpU OZMHAKOBBIX HayaJ/bHBIX CKOPOCTAX, yHCJIax M, BhicoTax mosera
U Neperpy3kax MOTYT 3aMeTHO Pa3/jiMuyaThbCsd MeXAy co6oil.

5.7. CBAJIHBAHHE B TYPBYJIEHTHOH
ATMOC®FPE U INPH OBJIEAEHEHUH

[TpakTHyeckylo OmacHOCTb BbIXOJA CaMOJIeTa Ha
ac(Cyc) mpu mosere B TypGyJNeHTHOI aTMocdepe CO31alOT BEpTH-
KaJibHble MOTOKH Bo3ayxa. MlHbIMu cioBamu, npu moJsere B Typ6y-
JIEHTHOH aTMocdepe, ¢ TOYKH 3pDEHHS BO3MOXKHOCTH CBaJIMBaHH,
HMMEIOT 3HayeHHe B OCHOBHOM JIHIIb BepPTHKAJbHblE COCTABJSAIONHE
CKOpoCTell BO3AYUIHBIX MacC. 'opH3OHTa/IbHble MOTOKH HJIH MODPbIBHE

116



BEeTpPa HE3HAUHTEJbHO H3MEHSIOT YTroJl aTaKH CaMoJieTa, U IO3TOMY
HOA MX BJHMSHHMEM MOXHO BEHIATH Ha PeXHM CBaJHUBaHUA TOJNbKO MPH
noJieTe Ha KpafHHX pexXuMax (Ha CKOPOCTSX, MOCTATOYHO GJIH3KHX
K CKopocTH cBanuBaHus). ONHAaKO MaJ/jiOBEPOSITHO, YTOGH JIETUHK
BBIMIOJIHSAJ MOJIET Ha TaKHX pexXumax B TypOyJeHTHOH artMmocdepe.

PaccMoTpuM yc/ioBHSI Momajanus CaMoJieTa B BepPTHKAJbHBIHR
BOCXOMSILIMH MOTOK Bo3Ayxa. Ecan 1o Bxoxa B 3TOT NOTOK yroJa aTa-
KM camoJsiera OblI paBeH a4, TO NOCJE BXOJa CaMOJIETA B BOCXOMS-
LMH NOTOK, ABHXKYLHUACA co cKopocThio W, ero yros ataku yBeJu-

Puc. 5.16. H3menenne yraa

aTaky NIpH NONMAJaHHH CaMo-

JleTa B BePTHKaJbHHIA IOPHIB
Bertpa

YHUTCS HA BeMHYHHY Ao U CTaHeT paBeH o=+ Aa (puc. 5.16). Be-
JHYNHA Aq ompenensieTcsl BEIpaXKeHHEM

w
Aa=arctg K7

UToGH BBIBECTH CaMOJIeT Ha PEXHUM CBaJHBAHHS, BOCXOASLIHI
LOTOK JOJXKEH COo3NaTh NMpHpalleHHe yraa artaku Aa=Aoc, rie
Aac=0ac—a;. Jlas 3TOro ero BepTHKaJbHAs CKOPOCTb HOJXKHA GHITH
paBHa

W.=V g Aa..

IIpennonoxum, YTO BOCXOASIIHA MOTOK HMEET pPe3KO OuyepueH-
Hble TPaHMIBI, 2 CAMOJIET MTHOBEHHO TOHaj[aeT B HEro.

U3 puc. 5.16 BUHO, UTO 4eM MeHbILIe YIOJ aTakd camoJjera (4eMm
6osbie Acc) H ueM 6oJibilie CKOPOCTb TOJIeTa, TeM GoJsbliuel J0JIXK-
Ha ObITb CKOPOCTb BOCXOJISIIEr0 IOTOKA, CIOCOGHASI BHIBECTH CAMO-
JIeT Ha KpuTHueckKue pexuMupl. OJHAKO ¢ yBeJHUYEHHEM CKOPOCTH
(ducna M) nosera mox BJAHSIHHEM CXKEMaeMOCTH BO3LyXa BeJHYHU-
Ha o MOXeT 3aMeTHO yMeHblIaTbCA. B pesynbrare BenmuuuHa Ao
MOKeT yMeHbIIaTbcs 6ojiee HHTEHCHBHO, YeM YBEJHUHBAETCS CKO-
poctb noJjera. ITosroMy ckopocTb Bocxoisiiero motroka W, mpu He-
KOTOPBIX 3HAYEHHAX yucaa M Takxke MOXKET YMEHbIIAThCS C YBEJH-
yenueM yucaa M (ckopoctu) nosera. CienoBaTenbHO, Kax IO BHI-
COTe ToJIeTa CaMoJieTa COOTBETCTBYET OINpele/ieHHBIH NHalna3oH Y-
cen M, npu koropoMm BenuuuHa W, oKasbiBaeTcssi MaKCHMAJbHOM.
ATo cjelyeT YUHTHIBATb NPH BbIGOpe HAUBBLITOJHEHIINX 3HAYEHHH
yucaa M H BBICOTHI HOJIeTa, 0GeclleyuBaIOIIUX MaKCHMaJbHYIO 0e3-
ONaCHOCTh IIOJIETa B CJyyae WHTEHCHBHOH TypOYJEHTHOCTH aTMOC-

dephl.
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[pu Hanuuuu oGJiefleHeHHs XapaKTePHCTHKH CBAJHBAaHHS CaMo-
JieTa MOTYT CYLIECTBEHHO H3MeHsAThcs. [{axe cpaBHHTeNbHO HeOGOJb-
moe o6JieAeHEeHHe caMoJieTa MOXKeT NPHBOAHTb K 3aMETHOMY CHH-
JKEHHI0 HEeCYIIHX ero CBOHCTB Ha GO/bIMX Yrjiax aTakd (Ha 15—
259% u maxe 6oJiblie) H H3MEHEHHIO MOMEHTHBIX XapaKTepPHCTHK Ca-
MmoJeta. O6JelleHeHHEe KPBLJIAa B OCHOBHOM NDHBOAHT K IaJeHHIO
NMOJ’LEeMHON CHJBI camoJieTa, a obsnedeHeHHe XBOCTOBOrO ONEpeHHs
MOXeT NMPHUBOAUTb K 3HAUMTEbHOMY YXYALIEHHIO YHPaBJ/sieMOCTH,
yc1oBuii 6anaHCHPOBKH M YCTOHUH-
BOoCcTH (MHOTJA Ja)Xe K BOSHUKHOBe-
HUIO HEyCTOMYMBOCTH) cCamoJera.
B ¢BfI3H C 3TUM MOTYT NOABAATHCA
«KJEBKH» H JPYyTrHe ONaCHBIE OCO-

N
: OEHHOCTH MOBEACHHUS caMoJieTa.

&

[Ipumep BAHSHHA 00JeNeHEHUS HO-

cKa Kpblla Ha HecyllHe CBOHCTBA

caMoJiera mpHBedeH Ha puc. 5.17.

o OO6JaeneHeHHe BBI3BAJNO 3HAYHUTENb-

a  Hoe cHuKeHHe Cymax U Oxp, T. €.

Pc. 5.17. Tipumep msmenenns CHOCOOCTBOBANO  BO3HHKHOBEHHIO

HecymHX CBOAICTB camonera mpu PAHHErO U Goliee  MHTEHCHBHOIO

obJieleHeHHH CpblBa TIIOTOKa. B HHTeHCHBHOCTH

BJHSHUSA OONeNeHeHHs] MOXHO yOe-

JUTbCS Ha CJAELYIOIleM IpUMepe: HapoCT Jbla B BUAe «HOXa» NJH-

Hoit 10—15 MM (cpaBHHTENbHO HeGoJbIIOE 0GJIeleHeHHe) Ha Mepen-

Hell KDOMKe KpBlJia MOXKeT CHUXKAaTb KPUTHYECKHI yroJ aTakd camo-
Jera Ha 20—30%, a wHorma u Gosee.

ITporekanue kpuBoii Cy=f(a) B OKPEeCTHOCTH ee MaKCUMyMa
TIpH 3HaYHTEeJbHOM obJsefeHeHHH (0COGEHHO B CaMOM HeGJaronpu-
SITHOM CJly4ae — IpPH NOSIBJEHHH «IBYropGoro» WJH, Kak €ro ele
HHOT[la Ha3bIBAIOT, «ABYPOroro» JbR0OGpPA30BaHHA) OKa3blBAETCS
CYILLECTBEHHO MeHee IJIaBHBIM. DTO CIOCOGCTBYET MOBHILIEHHIO pe3-
KOCTH CBaJIUBaHUA U Gojiee paHHEMY €r0 BO3HHKHOBEHHIO.

OGsenenenre MOBepXHOCTH cTabu/IM3aTOPa, 0OCOGEHHO ero mepes-
Hell KPOMKH, MOXKeT OKa3aTbCsl upe3BbluaiiHO onacHelM. Hauamo
CpHIBa TOTOKA ¢ 00JieJieHeBIero cTabHan3aTopa O6BIYHO CONPOBOXK-
JlaeTCsl HHTEHCHBHOH TPSCKOA XBOCTOBOTO OIepeHHs. 3HauHTeJbHOE
obsiefieHeHHe cTabUIM3aTOpPa NMPHUBOLHUT K PE3KOMY YXYALIEHHIO YII-
paBJIsieMOCTH CaMoOJIeTa, MOXKeT BbI3bIBAaTb INOSIBJE€HHE HeyCTOHYH-
BOCTH 10 Neperpyske, yxyamaeT XapakTepHCTHKH CBAJHBaHUSA H 0CO-
OeHHO 3aTpyAHsieT (a2 HHOrAA JeJaeT NPOCTO HEBO3MOXKHBIM) BBIBOJ,
camoJieTa U3 CBaJIHBaHHUS.

OpHolt M3 NMPHYMH CBaJHBaHUs NPU O6JefeHEHUH SIBJSIETCS NpPH-
BbIYKa JIETYHKOB BblJepKHBaTh 3aJaHHBI yroa taHraxa. OpmHaxo
npn o6JeleHEHHH caMoJIeTa MoJsipa BTOPOTO PONAa CHJIbHO MeHseTcs
¥ YroJ TaHraxa Heo6XOLHMMO yMeHbIIaTb. ITO TeM GoJsiee BaXKHO,
eCJix OT O6J/ieflecHeHHS] YMEHbUINIACh TSAra JBHraTesl.
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5.8. OCOBEHHOCTH CBAJIHBAHHSA
CBEPX3BYKOBBIX CAMOJIETOB

5. 8. 1. TeHneHUHs caMoJeTa K CBaJHBaHHIO

Hecmorps Ha Hanuuue psima $akTOpPOB, yMEHbIIAIOILHX
TEHIEHUHIO COBPEMEHHBIX CBEPX3BYKOBBLIX CaMOJIETOB K CBAaJIHBaHHUIO
(o yeM OymeT CKa3aHO HHXKe), NOCIeIHHE BCe-TAKH HMEIOT He
MeHbllle NPeANOChIOK K HENPOU3BOJBHOMY TOMANAHHIO HA KPHUTHYE-
CKHEe DEXHMBI, YeM J[O3BYKOBble CaMOJIeThl CTapoH KOHCTPYKIHH.
OTO 0GBACHIETCS B OCHOBHOM YEThIPbMSI IPHYMHAMH:

1. PacmiupeHneM 3KCIJIyaTalHOHHBIX [HMalNa30HOB BHICOT, CKO-
pocteill 1 uucesn M moJsieta, a TakXe yBeJHUeHHEM yIeJIbHOH Harpys-
KM Ha Kpwuio. Hanmpumep, uem GoJbie BBICOT2 TOJIETA H YAeJbHAS
Harpyska Ha KpHJIO, TeM MeHblle pacmoJsaraeMbiii 3anac Cy, T. e.
TeM G6oJiblile BEPOSITHOCTb HENPOM3BOJBLHOTO BBIXOJA CaMoJeTa Ha
Cy ¢ TIDH BBHINOJIHEHUH MaHeBpOB. Ha GOJIbLIHX CBEPX3BYKOBBIX YHC-
Jax M nosera u3-3a majJeHHs] CTeNeHH NMYyTeBOH CTaTHYECKOH YCTOM-
YHBOCTH CaMoJieTa BO3MOXKHO CO3laHHe BeCbMa GOJbIIHX YIJIOB
CKOJIbKeHHs, CIOCOGCTBYIOMHX CHUXKEHHIO Cy¢, a TaKKe BO3HHKHO-
BEHHIO pPe3KO BBIPAXKEHHOTO B3aHMOAEHCTBHS NPOJOJBHOrO H GOKO-
BOTO [BHXKEHHH caMoJieTa, NPHBOASILIEr0 K IOTepe YCTOHYHBOCTH M
CBaJIHBaHHIO CaMOJIETa.

2. 3aMeTHBIM YCJI0XKHEHHEM NHIOTHPOBAHHS NPU OTCYTCTBHH aB-
TOMAaTHYECKHX HJH NOJYaBTOMATHUYECKHX IIHJIOTaXKHO-HABHTALHOH-
HbIX cucTeM. B 3ToM cayuyae jieTyuky tpeGyeTcss NMpakTHUECKH OLHO-
BPeMEHHO CJeAHTb 3a GOJBIIHM KOJHYEeCTBOM TNpHGOPOB H YyCT-
POHCTB, XapaKTepPH3YOILINX apaMeTpPhl NoJjeTa U YCJIOBHS pabGoTh
CHJIOBOH YCTAaHOBKH, CHCTEM M arperaToB caMoJieTa, TOrAa Kak caMu
peXHUMBI 10JleTa B OCHOBHOM OKa3bIBAIOTCSl HEYCTAHOBUBLIMMHUCS K
MOTYT OYeHb OBICTPO M3MEHSITbCS. ¥ CBEPX3BYKOBHIX CaMOJIETOB
6osblie 0COGEHHOCTEH YCTOMYHBOCTH, YIIPaBJASEMOCTH M JIETHBIX Xa-
PaKTepHCTHK, a TaKKe Pas3JHUYHbIX OrpaHUYeHHH (MO pexHMaM Io-
JeTa, pexxuMaM paboThl CHJIOBOH YCTaHOBKH H T. 1), 4eM y J03BY-
KOBBIX CaMOJIETOB. DTH 0GCTOSITENILCTBA TPEOYIOT OT JIETYHKA [OTOJI-
HHTEJIbHBIX 3aTPaT BHUMAaHHUSI.

3. HekoTopbiMu XapaKTepHbBIMH OCOGEHHOCTSIMH YCTOMYMBOCTH W
YOpaBJsieMOCTH (HaJHYHEM HEYCTOHYMBOCTH 1O Neperpyske Ha
GoJIbIIMX YryIax aTaku H Ap.), a TakKxe cneuudHKol NoBeleHHs ca-
MoJieTa B OCOOGBIX Cyuasix nojera (HampuMep, NPH OTKa3e OCHOB-
HOH cHCTeMBbl YNIpaBJIeHHs1). 3HAUUTe/IbHble H3MEHEHHST YCTOHUHBOCTH
¥ ynpaBJiieMOCTH BO3HHMKAIOT Ha CaMoJieTaX, HMEIOU[HX TaKue Clie-
HupHIecKHe KOHCTPYKTHBHO-a3pONMHaMHUYECKHe OCOGEHHOCTH, Kak,
Hanpumep, KpblIO NepeMeHHOH (M3MeHsieMOH B NOJieTe) CTPEJOBHI-
HOCTH — Ha TepeXOJHBIX peXHMaX, T. €. IPH H3MeHeHUH YIJia cTpe-
JIOBHJIHOCTH KpbLjJa B HOJIETE.

4. Ha xapaxrep CBaJIUBaHHSI CBEPX3BYKOBBIX CaMOJIETOB CYILECT-
BEHHO BJIHSIIOT OCOOEHHOCTH NOJSIPE BTOPOro pona (B CBSI3aHHBIX
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ocsix), Tpebymoune 6osee 4eTKOTO COOJIONEHHS YIJIOB TaHraxa.
Omubka B yrJe TaHraxa INPHBOOUT K TaAeHHIO CKODOCTH
mojieTa M YBeJWYEHHI0 BepPTHKAJbHOH CKOPOCTH, a TIIpH CO-
XpaHEHHH yrJa TaHraxa — K yBeJHUYeHHIO yrja aTaku. J{03ByKoBbIE
npobuaM NpH Majbix yHcaax M omyckaloT 60JbliHe OTKJIOHEHHS
yrJja TaHraxa.

B GoeBbix yC/JOBHSIX, KOTAa JeTYHK He MMeeT BO3MOXKHOCTH BHH-
MaTeJbHO CJERUTh 3a NPHOOPAaMU M YacCTO BHINOJHSET De3KHe Ma-
HEBpbl, a TaKxe B HEKOTOPBIX CJyuasiX IIPH NoJeTe B CJHOXKHBIX Me-
TEOPOJIOTHYECKHX YCJIOBHSIX BEPOSITHOCTb HENPOH3BOJILHOTO CBaJIH-
BaHHS caMoJieTa MOBBILIAETCS.

ITepeuncnentbie haKkTopbl CHOCOOGCTBYIOT NOBHILIEHHUIO BEPOSATHO-
CTH MOTaflaHus CBEPX3BYKOBBIX CAMOJIETOB B PeXHM CBaJIHBaHHA.
B nporusoBec uM cyuiectByer psn ¢paKTOpPOB, CHHXKAIOUIHUX TEHIEH-
LIHI0O CBEPX3BYKOBBIX CaMOJIETOB (10 CPaBHEHHIO C JO3BYKOBLIMH) K
cBasuBanuio. K ux uHcay MOXKHO, B NepBYyIO ouepellb, OTHECTH CJie-
Ayiolue.

CBasiiBaHHe CBEpX3BYKOBBIX CaMOJIETOB IIPH CONOCTABHMBIX Ha-
YyaJbHBIX YCJOBHSIX NpoTeKaeT oOhYHO GoJjiee MJIaBHO, YeM CBaJHBa-
HHe JJ0O3BYKOBBIX camoJieToB. IIpH OTCYTCTBHH HayaJbHOTO CKOJIb¥Ke-
HUS ¥ TIPOYMX PaBHBIX YCJOBHSIX CBEPX3BYKOBBIE CaMOJEThl HMEIOT
MEHbUIYIO TEHIEHUHIO K CBAJHBaHHUIO, 4eM H03BYKoBble. O6GBsICHSET-
€51 3TO B OCHOBHOM 6o0Jlee TJIaBHBIM XapaKTepOM IPOTeKaHHsS 3aBHCH-
mocteii Cy=f(a) B 06JaCTH OKOJIOKDHTHYECKHX YIJOB aTakH H
yMeHblleHHeM 3HauyeHH# Cymax, @ TaKKe CPABHHTENbHO HeGOJBILH-
MH BeJHYHHAMH MOMEHTOB HHepIHH OTHOCHTEJNbHO NPOAOJBLHOA OCH
(MOMeHTOB WHepUHH KpeHa) J, y CBEpX3BYKOBHIX caMoJjeToB. Kpome
TOro, noTpebHble AJs Bbixo4a Ha Cyc OTKJIOHEHHS PYYKH yIpaBJe-
HHSI Y CBEPX3BYKOBBIX €CaMOJIETOB OKAa3bIBAIOTCS OOBIYHO 3HAYHTEJb-
HO OOsnbUIMMH, uYeM Yy J03BYKOBhIX. [lo3TOMy HenpoussoJbHOE
cBasJuBaHHe INPH MasblX (OJH3KHX HJH PABHBIX Vi) CKOpOCTSX
TIPSIMOJIMHEAHOI'0 TOPH30HTAJIbHOTO MoJieTa Ge3 CKOMbKEHHS Ha CPaB-
HHTEJbHO HeOGOJBLIMX BHICOTAX B HOPMAJBHBIX 3KCIyaTallHOHHBIX
YCJOBHSIX Y CBEPX3BYKOBBIX CaMOJIETOB BCTpeyaercsl 3HAYHTeJbHO
pexe, ueM y IOO3BYKOBHIX. TakoBbl (pakTopbl, CHNOCOGCTBYIOIIHE
YMeHbLIEHHIO TeHIEHIHH K CBAJHBAaHHIO Y CBEPX3BYKOBBHIX CaMoJie-
TOB. )

[Tonoxenue ocu BpalleHHs caMoJieTa CYL[ECTBEHHO BJIHSIET Ha
XapaKTePHCTHKH cBasjuBaHud. B cBSI3M co 3HAUUTeNbHBIM BO3pac-
TaHHEM Pa3HOCa MacC B HaNpaBJeHUH NPOLOJBbHON OCH caMoJieTa H
COOTBETCTBYIOIUM BO3PDacCTaHHEM MOMEHTOB WHEPUHH PbICKaHHUA J,,
BpallleHHe CBePX3BYKOBLIX CaMOJIETOB IIPH CBAJIHBaHHH NPOUCXOTHUT
OTHOCHTEJIbHO OCH, 6JIH3KOH K mponoJbHON ocu camoJera Oxy. Ilpu
CBaJIMBaHMH JI03BYKOBLIX CaMOJIETOB OCb MX BpallleHHs pacnoJara-
ercsl 6JMXKe K HampaBJIeHHIO BEKTOPa CKOPOCTH moJsiera. 3Ta 0co-
6eHHOCTb NPHBOJHT K De3KHM H3MEHEHHSIM YIJIOB aTaKH U CKOJb-
{eHHsl NPH CBAJHBAHMH, a CJENOBATENbHO, K NOSBJIEHHIO 3HAUH-
TeJbHO Goslee HepaBHOMepHOro (Gosee KomeGaTENbHOrO) ABUKEHHS
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CBEPX3BYKOBLIX CaMOJIETOB B IIpollecce CBaJIHBaHHs, O 4YeM MNOX-
poGHedn 6yneT CKa3aHO HHXe B IJ. 6.

5. 8. 2. Bangnue CKoJbXKeHHs

Y CBepX3BYKOBBIX CaMOJIETOB, MMEIOIIHX CTPEJOBHI-
HOe HJIM TPeyroJibHoe KPBIIO, Aaxe HeGOJbIIOe CKONbXKEeHHEe MOXeT
CyIIeCTBEHHO CKa3blBaTbCsl HA XapaKTepe NpOTeKaHHsi KpuBoi Cy=
=f(a). ¥ HO3BYKOBLIX CaMO0JIeTOB C NPSMbIM KDbIJIOM TakKoe BJ/IHA-
HHe TNPOSBJSJIOCH 3HAUUTENbHO caabee (puc. 5.18). ITUM u 06bsiC-

G\
Cymax
/-—_-°\~
p=0
pEO [N
xX#0
a

Puc. 5. 18. Tpadux sasucuMoctu Cy=f(@) y caMoseToB C NPAMBIM
H CTPEJOBHIHBIM KPBUIOM NPH CKOJbXXEHHH

HSeTCS H3BECTHHIH U3 IIPaKTHKH JIeTHOH IKCnJayaTalul H JETHBIX
HCNBITaHHH (PaKT, UYTO Y CaMOJIETOB C KPbIJIOM GOJIBIION CTPEJIOBHA-
HOCTH CBaJIHBaHHE MOXET BO3HHKaThb IDH MEHbIUHX YTrJax aTakH,
4YeM O Y CaMOJIETOB C NPAMBIM KPbLJIOM, HECMOTDPS Ha TO, YTO KpH-
THYECKHE YIJIBl aTaKH NPH OTCYTCTBHM CKOJIb2KE€HHA Y NEpPBBIX OKa-
3BIBAIOTCS 3HAYUTEJNbHO GOIBLIMMH.

3HauuTeJbHO GOJiee CHIBHOE BJHSTHHE CKOJIbXKEHHS Ha a3pOoAHHa-
MHYeCKHe XapaKTePHCTHKH CTPEJOBHAHOIO Kphljia 00YCJIOBJIEHO TEM,
YTO Ha Xapakrep ero o6rekaHus (pacnpefeseHHe AaBJeHHS MO KpPHI-
JIy) BHeWIHHe BO3JeACTBHs BOoOIle BJAHSIOT B GOJblIeH CTeNeHH,
yeM Ha o6GTeKaHHe NPAMOro Kphija. IToBhleHHas: YyBCTBHTENBHOCTD
CTPEJIOBHIHOTO KpHJIa K BHEIIHHM BO3IEHCTBUSM CBsI3aHA C OJHOM
0COGEHHOCTbIO €ro OOTeKaHHs: NepeTeKaHHeM NOTPaHHYHOTO  CJIOS
N0 pasMaxy K KOHLIAM KpHja. DTO NPHBOAHT K HaOGyXaHHIO @Orpa-
HHYHOTO CJIOST Ha KOHLAX KphblJa H. CJIe0BATEJbHO, K MNOSBJEHHIO
o6GJsacTell MaJIOyCTOMYHBOTO HJIM JaiKe HEYCTOHYHBOro OOTeKaHHs.
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TlosToMy maxe CpaBHHUTEJNbHO c/1aGble BHEIIHHE BO3AEACTBHSA MOTYT
NPUBOAKTb K 3aMEeTHOMY H3MEHEHHIO KapTHHBI OOTEKaHHs.

KpoMe TOro, ¢ mosiBieHHeM CKOJIbXXEHHSl NMPOHCXOAAT M3MEHEHHUS
5((EKTHBHOrO YIJIHHEHHs! ¥ 3P (EeKTHBHOM CTPEJOBHIHOCTH NpaBoi
U JIeBOH IOJIOBHH CTPEJOBHAHOTO KpHLJIa. DTO NPHBOAMT K IOSIBJIE-
HHIO 3aMETHBIX pas3/iHyMii B a3POAMHAMHUYECKHX XapaKTEPHCTHKAX
obenx NOJIOBHH KpblJa.

5.9. BJISSHHF CPEJCTB YBEJIHYEHHUSA
NOABEMHONA CHJIbI

5.9. 1. BausHue MexaHH3alUHH Kpblja

[ToBbimieHHe NOXBEMHOH CHJBL KpPblla JOCTHraeTCs
B OCHOBHOM [BYMSI NMyTSMH: obecredyeHHeM 3aJepXXKH OTphIBa IO-
TOKa CO3[JaHHeM COOTBETCTBYIOIIUX YCJOBHH B MOrPaHHYHOM CJIO€
H (uau) yBeJHUYeHHEM IJOMmaAu Kpblia. ONTHMaNbHBIM BADHAHTOM
SIBJIIETCSl HCNOJNb30BaHHE 000MX 3THX MeTomoB. Ha coBpemenHmbIX
caMoJsieTax JJisl TOBBIIIEHHS NMOJBbEeMHOH CHJBI B OCHOBHOM IIpHMe-
HAIOT yNpaBJ/ieHHe reOMeTPHYECKMMH NapaMeTpPaMH Kpblja: TOJIIH-
HOM M KPHBH3HOH NPOQHJs KPbLI{ M MX PacHpeleseHHeM IO XOpJe,
a Takxe AJHHON caMO# XopHbl Kpblia.'B mocnennue roasl 6oJblioe
BHHMaHHe yHesseTcsi pa3paGoTKe YCTPOHCTB I/l YHpaBJeHHS IO-
TPaHHYHBIM CJIOEM KpBlJa. ' :

CpencrtBa MexaHHM3allMH KpbL1d, PHMeHsSeMble HA COBPEMEHHBIX
caMoJieTax, BeCbMa pPa3HOOOpPAa3HEl M 4acTo O4YeHb 3(¢eKTHBHHL
Hcnenn3osanne opraHoB MeXaHH3alHH, PacHOJIOXEHHBIX Y 3alHed
KPOMKH Kpblia (MexaHH3alUus 3ajiHefi KPOMKH), OGBIYHO OJHOBpe-
MEHHO C INOBBbILIEHHEM HECYIIHX CBOACTB NPHBOAMT M K INOSIBJIEHHIO
MOMEHTOB Ha NHKHpOBaHHe. MexaHH3auus 3ajHefi KPOMKH (mpoc-
Thle 3aKPBIJKH, LleJieBble 3aKPBIIKH, 3aKphlaku Paynepa, AByxie-
JeBbie 3aKpbliKu PayJsepa u T. 1) TNOBBIIAET HeCyllHe CBOHCTBA
KpblJla TPH HeH3MeHHOM yIyle aTakH B OCHOBHOM 3a CUeT NOBBILIe-
HHMS KPHBH3HBH Kpblia. Ha Takux opraHax MexaHH3alHH OTpHIB IO-
TOKa BO3HHKaeT OOLIYHO NPH OTHOCHTEJbHO HEeGOJIBIINX YIJax ara-
KH, HO 06/1aCTb COPBaHHOIO INIOTOKAa COXPAHSIETCS 32 OCbI0 MX MOA-
BeCKH [0 GOJIbLIMX YIJIOB HX OTK/JIOHeHHS. MakcuMmanbHas HOLBbEM-
Hasl cuJa o6pasyercsi HeNOCPEACTBEHHO Ilepell CPLIBOM IIOTOKa CO
BCEro KpHlJa HJH Korja o6JacTb OTPHIBA NOTOKAa C OPraHOB Mexa-
HHM3allMH HauHHaeT [lepeMeIaTbCs BBEPX IO TeueHHIO (BIepel OT
OCH HX IOABECKH), JHOO KOrjfla BO3HHKaeT CPHIB NIOTOKA C mepefHel
KPOMKH.

Hcnonb3ys opraHbl MexaHM3alHM, PaClOJIOXKEHHbIE Y IepeaHel
KPOMKH (MeXaHH3allul0 IlepefHefi KPOMKH), MOXKHO YBeJHYHBATb
TIOIBEMHYIO CHJY C ONHOBDEMEHHHIM CO3JaHHEM MOMEHTOB Ha Kal-
pupoBanue. Mexanusauus nepenHeir kpomkn (mutku Kplorepa, me-
JIH y mepefHedl KPOMKH, OTKJOHSIeMBIH HJIM OTOTHYTHIi BHH3 HOCOK
KpblJla, MPEeJKPLIOK H T. I.) OGBIYHO YBEeJHYHBAET MAaKCHMAJbHYIO
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MOABEMHYIO CHAy Ge3 CyLIeCTBEHHOTO H3MeHEeHHs JI0GOBOTO CONpo-
THBJIEHHsI, IPUBOAUT K 3aTATMBAHHIO CPBIBA TIOTOKA C NepefHed
KPOMKH, MOBBILAET axp. OTOrHYTHI BHH3 HOCOK KpHLJIa, YBeJHYH-
Basi KPUBH3HY HOCOBOH YacCTH NpoQHJs, MOXKET CYIIeCTBEHHO H3Me-
HSTb XapaKTep CpblBa MOTOKA — BbI3bIBaTb NE€PeXOJ] OT HOCOBOTO
cpbiBa (cphiBa ¢ nepefHeli KDOMKH) K XBOCTOBOMY (CPBIBY NOTOKa y
3afgHeli KpOMKH). MexaHusauus nepelHefi KPOMKH OOGBLIYHO NO3BO-
asiet yBenHuuTb Cy non NpUMepHO Ha 0,2—0,3. OnTHMAaNbLHLIM BapH-
aHTOM siBJsieTCs Ge3MOMeHTHasi MeXaHH3alusl, NIPUMeHeHHe KOTOpOH
He TpebGyeT nmepeGasaHCHPOBKH caMoJsieTa (3TO MOXKeT HMeTb MecCTo,
HampuMep, NPH HCMOJb30BAHHH IeJIEBbIX 3aKpPHIJIKOB B COYETaHHH
co mutkaMu Kpiorepa), T. e. He IPHBOILHUT K NOSIBJIEHHIO JOMOJIHHU-
TeJbHBIX MOMEHTOB TaHraxa. |

MexaHusanusi BaMsieT Ha XapaKTepDHCTHKH CBAJHBaHHsA, B Iep-
BYIO OYepelib, yepe3 H3MeHeHHe 3aBUCHMOCTH C,=f(a) Ha 60/bIIHX
yraax araku. CyliecTBEHHYIO pOJib HrpaeT TakKxe H H3MeHEHHe MO-
MEHTHBIX XapaKTeDUCTHK caMoJieTa — 3aBHCHUMOCTH m,=¢@ (o). Kak
[IpPaBHJIO, CBaJIHBaHHe CaMoOJieTa C BHIMYIIEHHOH MeXaHH3allhe# Mpo-
HCXQIHUT 3HAYHTEJbHO HHTEHCHBHee (pe3ue), ueM ¢ yOpaHHOH Mexa-
HU3auued (aHAJOTHYHOE BJHSIHMEe OKa3biBaeT OOBIYHO H HaJHuHe
HapyXHbIX IOJBECOK NMOA KPbIOM HJIH (lo3ess)KeM caMoJera).
Oo6mbsacHsieTcs 3T0 HeficTBHeM psfa ¢daktopoB. UeM Bhillle Hecylue
cBoiicTBa Kphinia (ueM Gosbuie Cy), TeM GoJiblile HOTEPH NMOABEMHOMN
CHJIBL IIDH CPBIBe NOTOKa, a OOJblie H3MEHEHUS CHJ MOTYT HpH-
BOJHUTb K IOSIBJIEHHIO GOJBLIMX MOMEHTOB, IeACTBYIOUMX Ha CaMo-
JIeT IIpU cBaJsuBaHuH. [Ipy 3aTArMBaHMM Hauaja OTPhIBA IOTOKAa HA
66sblKe yribl aTaKd BO3HHKAIOLUIMH 3aTeM CPHIB Pa3BHBaeTCs pe3ue
(oco6eHHO TPy yBeJHUYEHHOH KPUBH3HE MPoduIs Kphija).

XapaKTepHCTHKH CBaJHBaHHS caMoJieTa C YOpaHHOH M BBINY-
IIeHHOH MeXaHM3alMell MOryT CYIIeCTBEHHO pasjnuyaTtbes. Ha
puc. 5.19 nmokasaHsl pUMephbl CBAJHBAHHS OXHOTO H TOrO XK€ CaMo-
JieTa IIPH OAMHAKOBHIX HayaJbHBIX YCJOBHSIX. B mepBom cayuae (a)
CBaJIMBaHHE NPOH3BOJMJIOCH C YODAHHBIMH 3aKPBIIKAaMH, BO BTOPOM
(6) — c BHINYLIEHHLIMH B TIOCaJIOYHOE IIOJIOXKEHHE 3aKpPblJIKaMH.
U3 npuBefieHHOro nMpuMepa BHIHO, YTO CBAJHBAHHE C BHIMYIEHHBIMU
3aKpbIIKAMH NPOHCXOJUT 3HAUHTENbHO pe3ye.

Crnenyer OTMETHTDb, YTO BJMSIHHE OTKJIOHEHHS 3aKDBIJIKOB Ha Xa-
PaKTEepHCTHKH CBAJHBAHHS MOXKET NPOSIBJSATLCS CYIIECTBEHHO HEJH-
HeHHO: 0 ONpeJeIeHHOTO yIyia OTKJIOHEHHS 3aKDPbIIKOB HX BJHSHHE
Ha XapaKTePHCTHKH CBAJHBAHHA MOXKeT OBITb OTHOCHTEJNbHO CJa-
6bIM, a JasbHefillee (Da)<e CpaBHHTENbHO HeGOJBIIOE) YBeJHYEHHE
3TOrO yrjia MOXeT HHOrZa NMPHUBOAMTb K OYEHb PE3KOMY H3MEHEHHIO
KapTHHB CBAaJHBAHHSA caMoJjieTa. XapaKTepHOe BJHSIHHE OTKJIOHEHHS
3aKPHIJIKOB, MPEAKPLIJIKOB H OTKJOHSIOLIETOCsT HOCKa Kpblia HJLIIO-
CTpHpYeTCsl IpUMepOM, NMPHUBeIeHHbBIM Ha pHc. 5.20. Beimyck 3aKpbLi-
KOB IOBHILIAET HecylllHe CBOMCTBA KpbLJIa, MPAaKTHUYECKH HE MEeHss
BEJIMYHHY dxp. OTK/IOHeHHMe NMpeaKphlKa (TaKkKe, KaK U HOCKa KpHI-
Ja) obecneuyuBaeT JHHeHHOe mpoTekaHne Kpuoii C,=f(a) mo 3a-
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MeTHO GOJIbLIMX YIVIOB aTaKH. AHAJIOTHYHOE BJIHSIHME MOXKET OKa3hl-
BaTb M NPHMEHEHHe CHCTEMbl YNpPaBJIeHHs MOTPAHUYHBLIM CJIOEM.
CymecTseHHOe BIHSHHE HA HECYIHe CBOACTBA KPHLJIA OKa3LBaeT pa-
auyc Hocka mpoduna. Hanpumep, yBennueHHe OTHOCHTE/NBHOrO pa-

H, km
4 H
Vﬂ/), H,KM ‘3
KMfY ] 7 ¢, Yoo 1 v S
200, I i 2-’5 300, 1P = AREE
Wy ) = 4 i = CysI
e Vv AT =
Ot Wypp ] oL 200
7001 0ttt Wyt =4Va
- Wyt 02 PRSI {EYE P
Wyt e Wz1 | , 91
y° o AE\VAR o1 A WA AR NP
. ),
0 N X 0 [’u - \\, - _‘,‘A -p =
_011 T T T b’ _a, 7/[ R
-10- 19 ol 1 -5k 82 T @, T *
° (ﬂ L] 3 T r44
3 o1 ] N
0 \Nd 0 \ Nt
7y ﬂyf— ¥° 1
n. 10 o =N
z N4 AV
0[ 0 = 3
o
-o1 | 50
67, M by 70
N
; | b B
o-10 3 o
é:i;.? 0 FE RS ny nys’
~10} < == 10 SNED
] 0
-ll ”‘”b N1 7ze -
N
0 10 20t,c
-02
a) B3 L
,5 0 8,
0F
IZ H f ST
0 1/ 20 t,c

9

Puc. 5. 19. IMoneTHble 3anucH npH6OPOB-CAMONKCLEB, NMOJYYEHHbIE MPH
CBaNMBAHHH caMojieTa ¢ yOpaHHEMH (@) W BHIYyIEHHHMH (6) 3a-
KpBLIKaMH

auyca Hocka ¢ 0,2 1o 0,5 Moxer NMpuUBOAHTb K BO3pacTaHHIO Cymax
BIBOE.

H3BecTHO, UTO CXKHMaeMOCTb MOXKET 3aMeTHO BJHATb Ha IpoTe-
kaHue kpuBoil Cy=f(a) npu GOJbIIMX yIJax aTakd Jaxe Ha OYeHb
Mansx yuciaax M. O6GycaoBiieHo 3T0 TeM, YTO IIPH TaKHX yraax ata-
KH Ha BepXHefi TOBEPXMOCTH HOCOBOM YaCTH KPHIJIa MOTYT BO3HHKATb
06J1aCTH OKOJIO3BYKOBHIX, @ HHOTJIa A CBEPX3BYKOBBHIX CKOPOCTEH, MpH
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3aBelOMO J03BYKOBBIX 3HaueHHsx uuciaa M mosera. Tak, Bospacra-
Hue uyxcaa M mojiera yxke HaunHas ¢ M=0,15-20 moxer npuBoO-
JIUTb K 3aMeTHOMY CHHXKEHHIO Cypmax. UeM addekTHBHee MeXaHH3a-
uusi Kpeia (0ocoGeHHO ero nepefHeif KPOMKH), TeM C MeHbUINX 3Ha-
YeHHH yucaa M M TeM CHJbHee NPOSBJSETCS BJHSAHHE CKHMaeMoC-
TH Ha Cymax, Gxp, Cy1, @r H JPyrHe XapaKTePHCTHKH HeCYIIHX
CBOMCTB Kpbljia Ha GOJIBLIMX Yyriax aTaku (puc. 5.21).

by
— —O~,
Cymaxf //? } Cymax
/
/
Cy max 2} XJ
)
Cy max \\
N
1 =
7
L
g 7 M
Puc. 5. 20. XapakrepHoe BJH4- Puc. 5.21. Bunusinne CXXHMaeMOCTH
HHE OTKJIOHEHHsI 3aKpblJIKOB, Ha Cy max:
MPEAKPHIIKOB M OTKJIOHSIO- I—ryanxoe KpbUIO; 2—3aKPHUIKH BO B3JIETHOM
merocss HOCKa Kpbljia Ha 3a- 10JIOXKEHHH; 3—3aKpPHUIKH B M0OCAaNOYHOM MOJIO-
BHcHMocTb Cy=f(a): Kennu

I—rnaakoe KpbWIO; 2—3aKPBUIKH

BHIMYIIEHE!; 3—3aKPHUIKH W NPeX-

KDBIJIOK BBIOYHIEHBI  (OTKJIOHEH
HOCOK)

BecbMa mepcrneKTHBHBIM INpeACTaBJSeTCS NpHMEHEHHE KpBLJbeB
¢ npodHuIIMH H3MeHseMOol reoMerpud. B Hacrosiiee BpeMs BO MHO-
THX cTpaHax 60jbllIoe BHHMAaHHE YIEJSIOT CO3JaHUIO CHCTEM H3Me-
HEHHs B II0JIET€ TeOMETPUH Npoduaei Kpulja, NIPUTOAHBIX IJA Mac-
COBOH JieTHOH 3Kcnayatauud. McciegoBaHusi NOKasbIBawoT, YTO, B
YaCcTHOCTH, Jlaxke HeGOoJbIIHe M3MeHEHHS IreOMEeTPHYeCKHX XapakKTe-
PHCTHK HOCOBOH 4acCTH NpPOGHJSA CTPEJOBHAHOIO KphlJIa MOTYT IpH-
BOAMTb K 3HAUHTEJbHBIM YJyYIIEeHHSIM €ro HeCyIIMX CBOHCTB (Oco-
OEHHO Ha OKOJIOKPHTHYECKHX M OJHM3KHX K HHUM yrjax aTaku), Io-
BBIIIEHHIO BEJHUYHH Q¢ H Gxp. Peryaupyemoe B IojieTe H3MeHEHHe
¢hopMBl HOCOBLIX YacTell mpoduefi Kpuisia (HanpuMmep, H3MeHEHHe
KPHBH3HBI CpefiHell JIMHHH HOCOBOH 4YacTH IpodHJs, pagHuyca 3a-
KPYIVIEHHSI er0 HOCKa) MOXKeT 00eCIeyHTb IOBBLILIEHHE ero HeCyIIHX
CBOMACTB B IIHPOKOM JHana3oHe yIJIOB aTaKH H cKopocTeR (uncen M)
roJiera, CyLeCTBEHHO YJAYYIIHTh XapaKTepHCTHKH CBAJHBAaHHSA CaMo-
JIeTa.
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5.9. 2. Bausnue npouux dakropos

Hanunune Ha Kpblile WM IPYTHX 4acTsX caMoJera Typ-
6yJH3aTOPOB (reHepaTOpOB BHXPeH) MOXKeT 3aMeTHO yJyullaTh ero
Hecyllue CBOMCTBAa W XapaKTePHCTHKH cBajauBanus. IIpuHynpure/b-
HO€ IepeMellUBaHHEe NMOTOKA TypOy/aH3aTopaMH OKas3biBaeT Ha IO-
TPaHUYHBIA c/oil Takod ke 3(PdekT, Kak ¥ yMeHblIeHHe IPajgHeHTa
nasnenns.. TypOyausaTop NOJBOLHT 3HEPTHI0 BHELIHEr0 NOTOKA
K NMOrPaHHYHOMY CJIOI0 M CJYXKHT B OCHOBHOM JJISl YNPaBJIeHHS yXKe
OTOPBaBIIMMCSl NMOTOKOM. IlpuMeHeHHe CDaBHHTENBHO KDYNHBIX H
Najeko pa3HeceHHbIX TypOyJH3aTOPOB, CO34alOLHX KpyHHOMAc-
mTabHOe IepeMellliBaHHe IOTOKAa, OKa3blBaeTcsl OOBIUHO GoJee
3¢ (EeKTUBHBIM, YeM TNpPHMEHEHHe MeJKHX MHOTOpPSAHBIX TypOy./u3a-
TOpOB, o6ecrneuuBalOUINX MeJKOMacuTaGHoe nepeMmemuBaHue. Ie-
HepaTopel BHXpel, pacrmosaraeMbie Ha IepenHeli KpPOMKe, MOTYT
3aMeTHO YBEJHYHBATb MOABEMHYIO CHJIY Kpblia. XapaKTep BJIHSIHHS
KPYIHBIX KpBLJIbeBBIX TYpPOyJM3aTOPOB Ha NOLBEMHYIO CHJIY Kpblia
HJLTIOCTpUpPYeTCs rpadukoM, NIpUBeJeHHBIM Ha PHC. 5. 22.

Ynpas/ieHHe NOTPaHHYHBIM CJIO€M HaeT BBHIMUIPHILI B NOXAbEMHON
CHJIe ¥ yMeHbllleHHe JIOGOBOrO CONPOTHBJIEHHA. B wacTHoCTH, IphH
OTCOCe NMOT'PAaHHYHOrO CJIOSl C Kphlla y NepelHefi KPOMKH OTPHIB IO-
TOKa MOXeT ObITb 3HAUUTENbHO 3aTAHYT (CABHHYT Ha OG4JjbliHe yr-
JIbl aTaKy) IIPH CPaBHHTENbHO HeGOJIBIIHX PACXOLax OTCACHIBAEMOro
Bo3xyxa. KauecTBeHHO 0TCOC NMOrpaHHYHOrO CJI0OSI OKa3bIBAeT BJIHS-
HHE Ha xapaKTep NmpoTeKaHus KpuBoit Cy=f(a), aHasOruyHOE BJIHA-
HHIO TypOyIH3aTOPOB.

3HayuTe/bHBIE NPEHMYLIECTBA MOXKET HaTh NpPHMEHeHHe Cymep-
KpHTHYeCKHX npoduneir kKpuina. CynepKpUTHUECKOE KPBIJIO MO3BOJIS-
eT OTOIBHHYTb Hayajl0 BOSHHKHOBEHHS TPACKH H pa3BUTHE CBAJH-
BaHHS Ha 3aMeTHO O60JbllHe yIibl ataku. MakcuMaJbHasi NOAbeMHAS
CHJIa Kpblia CYNepKPHTHUECKOro Mpodu/s 6e3 3aKPHIJIKOB MOXeT
0Ka3aThCsl 3HAYHUTENbHO GoJiblliefi MAaKCUMAJbHOHA NMOJBEMHON CHJILE
mogo6GHOr0 Kphlia He CyNepKpHTHUYECKOro Npoduasi IPH OTKJOHEH-
HEIX 3aKpbliKax (puc. 5.23).

XapaKTepHCTHKH Hecylux cBoiicTB camoJgera ¢ TBJ moryr cy-
IleCTBEHHO H3MEHSITbCS B 3aBHCHMOCTH OT OOIYBKH Kpblla cTpyeH
oT Bo3aymHoro BuHTa. O6AyBKa 3aMeTHO noBbimaeT Cymax, OAHAKO
IOPH 3TOM MOXKeT 3HAYHTEJbHO YMEHbIIAaTbCH Cxp. 1IpHUMep BIHAHHSA
OGLYBKH KpHlJIa Ha XapaKTePHCTHKH HECYIIHX CBOHCTB IOKa3aH Ha
puc. 5.24. ITpusenennl aBe kpuBble Cy=f(a) nas camonera ¢ TB,
HMeIOIIero CTPEJIOBHAHOE KpBIJIO: OJHAa NpPH OTCYTCTBHH OGLYBKH
(koadpdunuent o6aysku B=0), a gpyras NpH HaJUYHH HHTEHCHB-
Ho#t 061yBKHu (B=£0). OGyc/oB/IeHO YKa3aHHOe BJHAHHE TeM, UTO Ha
CTPEJIOBUIHOM KpHlJe OGHYBKa CO3JaeT NONOJHHTEJbHOE IlepeTeKa-
HHe MOTPAaHHYHOTO CJIOS K KOHIAM Kphljia, 4Tto cnocobcrByer Gosee
paHHeMY BO3HHMKHOBEHHIO OTPBHIBa NOTOKAa (YMEHBLIEHHIO Qxp). Ilpm
HaJuuuyn oGIyBKH BO3pacTaeT He TOJbKO NMOJbeMHas CHJA, HO H JIO-
60Boe compoTHBiIeHHe caMoJieTa. [103TOMy, B YaCTHOCTH, aCHMMET-
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pH‘-IHblﬁ OTKa3 ABHrartesqsi Ha TAKOM CaMOJieTe MOXKeT HE€ MPHUBOAUTDH
'K OUeHb 60.le1I.IOMy HapaCTaHHIO pa3BOPAYHBAIOIHX U KPEHAIUHX MO-
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Puc. 5.22. Bama- Puc. 5.23. Cpasuenne Puc. 5.24. Buusnue
HHE KPBUIBEBBIX ~ XapakTepa NpoTeKaHusi OOXYBKH KphlIa Ha 3a-

Typ6yH3aToOpoB Ha
3aBHcHMOCTE Cy=
=f(a):

I—raaakoe Kpblto; 2—

3aBUCHMOCTe Cy=
=f(a) y caMoueroB
Cc OOBIUHEIM H cymep-
KPHTHYECKHM KPBIIOM:

BucuMocth Cy=f(a)

I1—06biyHoe  KphLIO  (3a-
KPBLIKH y6paunl); 2—
OOBIUHOE KPBUIO (3aKDPHLI-
KM BHINYHIEHH); 3—cCy-
nepKPUTHYECKOE KDBLIO
(3aKpBIIKH YyO6paHbl)

KPHJIO ¢ TYypOyamsa-
. Topom

'MeHTOB, TaK KakK HCYe3HOBEHHe TIrH B KaKOH-TO CTEeleHU MOXKeT
KOMIIEHCHPOBATbCA NaleHUEM J1060BOTO CONIPOTHUBJICHHS H3-3a HCUYE3-
HOBEHHSA 061[}’BKH Ha KpbLJI€ C OTKA3aBIUHUM JABHraTeNeM.

5.10. TAPHPOBAHHE CBAJIMBAHHA
H METOIbI BBIBOOA CAMOJIETA

CpanuBaHHe  caMmoJieTa, INpOHCXOAsulee GoJbiued
4acTbl0 HEOXHAAHHO /9 JIeTYHKA, BeCbMa OMacCHO, TaK KaK OHO
COMpPOBOXKAAeTCS MoTrepell (YaCTHYHOM, a MHOTLA M IOJHOH) yIpaB-
snsgeMoctH camodieta. Ilocme cBanuBaHUsS BO3MOXEH Nepexof CaMo-
JeTa B NUKHpPOBaHHe (HauboJiee GIAarONMpHATHBIA BapHaHT), B CIH-
panb umau B wronop. B mronope ympaBisieMOCTb caMoJsieTa OKas3bl-
BaeTCsl 3HAYUTEJbHO Xy[IUeld, YeM Ha OGBIYHBIX SKCIJIyaTalHOHHBIX
pexuMax 1moJera, OIHAKO, KaK MpaBHJIO, OHAa GbIBaeT HOCTAaTOYHOM
JUIsS. HaleXXHOTO BBIBOZA CaMoJIeTa H3 3TOTO PeXHMMa IpH NpaBHJb-
HOM NHJIOTHPOBAaHMH. B chmupanu ympaBisieMOCTb camoJjieTa uepe3
HEKOTOpoe BpeMs IIPaKTHYECKH IOJHOCTBIO BOCCTaHaBJIHBAaeTCH,
€CJIM NIPH 3TOM JIETYHK He JONMyCKaeT IPyGHIX OIHGOK NHIOTHPOBA-
Husl. B o6omx nociefHux caydasx (oCOGEHHO IIpH TONAaJaHHH
B IITONOpP) NPOHCXOXMUT 3HAUHTENbHAS] MOTEPs BLICOTHI, YTO HamGo-
Jiee OMACHO TPH MaJOH HCXOAHOH BhICOTe moJjera. HeoXxuaanHoctb
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¥ BO3HHKAIOIHE Y JeTYHKAa HeNpPHBLIYHBIE OLIYIIEHHS IPU MHOTepe
yIpaBJsieMOCTH MOTYT OKa3aTbCsl GoJiee BaXKHBIMH (aKTOpaMH NpH
BbIGOpEe DEKOMEHIyeMbIX METOLOB BEHIBOJA CaMoJieTa H3 CBaJjHBa-
HHS, UeM Jaxe NOTeps BHICOTH Ha BuiBoAe. [losToMy TpebGyeMmbie OT
JIeTYHKa NefCTBHUA MO BHIBOAY CaMoJjieTa H3 CBaJHBaHUs MO BO3-
MOKHOCTH JOJI2KHBI GBITH MPeNeJIbHO IPOCThIMH.

Ecau cBanuBaHMe NMPOH30IIIO Ha 60JbLION CKOPOCTH, TO IpH
9TOM BO3MOXKHO IpPEBbIIIEHHE MAaKCHMaJbHBIX 3KCIJIyaTallHOHHBIX
nmeperpy3ok (HOsiBJeHHe OCTATOUHBIX HedopMauuii HJIH MNOJOMOK
KOHCTPYKIHH), JIHGO NMpeNeNbHO NOMYCTHMBIX yicesJ M H CKOPOCTHBIX
HAaNoOpOB IIpH Nepexojie camoJsiera B crnupanb. CpajMBaHHe, NPOHC-
mequiee BOJIM3H 3eMJM, HalIpUMep, NPH 3aX0fe Ha NOCAaAKy, NPHBO-
IHUT K TOMY, UYTO caMOJieT CHHXKaeTcsl C OOJbLIOH BepTHKAJbHOH
CKOPOCTBIO. DTO CONPOBOXKIAETCS BecbMa HeGJaronpHsiTHBIM IPOCT-
PAHCTBEHHBIM TOJIOXKEHHEM CaMOJIeTa HEMOCPeICTBEHHO Iepel NpH-
seMJieHHeM. B Takux ciayuasix BO3MOMKEH, B YaCTHOCTH, MOIXOH ca-
MoJieTa K 3eMJie ¢ GOJBUINM KPEHOM, CONPOBOXAAIOIIMHCA yAapoM
KOHILa KpbLJIa 0 3eMJI0, NPUBOJSIIUM K aBapHH.

Cuoenyer TakkKe OTMETHTb OJHY XapaKTepHYIO U OYeHb OMAaCHYIO
OomuOKy MUJIOTHPOBAHHA: IOMNBITKY HpeKpallleHHsl CHHXKEHHS CaMo-
JleTa, JBHKYILErocsl IOCJe CBaJHBaHHS NO crnupaseob6pa3Hoil Tpa-
€KTOPHH, ITOCPEICTBOM OTKJIOHEHHS PYUKH ynpaBJjeHHs Ha ce6s. O1
3TONO BpalleHHe CaMoJIeTa CTaHOBHTCS TOJBKO elle 6oJiee HHTEHCHB-
HBEIM, 8 CKODOCTb €ro CHHMXKEHHsl He yMeHbIaercsl, a, Hao60poT, BO3-
pacraer. BeposaTHocTh coBeplueHus MOZOGHOH OMIHOKH Ha CBepX-
3BYKOBOM CaMoJleTe BO3PacCTaeT ellle U NMOTOMY, YTO BpalleHue IpH
IBHXKEHHH €ro IO TaKOH CIMpaJH MeHee 3aMeTHO [Js JeTuHKa
(MeHbIINe YrJIOBble CKOPOCTH BpallleHHsl caMoOJieTa), 4eM 3TO Gblio
Ha CTapbiX A03BYKOBHIX caMoJjieTax. [loaToMy ¢ TOoukH 3peHus obec-
neyeHus: 6e30MacHOCTH IoJjieTa GOJIbINYI0 POJIb MrpaeT HaJHYHe Ha
camoJieTe YKa3aHHbBIX BBIIIE eCTECTBEHHBIX HJIM CIELNaJbHO CO3J1aH-
HBIX (HCKYyCCTBEHHBIX) NIPH3HAKOB, OTYETJHBO H 3a6;aroBpeMeHHO
OpeNynpexAaoIuX JeTyHKa O NPHOJMXKEHHH ONacHOTO pexHMa
riosiera. IIpH OTCYTCTBHH, CJMIIKOM PaHHEM HJH CJHIIKOM NO3LHEM
MOSIBJIEHHH €CTeCTBEHHBIX IIPU3HAKOB IIpefyIpeXIeHHe JIETYHKA O
NpHOJIMKEHHH CBAJMBAHHUS JOJIKHO OCYHIECTBJAATHCS C IIOMOIIBIO
CnelMaNbHbBIX CPEACTB HHAUKAIMH U CUI'HAJIH3aLHH BbIXOJa caMoJeTa
Ha OKOJIOKPHTHYECKHEe PeXHMBHL- OTCyTCTBHEe HaJeXHbIX CpPEeICTB,
IpefyNpexAalouX JeTYHKa O NPHOJMKEHHH KPHTHUeCKHX peXH-
MOB, CO3JaeT TPYIHOCTH B yBepeHHOM IHJOTHPOBAHHH CaMOJETa,
HNPenATCTBYeT TIIOJHOMY HCHOJb30BAHHIO BCEX €ro MaHeBPeHHBIX
BO3MOKHOCTeH.

5. 10. 1. CpeacTBa npeaoTBpallieHusi CBaJIHBaHHSA

B Hacrosmee BpeMs BCe 60Jibille BHUMAaHHS yaeasaercda
CO3JaHHUI0 CnenHaJJbHBIX MHAHUKATODOB H CHTHAJHU3aTOpPOB, IIpeny-
Nnpexaarmux JeTYHKa O MoAX0oAe€ K KDPHTHYECKHM DpeXHMaM HJIH
Jaxe aBTOMATHYECKH NPEenATCTBYIOIIHUX BBIXOAY CaMOJieTa Ha 3TH
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pPeXHMBI B CJyuyae HeBMeLIATeJbCTBA JeTYHKA. Takoe MNpeayrnpex-
JeHHe MOXKET NPOBOAMTHCS 1O [BYM B3aHMOCBA3aHHBLIM IapaMer-
paM: BeJMuUMHE Yrja aTaku WIH Ko3(QGHIHeHTa NOXbEMHOH CHJbI
camoJjiera. Kpome TOro, BBHLY 3HAUUTEJNbHOTO BJIHSIHHSI CKOJIbXKEHHA
H CXKHMaeMOCTH Ha XapakTep mpoTeKanusi 3aBHcumoctd Cy=f(a)
B 06/1aCTH OKOJIOKDHTHYECKHX YIJIOB aTakKH LeJecoo6pa3Ho TaKXKe
yBs3pIBaTh HHpOpMamuio O (akTHuecKux BeJdHuHHaXx o Hanm Cy
¢ uHpopMmaluel 0 PakTHUECKHX BeJHYHMHaAX TAaKHX NMapaMeTpoB, Kak
yroJ CKOJIbXXKeHHs P, yucao M mosera u T. 1.

IpenynpexaeHne o BHIXOfEe Ha OKOJIOKPHTHUYECKHE PEeXHMMBH MO-
JeTa JIETUHK JHOJKeH IOJyuyaTh 3apaHee, HalmpHMep, IPH CKOPOCTH,
npesbIlIaloONIel CKOPOCTh CBAaJHBaHUS He MeHee yeM Ha 5—10% nan
npu yrjie aTakd, MeHblieM a., Ha 3°--4°. BeanmunHa srtoro 3anaca
BbIGHpaercsi AJsi KaKJOTO KOHKPETHOrO THIIA CaMoJieTa B 3aBHCH-
MOCTH OT XapaKTEPHUCTHK €ro YCTOHYHBOCTH, YIPaBJAsSEMOCTH H OCO-
GeHHOCTell MUJIOTHPOBAHHS HAa OKOJIOKPHTHUYECKHX peXHMax, a Tak-
e U OT 0COGEeHHOCTell HCXOLHOro pexXuMma IoJjera, NpeallecTBOBaB-
LIero BBIXOAY CaMoJjieTa Ha GoJibluMe yrjbl aTakd (HampuMmep, OT-
KJIOHEHHSI JIETYMKOM DYYKM yIpaBJeHHs Ha ce6sl HJIH CKOPOCTH Ha-
pacTaHmsl yria ataku camoJsiera). Ee MOXKHO 10 HEOOXOAMMOCTH
yBeJMUYMBaTh (HAaINpHMep, NPH HEYCTOMYMBOCTH caMoJieTa IO Iepe-
rpyske Ha GOJIBIIMX YrJax aTaku), JU6O YyMeHbLIATh (HampHMep,
NIPH JOCTAaTOYHON CTeNeHH NMPOJOJBHOH CTATHUECKOH YCTOHYHBOCTH
camoJieTa IO Heperpyske, a TaKXKe De3KOM HapacTaHUU YCHIHH H
TpeOyeMbEIX OTKJOHEHHH DYUKH yNpaBJIeHHs IIPH BHIXOJE Ha DPEXHM
ac). Ha Ma/nbix BbICOTaX OrpaHHuYeHHsl MO YIJ1y aTakKd B OCHOBHOM
onpenessioTCs NPH MaJblX CKOPOCTSIX TOJIeTa OrpaHHUYeHHeM TIO
CBaJIMBAHHIO, a IPH GOJIBIIHX CKOPOCTSAX HOJieTa — BEJHUYUHON MaK-
CHMaJIbHOM 9KCIyaTalHOHHOMN Neperpy3ky (orpaHuueHHeM No Ipod-
Hoctd). Ha Gosbiminx BeICOTaX OGBIYHO BO BCEM 3KCIJIyaTAlHOHHOM
AuanasoHe ckopocreli u unces M nojieTa orpaHnueHye ONIpenessieT-
Csl N0 CBAaJIUBAHHUIO, JHGO MO HOTepe MyTeBOH YCTONYMBOCTH M T. II.

VYerpoiictBa I NpenynpeXIeHHs BBIXOfAa CaMoOJieTa Ha KpUTH-
YecKHe peXHMEBl, OCHOBAaHHble Ha ONpeesIeHHH BeJHYHH K03(pduuu-
eHTa NOLBbEeMHOH CHJBI caMoJera, 06JafaloT TeM IPeHMYIIEeCTBOM,
4TO Bcs TpebyeMasi AJsi UX paboThl cllelHajbHas H3MepUTEJIbHas
amnaparypa (B YaCTHOCTH, JAaTUMKH Ileperpy3kd M pacxoja ropioue-
ro AJis onpefeseHus: GaKTHUECKOro MOJIETHOTO Beca caMoJera) pac-
nosiaraetcss BHYTpH caMmoJgera. HemocraTkom ux sBasieTcss HeoGXo-
IUMOCTb H3MepeHHs (aKTHYeCKHX BeJHUYMH IIOJIETHONO Beca CaMo-
JieTa, YTO CBSI3aHO C OINpeNeJIeHHBIMH TPYLHOCTSIMH CO3JaHHUSI M Ha-
JIaJIKH COOTBeTCTBYIOIIeH annapaTypel. Kpome toro, npu Bhixoge Ha
OKOJIOKPHTHUECKHE DeXHMBI NoJieTa NMOKasaHMsl Takoro mnpuGopa
CTaHOBSITCH yKe HEOJHO3HAUHBIMH: H3-3a HAJHYHS MaKCUMyMa KpH-
Boit Cy=f(a) ommHaKoBble 3HaueHuss Cy MOTYT HMETb MeCTO KaK Ha
JNOKPHTHYECKHX, TaK U HA 3aKPUTHYECKHX pexkuMax noJeta. ITostomy
HHIUKAIUs JeTYHKy BequunH C, HAa OKOJIOKPHTHYECKHX peXHMax
MOKET TOJIbKO J€30PHEHTHPOBATH €T0.
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B Hacrosiuiee Bpemsi, KaK PABHJIO, HCMOJB3YIOTCS TOJBKO CPef-
CTBa NpEeAyNpEeXAEHHs, OCHOBAHHbIE HA M3MEPEHHH yIjia aTakH ca-
MoJjieta. [lJiss 3TOro MOXKHO, HalpWMep, HCMOJNb30BATh AATUHK (JII0-
rapoyHOro THIIa, YCTaHABJHBaeMbld B HaberalollleM NOTOKe, NOKa3a-
HHS KOTODOTO IlepefaioTcsl Ha MHAMKATOp, U CHIHAJH3UpYIolee YCT-
poiictBo. HanGosiee uenecoo6pa3ubiM sIBISIeTCS ABYXCTPEJIOYHBIH
WHIUKATOp YIJIOB aTaKH C JIEHTOYHOH InKanoi. Takoi AByXcrpesou-
HBIYl MHIWKATOpP MOKasbiBaeT (pakTHUecKuil (a) M NpelesbHO AOMYyC-
THMBIH B HOpMaJIbHOM JIETHOH 3KCIJIyaTaluh (Qgon) YIJIBL aTakH ca-
Mmoanera. [lo paccrosiHHIO MEXKAY NBYMSI CTpeJKaMH MHAHUKATOPA JieT-
YUK CYAMT 06 MMeIolleMcsl y Hero 3amace 1o yray aTakH, KOTOPBIM
OH pacrosiaraer AJs BbIOJHEHHs TpeGyembix MaHeBpoB. IIpu Bo3-
pacTaHnl (aKTHUECKOro yrja aTakd A0 NpelesbHO AONYCTHMBIX €rO
3HayeHUH BKJIIOYAIOTCSA HOMOJHUTE/bHBIE CPEICTBAa CHTHAJH3ALUH
(mogaua 3BYKOBBIX MJIH CBETOBBIX CHUTHaJIOB W T. I..). [Ipeumymect-
BOM TaKOTO BHAA CPeJCTB NpeAyNnpexIeHHs SBJASETCS OTCYTCTBHE He-
06X0OAMMOCTH B ONpeleJCHUU NOJETHOrO Beca caMoJiera.

Brime y:ke oTMeuasioch, 4TO Ha COBPEMEHHBIX caMoJjieTax (Kak
IO3BYKOBBIX, TaK H CBEDPX3BYKOBBIX) €CTECTBEHHBIX IpeLyNpexaaio-
IHX TPU3HAKOB, KaK IPaBHJO, HENOCTATOUHO IJS HaxexHoro, Ges-
ONaCHOTO MHJIOTHPOBAHUS 3THX CaMOJIETOB Ha INpejese MaHeBpeH-
HBIX MX BO3MOXHOCTeH. DTO OTHOCHTCH H K YCJOBHUSIM HHTEHCHBHOTO
MaHEeBPDHPOBaHHsl, W K YCJOBHSIM BbIJEPKHBAHUS 3aJaHHON CKO-
pocTH (BepHee — 3aJaHHOrO yIJIa aTaKH) Ha TOCajgKe, M K PALY
IpPyrux pexumoB moJsera. Heo6xoaumo co3maBaTh HMCKYCCTBEHHBIE
cpencrBa IpenyNpexIeHHs JEeTYHKa O NPUOIMKEHHH CBaJMBaHHS.
OHu [0JIKHBI pa3yMHO NOMNOJHSITH €CTECTBEHHblE CpeacTBa. B uact-
HOCTH, NPU NPHUMEHEHHH TAKTHJBHBIX CPENCTB NMpeNyNpeKAEHHS HX
CUTHAJIbl He JOJ/IKHBI CTAHOBUTbCS MaJjO Da3JHYMMBIMH TIPH BO3-
HHKHOBEHHHU €CTEeCTBEHHBIX NMpeAyNpeKAalomnuX NPU3HAKOB.

IIpu nosere B TypOy/eHTHONH aTMocdepe Ha GOJBIIHX BBICOTaX
JIeTUHKY 4acTo GblBaeT TPyNHO OOGHApYXKUTh DA3JH4YHA MeXAy Ipo-
sIBJleHHeM TYpOYJEeHTHOCTH B OTCYTCTBHH 006/1auHOCTH W NPUOIHKe-
HHEM K CPBIBHEIM pexuMaM. B Takux cayuasix mesecooGpasHo MH-
JIOTHPOBATb CaMOJIET II0 YIJIy aTakd, KaK W Ha BCeX JPYTHX DEXHU-
Max I0JIeTa, Ha KOTOPBIX JIETUHK JIOJKeH, B IIepBYIO Oouepelib, BHHU-
MaTeJbHO CJIeIUTb 32 TeM, YTOObl He BHIATH 3a NpefeNbHO JONMYyCTH-
MBI yrosl aTaku (MOJIeT Ha MaJibIX CKOPOCTSIX, MaHEBPHPOBaHHE HA
60/IbIINX BBICOTaX C GOJIBLIMMH Ieperpy3Kamu, 3ax0i Ha MOCaLKy
H T. IL), THJIOTHPOBATh CaMOJIET C/JeAyeT B OCHOBHOM TOJIbKO MO YT-
Jy arakH, a He IO CKODOCTH HJIH yrjy TaHraxa. Takoi croco6 mnu-
JOTHPOBAHHS CaMoJieTa Ha YKa3aHHBIX PeXHMaX OKasblBaercs 3Ha-
gypTeNbHO GoJsiee JerkuM M Ge3omacHelM. OfHakKo 3To Tpebyer ycTa-
HOBKH Ha caMoJIeTe HaJNeXHOro yKasaTessl yrjla aTakd B COCTaBe
HITaTHOTrO GOPTOBOrO 060PYLOBaHUS.

BoJbuine npenMyniectsa npyu MHJAOTHPOBAHUM CaMoJieTa Ha yKa-
3aHHBIX PEXKHMAaX MOXKeT aBaTh HCIOJb30BaHHE CHCTEM HHAHKAIMH
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Ha sno6osom crekiae (CHUJIC). Hannume Ha camosere CHJIC nos-
BOJISIET JIETYUKY NMHUJIOTHPOBATH CaMOJeT, B YaCTHOCTH, MO YIJy arta-
KM, HHIUIMPYEMOMY Ha JI0O0BOe CTEKJIO, NPaKTHUeCKH He IJISfs Ha
npuGOPHYIO HDOCKY IJs MOJYYEHHs] [HONOJHHUTEeNbHON HHOpMaUUH
(pasymeercst B TeX cJydasix, Korga TpebyeTcsi BhIJEPXKHBATb B OC-
HOBHOM TOJIbKO HHIHIMPYEMBIH nmapaMeTp — YroJ aTakH), T. e. yje-
Jisig BCe BHHMaHHe CJIEXEHHMI0 332 oKpyxkaiouleln o6ctaHoBKoi. [1pu-
menenne CHUJIC momoraer Takxke KOOpAMHALMH MAEeHCTBHH UJIEHOB
3KHumaxa. BecbMa MMoJIe3HO MHIUNUPOBATh Ha JIOOOBOM CTeKJe He
TOJIbKO TeKYIlle 3HaYeHHsI a, HO ¥ BEJHYHHBl Qpon (JYYllleé PA3HOCTh
Adgon=agon—a), ONpene/sieMble KaK U3 YCJIOBHH NpeNOTBpAallleHUs
BBIXOJ@ CaMoJjieTa Ha HENOMyCTHMO 6OJibllHe Yrabl aTaku (OrpaHu-
yeHHe TI0 CBAJMBaHMIO, 10 NMYTeBOH HEYCTONYMBOCTH H T. I..), TAK H
M3 YCJIOBUH TMPEXOTBpALIeHHUs [IPeBLILIEHHsT MaKCHMaJbHOH 3KcIIya-
TaLHOHHOH Teperpy3kd (OrpaHUYeHHe IO NMPOYHOCTH). DTO Kacaer-
Csl OTpaHHYEHMH 110 NpelesbHO JONMYCTHMBIM INOJIOXHTEJIbHBEIM H OT-
pHLAaTeNbHBIM yrJaM aTaky (meperpyskam).

Jnst nanbHefliero moBHILIEHHSI YPOBHSI 6€30NMacHOCTH ITOJeTa H
BO3MOXXHOCTH 00Jiee NOJIHOTO HCNOJIb30BaHUS MaHEBPEHHBIX BO3MOX-
HOCTell camoJieTa cJelyeT, KpOMe MHIMKALMH, UMeTb ellle M CHrHa-
JIU3ALUI0 IJis JeTYuKa o mpubJikeHun cBanuBauus. C aTol LeJblo
MOJIE3HO HCMO0Jb30BaTh, B UACTHOCTH, TAKTH/bHbIE CHIHAJM3aTOPLI
(TC), mpuMensist, HallpuMep, OLMH M TOT Ke NATYUK YIja aTakH H
3aKoH cpabGaTniBaHusi (Hactpoiiku) kak aas TC, tak u pas CUJIC.
Curnanuszauus [oJxKHa cpaGaTeiBaTh INPHU TNPHOMHKEHHH Adgon
K HYJIO.

B kauyecTBe JATYMKOB yrja aTakKHd MOTYT HCIOJbB30RATHCH JHOO
YKa3aHHble Bbillle TATYMKH (JIIOrapoyHoro THHa, Ju60o HHeBMaTHue-
ckie (6apoMeTpHuecKHe) AATUHKH, TIO3BOJISIONUIHE OIpPENelsiTh YroJ
aTaKu Mo H3MEePeHHOMY Nepenafy nasjenuil. [Tocienune Moryt GHITh
BBHINIOJIHEHB], HATIDUMED, B BHIE CHELHAJbHHIX HACAAKOB BHJIbYATOrO
THIIa, YCTAaHABJMBAaeMbIX BO BHEIIHEM IOTOKe, JHG0 GasHpOBaThCs
Ha HM3MepeHHsIX CTAaTHYeCKOro JaBJEHMS B OTHAEJNbHEIX TOYKax Ipo-
¢uas Kpblla WM Ha NPUHLMIE BHIPABHMBAHMS Pa3HOCTH [NaBJIeHHR
B ABYX IIOJIOCTSIX, pPa3[eJIeHHbIX HEelPOHUIIAeMO#l [IeperopoaKoi, yc-
TaHaBJHUBaplIelcs 10 NOTOKY (puc. 5.25) u T. I.

OaTtuuky yrsoB aTaku (uOrapoyHoro u INHEBMaTHYECKOro THIA,
OCHOBAHHbIE Ha M3MEpeHHM Iepenajga NaBjeHHH, HCIOJb3YIOT JIHIIb
KOCBeHHYI0 HH(OPMaLUIO O NPUGIMKEHHH CPBIBHBIX PEXHUMOB (0 Xa-
pakrepe o6TekaHusa Kpelia). Cienyer HMeTb B BHLY, UTO PEXHM 06-
TEeKaHHsl BbIHECEHHBbIX B HaberaiolluMii MOTOK JATYMKOB M HacaJKoB
BHJbYATOTO THIIA He BCerja ONHO3HAYHO COOTBETCTBYET PEXHMY 006-
TeKaHHUs Kphlia. B KauectBe 6osiee 06'beKTHBHOTO HCTOUYHHKA HHGOP-
Maluu O XapaKTepe OOTeKaHHs KpblJa MOXKeET HCIIOJb30BATbCS IpH-
60p, OCHOBAHHHI Ha H3MEPEeHHH TOJILMHBI MOTPAHUYHOTO CJIOSI KPhI-
aa Ok [27]. Tlpu oTCyTCTBHM OTpBIBA NMOTOKA TOJILHHA IIOTPAaHHYHOFO
CJIOS1 CPABHUTEJBHO MAaJO H3MEHSIeTCSl C yBeJIWueHHeM JOKpHTHuec-
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KHX YIJIOB aTaku. A mpu npuOJIMKeHHH K OKOJIOKPHTHUECKHM yriiaM
aTakH BO3HHKAaeT pe3Koe, HHOTAA IOYTH CKauykooOpasHoe HapacTa-
HME TOJILIMHBI norpaHuuHoro cjos. Ha puc. 5.26 B kauecTBe mpume-

pa NOKa3aHO H3MeHeHHMe NPOM3BOLHON 6k =ddx/da m camord napa-
MeTpa Oy TMpH NpHOJMKEHHH K KPHTHUYECKOMY YTy aTaKH. ITo BoO3-
pacTaHuio BeJHYHHBl Ox (HApaCTaHHIO TOJIIHHB MOTPAaHHYHOTO
C/I051) MOXKHO HaleXHO CYIWTb O IOsIB-
JIEHHH OTPHIBHOPO OGTeKaHus — NpubJiu-
XKeHHu cBasnuBanus. Takoir npubop pez-
THpYeT Ha U3MeHeHHs xapakTepa obTeka-
HUsl He3aBHCHMO OT IIPHUHH, BBI3BABIIHX
3TO M3MeHeHHe.

plP? ]

(He ypafuofewena) B¢

b
‘, P
( ypabuobewena) xp
Puc. 5.25. Ilpunuun pa- Puc. 5.26. 3aBucu-
60oThl  6apOMETPHYECKOTO MOCTH 6;=f(a) H
naTydka yrja ataku (oc- 8= ()
HOBAaHHOTO Ha YypaBHOBe- ®=¢

LIHBaHHM JaBJICHUH)

HenocraTkoMm mupoKo pacnpocTpaHeHHBIX B HacTosllee BpeMs
JATYUKOB yrJja aTaku ¢JorapoyHoro THIA SBJseTCs HeOOXOXMMOCTE
YCTaHOBKH JAaTUHKOB BO BHEIIHEM NOTOKe (BO3MOXKHOCTb IOBpeXJe-
HUS WJIH M3MEHEHHS] HX YCTAaHOBOYHOIO YrJia NMpH Ha3eMHOM 00CJy-
)KMBaHUH CaMOJieTa), a TaKke HeOGXOAVMOCTb BBENEHHsS IepeMeH-
HBIX NONPaBOK B HX NoKasaHus. IlociienHee o0yc/OBJIEHO TeM, UTO
JaTYMK H3MepsieT 10 CYLIeCTBY He yroJ aTakH caMoJjieTa, a yroJ
MeX1y HampaBJeHHeM MeCTHOH JIMHHM TOKa (B MeCTe pachnoJjioxe-
HHMS JaTyhKa) H OCblo camoJsiera. PasHOCTb MeXIy 3THM YIJIOM H
§aKTHUECKHM YIJIOM aTakKH caMoJieTa (mompaBKa K IOKa3aHHSM 1aT-
‘'YHKa) He sIBJsieTCS MoCTOsIHHOA. OHA MOXKET CYylUleCTBEHHO H3MEHSITh-
€5l B 3aBHCHMOCTH OT PeXHMa IOJeTa, pexknuMa paGoThl ABHrartesed,
BHellIHell KOHGUTIypalluy caMoJieTa u T. .

Ecuin Gl 3Ta monpaBka Gblj1a MOCTOSIHHOM, TO BEJHYHHA €e He Hr-
paJsia 6bl HUKaKOHR POJIM — ee JIerKO GblJI0 Obl YUHTHIBATb COOTBETCT-
'ByIOIIEell TapUpPOBKOH mpubopa. B Tex coiyuasix, Korga sTa mompas-
Ka CYILeCTBEHHO H3MeHsleTCsl B 3aBUCHUMOCTH OT YCJIOBHM IOJIETa, pa-
60oTa c yKasartesjeM YIja aTakM (JIIOrapoOYHOrO THUIA YCJIOXKHSETCS.
Ilpu stoM B TapupoBKe mpu6Gopa 3apaHee YUUTHIBAETCS CPeLHSIS Be-

132



JINUHHA TIONPaBKH, a 3aTEM yXKe B [I0Ka3aHus npubopa BHOCATCA CO-
OTBETCTBYIOLIHE KOPPEKTHUBHl Ha OTKJOHeHHe (paKTHUeCKO# BEJHUYHHBI
MONPaBKH OT ee CpelHEro 3HaueHWs B PAa3JHUHBIX YCJIOBHSX IOJeTa.
IToaToMy ciiegyer mO BO3MOXKHOCTH Bcerfia BbIOHMpaTh Takoe MecTO
YCTaHOBKM JaTyMKa Ha camoJjere, KOTopoe obecneunBaso Obl MHHH-
MaJibHEI€ 3HAYeHHS 3THX OTKJOHeHHi. B M3BeCTHOMH cTeneHHW 3TH He-
JOCTAaTKH NPHUCYILH BCEM CHCTEMaM CHIHAJHM3al¥H, OCHOBaHHBIM Ha
"HCII0JIb30BAaHHH MTHEBMOJATYHKOB.

C npuGopoM-CUrHaJH3aTOPOM MOKeT ObITh CBSI3aHO TaKikKe aBTO-
MaTHYECKOe YCTPOMCTBO B CHCTEMe YIpaBJeHHs, obecleunBaoniee
OTKJIOHEHUEe PYUYKH yIpaBJieHUs (He3aBHCHMO OT AEHCTBHIH JIeTYHKA)
BIepel NpPU NPeBHIIEHHH NPefenbHO HOMYCTHMOIO MOJIOXHTEIbHO-
TO yrja aTakKdH WM Has3al NpH BHIXOJe Ha Ipeles]bHO AONYCTHMBIE
oTpHllaTebHble (6/MH3KHE K ac*) yrael ataku. B kagecTBe Takoro
aBTOMAaTHYEeCKOrO YCTPOHCTBA Iesnecoo6pa3HO HCNO/b30BaTh NMPOTH-
BOWITONMOPHBIH aBTONMAOT {53], KOTOpBII MOr OBl NPEnsITCTBO-
BaTbh MQSBJAEHHIO H PA3BHTHIO CBaJIUBAHMSA, a €CJH 3TO He YAaJ0Ch U
camoJieT BOLIeJa B LITONOP — BBLIBOAUTH ero 3 wronopa. CpabaTsl-
BaHMe TAKOro aBTONHJIOTA JJIS1 BhIBOJA M3 CBaJUBaHUs B 00IleM
cJlyyae JOJIXKHO HPOM3BOAUTHLCS IO JOCTHKEHHH ONpeJle/ieHHOro, 3a-
paHee 3aJaHHOTO YIJ1a aTaku C y4eTOM psina GakropoB: KoHHUrypa-
UMM CaMoJIeTa, HaJHYHsl CKOJIbXKEeHHs!, IPOU3BOAHHIX a, P, Y, Wx, UH-
ceaM,Reurt m.

5. 10. 2. BeiBoa, 3 cBAJIHMBaHKA

Ecin He ymajoch NapHpOBaTb BBIXOJA cCaMoJieTa Ha

YroJi aTaku CBajduBaHus (@ HIH ac*), T. €. IPOU3OILJIO CBaJHBaHHe,
JIETYHK AOJIKEH KaK MOXKHO paHbllle, He AOXHAAACh Pa3BUTHS pe-
JKHMa CBa/JIMBaHUs W BXOJa B INTONOP, HauWHATh BBIBOJ, CaMoJeTa
M3 3TOTO omacHoro pexuma. IIpm BeIBOfe caMoJsieTa M3 CBaJHBaHHUS
WIH U3 pexuma GOJBIIHX TOKPUTHYECKHX (GIM3KHUX K Q¢ HIH 0c¥)
YIJIOB aTakKH, Kak MPaBHJIO, JIETYMK JOJIKeH BHauajle NeiCTBOBAaTh
TOJIbKO OPraHOM IPOAOJBbHOTO YIpaBJieHHs, SHEPrHYHO OTKJIOHSISA
OpU 3TOM pYYKY yIpaBJeHHs OT ceOsi (mpu cBaauBaHuu ¢ a>0)
1 Ha ce6s (npu cBanuBaHuu Ha a<0). Ocobyio CJIOXKHOCTb MO-
JKeT MPEeCTaBJsATh BBHIBOA M3 CBaJHBaHHUsS Ha OTPHIATEJbHBIX yriaax
ataku. [TosiBieHne Takoro CBa/MBaHHSI BO3MOXKHO HE TOJIbKO B Iie-
peBepHYTOM, HO H B HOpPMaJbHOM (HemepeBepHYTOM) TMOJeETe.
B yacTHOCTH, 3TO MOXKET MMeTb MEeCTO B pe3yJbTaTe <«KJIEeBKa» —
OINyCKaHMSI HOCa caMoJieTa HOJ BJHMSHHEM MOMeHTa Ha NHKHPOBa-
HHe, BO3HHKAIONIEro MPH NafeHHH 3(p(HEKTHBHOCTH TOPH30HTAJNbHOTO
onepenust (pynas BLICOTH), HampuMep B clyuae ero o6JeleHEHHS.
INonp3oBaThesl 371€pOHAMM JAJISI MAPUPOBaHUS KPEHEHUs caMmoJieTa

Ha COJIBIIMX NOKPHTHYECKHX Yrjax aTakH, a TeM GoJiee NPH CBAaJH-
‘BaHWH, OMACHO (M, KaK NIpPaBHJIO, B 3TOM HeT HeoGXOIZMMOCTH), TakK
KaK B HEKOTOPBIX CJIYYasiX 3TO MOXKET TOJbKO YCKOPHTb IlepeXxoj] ca-
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MoJieTa B LITOTIOP. YKaszaHHOEe OGCTOSITENbCTBO OOBACHSETCI B OC-
HOBHOM TEM, 4YTO C BBIXOJIOM camoJieTa IPH CBaJUBAaHHU Ha 3aKpH-
THYECKHE YIJIbl aTaKd OTKJOHEHHEe 3JEPOHOB IIPOTHB BpAallleHUS
MOKET TOJLKO YCYryOHTb 3TO BpallleHHe, a He MapHpOBaThb ero (NO-
poGHee cm. ra. 7). Kpome Toro, npu nomepeyHsix KosebGaHHSIX caMo-
JieTa B Ipoliecce CBAaJIMBAHHUS JIETUHK MHOTIA HE ycleBaeT OTKJIOHATH
3JIEPOHBI B HYXKHYIO CTOPOHY.

Pyab HampaB/ieHHs] TPH BHIBOLE cCaMoJieTa M3 CBaJHBaHHUA pe-
KOMEHIYeTcsi TaK e, KaK U 3JIePOHBI, YAEPKUBATh B HeATPaJbHOM
(ncxomHoM 6ajlaHCHPOBOYHOM) IIOJIOXKEHHH JI0 TeX IOop, MOKa JeTYHK
He y6enutcs (MO NpeKpalleHHI0 Mpefynpexaaioneil TpSCKH, yMeHb-
HIEHHI0 NMEpPerpy3kH, BO3PACTAHHIO CKOPOCTH M T. I.) B TOM, YTO Ca-
MOJIET Tepemies Ha 3KCIIyaTauuoHHsle yriibl aTakd |a|<|ogon].

OG6yc/oB/IEHO 3TO TeM OOGCTOSITETLCTBOM, UTO ITyTeBoe (0COGEHHO
6e36ycTepHOE) yIpaBJieHHe SIBJSETCS CPABHUTEJbHO XYXKe KOHTPO-
JUPYEeMBIM — HOTH MeHee YYBCTBHUTEJIbHBHI, UeM pyKa. [Toatomy mpu
CBaJIMBaHUH, SIBJISIONIEMCS HEOGBIUHBIM PEXHMOM IHoJjeTa, Tpebyio-
IIHM 3HAYHTENbHBIX HOIONHUTEIbHEIX 3aTPAT BHUMAHHUS, JIETUHK JIer-
KO MOXeT CO3JaTh Upe3MepHOe OTKJOHeHHe pyJsi HalpaBleHHs B
CTOPOHY, NPOTHBOIOJOXKHYIO TOH, B KOTOPYI) NPOHCXOIUT CBAaJHBa-
HHe. DTO MOXKET BhI3BAaTh TOJbKO U3MEHEHHE HaNpaBJeHUs] BpalleHHs]
caMoJieTa BMeCTO MpeKpalleHusl cBajuBaHus. MHorna 310 BHI3BIBaeT
nepexoi caMmoJieTa M3 peXHMa CBaJHBaHHs B IITONOP HPOTHBOIO-
JIOJXHOTO HaNpaBJIeHHs BpalleHHs [0 OTHOIIEHHIO K TOMY, U3 KOTO-
pOTrO JIETYHK XOTeJ BBIBECTH CaMOJIET IIOCJ/e CBAJIUBAHMUS.

Kpome TOro, npu peskoM CBaJHBAaHHHM CaMOJIET MOXKeET CpPaBHH-
TeJIbHO GBICTPO 0Ka3aThCs B NOJIOXKEHHH, 6TH3KOM K MOJIOKEHHIO «Ha
CIHHe» IPYU OTPHUIATEJIbHBIX 3aKPUTHUECKHX yriax aTakn (a<<ac*).
Ecnin B 3TOM ciyuae JeTyuk GoJibliie YeM HYXKHO OTKJIOHHT pPYJb
HanpasJ/eHusl (MPOTHB NOSIBUBIIMNXCS TOC/E CBAJMBAHHS KPeHa M pas-
BOPOTa) OJZHOBPEMEHHO C OTKJIOHEHHEM PYUKH YINpaBjeHHs OT celsi
(Ha mapupoBaHWe CBAaJHBaHUS, BOSHHKIIETO Ha MOJOXKHTEJNbHBIX yI-
Jax aTakH), TO TaKOoe OTKJIOHEHHe PYJsi HalpaBJIeHHs MOXKeT CIO-
co6CTBOBATb MepeXoJy CaMoJieTa B PeXHM NEpEeBEpPHYTOro IITONOpaA.
Oco6eHHO OmacHO MOJIb30BAThCS PYJIEM HAlpaBJieHHs AJs BHIBOJA M3
CBaJIMBAHHUs Ha CaMOJIeTaX, Y KOTOPHX MOXeT ObITb O6paTHasi peak-
LMs [10 KPeHY Ha OTKJOHeHHe pyJsi HanpabjeHHs. OTK/JIOHeHHe 3Je-
POHOB H pyJ/i HalpaBJIeHHS] B 3TOM CJIyuyae MOXKET TaKXKe BbI3BIBATb
CKOJIbXK€HHe, CIIOCOGCTBYIOLIee Pa3BUTHIO CBAJMBaHHUS.

Ecan camoser mociie BHIXOZA U3 CBaJIHBaHHs MONAJ Ha HOpPMaJb-
Hble 3KCIJyaTallMOHHble (3aBeIOMO NOKPUTHYECKHE) YIJbl aTaKu B
TOJIOJKEHUH «Ha CIHHe» WM OJU3KOM K HEMY, TO BBIBOAMUTH CaMO-
JIET B HOPMAJbHOE IOJIOXKEHHE OTHOCHTEJbHO TDOPH30HTA MOKHO
IBOSIKO: BBINOJIHMB «IIOJMY60YKY» HJIH BTOPYIO NOJIOBUHY II€PEBOPOTA
gepe3 Kpbl10. OO6LIYHO BHIMOJHSIIOT MOJAYOOUKY, TaK Kak NPH 3TOM
CKOPOCTb II0JIeTa BO3PACTAET MeHbIle, YeM NPH BLINOJHEHHH BTOPOM
T[IOJIOBHHBI IIepeBOPOTa Yepe3 KPhLJIo, B IPOLEcce KOTOPOro CKOPOCTh
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B HEKOTODBIX CJyuyasX MOXET BBIATH 32 IpefleJbl CYILEeCTBYIOUIUX
orpaHuyeHuH, K TOMy Xke ellle U ¢ GOJIbIIOH mOTepei BBHICOTHI.
PekoMeHnyeMble NEeHCTBHS JieTYHKa IO BHIBOLY M3 CBaJIMBaHHS,
NpPUBOAMMBIE B MHCTPYKIHUSX MO NMHUJIOTHPOBAHHIO, JOJKHBI OBLITh IO
BO3MOXKHOCTH IIPeJleIbHO MPOCTHL ¥ eNHHO06pa3Hbl (ofoGHBEI aHaJIO-
THYHBIM METOHaM, HCHOJIb3yeMbIM Ha OJH3KHY. IO THIIy CaMOJieTax),
yTOOBl JIETYHK He MOT HX Nepenyiatb. OHH HOJIXKHBEL GBITH paccyH-
TaHbl Ha JIETYHKA cpedHed KBaJudbHKalHM, KOTOPBIH CPaBHHUTEJbHO
Penko momajgaer Ha Takue pexuMmbl. Kak yxe yKaswBaJoch, 60Jb-
IIHHCTBO (aMOJIETOB PeKOMEHAYeTCs] BHIBOAUTb H3 CBAJHMBAHUS TOJb-
KO NOCPENCTBOM IPOJOJBHOrO OTKJIOHEHHS PYUKH yNpaBJeHus, yaep-
JKHBAasi IPH 5TOM 3JIEDOHBl U PYyJb HalpaBjeHUsl B HEHTPaAJbHOM IIO-
JOXKEeHHH (He3aBHCHMO OT KpeHa M pbICKaHuMs caMoJera). Bosspa-
aTh PYJab BBICOTBI B HCXOAHOe O6ajaHCHPOBOYHOEe TIOJIOXKEeHHe H
BBIBOAUTH CaMOJIET M3 KpPeHa Iocjie BbIX0Ja ero M3 CBaJIMBaHMA pe-
KOMeHIYeTCS TOJbKO IOCJie HCUE3HOBEHHS BCeX NpeAylpexAarolluX
NMPU3HAKOB U CUrHaJs0B. Bo n3bexxaHyue NOBTOPHOrO CBAaJIHBAHUA CJle-
ZyeT BHIBOLHTb CaMOJIET U3 NUKHPOBAHUS (CHHMXKEHHSI) HAa CKODOCTH,
He MeHee 4eM Ha 20—309, mpeBnlalooulell CKOPOCTb CBAJMBaHUS.
Ilpn Hanuumu Ha camoJietTe aBTOMUIOTA (OOBLIYHOTrO, a He CIelHaJb-
HOT'O NPOTHBOLITONOPHOI0) MJIM CHCTEMBI aBTOMAaTHYeCKOH CTaGuJIH-
3auuy, cjenyert, Kak NpaBUJIO, OTK/AIOYaTh HX B CaMOM HauyaJje CBa-
nuBanus. Mix pa6ora B TakoM pexnuMe MOXET TOJbKO 3aTPYAHATb
BOCCTAHOBJIEHHe HOPMaJIbHBIX YCJIOBHH IOJIeTa M CHOCOGCTBOBATHL
Bxoay B mrTomop. Hanuune Ha camosiere HafleXXHBIX CPeACTB Ipe-
LyTNpexaeHHuss o NpuGJMKEeHHH CBaJHBAHHS, yKasaTesas yrjia aTaky,
HaJexXHO paboraolero nNpu 60JbIINX YI/1aX KpeHa U TaHraxa aBHa-
ropH30HTa yMeHbIllaeT BepOSITHOCTh CBAJHBAHUSA H 00JervyaeT BBIBOJ
caMoJieTa M3 CBAJMBAHHS B JIOOBIX 3KCINIyaTalMOHHBIX YCJIOBHAX.



TI'JIABA 6

OCOBEHHOCTH WITOMOPA
COBPEMEHHbBIX CAMOJIETOB

6. 1. CXEMATHYECKOE U30BPA)KEHHE
3TANOB LITONOPA

XapakTepHEle Y4YacTKH TPaeKTOPHM [BHKEHHS CaMo-
JieTa Ha BXOJe B IITONOp, B IITONOpPE H IPH BLIXOJEe M3 Hero cxema-
THYECKH TOKa3aHbl Ha puc. 6.1. PaccMoTpum HX mociefoBaTesbHO.
YBenuyeHHe yrjia aTaky camoJjieTa B HCXOJHOM 3KCIIYaTallHOHHOM
pexuMe NPSIMOJHMHEAHOr0 rOPH30HTAIbHOTO MoJsieta (/) NMPHBORMT K
BHIXOLY Ha ogon (2). IlanbHeiimiee Bo3pacTaHMe yria aTaKH COMNpS-
JKEHO C BBIXOJIOM CaMoJieTa Ha OKCJOKpHTHYecKue ¢ (3),mocie yero:
yBeJIHUeHHe YIja aTakd NPUBOIMT K BO3HHKHOBEHHIO CBaJIMBaHHS
(4). PasBuTue pexuMma cBajuBaHwns (5) BeleT K BBHIXOLY caMoJieTa
Ha 3aKPHTHYECKHE YTJIBl aTaKW, IPH KOTOPHIX MOMXKET BO3HHKAaTb aB-
tTopotauust (6). Bo3HUKHOBeHHe aBTOPOTALMH HPHBOLHUT K MNOsIBJe-
Huio mronopa. Havaso mronopa -— 9T0 nosiBieHHe eno NMepexogHoro:
yuacTtka (7). 3areM caMoJieT NMEPEXOLMT B BEPTHKAJbHBIA LITONOP
(8). JIeTuuk HaymHaeT BHIBOZ CaMoJieTa U3 3Toro pexxuma. Ilo okon-
YaHMHM OTKJIOHEHHs pyJeil Ha BHIBOA H3 mTomopa (9) HauwmHaercs
YYacTOK, Ha HPOTSIZKEHMH KOTOPOTC IpeKpallaercss aBTOPOTAIHs ca-
Moseta (10). Ilo okonuanuu aBropotanuu (II1) jeTunk (ecam 3TO:
HeoOGXOAMMO ¥ BO3MOXKHO) yCTaHaBJIMBaeT caMoJeT B TpeGyemoe yr-
JIOBOE TOJIOKEHHWE M HAYyHHAeT NUKHPOBAHHE [JI YBEJUUEHHS CKO-
poct moJsieta. I[lo HOCTHIXKEHHH 3BOJIOTHBHOH cKopocTH (12), T. e.
IPU HAJIHYHHM y¥Ke HOCTATOYHOI'O MJIsl BBLINOJNIHEHHS! TpeGyeMoro Ma-
HeBpa 3amaca M0 CKOPOCTH (OTHOCHTENBHO CKOPDOCTH CBaJIMBaHHMS),
JETYUK HAYyMHaeT BBIBOAHUTb CaMoOJieT M3 NMHKHPOBaHHS. Brixoxm u3
IITONOPA 3aKaHYHBaeTCsI B MOMEHT IepeXOfa CaMOJieTa B PeXUM
IPSIMOJIMHEHHOr0 TOPH3OHTaJbHOrO mnosera (I3), B KOTOpOM OH Je-
THT IIPH YIJ€ aTakH o < Opom-

TaxkuM 06pasoM, ecJqH JETUHK IO KaKo#-in6O NpHUHMHE He ma-
pHpYeET YBeJHUEHHE Yrja aTaKH, CAMOJIET BHIXOAUT Ha OKOJIOKPHTH-
yecKHe YIJIbl aTaKH C JNOCTHXKEHHEM O, UTO IPUBOAUT K BO3HHKHO-
BEHMIO CBaJIMBaHMA. B mpolecce pasBHTHS pexXHMa CBaJHBaHHS ca-
MoJieT MomajfaeT Ha 3aKpHTHUECKHe YIJIBl aTaKH, KOria MOXKeT BO3-
HUKHYTb aBTOPOTALMsa — HauWHaeTcsl mromop. B pexmume mromopa
CYLIECTBEHHO Pas3jIMyaloTCss MeXIy coboif IBa XapaKTepHHX €rc.
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YuacTKa: NepexXOJHbH YYaCTOK M BePTHKaJbHBIH (HJM, KaK €ro
UMHOTAA HA3bIBAIOT, pasBuBMMiCcS) mTonmop. ITepexoaHsiM yuyacTKoM
LITONOPa HA3BIBAETCS €ro HayaJbHBIA YYacTOK, NPOAOJKAIOIHACT

Puc. 6.1. CxeMmaTHueckoe u306pakeHHe TPAeKTODHH JBH-
JKeHHsl caMoJjieTa B IITOMOpe

OT MOMEHTa BO3HHKHOBEHHSI aBTOPOTAlMM IIOCJE BHIXOJa CaMoJieTa
Ha 3aKpUTHYeCKHe YTJIBl aTaKH B peXHMe CBAJHBAHUSA O MOMEHTa,
KOrja oCb LITONOpA CTAHOBUTCS NMPaKTHUEeCKH BepTHKaJbHOH. Bep-
THKaJIbHBIA LITONIOP HAYMHAETCs 110 OKOHYAHHH IEPEXOXHOTO YydacT-
Ka M JJMTCA 10 Hayaja BbIXOJa CaMoJeTa U3 IIToNopa.

6.2. OCOBEHHOCTH CBEPX3BYKOBbIX CAMOJIETOB,
BJUSIOWHUE HA XAPAKTEPUCTUKH LITOMOPA

IloBenenue n NHUJAOTHPOBaHHE CcaMoJieTa Ha KPHTHYEeC-
KHX (OKOJ'IO- )4 3aKpHanecxnx) pexuMax noJera, B NEPBYIO Oue-
pelb, onpenenseTcs CACAYIOUIHM.
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1. AsporuHaMUYeCKHMH XapaKTepHCTHKaMHu caMoJeTa (MOMeHTa-
mu M, , . ucunammn X, Y, Z).

2. JluHaMHYeCKUMH OCOGEHHOCTSMU (pPa3HOCOM MacC IO OCAM
Ox,, Oy, u Oz;; yneabHOH HATPY3KOM Ha KPHLJIO; THPOCKONIAYECKUMU
MOMEHTAMH, CO37aBaeMBIMH BPaUIAIOIIMMHUCH 3JeMEHTAMH CHUJIOBBIX
YCTaHOBOK — BO3AYIIHBIMH BHHTamu, potopamu TPIL).

3. XapaKTepHCTHKaMH CHCTEMBI YIPaBJIEHHs CaMOJIeTa, HalnuneM
CpPeICTB aBTOMATHYECKOH CTAOUIH ALK U T. 1.

4. InanazoHaMH 3KCIIyaTalMOHHBIX PEXHMOB IoJieTa (CKopoc-
TSAMH, YHcJaMu M U BBICOTaMH TOJIETa, SKCIIYaTAUUOHHBEIMH Tepe-
rpy3KamMu U T. 1.).

5. O6opyroBaHHeM H KOHCTPYKTHBHO-T€OMETPUUYECKUMH Xapak-
TEPUCTHKAMH, BJHSIONIMMH Ha YNOGCTBO IMHJIOTHPOBAaHUA (MOJIB30-
BaHMS pblYaraMy ynpaBJeHHs U T .I.), 0630p u3 KaGUHBI U T. I.

6. BBICOTHO-CKOPDOCTHBIMH M [POCCEJbHBIMH XapaKTepHCTHKAMH
CHJIOBBIX YCTAHOBOK.

K BaXHeHIIUM KOHCTPYKTHBHO-apPOLMHAMHUECKHM H 3KCIJIya-
TAlHOHHBIM OCOGEHHOCTSIM COBPEMEHHLIX MaHEBPEHHHIX CBEPX3BYKO-
BBIX CaMOJIETOB, B OCHOBHOM OIpeIeJSIONUM OCOOEHHOCTH MX CBa-
JIUBAHHS W UITONIOPA, OTHOCATCS cJelylolue. BbicokHe CKOpPOCTH U
yyucsaa M noJsiera, 06yc/10BIUBAIOLIHE CYIIECTBEHHOE H3MEHeHHe HopM
CTIEJNBHBIX 3JIEMEHTOB CaMmoJieTa. Takue camMoJsieTl UMeIOT ¢lo3ens-
KM 6OJIbUIOrO YAJHHEHWS C BBITAHYTOH BIIepel HOCOBOH YacCThio,
TOHKHE KDBlJbSl CPAaBHUTEJIbHO MaJIOTO yAJUHEHHs U GOJbLIOH CcTpe-
JIOBUAHOCTH, YTO NMPHBOJLUT K pa3MellleHHI0 OCHOBHOH HAarpysku B
¢dro3easke. B pesysnbrare OTHOIIEHHS MOMEHTOB WHepuud J,:J,
u Jy 1 J; 3HauuTeNbHO BO3pOCaH H jocturaioT 1015 (y D03BYKOBHIX
CaMoJIETOB MOPSAKa 2--4). DNNUNCOUT HHEPUHUH CBEPX3BYKOBBIX Ca-
MOJIETOB OKa3blBaeTCsl 3HAUUTENbHO BBITSHYTHIM OTHOCHTEJIBHO MPO-
IOJIbHOH OCH. ¥ MaHEeBPEHHBIX CBEpX3BYKOBBIX CaMOJIETOB COBpEMEH-
HbIX KOMIIOHOBOK IIpH Ilepexofie OT A03BYKOBHIX K CBEpPX3BYKOBHIM
CKOPOCTSIM TOJIeTa CYIIECTBEHHO BO3pPacCTalOT 3amachl IIPOAOJbHON
YCTOHYHUBOCTH M Ha GOJIbIIHX CBEPX3BYKOBBIX CKOPOCTSIX 3HAUUTEJb-
HO yYMeHbHIAIOTCSl 3amachl NyTeBOH ycToinumBoCcTH. Kpbljo wmasoro
YIOJHHEeHUS! NPHUBOAMT K YMeHbIIeHHIO HeMndHUpOBaHHS KpeHa. 3a-
OCTDEHHas NepejlHsAs KpOMKa U creuuduueckue ¢GOpMbl Kpbiia B
naaHe o6yCAOBJIMBAIOT XapaKTepHble OTJIHUNS B U3MEHEHHU a3POIH-
HaMHMYeCKHX XapaKTepUCTHK NPH Mepexoje K OKOJIO- M 3aKpHTHYEC-
KHM YTJaM aTakH, a 3HayeHHsl THX YIJIOB CYLIeCTBEHHO BO3DPACTalOT.

Ha Gosibminx yriax aTaku Takve CBepPX3BYKOBble CaMOJIETHl HMe-
IOT TOBBIIIEHHBIE 3amachl NONEPEeuoN YCTOHYHBOCTH H TOHHXKEHHbIE
3anachl IIpOJOJIbHON YCTOAYHBOCTH IO Neperpy3ke (BO3MOXKHO — He-
YCTOAYHMBOCTD IO Ieperpyske).

C yueToM Tpe6OBaHHHA CBEPX3BYKOBOH a3pOLMHAMHKH CYKEHHE
(nnddysopHOCTE) XBOCTOBOM 4acTH (r03ejsixKa CEEPX3BYKOBOIO Ca-
MoJieTa AesaeTcsl HeOOJbIINM HJIH OTCYTCTBYET, T. €. XBOCTOBasi
yacTb (ro3esixkKa OKAa3bIBAeTCS YTOJIIIEHHOH MO CPaBHEHHIO C XBOC-
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“TOBOM YacCTbl0 y HO3BYKOBBIX camoJsieTos. CpaBHHTeJbHO O6OJbLIOE
cyxeHHne Kpblia (0COGEHHO TPEyroJibHOTO) M MaJjiasi OTHOCHTe/bHasl
TOJIIIIHHA €ro INPHUBOASIT K YBEJHUYEHHIO KODHEBHIX XOpA Kphina. Bce
3TO, a TaKXe BO3pacTaHHe YIJa CTPEJOBHIHOCTH XBOCTOBOTO OIepe-
HHUS CIOCOOCTBYET YBEJHUYEHHIO a3pOJHHAMHUYECKOro 3aTeHeHMs IoC-
Jie[IHEro KpPBLIOM M ¢lo3ensiKeM Ha GOJBLIMX YIJax aTaKu. Xapak-
Tep MpOSIBJIEHHS M Pa3BHUTHS CPbiBa MOTOKAa INPH YBeJHYEHHH YTJia
aTaKH TAKHX CaMOJIETOB OKasblBaeTcss JPYruM (cM. I 5). IDrtum
camoJieTaM mpuCyIHM GoJjbiide yAeJbHble Harpy3KH Ha KpbLIo, J0-
cTUramlre py; ~400--500 xrc/m? u GoJee, ciaboe 3aTyxaHHe coO6-
CTBEHHBIX KosieGauuil, 0COGEHHO B moJjeTe Ha GOJBIIHX BBICOTAX.
Bosunkaer HeoGXOAMMOCTb INPHMEHEHHsI CPEeICTB aBTOMaTHUeCKOH
cTa6UiIM3alHH, HCKYCCTBEHHOTO AeMNduUpOBaHUS W aBTOMaTHYe-
CKOro ynpasJleHHS.

Ilpu nmepexone K GOJIBLINM CBepX3BYKOBBIM CKOPOCTSIM 3HaUHTE/1b-
170 nmagaet 3¢ (HeKTUBHOCTL OPTraHOB yIpaBJeHHs. BosHuKaeT mpol-
JeMa obecrieyeHHs IIPUEMJIEMBIX XapaKTEPUCTHK NONepeyHOH ynpas-
JasieMOoCcTH camoJieta. Ha GosbImiux yriax atakd OTKJIOHEHHE 3Jepo-
HOB MOXET CO3/1aBaThb 3HAYMUTEJbHble TOpMO3sllue (IPEmsITCTBYO-
e KpEeHEeHHI0 caMoJjieTa) MOMEHTHl pricKaHusi. [Ipu aToMm peakuus
camoJ/ieTa IO KpeHy Ha OTKJOHEHHE 3JIePOHOB MOXET OKa3aTbCs
6/13K0H K HeWTpaJhHOH (3aBHCaHHE NO KpPEHYy — caMoOJIeT IIpH
OTKJIOHEHHBIX 3JIepOHax npekpaniaet kpeHeHue). [lociennee takxke
NPUBOAUT K HeOGXOQHUMOCTH NPUMEHEHUs CPeACTB aBTOMAaTHYECKOMH
cTabuin3aluy, CO3LaHUsl MepeKPECTHHIX CBsi3ell B yIpaBJaeHUH (Ku-
HEMAaTH4eCKOro NOAKJIOUEeHHsT DY/l HampaB/eHUs K 3JepoHaM) Ajs
o6Gecreuenusi TpeGyeMOro COOTHOIIEHHST MOMEHTOB DHICKAHUS M Kpe-
Ha u T. 0. KapauHaJabHO H3MEHSIOTCS XapaKTEPUCTUKHU yIpaBJsieMo-
CTH Ha CaMOJIeTaX C HelNoCPeICTBEHHEBIM YIpaB/jeHHEM NOXBbEMHON H
(unu) GOKOBOM CHJION.

CBepx3BYKOBLIE CAMOJIETHl HMEIOT CHJIOBBIE YCTAHOBKH, 0GecrneyH-
Balolllyie BeCbMa BBICOKYIO TATO- H HEPTOBOOPYKEHHOCTD, Gyiarofaps
yeMy MMeeTCsl, B YACTHOCTH, IIMPOKUN [HaNa30H H3MeHeHUs Ipo-
IOJIbHBIX Ieperpy3ok (yckopeHu#) camoJsieta. [IpoJosKHTETBHOCTD
1oJieTa COBpeMeHHbIX MaHeBPEHHBIX CAMOJIETOB Ha paGOYMX BHICOTAX
CPaBHHUTEJIbHO HEBeJNHKa. YKasaHHOe OGCTOATEJbCTBO, a TaKXKe Ha-
Jauune GOJIbIIHUX H3GBITKOB TAT HPUBOAHUT K NpeobJafaHHio CylIecT-
BEHHO HEYCTAaHOBHBLINXCS PEXKUMOB MOJIETA.

6.3. TEPEXOOHBIN YYACTOK WITONOPA

6.3. 1. CamoneiTpaau3anus NOAHEMHON CHIbI

PaccmoTpuM cxeMaTnuuecKH JBHXKEHHe caMoJieTa IOCe
CBaJIMBaHUA C HCXOLHOTO peXuMa npsiMOJHHEHHOro ropu30HTaIbHOTO
noJera. Iy olleHKH KaueCTBEeHHOH CTOPOHHI siBJEHHS NPHUOJIHKEHHO
MOXHO CYHMTaTh, YTO NPH HAJHYHM CAMOBDAILEHHS BEKTOp IOLbeM-
HOH CHJBI caMoJieTa, Bpamlasch BMecTe C HHM, OyJeT HalpaBJieH
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BBEPX CTOJIbKO Xe BpeMeHH, CKOJIbKO W BHH3 (puc. 6.2) CuepmoBa-
TeJIbHO, ecsiH a6CoJIIoTHAA BeJHYHHA YIJIOBOM CKOPOCTH KpeHa noc-
TaTOYHO BeJIMKA, a CpPeJHAs BEJHYHHA ee ITOCTOSIHHA MJIH H3MEeHsieT-
Cl CPABHHTE/IbHO MEIJIEHHO, TO MOJbeMHasl CHJIa caMoJjleTa MPaKTH-
yecKH caMoHefiTpasiusyercs. DTOT 3¢(deKT HOCHT Ha3BaHHE CaMoO-
HeHTpaJIM3aluy NOJbEMHON CHJIBL.

CamonefiTpanu3anus NOABEMHOM CHJBI, T. €. PaBEHCTBO HY.JIIO
cpenHero sddexra OT ee NeACTBUSA, HE HCKIIOUAET BJHSHHUS NOIbEM-
HOH CHJIBI Ha TPaeKTOPHIO JBHKEHHS caMoJieTa B KaXIbIH OTHEJbHO

Puc. 6.2. Cxemaruueckoe n3o6paxkeHue caMOHEATPaNH3aLMH NMOLBEMHOH CHIBL
npu GLICTPOM BpaIlleHHH caMoJieTa

B3ATHIA MOMeHT BpeMeHHU. [103TOMY B AefCTBUTENLHOCTH TPAEeKTOPHUS
JIBHXKEHHs caMoJIeTa Ha NepeXOJHOM Yy4acTKe IITONOpa NpefCTaBJs-
eT coboft crupasb, OCb KOTOPOH NPHOJIHKEHHO MOXKHO CUMTATh Tpa-
eKTOpHell JABHXKeHHs1 cBoGogHomapatoulero tena. Ilpu gocratouno
GOJIbIIUX YTJIOBHIX CKOPOCTSIX KpeHa o6Ge 3TH TPaeKTOPHH HACTOJb-
KO COJIMKAIOTCS, YTO CTAHOBHUTCS BO3MOXKHEIM IPHOJHKEHHO CUH-
TaTb TPAEeKTOPHIO JBUKEHHS LIEHTPA TAKECTH CaMOJIeTa Ha Nepexon-
HOM ydYacTKe LITOIOpPA TPaeKTOpHeH CBOOOAHONMALAIONIEro Tesa, HMe-
IOIlero TOT Ke Bec M TY Ke HauaJbHYI0 CKOPOCThb (CXeMaTHYeCKHil
HITOTIOp — PaJUyC PaBeH HYJIO).

Takum 06pa3oM, NpUGJIHKEHHO MOXKHO NpeNCTaBUTb, YTO TPaeK-
TOpHUSI ABUKEHUS CaMoJjieTa IOCJe CBAaJHBAHUS BHAUajle HAlOMHHAET
mapaboJly, a 3aTeM IIOCTeNleHHO TpPHOJMKAETCS K BepTHKAJIbHOMN
npsiMoii. UeM GoJibllle HauaJbHASL CKOPOCThb IOJIETA W BEC CaMOJIETa
(uem GoJibllle 3amac ero KHHETHYECKOH SHEPTHH), TeM JOJIbIIE 3TOT
mepexox U TeM GoJbIIHMHU GYAYT NajbHOCTL Nojera L u moTeps Bhl-
cothl AH Ha mepexoJHOM yyacTKe HITOmOpa (IO TeX TOp, MOKa Tpa-
eKTOPHSl JBHKEHHSI LIEHTPA TSAKECTH caMoJieTa NMPHG/IH3UTCH K Bep-
THKaJIH).

Ha puc. 6.3 nokasanbl pacueTHble TPaeKTOPUH ABHKEHHsS CaMoO-
JeTa II0Cje CBAJHBAHHUS C ONHOH M TOH 3Ke CKODOCTH, IOJYUeHHLIEe
npu ycaoBuu Cy=125=const, Cy=1,25=const u py;=250 krc/m?
IJis pa3/MYyHBIX 3HAuYeHWHd YrioBOH CKOPOCTH KpeHa (Kpuswbie I, 2
1 4). s cpaBHeHHs NOKa3aHHl MOJyYeHHblE NPH TeX XKe YCJIOBHX
napaMeTrpsl TPAeKTOPHH IBHKEHHS LEHTPA TSIXKECTH CaMOJIeTa, pac-
CMaTpuBaeMOro Kak cpoOopHomajamliee Tejo (IpH OTCYTCTBHH
nogbemuoit cuasl Cy=0, kpusble 3). CpaBHeHHe 3THX KPHUBBIX IIO-
Ka3blBaeT, 4TO IIPH YTJIOBOA CKOPOCTH KpeHa w.=1,5 pan/c Tpaekro-
pHsl JBHXKEHHSI ILIeHTPA TAXKECTH caMoJieTa IOC/e CBaJHBaHHS YkKe:
BecbMa 6/1M3Ka K TPAaeKTOPUH ABMXKEHHUSI CBOOOAHONANAIONIErO TeJia.
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Crtporo roBopsi, TpaeKTOpUsS IBHKEHHSl HEeHTpPa TSAXKECTH CaMo-
JieTa Ha IepeXONHOM yyacTKe mITomopa (maxe ecqu paccMaTpPHBAaTh
TOJIbKO CXEMAaTHYECKHH LITONOP) TpeACTaBisieT coGOM CIOXKHYIO
NPOCTPAHCTBEHHYIO KPHUBYIO, HMEIOIYI0O KPHBH3HY KaK B BePTHKAJib-
HOM, TaK M B FOPH30HTAJbHON IJOCKOCTAX. B mpaBom mromope mpo-
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Puc. 6.3. Bausinue yrioBoil CKOPOCTH BpAaLleHHs caMoJieTa
Ha TPaeKTOPHIO ABHIKEHHS ero mnocjie BOSHHKHOBEHHS CBa-
JIHBAHHS

eKIMsl 3TOH KDHMBOH Ha IOPH3OHTAJBHYI0O IJIOCKOCTb OTKJIOHSIETCS
BJIEBO, a B JIeBOM — BIIpaBo. B OcHOBHOM 3TO 0GYCJIOB/IHBaeTCs
BJHSIHMEM THPOCKOIIMYECKOrO MOMEHTa JBHUrateJeill (BO3HHKAaIOILETO
[pH M3MEHeHHH HAKJOHA OCH IITONOpa), CTPEMSLIETrOCsS NOBEPHYThb
camoJieT OTHOCHTEJbHO TpaeKTopud. Bo3HUKalomue MpH 5TOM CKOJIb-
XKeHHe H, cJeoBaTeJbHO, 60KOBasi aspoAUHaMHUUYecKasi CHJIa H HCK-
PHUBJISIIOT TPAEKTOPHIO IBHUXKEHHs caMoOJieTa YKasaHHBIM 006pasoM.
ITosTomy nnst 6Goslee TOUHBIX PACYETOB TPAEKTOPHH ABHIKEHHS CaMo-
JieTa Ha TepeXOJHOM yyacTKe LITONOpa CJedyeT YUYHTHIBATh HCK-
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pUBJIEHHE 3TOH TPAEKTOPHH B MJIOCKOCTH XgOy, mon BJMSHHEM TH-
POCKONHYECKOTO MOMEHTAa [BHraTtejell (ecJd 5TO BJHSHHE IPHBO-
IHT K TOSIBJEHHIO 3aMETHBIX BeJHUYHH GOKOBOH a3poAHHAaMHuecKoH
cuasl Z).

C yBesiMueHHeM BBICOTH Hayana CBaJMBaHHs NepeXONHbIH yuac-
TOK LITONOpA CTAaHOBHTCS 6OJiee [OJIOTHM, a IIPOTSAXKEHHOCTb €ro
BO3pacTaer, uTo O00GYC/JAOBJEHO BN3pacTaHHEM MCXOJHOH HCTHHHOH
CKODOCTH I10JieTa, IIPH KOTOPOH NPOUCXOJHT CBaJIHBAHHE caMo.lera:
HpH MOCTOSTHHOM CKOPOCTHOM Hamope (g=const) c yBequ4eHHeM Bbl-
COTHl HM3-32 YMEHbIIEHHs IJIOTHOCTH BO3JyXa HCTHHHas CKOpPOCTb
nojiera Bo3pactaer. JTO, B CBOIO Ooyepellb, BbI3bIBaeT YBe/JIHUEHHE
uyncna M. Ymenbinenue Cye NOX BJAMSHHEM BO3pacTaHus uncjia M Ha
6OJIbIIMX BBHICOTAX NMPUBOJAHUT K JONOJHHTENHbHOMY YBEJIHYEHHIO CKO-
pOCTH 1OJIeTa, PH KOTOPOH NPOUCXOAUT CBATHBAHHUE.

BBI/ID,y CPaBHHUTEJbHO 60J1bIION TIO BpEeMEHH INPONOJXKHTEJbHOCTH
IEpEeXOoaHOro yyacrtka IITOIIOpa, ocoOeHHO TocJie CBaJHBaHUd Ha
6GOJIBIITHX BBICOTAX, JEeTUHMKaM Ha CBEPX3BYKOBBIX cCaMoJieTax IIpH
HelpealHaMEepEHHOM IONafaHWK B LITOIIOP B OCHOBHOM IPHXOIMTCS
HMeTb OeJI0 HMEHHO C 3THM II€PEXOAHbIM YYaCcTKOM, a4 H€ C peXHu-
MOM BE€pPTHKAJBHOT'O WITONIOPA. B GoJbLinHCTBE cJyyaeB JIETUHK Ha-
YUHaeT BbIBOJAUTbH CaMOJIET U3 LITOMOpAa 3a40JIr0 N0 HayaJa ero Bep-
THKAJbHOTO yyacTKa. HOSTOMy 3HayeHHe 0COOEHHOCTE!N NMOBENEHUS U
MAJIOTHPOBAHHUS CBEPX3BYKOBBLIX CaAMOJIETOB Ha NMEPEXOAHOM ydacCTKe
HITonmopa Bo3pacraer.

HBI/I}KQHI/IG CBEDX3BYKOBOro caMoJieTa Ha TMNepexXoAHOM YyyacTKe
mromnopa InpoOHCXOOLHT 06bIYHO BecbMa HEpaBHOMEPHO, C GOJILIUIUMH
KOJIe()aHI/IﬂMI/I, HHOrJa C OCTAHOBKAMH U JaxKe H3SMCHECHHSIMH HAIlpaB-
JICHHSI BpallleHHud. Pe3yanaTbI JICTHBIX H Ha3eMHBIX HCCJeJOBaHHH
IMOKAa3blBAKOT, YTO 3TO 06YCJIOBJIeHO BJHSIHUEM HEJHHEHHOro npore-
KaHHug a3poJMHaMHUYeCKHX XapaKTEepPHCTHK IO yrjaM atakKu H CKOJib-
JXKeHHs, [0 YHucJjaMm M, Re u T. m., a TakXe IeHCTBHEM THPOCKOIH-
YyeCKOro MOMEHTa ABHraTesisi W BJAHSHHEM HECOBHNAJACHHsA OCH Bpa-
LIeHHs caMoJieTa C HalpaBJe€HHEM BEKTOpPa CKOPOCTH IOJeTa.

HecoBnanenre ocu BpalleHHs] caMoOJieTa C HalpaBJeHHEM BeKTO-
pa CKOPOCTH MOJeTa NMPUBOLUT K H3MEHEHHIO YIJIOB 4TaKH H CKOJIb-
JKEHHs camoJjeTa B Mpollecce BpalileHHs. 3HAUUTENIbHOE H3MEeHeHUe
CKOPOCTH I0JIeTa Ha NMePeXOXHOM VuacTKe NPUBOLUT K COOTBETCTBYIO-
muM u3MeHeHussM uuces M u Re. Ilpu Hanuuuu HenuHeHHBIX aspo-
JIHHAMHYECKHX XapaKTEePUCTHK H3MEHEHHS YKa3aHHBIX [apaMeTpoB
NPUBOASAT K 3aMeTHHIM, a IJIaBHOe HelPONOPIHMOHAJbHBIM, HeJHHeH-
HBIM H3MEHEHHSIM a3pPONMHAMHUYECKHX MOMEHTOB H CHJ. DTH H3Me-
HEHHsl a3>POJMHAMUYECKHX MOMEHTOB H CHJI, KaK IPaBHJO, IPOHUCXO-
ISIT BecbMa pe3KO M HepaBHOMepHO (0cOGeHHO Yy CBepX3BYKOBBLIX ca-
MOJIETOB) M MPHUBOASIT K MOSIBJIEHHIO HEPABHOMEPHOTrO ABHXKEHHUS C
60bIINMH KOJIeOaHHUSIMHU caMoJieTa.

BosHukamwe IpH 3TOM H3MeHEHHsI YIJIOBBIX CKOPOCTEH phICKa-
HYSI  KpPeHa BHI3bIBAIOT H3MEHEHHS COOTBETCTBYIOIIMX COCTaBJISIO-
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LHX THPOCKOIIMYECKOTO MOMEHTA, UTO CMOCOOCTBYET MOSIBJEHHIO elle
60/IbIIMX HEPABHOMEPHOCTEH B IBHKEHUH CaMOJeTa.

KoHen nepexogHoro yyacTka W BO3HHKHOBEHHe BepTHKaJbHOTIO
ITonopa O6bIYHO GBIBAIOT CBA3aHBI C XOPOLIO 3aMETHHIM MNJIs JIETUH-
Ka HM3MEHEHHEM XapaKTepDUCTHK pexuma. Ilo okoHuaHuu nepexon-
HOro yyactka (npuGJHKEHHO 3TO COBMAjaeT ¢ HAa4yaJiOM YCTAHOBHB-
nierocss WJH, TOYHee, KBa3WMyCTAHOBUBIIETrOCs CHHXKEHHsS caMoJeTa)
BpallleHHe camoJjieTa CTAHOBHUTCSI GoJsiee OIpeJesieHHBIM, HHTEHCHB-
HbIM U PaBHOMEPHBIM.

6. 3. 2. Bxox B wronop

Bxoay B 1ITONOP M NOCTHXKEHWIO PeKUMa pa3BUBLIEroO-
cs mromnopa (GuICTpeilieMy 3aBepLIEHHIO IIEPEXOJHOT0 ydYacTKa)
IIPY NPOYKX PABHBIX YCJIOBHSIX CIOCOOCTBYIOT:

1) peskocTb MMIyJbca HaKpeHEHHsi camoJieTa, OJarONpHUSTCT-
ByIOLIasl JOCTHUKEHHIO BBICOKHX 3HAUEHHH YTJIOBOM CKOPOCTH W1 H
VIJIOB KpeHa;

2) Bo3pacTaHHe HAUaJbHBIX BEJHYUH Wy4 M CPABHUTEJBHO MeJ-
JIeHHOe HX H3MeHeHHe IOCJC NOCTHUXKEHHS INePBbIX SKCTPeMaJIbHBIX
3HAUEHUN &y max (HA pHUC. 5.2 3TH TOUKH 0603HAUEHBl KPYXKKaMH —
COOTBETCTBEHHO NPU {7 U {=9 c) U3-32 YMeHbUIECHHUS CKOJIbXEHHUS
Ha oIlycKarolleecsi NOJIYKPBLIO NPH JOCTHKEHHH YIVIOB KpeHa G6o-
Jgee 90°. ATo cnocOGCTBYEeT HApacTaHHIO YIJIOBOH CKOPOCTH (yi, HE-
o6xomuMOH IJIs1 mepexoja caMoJsiera B mrtomop (ObicTpeiflieMy IMo-
SIBJICHHIO MaKCHMAJIbHBIX €€ 3HAYeHHH ©y max)-

[TosTOMy B KauecTBe XapaKTepPHCTHK, GIPEJENSIOIMX BXOI cCa-
MoJIeTa B LITOIOP, LI€JeCO06pasHO pacCMaTpUBATh MAaKCHMAJbHBIE
3HAYEHHUs! YIJIOBOH CKOPOCTH KPEHA My max (ECJIH 3T0 BXOJ B LITONOP
C BHpaxa C NepeMeHON HaNpaBJeHHs] BPAalleHHs — TO NPHHHMaeT-
Csl MIepBOe SKCTPEMaJibHOEe 3HAUEHNE ®yi I10CJEe M3MEHEHHsI HaTpaB-
JIEHHsl BPALIeHHs] CAMOJIETa OTHOCHTENbHO ero ocd Ox;) u OTHOuIe-
HHe MaKCHMAaJIbHBIX YTJIOBBIX CKOpPOCTel (NEePBBIX SKCTpeMaJbHBIX HX
3HAYEHHH) Kyr=0y max/®Ox max, XaPAKTEPHU3YIOIIEE HAPACTAHHE YIJIO-
BOH CKOPOCTH PBICKAHHS @y NIPH NAHHOM HMIYJIbCE KpeHeHHs. Dbi-
CTPHIfi BXOJ B LITONOpP IPOHUCXOAUT OGBIYHO H3 PEXKHMMOB CBAJIHBA-
HHS, XapaKTepU3yomuxcss GOJIbIIMMH BeJUYHHAMH K, (TIpeBbILIAIo-
muMH ky, =~ 0,6=-0,7).

Ha nepexonnoM yuyacTke wronopa (B OTJHYHE OT BEPTHKAJIBHOTO
LITONOpa) W OCOGEHHO B HauaJje 3TOr0 yyacTKa HabJIOfaloTcsi Xa-
pakTepHble KoJieGaHHsl caMoJjieTa C MEPHONUYECKHMU H3MEHEHHSMH
BEJIMYMH H 3HAKOB YIJIOBBIX CKOpOCTell (yCKOpeHHi) camosera. dTH
KOMe6aHusl OTJHYAIOTCS, KaK NPaBUJIO, 3aMeTHO MEHBIIMMH (MO
CPaBHEHHIO C Pa3BUBIIMMCS LITONOPOM) BEJHUHHAMH |0y1] H |ey].
IMeperpysku B CKOPOCTb IOJIETA HA 3TOM yyacTKe SHAUHTEJBHO Npe-
BOCXOJSIT [eperpy3KH H CKOPOCTb B YCTAHOBUBIIEMCS LITONODe.
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6. 3. 3. Baugnue noaoxeHus OCH BpalieHHs

PaccMoTpuM BJMSIHME [(10JIOKEHHS OCH BPaLEHHs ca-
MOJIeTa Ha XapaKTEePHCTHKH IepeXOJHOro yuyacTka mromopa. Kak
H3BECTHO, BpallleHHe CaMoJieTa B OOLIeM cjydyae NPOHCXOAHUT OTHO-
CHTEJIbHO OCH, He COBIANAIOLel HH C HampaBJeHHEM ero NpOAOJb-
HOM OCH, HM C HalpaBJieHHeM BEKTOpa CKOpPOCTH IoJiera. Mamenenus
YIJI0OB aTaKu M CKOJIbXKEHHs B IIPOIlecce BPALEeHHs CaMoJieTa, YCTOMH-
YHBOrOo B IIYTEBOM H IPOJOJBHOM OTHOLIEHHH, GYIYyT TeM MeHblie,

Ao38yxobod Cbepxsbyroboi
camonem camonem X,
4 4
y7 Xq 1 C
- % =
v ese| |V
ym gy Yg y.m.

g o> %p g Vs

Puc. 6.4. Cxcma, nosicusiioniast IPHUHHBL YBeJIHUEHHSI KHHO-
MaTHYeCKHX H3MCHEHHH YIJOB aTakM H CKOJbXEHHA ¥
y CBEPX3BYKOBLIX CaMOJIETOB

YyeM MeHblle YTIJjoBas ckopocTb. IIpu GOJBIIOH YIJIOBOH CK( POCTH
BOCCTaHABJIMBAIOIIMEe a3pPOJHHAMHUeCKHe MOMEHTH He YCIEBAIOT Na-
PHPOBaTb BO3HHKAIOLIME NIPH BPAUIEHHH CAMOJIETA LUKJIHYECKHE H3-
MEeHEHHs YIVIOB aTaKH M CKOJIbKEHHs, a OCb BPALIEHHS CaMoJieTa
BecbMa 6JiM3Ka WMJIM Jaxe NPAKTHUECKH COBNALAET C €ro IpOLoJb-
HOH OCblO, T. €. C Haya/JbHBIM IIOJIOXXEHHEM OCH BpauieHusi. B moc-
JlelHeM CJIydae MOXKHO PacCMaTpHBATh CaMoOJIeT KaK THPOCKOI, CTpe-
MALIMACST COXPAHHUTh HEH3MEHHBIM IOJIOXKEHHEe CBOEH OCH BpallleHHS
B IIPOCTPAHCTBE.

Takum o6GpasoM, uyeM Goubiue OTHOWIEHHS |Mya| @ |[Mya| u
[Mya| : | My, a cienoBaTesbHO, H OTHOLIEHHS YIJIOBHIX CKOPOCTE#H
Jox| i Joy| 1 |ox| : |o;], Tem 6auxke pacnonaraercs och BpalueHus
caMoJieTa K ero InpojosibHOi ocH. M3-3a Bo3pacTaHHsi pasHOca Macc
B HanpaBJIeHHH IPOJOJIbHOH OCH y CBEpX3BYKOBHIX CaMOJIETOB [BH-
’KeHHe KDeHa pPa3BHBAeTCs ObICTpee, UeM JBHMKEHHs pPHICKAaHHS U
TaHraxa, 4To IPUBOJHUT K YBEJNHUEHHIO YKa3aHHBIX OTHOLIEHHH Yr-
JIOBBIX CKOPOCTel Ha [IEPEXOJHOM YUYaCTKe LITONOpa.

BBuny toro, uro och Bpamenus: Of y CBEpX3BYKOBBIX CaMOJIETOB
IpH NPOYHX PaBHBIX YCJOBHSX pacrojaraercs GJHKe K MPOLOJbHOM
ocu Oxy, ueM y HO3BYKOBBIX CaMO/JIETOB, a KPHUTHUECKHE YIJIBl ATAKH
OKAa3bIBAIOTCS 3aMeTHO GOJIBIINMH, KMHEMATHYeCKHe H3MEHEHHs yT-
JIOB aTaKH M CKOJIbXEHHs IIPU BpAllleHHH CBEPX3BYKOBOTO CaMoJeTa
nocsie BO3HHKHOBEHHs CBaJMBaHusl yBesqHunBaiorcsi. OGbsicHseTcs
3TO CJeAYIOUHM 006pa3om.
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Vribl CBaJHBaHUS Y CBEPX3BYKOBLIX CaMOJIETOB Occ 3aMETHO
Gouibllie YIJIOB CBAJUBAHHS Y JO3BYKOBBIX Go.p. YIJBI Y MEXLY OCH-
Mu Of 1 Ox; y CBepX3BYKOBBIX CAMOJIETOB OKa3bIBAIOTCS MENbLIHMH:
Pe<Py (puc. 6.4). Ilosto-

My TIOCJIe CBAJHBAHUS YTOJ «
MeXJIy OCbi0 BpalleHus ca- o
MoJleTa H HaTpaBJIeHHEM T‘\\ A
BEKTOpPA 'CKODOCTH TOJETa ot At 1V )
Y CBepX3BYKOBHIX CaMoJle- 90N [ 0] /270 ¥, epad
TOB (@c) 3aMeTHO 060Jb- S N1~
mie, 4eM Yy JA03BYKOBBIX

Caenosa-

(Pn) : 9>
TeJIbHO, H3MEHEHHs YIJIOB
aTakd H CKOJNbXKeHHs [pPH
BpAllleHHH CBEPX3BYKOBBIX
caMoJeToB, OyRyT GOMBLIN-
MH, YeM Ipu BpalleHHH IO3BYKOBBIX.

Ha puc. 6.5 cxemaTHueCcKH NOKa3aHbl U3MEHEHHS YIJ3 aTakKy,
BO3HHKAIOLIMe IpPH IIOBOpOTe caMoJsieTa Ha 360° oTHOCHTE/NBHO OCH
Bpamenus O (yros moBopoTa caMoJieTa OTHOCHTeNbHO ocit OF
obo3HayeH Ha rpaduke yepes ).

M3 puc. 6.4 u 6.5 BUIHO, yTO ueM GOJbLIe BEJUYUHH 0 H 9—1,
TeM ‘00Jibllle U3MEHEeHHs yTJa
aTaKy B Ipolecce BpallleHus ca-
MoJIera.

BBuny toro, 4to y ¢BEepXx3BYy-
KOBBIX CaMOJIETOB OCb BpalleHUd
O¢ 6au3Ka K NpOJOJIBbHOH OCH
Ox,, Ipn paccMOTPEHUH KHHeMa-
THYECKHX H3MEHEeHHH YIVIOB ara-
KH U CKOJbXKEHHSI MOXHO B Ilep-
BOM INIpHOJHMKEHUH CUHTaThb Bpa-
IeHHe caMoJieTa NPOUCXOAAIIUM
OTHOCHUTEJbHO €ro TPOJOJbHOH
ocu. Ha puc. 6.6 nokasana cxe-
Ma NpOTE€KaHHs KHHeMaTHYecKux
H3MEHEHHH YIJIOB aTaKH U CKOJb-
XeHHUs caMoJieTa IpH IOBOPOTe

Puc. 6.5. I'padux KuHeMaTHYECKNX M3MEHEHHH
yria aTakd NPH BPAIICHHH CaMoJeTa OTHO-
cutenbHo on OF

o
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Puc. 6.6. 'padpuk xuHEMATHUECKHX
U3MeHEHHH YIVIOB aTakH H CKOJIbXKe-
HUS NPH BPAlleHHH CaMoJjeTa OTHO-

ero Ha 360° oTHOCHTeNbHO IIpO-
noabHo# ocut Ox; (yrou ). dTa
cxXeMa HarJsifHO IOSICHSeT, TO-

CHTeJIbHO €ro MPOJAOJNbHON OCH YeMy y CBepPX3BYKOBHIX caMoJe-

TOB Ha TIePeXOTHOM Yy4acCTKe UITO-
1opa 3KCTPeMyMbl BeJHUHH yrJjla CKOJbXeHHs B, KakK IpaBujo, OKa-
3BIBAIOTCS CMEIUEHHBIMH 110 OTHOLIEHHIO K 3KCTpeMyMaM BeJHYHH
yrJa ataku a npuMepHo Ha 1/4 oGopora.

Ilox meficTBHeM cHJBI TsiXKecTd (NOIbeMHAsl CHJA IPAaKTHYECKH
CaMOHeHTpaNu3yercs, CM. puc. 6.2) TpaeKTOpHsl IBHKEHHS, T. €. BeK-
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TOP CKOPOCTH INOJIETA CaMOJeTa, HAa INEePeXOLHOM YyyacTKe LUTONopa
OTKJIOHsieTCsl BHU3. CBepX3BYKOBEIM CaMOJIETaM B 3HAUHUTEJBHO G0Jb-
el CTeleHH, YeM NO03BYKOBBIM, IPHCYIAa TEHAEHUHS K COXPaHEHHIO
HCXOJIHOTO HamnpaBJjieHMs ocu BpanieHus.. CamoJier, HauaBIIHA Bpa-
1aThCs, MOJOOHO I'MPOCKONY CTPEMHUTCSI COXPAHSTh HEH3MEHHBIM IO~
JIOXKEeHHe OCH BpallleHus B IpocTpaHcTBe. biarogapsi Gosbmiomy OT-
HowerHio J, : J, 3HAUUTEJbHO Jerye NpUAaThb BpalleHHE CaMOJIETY

8 ),2'" ) ) ropusonmans
v X
®, " Yx Yoo
7) y=0 v ~
w=0 2) y=50°
w,# 0 Xy,
C.e
3) y=90° (N
wy# 0
4) y=180° Y
.¢1>9)2>¢3>¢4 a{¢” p‘
X
Y 47
Ocpednennas

mpaexmopus

nonema

Puc. 6.7. Cxema, HJIIOCTPHDYIOLAsi yMeHbIUEHHEe YIJa ( MeXAY HanpasieHHeM
BEKTOPAa CKOPOCTH MoJeTa M CPeJlHIM HampaBJleHHeM NPOXOJbHON OCH caMoJjeTa
Ha NepexojHOM y4acTKe IITONOpa

CTHOCHTEJIbHO €r0 HpOAOJbHOH och OXj, 4eM OTHOCHTEIBLHO MOMEped-
Hoft Oz;. OnHaKo u3-3a GOJIBLIOTO yIja aTaK¥ XBOCTOBOTO ONEpeHHS

(6ospioit yrom Mexny ocbio Ox; U BEKTOPOM CKOpOCTH moJjiera V)
Ha IOC/eIHeM BO3HHUKAIOT CPABHHUTEJbHO GOJIbIIHE a3pOIHHAMHYE-
CKHe CHJIBI, CTpeMsIlHecs OMYyCTHUTb Hoc caMoJeTa. [lox mefictBuem
3THX CHJI HOC caMoJieTa MeJJIeHHO ONyCKaercs, a OChb BpallleHHs ca-
MoJleTa cJefyeT (XOTS M ¢ HEKOTOPHIM OTCTABaHHEM) 33 HU3MeHSIo-
I HMCSl HanpaBJleHHeM BeKTopa ckopoctd (puc. 6.7). B KoHue KoH-
II0B (Ha CpelHHX BHICOTax OOBIYHO uepe3 15—20 ¢, a uHorma u 6o-
Jee) BEKTOP CKODOCTH, a 3aTeM M OCb BpAlll€HHs CaMOJIeTa 3aHMUMa-
10T BePTHKAJbHOE HJIM JOCTATOYHO 6JIM3KOe K HeMY MOJIOXKEHHUE, T. e.
HanpaBJieHHs] UX MPAKTHYeCKH COBIAJAIOT — HAYHHAETCsd BepTH-
KaJIbHBIH LITOIOP.

B cBa3u ¢ Bo3pactaHueM KoadduuueHra s060BOro COnpoTHBIIE-
Husa camosera C, Ha 3aKPHUTHYECKHX YIJax aTakKd MOCJe CBAJHBa-
HHSl CKODOCTBb I10JIeTa HAUHHAeT YMEHbIIAThCH, YTO MPHBOJHT K
yMEHBIICHHIO BeJIMYHH a3pOXMHAaMHUUeCKHX MOMeHTOB. Ho, Tak kak
BOCCTaHAaBJ/IMBAIOLINE a5DOJHHAMHYECKHE MOMEHTHI MPOIOPLUOHAJb-
HBl KBaJipaTy CKOPOCTH, @ MOMEHT aBTOPOTAlMH — CKOPOCTH B Oep-
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BOH CTeneHH (MaBrzM:xmx=m“’xSl2Q—’;—wx), TO NOCJEAHHH C
X

MajfieHHeM CKOPOCTH YMEHbINAeTcss MeJieHHee. ITO CIOCOGCTBYET
3aMellJIeHUIO MPUGJIMKEHHs] OCH BPALeHHUsi K HANPaBJEHHIO BEKTOPa
CKOPOCTH 1oJieTa — BO3pAacTaeT poJjb CaMoJeTa KaK THpPOCKOIa,
CTpEeMsILIErocsi COXPaHUTb HCXONHOE HAlpaBJieHHE OCH BpalleHHs B
NIPOCTPAHCTBE.

6. 3. 4. U3meHenust yrioB aTaku H CKOJIbXXEHHUs

BBuny TOro, uTo KpUTHUECKHE YIJbl aTaKH CBEPX3BYKO-
BBIX CAMOJIETOB CpaBHHUTeJbHO BequKH (nopsiiku 30°-+-40° u Gosee),
“TH CaMOJIETHl II0CJe CBAaJIMBaHMsS HAYHHAIOT BpaUlaTbCsi OTHOCHU-
TeJIbHO OCH, Haxopisiuefics IOJ OOCTATOYHO OOJBIIUM YIJIOM K BeK-
Topy ckopoctu. CrieoBaTe/IbHO, U3MEHEHUS YTJIOB aTaKH H CKOJIb-
JKEHHUS] Y CBepX3BYKOBBEIX CAMOJIETOB HAa 3THX PeXHUMaX OKa3blBalOTCS
BecbMa OOJIBIIMMH (OCOGEHHO C yYeTOM H3MeHeHHs HalpaBJeHHs
TPaeKTOPHHU MOJIeTa TOJ AEHCTBHEM CHJIBI TAXKECTH).

Jl1si HarJAsiAHOHM KaueCTBEHHOH OIEHKH BJIMSIHHSI U3MEHEHMH Yr-
JIOB aTaKud M CKOJIbJKEHHs Ha IepexofHOM yuacTKe LITOIOpa pac-
CMOTPHM XapaKTep W NPUYMHbl H3MEHEHHSI 5TUX YIVIOB 3a OOUH 060-
pOT caMoJsieTa NOJA JeHCTBHEM OCHOBHBIX (pakTopoB. Bymem pac-
CMaTpHUBaTh JIBHXKEHHE CAMOJIeTa NPOUCXOASIIUM IPH OTKJIOHEHUSX
0 LITONOPY PYyJsX' ¥ HeATpasbHBIX 3JjepoHax. Ilpm atom nas Ha-
TJASAHOCTH (A/151 KaueCTBEHHOH OlIEHKH SIBJIEHHSI) OMYyCTHM JeMidu-
pylollve H CnupaJjbHble a’poJHHAMHUYECKHe MOMEHTHl, a a’pOoJuHa-
MHYECKHe MOMEHThI Myp=M§B u Mz=M20 Gynem cuuTaThb HMe-

IOLIYMMH HeU3MeHHBII 3HaK (BOCCTAHABJMBAIOIIMMH) BO BCeM JHa-
Tla30He u3MeHeHHs a 4 . BHauase HccienyeM ABHXKEHHE PbICKaHAS.
C yyeTOM NpUHSITBIX HONYIIeHHH GYZeM CUHTATh €ro 3aBHCSILIHM OT
CJefyIolyX NATH paKkTOpoB:

a) a3poAMHAMHYECKOTO MOMEHTa, CO3/laBaeMOro OTKJIOHEHHBIM IO
LITONOPY PYJeM HanpaBJieHuUs;

6) rMpOCKONHYECKOr0o MOMEHTa POTOpa IBHUraTes;

B) HeCOBNAaJeHHsS OCH BpAIleHHS CAMOJIeTa C BEeKTOPOM CKOpOC-
TH 10JIeTa, BbI3BIBAIONUIETO M3MEHEHHsI [ THIIAa [OKa3aHHBIX HA
puc. 6.6;

T) necTaGUIH3UPYIOLer0 HHEPIHOHHOTO MOMEHTA PHICKAHHUS:

I) BOCCTaHaBJ/IMBAIOIIETO0 a3POJMHAMHUYECKOrO MOMEHTA PBICKa-
HUS, CTPEMSIIEroCsi COXPAHHTh HCXOIHOE CKOJIbXKeHHe.

AHaJIOTHYHO MOXeT GBITb PAacCCMOTPEHO W ABHXKEHHe TaHraxa.

Bansinue 3THX ($aKTOpoB 3a BpeMsl OfHOro o6GopoTa camoJera
(moBopot ero Ha 360° OTHOCHTENLHO OCH BpallleHHsl, HeCOBNAalouLei
P oflleM cayyae C HalpaBJleHHEM BEKTOpa CKOPOCTH IIoJieTa) Ha Ile-
PEXOLHOM ydYacTKe IITONopa moipo6GHO paccmoTpeHo B pabore [15].
B Hefi mokasaHo, YTO IBHXKeHHe CaMOJieTa Ha IepeXOfHOM YyuacTke
HITONIOpPa MOXKeT ObITb BeCbMa HepaBHOMEPHBIM H CONPOBOXKIATHCS
3HAYUTEJbHBIMH KOJIeOaHUSIMH caMmoJieTa. B 1eficTBHTEIbHOCTH IBH-
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JKeHHe CaMOJIeTa Ha 3TOM yyacTKe 3aBHCHT OT BJIHSIHHS MHOXECTBA
IPYTHX IPOTHBOPEUHBHIX (AKTOPOB, YCYryOJsIOIMX HepaBHOMEp-
HOCTb IBHKEHHS U KoJeGaHHusl caMoJeTa.

Brinre 66110 OKa3aHO, YTO YeM GoJiblile OTHOLIEHHE |wx| : |wy],
TeM OsuxKe (TIPH MPOYHX PABHBIX YCJIOBHSIX) OCb BpallleHHsI caMoJie-
Ta pacroJiaraeTcst 1o OTHOUIEHHIO K ero NMpOAOJBHOM OCH, a C/efo-
BaTeJbHO, TeM Gosbiie GYAYT KosieGaHMS M HepaBHOMEPHOCTb JBH-
XKeHHUs camosieta. VIHBIMH CJI0BaMil, TIPH CONOCTABHMBIX YCJOBHAX
KoneGaHUs U HePAaBHOMEDPHOCTb NBHKEHHS camonera OynyT TeMm
6osiblile, YeM MeHbIe OTHOCHTeNbHAsi BeJIHYHHA YIJIOBOH CKODOCTH
PBICKaHHUS, YTO, KaK IPABHJIO, HMeeT MeCTO Ha NepeXOJHOM ydYacTKe
witoropa. CyefyeT TakKe OTMETHTb, YTO y CBEPX3BYKOBBIX CaMoO-
JIeTOB M3MEHEeHHS! YIJIOBOH CKOPOCTH DLICKaHHMs B IUTONOPE OKAasbl-
BAIOTCSl 3aMETHO MEHbLIMMH, YeM H3MEeHEHHS YTJIOBOH CKOPOCTH Kpe-
Ha. [TocsienHsisi MOXKeT U3MEHSITbCS BeCbMa Pe3KO ¥ B CPaBHUTENbHO
6oabmoM auanasoHe. OGBIACHAETCS 3TO ONATH-TAKH GOJIBLIIMM pas-
HOCOM MacC B HampaBJIeHHH IPONOJIbHOM OCH, a Takxke 6OJbLIMM
TOPMOSSIIIUM MOMEHTOM (lo3esssKa (MMeIoLero GOMbIYI0 JJIUHY) W
XBOCTOBOr'O OlepeHHsi (MMeIOIIero CpaBHHTEJbHO OOJbLIYIO NJO-
uranp).

6.4. BEPTHKAJIBHBIA LUTONOP

Ecnu B HayaJie nepexoHOro y4yacTka IITONOPA MOXHO
CYHMTATh, YTO BpallleHHe caMoOJjeTa MPOHUCXOAUT OTHOCHTENbHO €ro
IPOLOJIBHOH MJIM JOCTAaTOYHO OJIM3KOHM K HeH OCH, TO B KOHIle Nepe-
XOZHOrO yYyacTKa 5TO HOMYIIeHHe CTAHOBUTCS HelpueMJeMhM. B mpo-
Iecce pa3BUTHS NePeXOJHOr0 y4yacTKa HITONoOpa OCh BpallleHHs ca-
MoJsieTa Bce GoJsiee mpuOJMHKAETCS K HampaBJIeHUIO KacaTeJbHOH K
TpPaeKTOpHH noJera. B BepTHKa/JbHOM pasBHBLIeMCs LITONOpE CaMo-
JIeT Bpallaercsl OTHOCHTEJbHO OCH, 6/IM3KOH, @ MHOTla B IMPOCTO COB-

nagamwoliell ¢ HampaBJeHHeM BekTopa ckopoctd V. Takum oGpasowm,
B BEpTHKAJIbHOM LITONOPE CpelHee IIOJOXKEHHE OCH HITomlopa, T. €.

BEKTOpa YIJIOBOH CKOpPOCTH BpallleHHs] caMoOJieTa », OGBIYHO COBNA-
JaeT C BeDPTHKa/bio HUJIH O6M3KO K Hell. HampaBieHue BeKropa CKo-
pOCTH IOJIeTa caMoJieTa B BePTHKAJIbHOM HITONOpE COCTaBJIsIET OObIY-
HO CPaBHHUTEJbHO HeGOJBLION Yron ¢ BepTHKagablo. [Ipubinxenue
ocH BpallleHHsl K HampaBJIEHHIO BEKTOpa CKOPOCTH MOJIeTa NMPHBOAUT
K YMeHbIIEeHHIO KoJleOaHNi U HepaBHOMEPHOCTH ABHXKEHHUSI caMoJiera.

Pasnuuus B aspoguHaMuuecKol, KOHCTPYKTHBHOH H BECOBOH
KOMIIOHOBKaX CBEPX3BYKOBHIX CAMOJIETOB IIPHBORAT K IOSIBJIEHHIO
3HayUTeJbHBIX PA3JIMYHA U B XapaKTEPHCTHKAX BEPTHKAJIbHOTO IUTO-
nopa IO CPaBHEHHIO C JO3BYKOBBIMH caMmoJieTaMH. CpaBHHTe/bHbLIE
XapaKTepUCTHKH BEePTHKAJbHOI'O IITONOPA CBEPX3BYKOBHIX M JO3BY-
KOBBIX CaMOJIETOB IIpUBeJNEHH Ha puc. 6.8 (mokasaHBl OCpeIHEeH-
Hble 3HauYeHHs YIVIOB aTaKH, YIVIOBBIX CKOPOCTEHl W CKOPOCTeH CHil-
XKeHHs 3THX CaMOJIeTOB B IITomope). DTH [NaHHble IOJNy4YeHbl INPH
aHa/Jyu3e psiia LITONOPOB, BHINMOJHEHHBIX C HayaJbHBIX BBICOT IIO-
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psAnka 58 KM npu CBaJHBAaHMH C MHHHMAJbHBIX cKopoctedl. M3me-
peHHsi IPOH3BOAMIUCH TIpUMepHO uYepe3 2025 ¢ mocsie Hayasda pe-
JKHMMa, B Npolecce KOTOPOTO PYJH ObIIH NOJTHOCTbIO OTKJIOHEHBI MO
HITONOPY, a 3JepOHBl HAaXOAWIHCh B HeHTPaJbHOM INOJOXKEHHH.
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Puc. 6.8. MaMeHeHHe XapaKTepHCTHK IITONOpa B
3aBHCHMOCTH OT pasHOCa MacC [0 caMoJeTy H
yIeNbHOR HarpyskH Ha KpHUIO

PaccMoTpuM yriioBble CKOPOCTY BpallleHHs! CBEPX3BYKOBBIX H J0-
3BYKOBHIX CaMOJIETOB B BePTHKaJbHOM InTOonope. CpeaHss yrijosas
CKOPOCTb BpallleHHSI CBEPX3BYKOBHIX CaMOJIETOB B LITOIOPE OKa3bl-
BaeTcsl, KaK IPaBHJIO, 3aMeTHO MeHbllIeH, ueM y N03BYKOBBIX CaMo-
JIETOB. YMeHblIIeHHE YTJOBOH CKODOCTH BpallleHHsl caMoJieTa B IITO-
nope o6JieryaeT OPUEHTHPOBKY JieM'YHKA M yMeHbLIAeT JeHCTBYIOLHe
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Ha Hero neperpy3ku. [loaToMy npu paBHBIX HayaJjbHBEIX H NPOYHX
YCJOBHSIX CBEPX3BYKOBOH CaMoJieT BpallaeTcss B IITONOPE «CIOKOMH-
Hee», yeM NO3BYKOBOH (HeCMOTpPsS Ha 6OJbIIYIO HepaBHOMEPHOCTb
BpallleHHusl U 4acTo GOJibplune KoJsebGaHus CBEPX3BYKOBOTO CaMoJeTa).
YMeHblieHUe cpelHEH YTJIOBOH CKOPOCTH BpallleHHsI CaMOJieTa B IITO-
nope oOGBSCHSETCS B OCHOBHOM BO3paCTaHHEM pas3Hoca MacC B Ha-
IpaBJIeHHHU €ro IPOLOJIBHOH OCH, a TaKiKe YBeJUUYEeHHEM IJIHHBI (Pro-
3eJ15:Ka, TMOBLILIAIIUM TOPMO3SIIMN a3pOJHHAMHUYECKHA MOMEHT,
cosfaBaeMbll (Pro3esisixKeM H BepTHKAJbHBIM ONEPEHHEM.

CpenHuit yros aTaky CBEPX3BYKOBBIX CAMOJIETOB B LITONOPE Gcp
OKa3plBaeTCs 3HAYUTEJbHO OOJBIIMM, YeM Y [O3BYKOBBIX (CM.
puc. 6.8). OGyc/0oBJI€HO 3TO B OCHOBHOM BO3pacTaHHEM HHEPIIHOHHO-
ro MOMEHTa TaHraxa, CO03[laBaeMOro I[eHTPOOEXHbIMH CHJaMH,
NeHCTBYIOUIMMH Ha pacnpeieseHHble N0 AJauHe (io3ensKa Macchl,
BO3paCTaHUeM KPHUTHYECKHX YIJIOB aTaKH Y CBEPX3BYKOBBIX caMoJe-
T0B. U3 puc. 6.8 BUAHO, 4TO CpefiHue 3HAUEHUS yrja aTakd caMmoJeTa
B HOPMAaJbHOM HLITONOpE Yy COBpPEMEHHBIX CBEPX3BYKOBBIX CaMOJIETOB
TPM paccCMaTpPUBaeMbIX YCJAOBHsIX cocraBasior 50°=+ (5°+-10°), ko-
Je6JsICb B OCHOBHOM MexAy 45° m 55°. Y [NO03BYKOBBIX CaMOJIETOB
nepuona Besukoift OrTeuecTBeHHOH BOHHBI CpelHHe 3HAYEHHS yria
aTakd B HODMaJbHOM MITOMOpe OGBIUHO cocTaBasiiu 28°-+35°% T. e.
OBIJIM 3aMETHO MEHBLIUMH.

CKOpOCTb CHHKEHHS CBEPX3BYKOBBIX CaMOJIETOB B LITOIOpE OKa-
3blBaeTCsl 3HAUNTENbHO OOJiblledl, 4yeM NO3BYKOBHIX (cM. puc. 6.8).
OO0pscHsieTcss 3TO B OCHOBHOM BO3pOCIIEll yIeNbHOH Harpysko# Ia
KPbLIO M YXyHIIEeHHEM HeCYIIHX CBOHCTB mocjenHero. M3-3a ymeHb-
LIeHHs] CPeAHEH YTJOBOH CKOPDOCTH BpallleHHs] Wcp CPELHUH panuyc
IITOTOPA 7¢p Y CBEPX3BYKOBHIX CAMOJIETOB OKa3bIBAETCS OGOJBIIHM.
O6ycJ/I0B/IEHO 3TO TeM, YTO BEJHYHHA CPELHET0 paguyca WTOIopa
(pazmyca IITONOPHO! CIUpAJH) ONpeneNsieTcsl CaeAyloulei mpubsu-
JKEHHOH 3aBHCHMOCTBIO:

g

r.,=— —2———
“ep tgacp

cp

HecmoTpsi Ha Bo3pacTaHue tg @cp, BEJHUYHHA F¢p TAKKE YBEJHUH-
Baercs, TaK KaK yMeHblIeHHe CPeIHell YIJIOBOM CKOPOCTH BpallleHHs
caMoJieTa 0Ka3blBaeTCsl MPeBaIHPYIOILHM.

6.5. MHOFOCEPA3HE XAPAKTEPHCTHK LUITONMOPA

Pacimnpenne skcniyaTauHoOHHBIX AHanas3oHOB BbICOT,
yucen M u mpubGOpHBIX cKOpocTell moJseta, yBequueHue 3¢¢dekTus-
HOCTH pyJieH U 3JIDOHOB Ha JO3BYKOBBIX CKOPOCTSIX, mepexol K
KPbIIbSIM H XBOCTOBOMY ONeEpeHHI® GOJbIIOH CTPeJOBUIHOCTH, YyBe-
JIHYeHHe TATOBOOPYXKEHHOCTH (C 9THM CBSI3aHO, B YaCTHOCTH, YBEJH-
YeHHEe BJIMSHMS THPOCKONMYECKMX MOMEHTOB POTOPOB JIBHUraTtesefr),
TIPMMEHeHHe Kpbijla H3MeHsieMO#l B 1oJieTe CTPeJOBUIHOCTH H T. I.—
BCe 3TO MPUBOAUT K MHOroo6pa3wi0 M HeCTAaGHJIBbHOCTH ILITONOPA
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CBEPX3BYKOBBIX CAMOJIETOB. ¥ ONHOTO H TOTO e CBEPX3BYKOBOTO Ca-
MOJIETa XapaKTePUCTHKH IUTOIOpA MOTYT GBITb CYLIECTBEHHO pas-
JHYHBIMH B 3aBHCHMOCTH OT HauyaJbHbIX YCJOBHH BBOJA, TPOROJINKH-
TeJIbHOCTH PeXKHMa, MOJIOXKEHHSI pyJell u 3/JePOHOB B IITONOpPE H Ip.
CBepX3BYKOBbI€ CaMOJIETH BpallaioTCs B LITONOpE, KaK MPaBHJIO,
3HAYUTEJIbHO HepaBHOMepHee W C GOJbIIMMH KoseGaHusMH. Bmep-
Bble OCHOBHbIE 0COGEHHOCTH IITONOPA CBEPX3BYKOBHIX CaMOJIETOB Obl-
Ji1 noApoGHO paccMoTpeHsl B pa6orax [9], [12] 1 [15]).

6. 5. 1. HepaBHOMepHOCTb M HeCTaGHJILHOCTL IITOMOPA

HepaBHoMepHOCTh M HeCTaGUJILHOCTb (M3MEHEHHE C Te-
yeHHeM BpeMEHH) peXHMa LITOnopa CBEPX3BYKOBBHIX CaMOJIETOB,
0co6eHHO Ha GOJIBIINX BHICOTAX IoJieTa, SIBJASIOTCS ONHHMH H3 BaX-
HeHImnX ocoGeHHOCTell 3TOro pexxuma. OCHOBHbIe NMPHYHHBI MOSBJIE-
HHUS 3THX ocoGeHHocTell OBLIM YKa3aHBl BhILIE, KOTJa paccMaTpHu-
BaJICsl TMEPEXOAHOH y4yacCTOK IITonopa. B 3HaunTe/qbHOH CTeNeHH He-
PAaBHOMEPHOCTb M HeCTaOMJbHOCTb PpEXHMOB ILITONOpAa ONpefe-
JSIOTCS CPHIBAMH TIOTOKa W BHXPeoO6pa30BaHHWEM — HEYCTaHOBHB-
UMCsl 00TeKaHHeM C CaMOBO30YXKAaIOLMMHCS 00/1aCTIMH OTPHIBA
HOTOKa, 3aBHCSIIUMY OT PsAfia CAy4aHHBIX (PaKTOPOB.

HenuneliHocTs u BHXpeoOpasoBaHHe BCerja HMEIOT MeCTO IIpH
3aKpuTHYeCKOM o6TeKanuu. BosHukaomue BpamaTesbHoe u Kose6a-
TeJbHOE IBUXKEHHS NUHAMHYECKH POACTBEeHHbI. TOJBKO BpaliaTesib-
HOe JBMXKeHHe HabJsiofaeTcsl B peIKHX caydasix. VI3BecTHH caMoue-
Thl, Y KOTOPHIX IIpH IpeJeNbHO 3aJHHX LEHTPOBKAaX IITONOP COCTOSJI
U3 YepelYIOLIUXCS BXOIOB B IJIOCKHMN IITONODP M BHIXOJZOB M3 HEro,
TOTZa KakK IpH HOPMaJIbHON LEHTPOBKe HabJ/i0faJjicsi paBHOMEpPHBI
mronop. B obmem cayuae BuxpeBasi cucreMa (io3ensizka ¢ KpBIJIOM
Ha 3aKPHTHYeCKHX yrjax aTakK{ HMeeT B NPHHIUIE CJELYIOMHUH BUI..
HocoBasi wacte ¢rosensizka co3gaeT ABa CBOOGONHBIX BUXPS, 3HAUH-
TeJIbHO OTKJIOHSIIOLINXCS OT HEBO3MYILLEHHOTO NOTOKA. DTH BUXpEBble-
«IIHYPBI» IBHXKYTCS Hasald MO NOTOKY JAO BCTPEYH HX C BHXPEBOIl
cHCTeMOH Kpblia. 3eCb OHM OOBIYHO CMELIMBAIOTCS C BUXPSMH Kpbl-
Ja u obpasylouascs Npu 3TOM CJIOXKHas BUXpeBasi cucTeMa KOMOH-
HauuH Q1o3ensK — KpPBLIO ABHKeTcs fagbuie. [Ipu mosoxureabHbIX
2aKpPHTHYECKUX YIJax aTakd XBOCTOBOE ONepeHHe MOXKeT HHOrIa
NPaKTHYECKH NOJHOCTBbIO MOMafaTh B 3Ty BHXpeBylo cucremy. Ecinm
caMoJIeT MMeeT TPeyroJbHOe KPHJIO, TO NpH He OYeHb GOJBUIHX Y-
Jax aTaku NOTOK OTHeJNsieTcsl OT Hero ¢ 06pa3oBaHHEM MHTEHCHBHBIX
BUXpefi Ha HepefHeHd KpOMKe. YCTOHYHMBOCTb TaKoro o6TeKaHUs
yMeHbIIaeTCs ¢ YBeIHYeHHeM Yrya ataku. B pesyiabraTte BO3MOXKHO:
BO3HUKHOBEHHE B OCHOBHOM TpP€X Da3HOBHIHOCTEH CPBIBHOTO 0OTe-
KaHMs caMoJjeTa C TPEYTrOJNbHHIM KPBLJIOM Ha 3aKPHTHUECKHX YyTaax
aTaKH.

1. C6eraromue c HOCOBOH yacTH (dro3ensixka CBOGOLHbIE BUXPH YIKe:
He CJIMBAIOTCS C BHXDEBOH CHCTEMOH Kphljia, KaK 3TO YKa3beBaJoCh.
Boire. C yBeJHYeHHeM yrja aTakd CHMMETPHs 3THX BHXpeH CTaHO--
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BUTCSl HEYCTONYMBOM, OHH HAuMHAIOT Hepelierathbcs. Takoe ob6Teka-
HHEe MOXKET HPUBOAHMTHL K ITOSIBJEHUIO 3HAYUTEJbHBIX CJAYYaHHBLIX MO-
MEHTOB PLICKAaHHS JaxKe IMPH OKOJIOHYJEBHIX YIiaX CKOJbXEHHs.

2. Tlepenusis KpOMKa KaXIOro MOJYKphIJIA NPHUMEPHO B Cepefn-
He IOoJlypasMaxa CO3JlaeT «IJIaBHBIH» BUXPb, a OJMKe K KOHILY KpHI:
Jla — ellle OJHH JOTOJHHUTEJbHBIH BHXPb. DTO MOKET IPUBOLUTH K

C, .
3aMETHOMY HU3MEHEHHIO a3pOAHHAMHUYECKHX ITPOU3BOAHBIX mzy U mg

3. B OCHOBHOM CyIIecTBYeT TOJbKO ONHH TIJIaBHBIH BHXDb, CO3Aa-
BaeMbIHl mepenHeil KpoMKo#t Kpblia. Ilpu nmpubamkeHNH K 3afHer
KpPOMKe Kpbljla 3TOT BHXPb pacnagaeTcs HOJ BJHSHHEM BHYTPeHHeH
ero HeycrofiunBoctu. B 3aTom cayyae MOryr BO3HHKaTb MOMEHT Ha
KaOpupoBaHMe W CHJbHAsl aspoiMHaMuyecKas Tpsicka. Takue BuUXpH
cHCTeMbl (103eJsZK — KpBLIO, 0COGEHHO TIIpY HeyCTaHOBHBLIEMCS
BpallleHNY U KoseGaHUSIX caMoJieTa, MOTYT NMOLXOAMUTb K XBOCTOBO-
MY ONepeHHIO MOJ HeNpephIBHO U3MEHSIOIUMHUCH yIIaMH. DTO IpH-
BOIMT K HENPEPLIBHLIM CAYYaHHBIM H3MeHEHHSIM XapaKTepHCTHK yc-
TOHYMBOCTH H YNpPaBJISIeMOCTH caMoJsiera B mrtonope. IIpu Gosbmux
yraax CTpPeJIOBUIHOCTH KpHLJa CPaBHHUTEJIbHO MAaJoro yIJHHEHHS
WHOTHA Jaxe HEOOJIbIIOE CKOJIbXKEeHHe IPUBOAMT K TOMY, YTO TIJiaB-
HBIH BHXPb KpBLIA, NpOXOoAsuiuii BOJAM3U (lo3esKa, NoMajgaer Ha
BepTHKaJbHOe onepeHHe. B HeKOTOpHIX ciayyasix OpH 3TOM BepTH-
KaJbHOE oIlepeHHe co3haeT GoJsbuive AecTabHIM3NpYIOLIHe HYyTeBble
'MOMEHTHI, BbI3BIBAIOIIME Pe3KO HapacTaiollee AUBEPreHTHOe JBHXKe-
HHe PBICKaHHS 6OJIBIIONH aMIIUTYADL.

CoBpeMeHHbIe CBEpX3BYKOBble CaMOJIETHl HMEIOT  PeXHMBbI
MaJIoyCTOHYHBOrO HOPMAaJbHOIO MITONOPA, NPOTEKAalollero BecbMa
HepaBHOMEPHO, C OGOJbIUMMH KOJeOaHMSMH CaMoJieTa, YacTo
¢ OCTAHOBKAaMH M JlaxkKe H3MeHeHMSIMH HalpaBJIeHHS! ero BpallleHHs.
Huorna nabmiopaiorcss 1axe peXMMBl HEYCTOMYHBOTO WLITONOPA,
TIPOUCXOJsAILIEro ¢ GONBIIMMH H3MEHEHHSIMH NlapaMeTpPOB M 3aKAHYH-
BalOLLEerocsl CaMONPOU3BOJILHEIM BBIXOJIOM CaMoJjieTa M3 IITONOpa
(TIpH OTKJIOHEHHBIX IO IITONOPY PYJSIX U HEATPaJbHBIX 3JepOHaX).
D10 pexuMbl THINA GMEHMH, NMajJeHusl JUCTOM MO CNHpaJseoGpas3HoOM
TPaeKTOPHH M HapacTamouux Kojie6anuil. IlosBieHne 3THX peXUMOB
©06yCJIOBJIEHO B OCHOBHOM Ha/IMYHEeM Pe3KO BBIPaXKEHHOTO HeJIHHeH-
HOTO XapaKTepa NPOTEKaHHs ad3pOJHHAMHYECKHX KO3()(HUIHEHTOB H,
B NepPBYIO oyepelb, KOI(PODHLUHEHTOB a3POJHHAMHUECKHX MOMEHTOB
PBICKAHHS H TaHraxa IO yrjaM aTaK{ U CKOJIbXKEHHS.

B GoabmuHCTBe CIyyaeB peXHMbl HEYCTAHOBHBLIErOCS IITONOPA
MOTYT CYIIeCTBOBATh IJIUTEJbHOE BpeMsl IPH OTKJIOHEHHBIX 10 IITO-
HOpY PYJSX H IpeKpamaTbcs TOMbKO IPH YCTAHOBKE PyJied B HEHT-
panbHOe nogoxeHune. OTHaKO B HEKOTOPHIX CAYYasiX CAMOJIET MOXKET
CaMOIPOU3BOJbHO BEIXOJUTb M3 HCYCTOHYHBOTO WITONOpA Jaxe MU
OTKJIOHEHHBIX NO mTonopy pyasx. IIpu stom B mpouecce mrtonopa
TiPOHCXOQHUT HapacTaHHe CKOPOCTH moJieTa. PexuM mnosera, B KOTO-
POM JBHKEHHe caMoJleTa NMPOHUCXOLUT C INMOCJIENOBATENbHO Yepenylo-
IIMMHUCS BXOZAMH B 00JIaCThb 3aKPHUTHUYECKHX YIJIOB aTaKU W BHIXO-
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LaMy U3 Hee IPH HeIPEephIBHOM BO3PACTAHHMH CPEIHHUX BEJHUYHH IIPH-
60pHOH CKOPOCTH NOJIeTa M HOpDMaJbHOH MeperpyskH, Ha3blBaercs
IPOTpeCcCHpYIOIIell WITOMOPHOH cryupaabsio. Hapacranue HopMasbHOHR
neperpyskn B Ipouecce KojeGaHUE caMoJsieTa NPH TAKHX pexumax
MOXKeT JOCTHraTh Ja)Ke ONACHBIX ¢ TOUKM 3PEHHS] NMPOYHOCTH CaMo-
Jeta BeluuuH. [109TOMY Hesb3s JOMycKaTh IJHTENbHOTO CYLIECTBO-
BaHUs YKa3aHHBIX PEXKHMOB — JIETYHK JOJIXKEH KaK MOXKHO GhICTpee
HAYMHATbh BHIBOJ, CaMoJieTa M3 Taxoro pexuma. IIpumeps sTHX pe-
KMMOB TpHUBENeHH Ha rpadukax puc. 6.9 u 6.10. Ha puc. 6.9 noka-
3aH pPeXUM IITOIOpPA THUIIA MAJEHUs JUCTOM IO CIHpaJIeBUIHOH Tpa-
€KTOPHH, TPOTEKAIONIero B BHE NPOrpeccHpyIollell MTONOPHOH CIH-
panu. U3 rpaduka BHIHO, 4TO B 3TOM CJyuae NpuOGOpHAsT CKOPOCTb
Ha BXOJie B LITOIOP cocTaBasina okosno 250 km/u. B pexume ona Bos-
pacra;a ¥ K MOMeHTY Bbixona yxe mpeBnimana 300 km/u. OnHoBpe
MEHHO C yBeJnueHHeM Vi, YBeUUUBAJIOCh M CpellHee 3HAUeHHE HOp-
MaJIbHOH NepPerpysKHu fy cp. Pexum (cM. puc. 6.10) mporekan ¢ Ha-
pacTalomMMu KoJeGaHHsMH CaMoOJieTa M yBeJnYyeHHeM MNPHOOPHOHK
ckopoctd moutH Ha AV, ~200 KM/4, YTO CONpPOBOXKAAJNOCH BO3pac-
TaHHEM CpeILHero 3HAauYeHHs] HOPMAJbHOH meperpy3ku Ha Any=2,0.

Caenyet, ogHaKo, UMeTb B BHAY, UTO 3HaueHHs NpHUGOPHON CKo-
pocTH (Tak ke, Kak yucJa M M BHICOTHI moJieTa), NpPHBOJUMBIE Ha
rpaUKax ¢ NOJYYeHHBIMH B HITOIOpE NOJETHBIMH 3aNUCSMHU NpubO-
pOB-caMOMHKCIEB, OBIIN ONpeeJeHbl C MOMOUIbIO HEMOABUKHO yCTa-
HOBJIEHHBIX Ha caMoJjieTe OGBIYHBIX NMPHEMHHKOB BO3IYLIHOTO LaBJe-
Hus (TIBI). dtu 3HaueHuss Vyp, M u H He XapaKTepu3ylOT HeHCT-
BUTe/IbHBIE BeJMYMHEI YKa3aHHHX mapamerpoB. OG6ycioBJeHO 3TO
TeM, YTO NpH GOJbUINX 3aKPHTHUECKUX YIrJIaX aTaKH BHIOJHSEMEIE
TakuM (HENMOIABHXKHO YCTAHOBJIEHHBIM Ha caMmoJiete) o6belunbiM [IB]]
H3MepeHHUsT KaK CTaTHYeCKOro NaBJIeHHs BO3NYyXa, TaK H CKOPOCTHOTO
Hanopa Ha6eramoniero moOTokKa, IPOM3BOASTCS C GOJBLHIMMH IOTpeI-
HOCTSIMH, YUeCTb KOTOpble OUeHb TPYIHO (IpaKTHYeCKH HEBO3MOXK-
HO). [Toka3aHHbIe, B YaCTHOCTH, Ha rpadukax KoJsebGaHusi npuGopHon
CKOpPOCTH (uncia M) B WITONOpEe B OCHOBHOM SIBJISIIOTCS CJIECTBUEM
norpemHocteit uamepenuit [IB]l, Bo3HHKaoImuX B  pe3yJbTa-
Te 60OJBIINX aGCOMIOTHBIX BEJUUUH YIJa aTakKy, a TaKxkKe 3HAUuTeNb-
HbIX ero kKosie6anuil. IIpuBofMMble Ha YKa3aHHBIX rpaduKkax 3Haye-
HUust Viop, M 1 H B mronope cayXat JuIIb JJsi TPUGIMKEHHOH Ka-
yeCTBEHHOH OL€HKH XapaKTepa H3MEHEHHs] STUX BEJUYUH B PEXHME.
Bosnee Touno 3HaueHust Vg, M u H Moryt ObITh MOJYYeHBI C IO-
moulpio camoopuentupymwomiero IIBI] (ycranaBimBaeMoro Ha map-
uupe I1B]], nmeromiero KpelibeBbie IOBEPXHOCTH, Pa3BOpauHBalolIHe
ero no notoky). B stom cayuae paxe BecbMma GoJblive YIribl aTakH
caMoJsieTa He NMPHBOMSAT K NOTPEIIHOCTSM, CBSI3aHHBIM C HEIOJIHBIM
BOCIIPHSITHEM CKOPOCTHOTrO Hamopa OTBEpCTHeM MJisi NpHeMa JIHHa-
MHYECKOro [aBJIeHHs, a TJIaBHOE — C YACTHYHBEIM BOCHPHSATHEM IIOJ-
HOTO Hamopa uepe3 OTBEPCTHs IJIsi NpHEMa CTATHYECKOTO [aBJIEHHUS
(ocy camoopuentupyouierocss I1BJl ycraHaBiuBaeTcss NPAaKTHUECKH
1o MOTOKY, Toraa Kak ocb o6biuHoro I1BJI B paccmaTpHBaeMBIX cay-
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TMHCIEB, MOJYy4YeHHble NPH BLIIOJHEHHH He-

YCTOHYHBOrO HOPMAJIBHOTO LITONOpA THNA Na-
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Puc. 6.10. TlosetHsle 3anmucH  NpHOOPOB-CAMOIMHCLEB,

noJlyyeHHble NPH BHIIOJHEHHH HEYCTOHYHBOrO HOPMaJb-

HOFO IUTONOPAa C HAPACTAOUIMMH KoJeGaHHAMH, NpoTe-

Kalolero B BHAE TPOrpeccHpyiollefl ITONOPHOA cnHpa-
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yasX HaxoAuTcsl noi OOJIbIIMM YrjoOM IIO OTHOLIEHHIO K HampasJe-
HHI0 Haberawluero nNOTokKa).

HeycroliunBblll HOpMaJIbHBIH IITONMOP BO3HUKAeT OOBIYHO MOC/e
CBa/IMBaHMs Ha OOJIBIIMX HJIM pexe CPeJHHUX BHICOTAX IOJIeTa B Ha-
yaje pexxuma. [Ipu Gosbmiol cTeneHHu NMPOLOJBHOH CTaTHYECKOH yc-
TOHYHBOCTH CaMoOJjieTa MO Ieperpyske (mepelHHe LEHTPOBKH) M He-
TIOJIHOM OTKJIOHEHWH PYYKH YIpaBJjieHUs Ha cebsi HEYCTOHUMBBIA HOP-
MaJbHBIA IITOTIOP MOXET BO3HMKATh M Ha MeHbWIHX BblcoTax. He-
YCTOHUMBBIN TepeBepHYTHIH WITONOP BO3HHKAaeT, KaK NpaBHJIO, HPH
C€BaJIMBaHMUHU caMoJieTa ¢ 6OJIbIIUX BBHICOT IPH NOJIETE HA CIHHe» HIH
npH 6JM3KOM K 3TOMY HOJIOXKEHHH caMoJjeTa (CBaJHBaHMe Ha OT-
pHLLATeNBHBIX YIylaxX aTaku), a TakkKe B CJIydyae caMONPOH3BOJbHOIO
BbIXOZlAa caMoJjieTa HA OTpHULaTesbdble 3aKpUTHUECKHE YTJIbl ATaKH B
HeyCTOHYHBOM HOPMAJbHOM IITOIOpE.

Kak yxe ykasbiBaJiOCh BhIllle, Y CBEPX3BYKOBBIX CaMOJIETOB pe-
JKHMbl HEyCTOHYHBOTO NePeBepHYTOro LITONOPa BCTPEYaIOTCs CPaB-
HHUTEJBHO PeLKO.

YcroitunBele KosebaTeibHbIe HOPMAaJbHbIE IITOOPHl HAGJI0AI0T-
¢sl, KaK NpaBHJIO, HA CPeHUX BHICOTaX B Hayaje pexXHMa — NpH
CPaBHUTEJbHO MaJIOH NPOJOJNKUTEJIbHOCTH peXHMa, T. €. Ha Iepe-
XOZHOM yyacTKe mronopa. CaMoJsieT MOXKeT IONacTb B YCTOHUHBBIA
KoJie6aTeJbHBIH NepeBepHYTHIA MITONOP NPU OTKJIOHEHUH 3JIEPOHOB
B pexHMe YCTOHYHBOro Kose6GaTeJbHOr0 HOPMAaJIbHOTO IITONOpa JIH-
60 npu omubKax NUJOTHPOBAHHS HaA BHIBOJE CaMOJIeTa M3 HEYCTOH-
YHBOTO MJH YCTOHYMBOrO KoJe6aTeJbHOTO HOPMAJBHOIO IITONOpA.

Kak yxe oTMeyaJoch, B YCTOHUMBOM KOJieGaTeJbHOM II€pPEBEPHY-
TOM LITONMOpe CpefHHe abCOJIOTHBIE BENHYMHBE YIJIOBBHIX CKOpOCTEH
KpeHa U pbICKaHUs OBLIBAIOT CPABHHUTEJNBHO OJIM3KH MexXIy co0oil.
YcroiiuuBbIH PAaBHOMEPHBIH HOPMAaJIbHBIH LITONOP BO3HHKAET, KakK
NpaBHJIO, HA CPeJHHX M MaJbIX BHICOTAX, OCOGEHHO TIpH GOJbIIOH
NPONO/IKHUTENbHOCTH peXHMa (KaK IIpaBHJIO, 5TO BEPTHKAJbHBIM
HITONOpP). ¥ MaHeBpeHHBIX CBEPX3BYKOBLIX CaMOJIETOB TaKHe IITOIO-
Pbl IPOTEKAIOT NPpH GOJBLINX 3aKPUTHYECKHX yriaX aTaKH, HAMHOTO
TIPEBBIIAIONNX YroJ CBAaJUBAHUS Ocp>oe. KaK mpaBuio, cpefHue
yraBl aTakK{d camMosieTa B TAKMX IITONOPAaX COCTABJSIOT Qcp==45°.

YcTotuuBEIfl pABHOMEPHBIN NEePEeBEPHYTHIH IITONOP IPOTEKaeT
OGBLIYHO MPH BecbMa GOJBLUIMX aGCOMIOTHBIX BEJMUYHHAX YIJIOBOH CKO-
POCTH KpeHa CO CPaBHHTEJNbHO MAaJbIMH KOJeOaHHSIMH CaMOJIeTa.
BosHukaeT OH B pe3ysbTaTe OMHOOK NUJIOTHPOBAHUS MPH BHIBOIE
camoJieTa M3 YCTOHYMBOTO pAaBHOMEDHOrO HOPMAaJbHOTO ILITONOPA,
pexe — HENOCPeACTBEHHO IIOC/e CBAJUBAHHS CaMOJieTa NMPH HCXOH-
HBIX OTPHLATENbHBIX yrjax aTakhd Ha CPelHHX U MaJblX BBICOTaXx Io-
Jera.

Xapakrep BpallleHHsl caMoOJieTa B LITOIIOpe OTpefensieTcss Bpe-

-
MeHHOH 3aBHCHMOCTBIO ®=f(f), MOKa3bIBalOlled M3MEHEHHe MTHO-
BEHHBIX 3HaUYEeHHUH Pe3yJbTHPYIOIEr0 BEeKTOPa YIJIOBOH CKOPOCTH Bpa-
1ieHus camosieta no spemenu. Ha puc. 6.11 npuBefeHs u3MepeHHEIS
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B IOJIeTe BEJHYHUHBI @ U ITIOJIOXKEHHUS TOr0 BEKTOpa OTHOCHTEJIBHO
CBSI3aHHOH C caMOJIeTOM cHUCTeMBl ocefi KoopiaumHat. Paccmartpuba-
IOTCSl IBa PeXHMMAa JIeBOr0 HOPMAJILHOTO IITONOPa COBPEMEHHOro Ma-
HeBPEHHOTO CBEPX3BYKCBOTO CaMOJeTa: YCTOHYMBLIZI DPaBHOMCPHBI
mrtonop (a) THma mpUBENEHHOrO Ha puC. 4.7; HEYCTOHUMBHIN LITONOD
(6), nporeKaomuil B BUAe MafeHHUs JUCTOM IO CIHpaJeBUAHON Tpa-
eKTopuH (THNa nokasaHHoro Ha puc. 4.4). Ha rpaduke mokasanni

Ipag/c

Puc. 6. 12. M3MeHeHHs BekTOpa ® B KoJe-
6aTeJbHOM YCTOHYMBOM JIEBOM HOpMaJb-
HOM WITOTIOpPe
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TocaefoBaTe/bHble M3MEHEHUS! BEKTOPA ® M €r0 COCTaBJSIONIUX B
CBSI3aHHON CHCTeEMe KOOPIMHAT —— HAIOTCH MTHOBEeHHblE IHKOBBHIE
(3KcTpeMaJibHble) HX 3HaueHHs. M3 rpaduka BumHo, uto abcooT-

‘Has BE€JHYHHA W YIJIOBOE INOJIOXKEHHE COCTaBJSAIOUIHX BEKTOpa ® B
CBSI3aHHOH CHCTEMe KOOpAHHAT B cJayuae YCTCI:’I‘II/IBOFO mTonopa H3-
MEHAIOTCA CPABHUTEJbHO MaJdO M OOCTATOYHO MEAJIEHHO, T. €. Cpel-
HHE BEJHYHUHBI €ro COCTaBJAAIOIIUX Mx1, Wys H W7 B TAKOM IITOIOpE

COXpaHAIOTCS TMPHUMEPHO MOCTOSTHHBIMH. BeKTcp ® B paccmarpuBae-
MOM peXHMe HEH3MEHHO HAaXOAMTCS B KBAaJpaHTE, OrpaHHYCHHOM
nnockocteio y102z; U nosmymiaockoctbio X102y, HaXOILﬂIJ.IEPICﬂ CO CTO-
POHbI OTPHUATE/IbHOM BETBH OCH Oxy.

B HeycTOHYHBOM LITONOpEe HMeeT MeCTO JApyras KapTuHa. Tak,
HanmpuMep, NPH [BHKEHHH caMmoJjiera B BHJe NafeHHUsA JHUCTOM IO
CIIMPaJIeBUAHON TPAeKTOPHH MPOUCXOAAT pe3KHe H3MeHeHHS KakK Be-

JIMYHHBI, TAK U HANpPaBJEHUA COCTABJAIOUINX BEKTOpa ®.

H3MeHeHHsI BEKTOpa » W €ro COCTABJSIONINX B JIEBOM HOpMaJb-
HOM YCTOMUYMBOM KoJie6aTesJbHOM IITONOpe (THIIA NPHUBEJEHHOTO Ha
puc. 4.6) nmokasaunl Ha puc. 6.12. IlpuBeeHb H3MeHeHHS COCTaB-

-

JAIOIHAX o B CBA3aHHOH (X1, Y1, 21) U 3eMHOH (Xg Yg 2¢) CHCTEMAX

ocell KoopauHaT. ['paduk CBHAETEJIbCTBYET O TOM, UTO B KoJjeda-

‘TeJIbHOM IITOMOpE BeJWUYMHA U HalpaBJieHHe MTHOBEHHBIX 3HaYeHHH
->

BEKTOpPa ® CYIIeCTBEHHO H3MeHsiiorcs. M3 puc. 6.12 BuaHO, YTO B

paccMaTpUBaeMOM pexXHUMe IITONOLa BEKTOD ®» 3aMeTHO OTKJIOHAETCA
oT BepTuKaJbHOH ocu Oy, BCe BpeMsl NepeMellasChb OTHOCHTEJbHO
Hee B Npelenax HEKOTOPOIO TeJeCHOro yria, o6pa3soBaHHOTO KOHH-
YeCKMMH TNOBEPXHOCTSMH C BepIIHHAMHM, PACIOJIOXKEHHBIMH Ha OCH
Oyg. B ornnume ot HeycrtoiuuBoro mromopa (cM. puc. 6.11, 6) B
3TOM CJIyyae BpallleHHe CaMoJieTa OTHOCHTeJbHO CBOHX OCeH MpOHC-
XOIHUT C HEH3MEHHbIMH N0 3HAKy 3HAUEHHAMH Ox1 H 0y Puc. 6.12
XapaKTepH3yeT TaKXKe U H3MeHeHHs MOJIOXKEHHs CBS3aHHOH CHCTeMBbl
ocefl KOODAWHAT MO OTHOIIEHHIO K 3€MHOH, T. €. M3MeHEHHs YIJIOB
HaKJIOHA caMoJsieTa B 3TOM LITOMOpe.

6. 5. 2. IIpnuKHb BO3HUKHOBEHHUSI OMEeHMi
U ABHIKEHMSI THIIA NaJeHHs JUCTOM

IlItomop B Bume Oumenuit (cM. puc. 4.3) siBigeTcs pe-
3yJIbTATOM HAJIOXKEeHMs APYT Ha Jpyra IBYX BHIOB KoJsie6GaHHi, NPoO-
HCXONSIIUX C BecbMa OMH3KMMHU yacTtoTaMH. OH MOXeT BO3HHKHYTb
npu u3MeHeHHH KO3 HUINEHTOB a5pOAHHAMHYECKHX MOMEHTOB DhIC-
KaHHUS ¥ TaHra)Ka THIA IpeICTaBASHHOTO Ha pHUC. 6.13.

BsaumoneficTBHe aspoAMHAMHYECKHX H TVIaBHBIM 00pa3oM HHep-
IlHOHHBIX MOMEHTOB H CHJI TPH CVIIECTBEHHO HeJIMHEHHBIX 3aBHCH-
MOCTSIX a3pOJMHAMHYECKHX KO3(QGtHUHMEHTOB OT YIJOB aTakH H
CKOJIbXXEHHS1 MOXKET IPUBOJIUTb K BeCbMa Pe3KHM H3MEHEHMAM INapa-
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METPOB ABHXKECHHUA CaMOJIeTa. OTO B3aUMOJEHCTBHE MOXKET BBHI3BIBATH
IepHOAHYECKHE BbIXOAbI CaMOJieTa Ha 6ol Ke 3aKpUTHYECKHE B
CpPaBHHTEJIbHO MaJible JOKPDHTHYECKHE YIJIbl aTaKh C NEePpUOAHYECKH-

Mg 20 40\, zpad
I~ VA
0 1 1 1
\ 20 “0 60a, zpad
g5

Puc. 6. 13 T'padux saBucumocteit m, =f(a) u mb  =F(a)

Y1

MH CaMONpPOHM3BOJIbHBIMH OCTAHOBKAMH BpAallleHHs U [axe Mepexo-
JaMH caMoJjieTa M3 LITONOpa OJHOTO HaIpaBJieHHs B IITONOP JAPYro-
rO HaNpaBJeHHs, T. €. IOsBJEHHe JBIMXKEHHS caMoJieTa THNa TNaje-
Hus JuctoM. MccienoBaHnus [OKasaJsM, 4YTO peXHM LITONOPA,

\ [ N\
\ Puc. 6.14. I'padux 3aBsn-

IR NE 0 H0Rp  cyocteit my—q(B)
\

~0,05 \
\
\

MPOUCXOASAIUKA B BHIe MaJeHHs JUCTOM IO CIHPaJEeBHIHOH Tpaek-
Topuu (CM. puc. 4.4), MOXKeT UMeTb MeCTO, B YaCTHOCTH, IIPH coue-
TaHWH HeJHHEHHBIX 3aBHCHMOCTel my,=f(a) u my=¢(f) TunNa
NpUBEIEHHBIX Ha puc. 6.13 n 6.14 (cnyomHas Kpusas).

6. 5. 3. Hapacranue neperpy3xun
H MHOrooGpasue pexXxuMOB

CBepX3BYKOBBIM CaMoOJieTaM CBOMCTBEHHO 3aMeTHOe
HapacTaHHe CpPeJHHX 3HAUEHHI HOPMAaJbHOR Neperpy3kKH B CPaBHH-

160



TeJIbHO NMPOJOJIKUTENbHBIX PeXKHMaX HeyCTOHYHBOro mronopa. Tak,
HanpuMep, NpH IITONOpe, NMOKAa3aHHOM Ha puc. 6.9, cpenHsAs HOP-
MaJibHasl Neperpyska Mfycp HauWHaeT BO3pacTaTb INPHUMEPHO uepe3
16 ¢ nocsne Hayajna pexuma (IO OKOHUAHHMH INEPEXOAHOTO y4yacTKa
(ITONOpa) W MO HCTeueHHH 25--3C ¢ nocJje Hauaja pexHUMa BeJiH-
YHMHA My cp NpeBblLaeT ny=2. MccienoBaHus MOKa3bBAIOT, YTO Ta-
KOe BO3pDacTaHHe My cp MOMXKET HMeTb MeCTO KaK NPH HEH3MEHHOM,
TaK Jaxe U MPHU YMeHbIIAIOIEMCS CPEHEM YIJjle aTak# caMoJjeTa B
mronope. O6yc/IOBIeHO 3TO BO3pacTaHueM MPHOOPHOH CKOPOCTH
(ckopocTHOrO Hamopa).

MHoroo6pasue pexXHMOB LITONOpPA CBEPX3BYKOBBIX CaMOJIETOB
MpPOSIBJIsIETCSs, B YACTHOCTH, H B TOM, UTO Jla)ke Y OZHOTO M TOTO ke
caMoJsieTa B 3aBHCUMOCTH OT psiia (paKTOpPOB MOXKET HMeTb MeCcTo
MHOXEeCTBO Da3JMYHBIX BHIOB H pasHOBHAHOCTell uiTomopa. Tak,
HanpuMep, NOKa3aHHBIH Ha pHUC. 4.4 peXUM HEyCTOHYMBOTO WITOINO-
pa, mpOTeKawllero B BHAE MajleHysi JUCTOM MO crhupaseoGpasHOR
TPAaeKTOPHH, H PEXKHM BeCbMa YCTOMYHBOIO paBHOMEPHOroO LITOMOPA,
LPHUBEJEHHBIN Ha puC. 4.8, ObLIM MOJYUEHBl B NOJIeTE HA OXHOM U TOM
JKe caMoJieTe, HO NPH PasjnyHbBIX HAauyaJbHbIX YCIOBHUSIX.

Ha cBepx3BYKOBBEIX caMoJjieTaX 4acTO HCIIOJIb3YIOTCS pasJ/iHuHble
HapyXHble NOABeCKU (MOABECHbIE TOMJHBHblE GaKy, peaKTHBHbIE
cHapsiaul u Ap.). Hannune Hapy:KubIX NOABeCOK elie GOJblle YBeJH-
YyBaeT MHOroo6pasmue peXXMUMOB U OOBIUHO CMOCOOCTBYET BO3pacTa-
BHIO Kosle6aHuil camoJsieTa B INTONOpE, MOBLIIIEHHIO HepaBHOMEPHO-
CTH ero JIBHKeHHS (OCOOEHHO NMPH HECHMMETPHUYHBIX MOJBECKax).

Y omHOro M TOro e camoJiera MPH OJHHAKOBBIX IKCIJIyaTallH-
OHHBIX H.HayaJbHHIX YCJOBHAX DEXKHMBI IITONOpa (TakK XKe, Kak H
CBaJ/IUBaHMUs) MOTYT OT peXHMa K PeXHMY 3aMeTHO pasJjHyaThCs
MexAy coboi. Becbma HeGosibIINE H3MEHEHHS TeOMETPUYECKHX H
IPYrUX XapaKTepHUCTHK caMoJieTa MOTYT HHOT/a IPHBOAHUTH K OUeHb
CYIIEeCTBEHHbIM M3MEHEHHSIM XapaKTepa IITONOpPa. 3HAayHTeJbHOE
BJIMSIHHE HA XapaKTEPUCTHKH LITONOPAa MOTYT OKa3bBATh H3MEHEHHS
KOHGHUrypauuy, LeHTPOBKH camoJieta u T. 1. Hanuune Ha camousere’
HapyXKHbIX JeTaJsiel, BBIIYCK OPraHOB MEXaHH3allMH M T.I. OGBIYHO
JejaloT mronop 6osee KojeGaTelbHBIM (HEPABHOMEDHBIM) H Heyc-
ToHyuBbBIM. OCOOEHHO CHJIBHO MOTYT BJIMATh HAa XapaKTEePHCTHKH
mronopa HebGJaronpHsTHble BHelIHHe (haKTOpbl — TaKHe, HaTpHMep,
Kak obJjieleHeHHe caMoJsieTa U HajHuue aTMochepHo#i TypOYJIEHTHO-
cTH. XapaKTepUCTHKH INTONOpPA MOTYT TaKxkKe 3aMeTHO H3MeHAThCS
B 3aBHCHMOCTH OT JAeHCTBHH JIeTUMKa pblYaraMH YIPaBJEHHS CaMO-
JIeTa ¥ IBUTaTC/s Ha BXOJe B IITONOP H B CAMOM DeXHMe (3aLepikK-
KH B IEACTBUSIX PYJISAMH, PE3KOCTb, BeJIMUHHH U IOCIEN0BATENIbHOCTD
UX OTKJOHeHHH M T. Im.). Takasi HecTaGUJIBHOCTb HITOMOpPA OGYCJIOB-
JIMBAETCS TEM, UTO CPHIBHBIE PeXHMMbl OOTEKaHUsI BecbMa HeCTaGHIb-
Hbl (KakK yXke YKashlBajoCh, OTPHIB NOTOKa BBI3LIBAET HEYCTaHOBHUB-
IIMACA XapakTep TeyeHHs,— OCOOEHHO HEeYCTAaHOBUBIIHMHCA OTpHIB,
SBJISIOILMIICS B OOLeM cilyyae CcaMOBO30OYXIaOIUMCA) H MOTYT
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CYIECTBEHHO M3MEHSATbCS KaK OT'CHCTEMaTHUYECKHX, TaK H OT CJy-
ya#Hbix GakTopos. [IosToMy OleHKa XapaKTepPHUCTHK IITONOPA CAMO-
JieTa JI0JXKHA NMPOU3BOJAMTLCS CTATHCTHKO-BEPOSITHOCTHBIMH — METO-
JaMH.

6. 5. 4. KpyToii M naockuii wronop

B03MOXHOCTb CyLiecTBOBaHHS yCTAHOBHBIIHXCS (TOY-
Hee — KBAa3HYCTAHOBHMBIIHXCA) DPEXHMOB KPYTOrO, IOJOTOr0 HJIH
IJIOCKOTO IITONOPA ONMpPEeAeNseTCs YCIOBUSIMH, IPH KOTOPHIX BO3MOXK-
HO ypaBHOBelIHBaHHe BCeX NeHCTBYIOLUIMX HA CAMOJIET BHEIHHX MO-
MeHnTOB. Ha coBpeMeHHBIX, 0COGEHHO CBEpPX3BYKOBHIX CaMOJETAX, 5TO

Ha .
Fradpupolanue <&

Ha nurupobanue

-

7

Pac. 6.15. M3MeHeHHe MOMEHTOB TaH- Puc. 6. 16. I'padux saBucuMocTedl aspo-
Taxa mo yriy araxu IMHAMHYECKHX MPOM3BOAHBIX m,®, mx®

6“
OT yryia aTaKH

nmy

B 3HAUYUTEJNbHON CTENEHH 3aBHCHT OT XapaKTepa NPOTeKaHHS MOMEH-
TOB TaHraxa. 3HAUUTEJbHOE YXYyIIIEeHHe XapaKTEePHUCTHK LITONOpa
MOXeT HabJIoJaThCsl NPH HAJIUUMH HEYCTOMYMBOCTH IO Ieperpyske.
Paccmorpum sto nmoapoGHee.

Ha camoserax ¢ KpblioM GOJBIIOH CTPENOBHIHOCTH, OCOGEHHO
1pH BLICOKOM DACIOJIOXXEHHH TOPU30HTAJbHONO XBOCTOBOTO OIlepe-
HHAS,, MOXKET UMETb MeCTO IpPOAOJbHAs HEYCTOMYMBOCThL (HEyCTOHUHU-
BOCTb IO Tleperpyske), MpUBOASILIAS K BHIXOAY caMmoJjieTa B LITONOpe
Ha BecbMa GoJiblliMe 3aKpUTHUeCKHE Yrabl aTakd. Ha puc. 6.15 moka-
3aH BO3MOXHBIA XapakTep NMPOTEKaHHS a3POAMHAMHUYECKHX M HHeEp-
HHOHHBIX MOMEHTOB TaHraxa I0 YrJy aTakd Y ABYX CaMOJIETOB: YC-
TOHYHBOrO IO Neperpyske (mepBblii camoJsieTr — KpuBasi 1) u o6Ja-
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JaIoLIer0 HEYCTOHUYMBOCTBIO 1O Meperpyske (BTOpOH CaMOJET —
KpuBasi 2) Ha GOJIbIINX yriax aTaku. V3aMeHeHHs HHePIHOHHOre
MOMEHTa TaHra)a y 3THX CaMOJIeTOB IPeACTaBJEHbl COOTBETCTBEHHO
KpuBbIMH 3 ¥ 4. [lepBHIfi caMosieT MOXeT HMETb PEXHM YCTaHOBHB-
HIerocs WITONOPa Ha CPaBHUTENIbHO HeOOJbIIOM 3aKPHUTHUECKOM Yrie
aTakd o1(|M;u|=|M.a|).TIpuTakux yriax ataku 3QQeKTHBHOCTH
pyJ/ielt OOLIYHO elle COXPaHsSIeTCs CpaBHUTEbHO GoabmoH (puc. 6.16).
Ha Bropom camonere (Kpu-
Bble 2 U 4), HeyCcTOHUHBOM O @
neperpyske, OyIeT HMeTb Me- s
2TO CaMOTpPOU3BOJIbHBIH BBI-
X071 Ha GOJBIIHEe 3aKpHTHYe-
CKHe YyIJIbl aTakd. PaBHoBecue
IPOJOJIbHBIX MOMEHTOB B 3TOM 425
claydae BO3MOXHO TOJBKO Ha
oueHb O6OJIBIIOM yIJe arta-

KH Q1.

Kak yxe ykasbiBanoch, Ha 0
COBpEMeHHHIX camoJerax c
GOJIBIINM yIJIOM CTPEJOBUIHO-
CTH KpblIa H XBOCTOBOTO OTle-
peHHs CKOJIbXKeHHe MOXeT
OKa3biBaTb 0c000 CHJIbHOE ==
BJIHSIHHE Ha XapaKTepHCTHKA % Az

wrronopa. HOSTOMy’o ECIH b 6.17. IluarpaMMa aBTOPOTAlHH H
Aaxe CaMOJeT YCTOMYHB IO ooryomrenve a3pOAMHAMHYECKHX —MO-

neperpyske, moA  BJIAHSHHEM  MeHTOB, NefiCTBYIOIMX Ha caMoJer B
CKOJIbXK€HHSsI OH MOXKeT IoIa- hIronope:

narb B MJIOCKHI IITONOP |—BHYTpPeHHee CKOJIbXKeHHEe; 2—CKOUIbKEHUS
(puc. 6.17). Takoe e BIHs- HET: S—HapyXnoe cxonbiesne

HHE MOXET OKa3blBaTb W a3po-

HHepIMOHHOe B3aHMOJAEHCTBHE TPOIOJNbHOTO U OOKOBOTO NBHXKEGHHE
camoJiera.

AGcosioTHBIE BeJIMYHHBI 1eCTa0HIH3HPYIONINX HHEPUHOHHBIX MO-
MEHTOB, NeHCTBYIOIIUX HA CAMOJIET B LITONOpe NPU GOJIBIIMX yriax
aTakM, MOT'YT HHOT[a 3HAUUTEJbHO YMEHbIIAThCS (HajKe HECMOTPH
Ha BO3MOXKHOE 3aMeTHOe BO3pacCTaHHe YIJIOBOA CKOPOCTH BpalleHHH
caMoJieTa) H3-3a YMeHbILEHHUs MJeya HeHTPoOeHBIX cua (pHc. 6.18).
OpnHako npu TaKHX yryiaX aTaky 3HauMTeJbHO TIOHHXAalTCs H abco-
JIOTHble BeJHUMHBl BOCCTAaHABJ/IMBAIOIIHUX a3DOJHHAMHYECKHX MO-
MEHTOB, a TaKXe YNPaBJSIOUINX a9pPOJHHAMHYECKHX MOMEHTOB (CO3-
JlaBaeMblX OTKJIOHEHHSIMH pyJef), UTO MOXKET NPUBOLHTb K CYILECT-
BEHHOMY 3aTPYIHEHHIO BHIXOJA, a HHOTAA U NPensTCTBOBATb BHIXORY
caMmoJieTa U3 TAKOro mrTonopa 6e3 JOMOJHUTEJIbHOTO HCIIOJb30BAHHS
CIelHaJbHbIX MPOTHBOIITONOPHEIX CPEACTB (CM. TJI. 7).

Y coBpeMeHHBIX MaHEBPEHHBIX CBEPX3BYKOBBIX CaMOJIETOB C KPHI-
JIOM CPaBHUTEJNbHO HeOOJBbIIOro YIJUHeHHs (B 9acTHOCTH, C Tpe-
YroJIbHBIM KPBIIOM) MOTYT CYIIECTBOBAThb PEXHMEI IIJIOCKOTO IITO-
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nopa, B KOTOPHIX yrJibl aTaku npudmauxaiorcs k 90° (ZocTHraioT npu-
mepHO 75°--85° T. e. mpoloJbHAasg OCb CcaMoJieTa 3aHUMAaeT

e

MZ us

Lnn<lnp

Log< pr

@ 9)

Puc. 6. 18. YMeHnbllleHHe MJeya LEHTPOOEXKHBIX CHJI IIPH YBENMYEHHH YT-
Jla aTakH caMoJjieTa B LITONOpe:
a—KpyTo#i mTonop; 6—mJIOCKUH wWTONOP

NpaKTHYCCKH T'OPHU3OHTAJIbHOE no.no;xel-me) , a BpallleHHE€ OKa3bIBaeTCs
- -

BeCbMa HHTEHCHBHbIM (MTHOBEHHBIE 3HauYeHHsl BEKTOPa ® MOTYT
nopesbimath 3,0-3,5 1/c).

6.6. BMJUIHHUE HAYAJIbHBIX YCJIOBHNA

6. 6. 1. BansiHue BBICOTHI MOJeTa

BospacTtanue BBICOTHl MOJIETa COBPEMEHHBIX CBEPX3BY-
KOBBIX CaMOJIETOB TMPUBOIHUT K YBEJHUYEHHIO BO3MOXKHOCTH CBAJIHBa-
HMS ¥ LITONOpa Ha BecbMa GOJIbIINX BBICOTAX.

Tak, mo cooGienusam 3apyOexHoii meyaTH, B AekaGpe 1964 r.
JeTunK-ucnbiTateab Yapas3 HMrep Ha camosere NF-104A nonaa B
mrornop Ha BhicoTe 30,8 kM. [Tocne HeoZHOKpaTHBIX Ge3yCHEIHBIX
MONBITOK BBIBECTH caMoJjieT H3 mronopa Mrep BoiHyXKIeH Obli KaTa-
AYJIbTHPOBATHCSI.

B 1968 r. skcnepuMeHTaJbHBIN camosieT X-i5, craproBaBuIHil ¢
camoJsieta-HocuTensi B-52, Ha GoJibIIOA BBICOTE IIPH CBEPX3BYKOBOM
ckopocTH momnas B wronop. lllTonop Bo3HHK B pesynbTaTe OMHGOK
MHJIOTHPOBAHHUSA, ITOCJE MOSBJIEHUS HEUCIPAaBHOCTH B 3JIEKTPOCHCTE-
Mme camoJiera. IIpouncxoaunno ato Tak. B mpornecce Ha6opa BHICOTH IO
6aJIIICTHUECKON TPAaeKTOPHH Ha BeicoTe 81,2 KM HayaJicsi MeIeHHBI
pasBopoT camoJera. JIeTyuk, ourn6o4YHO NPUHSABIIHA yKasaTesb Kpe-
Ha 3a yKasaTesb CKOJIbXKEHHS, C IIOMOIIbI0O OPraHOB PYYHOrO peak-
THBHOTO YIpaBJieHHs ellle Gosiblie OTKJIOHHJ HOC caMoJieTa OT 3a-
HAaHHOTO HANpaBJIEHHS II0JIeTa, B Pe3yJbTaTe Yero CaMoJieT oKasaJjics
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mion yriomM = 90° K TpaekTopuu noJsera. CamoJieT Hayasa TepSThb BbI-
COTy, IO Mepe CHHXKeHMsl BO3pacTasd a3pOoJHHAMHYECKHe CHJIBbl H
MOMEHTHI, UTO NPHUBOJUJIO K JajibHeHlleMy pasBoOpOTy camoJera.
B pesysabraTe Ha BhicoTe mopsigka 70 KM mpu uncie M5 BO3HHK
HOpMAaJIbHBIH WITONOP, AJuBMIKiCA 43 c. JIETUHKY yna/joch BHIBECTH
€aMoJIeT U3 LITONMOpPa Ha BBICOTe NMPUOGJIH3UTENbHO 37 KM NpH YHCIE
M= 4,7. OnHaKo H3-3a BO3HHKIIHX B IIpoliecce BLIBOJA M3 LITONOPA
aBTOKoJIeGaHMi OPraHOB yNPaBJIEHHS caMOJIeT MOTepneJa KaTaeT-
pody.

HayanbHast BBICOTA ITOJIETA MOXET OKa3blBaTh CYLIECTBEHHOE BJIH-
fIHHe Ha XapaKTepHCTHKM wmTornopa (puc. 6.19).

Ha puc. 6.20 npuBeen npumep, XapaKTepH3YIOIHHA pa3JHYHEe BO
BpalleHHH CBEPX3BYKOBOrO CaMoJeTa B IPaBOM H JIEBOM! HOpMallb:
HBIX IITONOpaX, BOSHUKIIHX Ha BeicoTax Hox~7 u 18 KM npu MPoYHX,
PaBHBIX yci0BHAX. M3 rpadHKka, B 4aCTHOCTH, BHIHO, YT B JIEBOM.
TONnope Ha GOJIbIIHX BHICOTAX AMILIHTYBI KoneGaHnn yMOBou cko-
POCTH KpeHa B03paCTalOT noutu B 3 pasa. IlpaBmiii mTonop, BecbMa
PaBHOMEpHBbIH Ha MaJjoil BbICOTE, Ha GOJIBIION BHICOTE HMPOTEKAET ¢
TIepPHOJAHYECKHMH H3MEeHeHHSIMH He TOJbKO BeJHUMH, HO Jaxe H 3Ha-
KOB YIJIOBBIX CKOpDOCTefl KpeHa M pbiCKaHUS (BO3HHKAeT [JBUIKEHHE
THMA NafieHus JuctoM). Bo3pacranue pasnuuuit MexIy peKUMaMH
MpaBoOro M JIEBOTO LITONOpAa Ha GOJBIIMX BHICOTAX B 3HAYHUTEJNbHOMH
cTemeHu OOBSICHSIETCS] YCHJAEHHEM BJIHSIHHUS THPOCKONMHYECKOro.. MO-
menta TPJI, 06yC/OB/JIEHHBIM yYMEHbIIEHHEM a3POJAMHAMUYECKHX; MO-
MEHTOB C yBeJIHYeHHeM BBICOTHI IoJieta. Kpome Toro, npu mromnape ¢
HepabOTAOUUMH ABUTATEISIMU CKa3blBaeTCs TaKXe BJIHSHHE IOBHI-
1eHnsi 060POTOB aBTOPOTAlMK ABUraTesis Ha GOJBUINX Bmco'ﬁam

CKOpPOCTb CHHKEHHS CaMoJieTa B LITOTMOpe Ha GOJIBLIMX BHICOTAX
3aMeTHO yBesnuunBaerca. Tak, HanpuMep, ecad Ha BhicoTe H~7 kM
CKOPOCTb CHHXKEHHs caMoJieTa CcoCTaBJsieT okoso 80 M/c, To y 3TOro
Ke caMoJjieTa B MOROGHBIX yCJI0BHSX Ha BhicoTe H~20 kKM oHa OKa-
3biBaetcst yxe nopsinka 180 m/c.

Takoe u3MeHeHHEe CKOPDOCTH CHHIKEHHSl camoJieTa B LITONOpE IIO
BhICOTE OOYCJIOBJIEHO B OCHOBHOM T€M, YTO IPH NOCTOSIHHOMH BEJIHYHHE
TIpHGOPHOH CKOpPOCTH (MOCTOSIHHOM CKOPOCTHOM HAamope) C yBeJHue-
HHeM BBICOTHI HCTHHHAsI CKOPOCTb Il0JieTa BO3pacTaer.

B mironope nocie cBajuBaHUs ¢ GOJBUINX BBICOT HMEIOT MeECTO
BecbMa GoJiblliHe KOJMeGaHHs YrjOBHIX CKOPOCTeH, YriIOB HaKJOHa ca-
MoJieTa, YIVIOB aTakKH U CKOJIbXKEeHHS, a cjaeJoBaTelbHO, H COOTBET-
CTBYIOLIUX Neperpy3ok. B mTonope Ha GOJBIIKX BHICOTAX OTHOLIEHHE
CcpeHUX aOCOJIOTHBIX BeJIMUHH YIJIOBBIX CKOPOCTel PBICKAHHS H Kpe-
Ha OKa3blBaeTcs OGLIYHO 3aMETHO MEHBIIHM, YeM Ha MaJbiX BBICOTaX.
IMponosbHble Kose6aHUsI caMoJieTa MOTYT CONPOBOXKIATHCA TaKUMH
GosbIIMMKM H3MeHeHMSMM yrja TaHraxa, 4To HOC caMoJieTa B pe-
KHUMe HOPMaJIbHOTO IITONOpa MepHOJMYECKH TO MOAHHUMAETCs BhHIIIE
TODHU30HTA, TO ONYCKAETCS M- OKAa3blBAETCSI B BEePTHKAJIbHOM HJIH
‘6MM3KOM K HeMy nosioxkeHud. IIpm 3TOM yriel KpeHa MOTYT H3Me-
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HATbcA B mpenenax —180° u Gojee: caMOJIET MOXKET IEePHOJHYECKH
NoNajaTh B MMOJIOXKEHHE «HA CIIHHE>.

Bce 3TO 3HAUYMTEbHO YXYAIIAET BUAUMOCTD TOPH30OHTa (Haxe
NP OTVIMYHBIX METEOYCJOBHSX JIETUHK BHAUT OOBIYHO TOJNBKO 4acCThb
JHHMH TODPH3OHTAa) W BecbMa 3aTpPYAHSET ODHEHTHDOBKY JIETYHKZ,
T. €. COXpaHeHHe MPaBUJIbHBIX NpPEACTABJEHHH O XapaKTepe JBHXKe-
HHSI caMoJIeTa H €ro NMPOCTPAaHCTBEHHOM IIOJIOXKEHHH. YMeHblleHHE

w, pad/c w, pad/e

2F w 2 — y1
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Hp 2 181M

Puc. 6.20. Tpaduk yrioBeIX CKOpOCTefl B NpaBOM H JIeBOM LITONOpE

YCTOHYHBOCTH JBHXKEHHS CaMoOJieTa B pexXHMe H yBeJHYeHHe HepaB-
HOMEpHOCTH BpallleHHs YCHJIMBAIOT (MJIHM MOPOXKIAIOT, €CJH B LITOIO-
pe Ha CPaBHHTEJbHO MaJBIX BBHICOTAX OHA OTCYTCTBYET) TEHIEHIHIO
K HEeIPOM3BOJIbHBIM MePHOJMYECKHM OCTAaHOBKAaM BpallleHUs caMoJie-
Ta (MrHOBeHHbIe 3HayeHHs wy=0) M Haxe mepexofaM ero H3 HOp-
MaJIbHOTO IITONOPA OJHOTO HAaNpaBJeHHs B HOPMAJbHBII LITONOP
JpPYroro HalpaBJjieHUs] — M3 [IPaBOro B JIeBHIH B Hao60pOT (mpH He-
H3MEHHOM IIOJIOKEHHH pyJIeit).

YMeHblileHHe YCTOHYMBOCTH [IBHIKEHHSI M BO3pacTaHHE NPOJLOJIb-
HBIX Kosle6aHUR (KosieOaHMil aMILIMTYH yryia aTakd) camoJjieTa YCH-
JIMBAIOT TeHJEHIHIO K HENPOH3BOJBHOMY II€peXOLy caMoJeTa H3 Hop-
MaJIbHOTO LITONOpPa B NepeBepHYTHIH M 06paTHO NMpH HEHM3MEHHOM II0-
JIOXKEHHH pyJieH 10 HCXORHOMY mTomopy. Kak mpasuio, IBHKeHHE
CBepX3BYKOBHIX CaMOJIETOB B HOPMaJbHOM INTONOpe Ha OOJBIINX
BBICOTAX IIPOMCXOJAHT B BHJE MaJeHHs JIHCTOM IO crupaJjeo6pas3Hoi
TpaeKTOpHH JH60 B BHIe OMeHHH, pexe — C HapacTAIOIHUMHU KoJe-
6aHuAMU caMoJieTa B pexuHMe. Bce 5TO NPUBOAUT K TOMY, YTO MHOT-
Jla Jaxe o4eHb ONBITHOMY JIETYMKY B TaKHMX YCJIOBHAX TPYAHO OTJIH-
YHTb NMPAaBBIH WITOIOD OT JIEBOTO W HOPMAaJbHBHIK OT IEPEBEPHYTOrO.
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Taxoe cusbHOe BJHSIHHE HAYaJbHOH BLICOTBHI HA XapaKTEPHCTHKH
mTonopa oG BACHSIETCS He CTOJBKO HENOCPEICTBEHHO CAMHM NaleHH-
€M IJIOTHOCTH BO3[lyXa Ha GOJIbIIHX BHICOTAX, CKOJBKO BJIHSHHEM
M3MeHeHHs] TaKHX ITapaMeTpoB, Kak uucja M, Re u 1. n. Mamenenue
WX BJIHSET Ha NIPOTeKaHHE a3pPOJHHAMHYECKHX KO3(p(HUIMEHTOB U HX
OPOH3BOMAHBIX TO yrJaM aTaKd U CKOJIbXKEHHs, IPHBOAS, B 4acTHOC-
TH, K CYIeCTBEHHOMY YCYryOJIeHHI0 HeJTHMHEHHOro Xapakrepa 3THX
3aBucumocTell. IlajeHne aspogmHaMHyecKoro JAeMNn(upoOBaHUA U
BO3pacTaHUe OTHOCHTEJbHON BeJIVYHHB HHEPIHOHHBIX MOMEHTOB
(0ocoOGeHHO PBICKAHHS M TaHraxa) Ha OOJBHINX BHICOTAX TaKXke
CHocoGCTBYEeT BO3paCTaHUIO KoJieGaHUN U HepaBHOMEPHOCTH JBHXKe-
HHS CaMOJIeTa B IITOHOpe.

[1poTs:KEHHOCTh M NPOJNOJIKHUTEJbHOCTD IEPEXOJHOTO y4yacTKa
LITOMOpA IPH HEM3MEHHOM HayaJbHOM CKOPOCTHOM Hamope (cBaJjiH-
BaHue ¢ Vpp~const) 3HAUNTEJbHO BO3PACTAIOT C yBeJHYeHHEM Ha-
4aJIbHOM BHICOTHI ITOJIETA, UTO CBS3aHO C M3MeHeHHEeM HayaJbHOH Hc-
THHHOH CKOPOCTH moJjieTa (yBeJHUEHHEM HAuaJbHOH KHHETHYECKOR
sHepruu camoJsiera). OfHAKO faxke NpH HeM3MEHHOH HayaJbHOH HC-
THHHON CKOPOCTH CBAJIUBAHUSA C YBeJHUYeHHEM BBICOTHl CBaJHBAaHHS
IPOTSKEHHOCTh M IPOJNOJIKUTEIbHOCTh I€PEeXOJHOro yyacTkKa LITO-
nopa Bo3pacraloT. To 00YCJIOBJIEHO YMEHbIeHHeM a3pOJHHaMHye-
CKHUX CHJI (B NepBYIO Ouepelb, JOOGOBOrO CONPOTHUBJIEHHS) H MOMEH-
TOB (B YaCTHOCTH, MOMEHTa, JeHCTBYIOIEro Ha XBOCTOBOE OIlepPEeHHEe
M CIIOCOGCTBYIOLETO OMYyCKaHUIO HOCA CaMoJieTa) ¢ MmajeHHeM IIOT-
HOCTH BO3AYyXa.

6. 6. 2. H3ameHeHne CKOPOCTH B peKHMe

BenenctBrue GOJIbIIONH TIPOTSIKEHHOCTH IEPEXOIHOTO
yyacTKa LITONOpPA CBEPX3BYKOBBIX CaMOJIETOB, OCOGEHHO NpH GOJb-
IOl HayaJbHOM BHICOTE NOJIETA, XAPAKTEPHO CJielylolllee H3MeHeHHe
CKOPOCTH TOJIeTa B IITONOpE MOCJe CBAaJHBAaHUS C HCXOMHOTO PeXHU-
Ma NpPSMOJHHEHHOrO TOpH3OHTaJbHOro mnojera INPpH V= V.
B HavaJje mepexoqHOro yyacrtka, korjga jJ1060Boe CONpPOTHBJIEHHE Ca-
MoOJIeTa C IIepeXOJOM Ha 3aKpUTHYECKHe YIJIbl aTaK{ 3HAYUTEJNbHO
BO3pacTaeT, a OCb IITONOpaA ellle MaJO HAKJIOHeHa N0 OTHOIIEHHIO K
FOPHU30HTY, HHAUKATOPHAsl W HCTHHHAS CKODOCTH MOJieTa YMeHbIia-
lotcq. Korpa 3ateM och mITonopa NmoBOpayuBaeTcCsl IO OTHOLIEHHIO K
FOPH30HTAJ/H HACTOJBKO, UTO MPOEKIHS Beca caMoJieTa Ha KacaTelb-
HYI0O K TPAeKTODUH JBHKEHHS LIEHTPa TSXKECTH CaMoJjieTa CTAHOBUT-
cs1 GoJbiie JJOGOBOrO CONPOTHBJEHHS, HHAMKATOpHAs CKOPOCTb IIO-
JeTa HayHHAeT yBeJHYUBATbCs. [IpH 3TOM OGBLIYHO YBeJHUHBAETCS H
HCTHHHasl CKOPOCTb I0JIeTa, HO B MeHblllefl CTeNeHH, TaK KaK IJIOT-
HOCTb BO3JyXa M3-3a CHIXKEHHs caMmoJsieTa Bo3pacTaeT (OOGBIYHO HC-
THHHAs CKOPOCTb BO3pacTaeT N0 BeJHYHHBI, MeHbllefl ee HayasbHO-
ro 3Hayenus). IlosiBieHue ycraHoBuBIIerocs (CTporo rosopsi, KBa-
3HyCTAHOBHBILETOCS) peXUMa BEPTHKAJbHOTO LITONOPAa NMPHBOAHT K
TOMY, YTO HHJIHKATODHAsi CKOPOCTb IIOJIeTa CTAHOBUTCS INpaKTHuec-
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KH nocTosiHHOH. [IpH MOCTOSIHHO! HHIHKATOPHON CKOPOCTH HCTHHHAS!
€KOPOCTb TOJIeTa B IIpolecce CHHXKEHHS CcaMoJieTa HelpepbiBHO:
yMeHblIaeTcs. .

IIpu cBasauBaHHH Cc JHHAMHYecKoro mortoska, koraa Vyp< Vmm,
CKOPOCTb CaMoJIeTa Ha NPOTSAXKEHHH IepeXONHOr0 yyacTKa IUTONopa
3HayuTeNbHO Bo3pacTaeT. O6YC/IOBJIEHO 3TO TeM, UTO CpPeflHee 3Ha-
yeHHe CKOPOCTH MoJjieTa camoJieTa B Bep-
THKaJbHOM LITONOpE, NPH KOTOPOM XOTS

6bl TIPHOJHKEHHO YCTAaHABIHBaeTcA paB- [V ol T —
HOBecHe CHJI, JeACTBYIOLIHX Ha camoJer 201-700 =
B HanpaBJeHHH BEPTHKANH, MOXKHO CUH- 78F 6001 S8
TaTb GAH3KUM K V. [Mociennee yemo-' [T Ar 13
BHe CNpaBelJMBO JIMILb TIPH pPaBEHCTBE - ¥
COOTBETCTBYIOUIMX  COCTABJSIONMMX pe- M AR a
3yJbTHPYIOIEH a’pONHHAMHYECKOR CH- F74] |
JIbl, TATH ¥ Beca, AeHCTBYIOIIHX Ha CaMo- 13 L E i
JeT IpH CBaJMBaHUM U B pexKHMe BepTH- - I
KaJbHOrO IITOMOPA, T. €. €C1H B OGOHX ny%? :
CJydyasix BeJUYHHBl TPOEKUHUH 3THX CHJ 4t At
Ha BepTHKaNb ONHHAKOBH. YKa3aHHas 3 A
0COOEHHOCTb NMPUBOAUT K 3HAUHTEIbHOMY P T
VIJIHHEHHIO HeyCTaHOBUBILEroCs Tiepe- v -
XOJIHOTO yyacTKa LITONOpa B cJyyae CBa- ! =t
JIMBaHHA C AHHAMHYECKOro TIOTOJAKAa TNpH 0|7 L
MaJ/oil HayaJbHOH CKOPOCTH MoJeTa. P o NN
17 N
6.6.3. Bausiume HauadbHeIX o, [5h7
CKopocTHd 4 yucaa M 02 Wz1 (A=
nosnera -0 YT Y
BennunHa HauaabHON npH- wﬁ’gaﬁ/c .
GOpHOK CKOPOCTH I10JIeTa OKa3blBaeT Cy- 2 Wy
LWeCTBEHHOE BJHAHHE Ha DeXuM mro- 0 A /]
nopa. Jlaxe Bo3pacraHHe TNpPUGOPHOH  w,rpad/e
€KopocTu (6e3 yueta CBI3aHHOTO C 3THUM A
H3MEHeHHs a’pOoJuHaMHUecKUX Ko3dpdu- 42 Wyy
UMEHTOB TOJ BJHAHHEM H3MeHeHHs cxu-  _J
MaeMOCTH H BSI3KOCTH BO31yXa) TPHBO- -0 o
AT K 3HAUHUTeJbHOMY BO3DACTAaHHIO pe3- _g;
Kocty cBaauBaHua. OHO NpUBOAMUT Tak- ’
© Ke K 0oJblllel HePaBHOMEPHOCTH JBH-
XKeHHUsl H KoldeOaHHAM camo.geTa B ILITO- 9 p 20t

nope u3-3a BO3PACTAHUs a3pOIHHAMHUe-
CKHX CHI M MOMEHTOB C yBeJHueHHeM
ckopocrHoro Hanopa. Ilpu Bxome B mito- Puc. 6.21. Tlosernsle 3anucu
nop mnocJe CBaJHBaHHUs ¢ GOJBIIOH HPH- 3§:f§5°§§iaﬁ3ﬁ:ﬁ§ii’u o
GOpHOl CKOPOCTH NOSIBJASIOTCA 3HAYH-  jera 5 wromop Ha CBepx3sy-

TeJbHble NPOAOJbHbIE H OOKOBBIE KOJe- KOBOM CKOPOCTH
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6aHusT caMoOJieTa, KOTOpble, ONHAKO, OBICTPO 3aTyXaloT C yMeHbllle-
HHEM CKOpDOCTH noJera. B pesy/ibraTe TOro, 4ro BO3pacTaHue Ha-
YaJIbHOH NPHWOOPHOH CKOPOCTH ToJleTa BJeder 3a cOOON yBeauueHHe
yucea M u Re, ykasaHHoe sB/leHHe eme Gosee ycyryGJasercs.
IllTomop, BO3HHKAOLWHA IOC/Te JHHAMHYECKOrO CBaJIHBaHHSA
(6osiblIMe HavaJIbHBIE CKOPOCTH IoJsieTa, yuciaa M u Re uux nepBoie
IIPOM3BOJAHBIE 10 BPEMEHH, BHI3bIBAIOIIYE WHTEHCHBHBIH OTPHIB MOTO-
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Pxuc. 6.22. TpaekTopHH NEPEXONHOro ydyacTka IITOMNOpa:
a—nossykosoro caMmostera (Vo=Viyp, 7,0=1); O6—CBEPX3BYKOBOTO caMoJieTa
(Vo=Vpin, 7,0=1); 6—csepxasykosoro caMontera (Vo3> Vyjn, 703> 1)

Ka, pe3Koe BO3pacTaHHe yrJa aTakd U T. II.) OTJIHYAeTCs 3aMeTHO
6ouiblliell HepaBHOMEPHOCTbIO H HECTAaOHJBHOCTBIO NPOTEKAHHA BleX
€ro napameTpos.

Oco6enHo GoJsbline KoieGaHusl, Pe3KOCTb U HEPaBHOMEPHOCTH
IBHKEHHSI caMoJieTa B IUTONOPE MPOSIBJASAIOTCS TNPH CBAaJHBaHHH C
6oJIbIINX CBEPX3BYKOBBIX CKopocTel (uyuces M) moJieta, 4TO BHIHO,
HampuMmep, U3 puc. 6.21. DTo OPHBOAUT K 3HAUHTEJIbHOMY YBeJHue-
HHMIO NEePEeXOXHOT0 yyacTKa HITONOpAa, a H3-3a O6OJIbIIOr0O MOMEHTa
camoBpauleHust (Gosbiiasi NpuOGOpHasi CKOPOCTb [0JIeTa) BpallleHHe
caMoJieTa HEeMOCPeA TBEHHO II0C/Ie CBAJHBAHUS MOXKeET ObITb BeCbMa&
uHTeHCHBHBIM. IToc/ie cBasiMBaHus cO CBEpX3BYKOBBIX uuces M uHor-
Ja Jaxe B CJIyyae CPaBHHUTEJNbHO MPOMOJKHUTENbHOrO PeXHMa HITO-
Nopa BO3MOXKHO COXpaHEHHE CBEPX3BYKOBOI CKOPOCTH KaK B PeXUMe,
TaK U Ha BBIXOJle CaMOJIeTa M3 IITONOpA.
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[Tocsie cBanuBaHus ¢ 6OJBUINX CBEPX3BYKOBBIX CKOPOCTEH IPOHC-
XOAUT 6OJiee HHTEHCHBHOE rallleHHe CKODOCTH, YeM IocJie CBaJIHBa-
HHS C JO3BYKOBBIX cKopocTell. OGyc0BI€HO 3T0 6oJiee TTOJOTHM NPO-
TeKaHHEeM TIOJISIpbl caMoJieTa B 06J1aCTH 3aKPUTHYECKHX YIJVIOB aTaKH
TIIPH CBEPX3BYKOBBIX CKOPOCTAX (NOJISIpBI B CHJIAX, T. €. 3aBHCHUMOCTH
Y=/(Q)).

ITocsie cBanuBaHHUA C HayaJbHOH NEPerpy3koH fy,>1 B HayaJe
NePEXONHOr0 ydyacTKa IUTONOpPA TPAaeKTOPHS TII0JIeTa OTKJOHsIeTCS
BBepx (pHc. 6.22), uto 06yc/I0BJIEHO [efiCTBHEM CPaBHUTEJIbHO 60.1b-
HIOH HOpMAaJIbHOH CHJIbl, HallpaBJSHHOH B HavaJbHBII MOMEHT (IpH
‘OTCYTCTBUH KPE€HAa) BEPTHKAJbHO BBepX. DTO HPHUBOAMT K YBeJuue-
HHUI0O HEPABHOMEPHOCTH ABHXKEHUs camoJieTa H elle 6osee 3aTpynHS-
€T ODHEHTHPOBKY JIeTYHKA.

6.7. PABOTA I BUTATEJIEA B LITONMOPE

6. 7. 1. Bansinue paGoTbl ABUTaTENEIH
Ha XapaKTepHUCTHKH CaMoJieTa

Pexxum paGoThl JBUratesel MOXKET OKa3blBaTh 3HAUH-
‘TeJbHOE BJIMSIHHE Ha NOBeJleHHe caMoJjeTa B 06JacTH OKOJIO- U 3a-
KpuTnueckux yrioB ataku. O6rekaHue camosera ¢ TBIL moxer cy-
11leCTBEHHO M3MEHSTbCS NPU O0OQYBKe KpblJa MU ONEpeHHs CIIyTHOH

crpyeir asurateneil. Ha puc. 6.23 nokasano BiausiHMe oOLyBKH HA
npotekanue 3aBucumocteit Cy=f(a) u m,=¢(a) y camoaera c TB.
Kpusnie nauns npu aByx 3HaueHusix kKosdpdunuenta o6ayeku B =q—l;—
(P — Tsira BO3AYUIHOIO BHHTA, § — CKOPOCTHOH Hamop Haberarolle-
TO HEeBO3MYILIEHHOr0 MOTOKa, F — IJoLlajb OMETaeMOro BHHTOM
nucka). U3 rpaduka BunHO, yTo 06lyBKa MOXKET HAMHOTO NOBBICHTb
3HauyeHHe Cymax, CHUXKAS, OHAKO, TP 3TOM BEJHYHHY axp (CM.
ra. 5). Tlocnennee o6ycyoBjeHO BO3pacTaHHEM ITHMKOB pa3pexeHHs
B HOCOBOH YacTH Kpblia mpu o6nVBKe (pHC. 6.24), YTO NPUBOIHT K
‘CPaBHHTEJIBHO PaHHEMY CphIBY noToka. O61yBKa MOXKET TaKkKe IpH-
BOLHUTb U K NOSIBJEHUIO HEYCTOHYUBOCTH IO Neperpyske Ha GOJbLINX
Yyriaax aTaku (B pe3yJbTaTe 3HAaYUTEJbHOTO H3MEHEHMs CKOCa IOTO-
Ka B 06J1aCTH TOPH30HTAJbHOTO XBOCTOBOrO ollepenus). Biusunue pa-
6ot TBJL Moxer nposiBisTbCs HaubGoJsiee CHUJIbHO NPHU MaJbIX HC-
XOIHBIX CKOPOCTSIX TIOJIEeTa.

Pa6ora TP/l cpaBHHTe/JIbHO MaJO CKasblBaeTCs Ha YCJOBHSX 00-
TEeKaHHsl caMoJieTa IPH CBAJHMBAaHMM H B IITONOpe. BuusiHMe cTpyH
TP/, MoxXeT MHOTTA aMeTHO IPOSBJSTbCI Ha MOMEHTHBIX XapakTe-
PHCTHKAaxX caMoJieTa — HampuMmep, NPU pacloJIOKEHHH ONepeHHs B
30HE TPOXOXK/AEHHS BBIXJIOMHBIX CTPYH ABHraTesed.

CBaJsiBaHHe U BXOJ, B IITOMOP NMpH pabOTaIOIIKHX JBUTATe/ISAX IPO-
HMCXOIHUT. KaK MPaBHJIO, pe3ye (U3MEHAIOTCS He TOJIbKO a3pOJHHAMHU-
YecKHe XapaKTePHUCTHKH caMoJjieTa, HO H XapaKTepHCTHKH JBHraTe-
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Jeil H3-3a TMOsIBJEHUS] GOJBIIMX YIVIOB aTakKH M CKOJIbXKEHHS).
Oco6eHHO 3HAUYHTEJIBHO NPOSBJSETCS BJHsSHHE PAabOTH JBHraTeJset
Ha XapaKTepHCTHKH CBAJMBaHHSl M LITONOpPA INIPH AaCHMMETPHYHON
Tsre (MCXOJHBIH peXHUM HOJeTa ¢ OTKa3aBIIUM KPHUTUYECKHM ABHra-
TEJIEM).

Cy
‘20 J_ cymax(ﬂ #0)
(’:l/maxw:”
Lor B=0 B=15
0 a G e
o,y (820)/] Notup(80)
M
o5r
/
/
zd
Puc. 6.23. I'padux 3aBucumo- Puc. 6.24. Dmiopa pacnpeneine-
creit Cy=f(a) u m,=¢q(a) HHS JaBJIeHHst N0 Xopie mnpodu-
npu o61yBKe caMoJjeTa CTpy- Jas Kpblia Ha camodsete ¢ TBIL
eit TBI npu Hayuuuun (B=1,5) u otcyr-

crBun (B=0) o6ayBKkH

Ha coBpeMeHHBIX CBEpPX3BYKOBLIX CaMoOJeTaX, KaK NpPaBHJIO, yC-
TaHaB/IUBAIOTCS TypGopeaKTHBHbIe ABUratenu. Pexum pa6orer TP
MOXKeT OKa3hBaTb 3aMeTHOE BJIMSHHE HAa XapaKTePHUCTHKH LITOIOpa.
Ha camousier B miTonope, BHIOJMHSEMOM ¢ pabOTaIOLIHMM ABHraTeseM,
KpoMe PacCMOTPEHHBIX BEHIIIE CHJI U MOMEHTOB, HOMNOJIHHTEJbHO AeH-
CTBYIOT TAIra JBUraTesisi, MOMEHT OT TATH ABHUTraTelss OTHOCHTE/bHO
LeHTpa TSAXKECTH caMoJieTa H THpocKonuuecKuit MoMeHT. Kpome Toro,
3aMeTHOe BJIMSIHHE Ha XapaKTepHCTHKH LITONOpA MOTYT OKasblBaTh
TaKxKe HOpMaJbHasi H GOKOBasi CHJIBl, BO3HHKAIOIME B pe3ysbTare
noBopoTa HaGeramolero moToKa Ha BXoJIe B Bo3nyxosabopHuK. Tak,
HanmpuMmep, HopMaJsibHas cHia N, BO3HHKAlOI[asi HA BXOLE B HOCOBOW
BO31yx03a60pHUK camosieta ¢ TPII npu 6osblunx yraax ataku (puc.
6.25) 3a cueT MOBOPOTa BO3AYIIHOIO NMOTOKA B TJIOCKOCTH CHMMETPHH
camoJieTa, TIPUBOJAUT K TOSIBJIECHHIO NeCTaGHIH3UPYIOLUIET0O MOMEHTa
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TaHraxa M,y. DTOT MOMEHT CIIOCOGCTBYET CO3JAHMIO HEYCTOHUHBO-
CTH 10 neperpyske. OH BO3pacTaeT ¢ yBeJHUYEHHEM TATH ABHraTes]st
(TouHee — pacxona Bo3fyXa uepe3 BO3AYX03aGOPHHK) K yiid aTa-
ku. IIpu ckonbkenun y camosera ¢ TP Ha Bxoze B Bo3ayxo3a6op-
HHK nosiBJsieTcsl 60KoBas cuaa Z (puc. 6.26), Bo3HHKaIOmAs 32 CULT

Myz

Puc. 6.25. Bosnuukuosenne pecrabuau- Puc. 6.26. BosHukHOBeHHe neCTaOHJIH-
pyiollero MOMeHTa TaHraxa M,y TpH  pYIOIIero MOMeHTa pHICKaHus My, npH
pa6otaiomwem TPJ paboratoiem ’I:PI[

NOBOPOTA NOTOKA B IJIOCKOCTH XOPA Kpblia. [IpH HOCOBOM HJIH BhHI-
JBHHYTOM BIlepel NMOJAKPHLIbEBOM BO3AyX03aGopHHKe cuja Z oOKa-
3bIBaeTCs PacloJIOXKeHHOH BIepeld UEHTpa TSXKEeCTH caMojera.dTo
NPHBOAUT K TOSIBJEHHUIO AeCTaOUIH3HPYIOLIET0O MOMEHTA DPHLICKAHHS
M,z, Bo3pacTamouiero ¢ MOBLILIEHHEM PAacXola BO3AyXa Yepe3 BO3-
1yx03a00pHHK M YBeJHYeHHeM yIia cKosbxeHus. Moment M,z cro-
cOGCTBYeT yCHJEHHIO KoJieGaHHii caMmoJieTa B INTONOpE. 3aMeTHoe
BJIMSIHHE MOTYT TaKyKe OKa3blBaThb H3MEHEHHE XapaKrepa OOTeKaHHS
HOCOBOH yacTH ¢ro3ensixka (MpH HAJTUYHKM HA CaMOJIETe HOCOBHIX BO3-
IyX03a60pHHKOB) B 3aBUCHMOCTH OT pexXHMa paboThl IBUraTtess H
n3MeHeHHe 3¢ (PeKTHBHOCTH XBOCTOBOTO ONEPEHHS MOJ BIHSHHEM TTON-
caceiBamomiero 3¢dgekra peakTHBHOH CTPYH, BHITeKalolleld H3 BHIXOA-
Horo comja. [ToatoMy mon BAMsiHMEM H3MEHeHHsI pexuMa paGoThi
JIBUraTesisl XapaKTepUCTHKH LITONOpa CaMoJeTa MOTYT 3aMeTHO H3-
MEHSIThCS.

C nmpyroit cTOpoOHBI, ycJoBHS pabOTHl CaMOro IBHTaTess B IITO-
nope (TouHee, BCeH CHJIOBOH YCTAHOBKH CaMoOJieTa B 1leJIOM) CyLiecT-
BeHHO OTJIMYAlOTCA OT YCJOBHEH paGOTHl ABHraTesss Ha BCeX OCTaJb-
HBIX (9KCIIyaTalUMOHHBIX) pexHUMax moJseta. VIHbIMH, clQBaMH, B
LITOTIOPE UMEET MECTO CYIECTBEHHOE B3aHMHOE BJIMSIHHE XapaKTepH-
CTHK paboTHl JBUraTe/iell Ha XapaKTepUCTHKH LITONOpa U HA0GOPOT.

6. 7. 2. Ycaosus pa6orst TP]L B utonope

ITpu mromope cBepx3BykoBoro camoJjera ¢ TPl nBu-
ratequ paboTalOT B HePACUYETHBIX YCJOBHSIX, NPH KOTOPHIX BO3MOXK-
Hbl OTKa3bl [IBUTaTeJsl B pe3yJbTaTe IIOSBJEHHS NMOMIAXKHBIX CPbI-
BOB, TOrJa KakK NOpIUHEBble IBHraTeIH Ha N0O3BYKOBBIX CaMmoJeTax
paGoranu B mTomope, Kak mpasu.10, 6e30Tkaszno. MHOrma, mpasna,
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dniBajiu cJiydyauw, KOrja NOpPUIHEBOH ABHraTes]b 3arjox H3-3a TOro,
YTO B HITONOPE BHHT CaMoJleTa OKa3blBaJICs «TAXKEJNbIM» JJIsi IBHTa-
Tesin, paGoTaloulero Ha pexume Masoro rasa. OfHako 3T0 He GBLIO
omacHHIM JJ151 caMOro ABuraTte/s (HHKakKue IeperpeBbl U Jpyrue He-
NpPHSITHHIE SIBJIEHHS TIPH 5TOM He BO3HMKasH). [ToaTomMy MoXHO cka-
3aTh, YTO BO Beex cjyuasix IpH HonajaHHH caMoJieTa B LITOMOP MOp-
HIHEeBhIE NBHUraTeJd IPaKTHYeCKH He TpeOOBaJH OT JieTYHKA JOMOJI-
HHUTEJbHOTO BHHMAaHHUSA. : ’

Ha nepBbix peaKTUBHBIX caMmoJjietax (Hanpumep, Mul-15, Mul'-17
H Ap.) ObLIM YCTAHOBJIEHBI JABUraTeJd C LEHTPOOEkKHBIMH KOMIpec-
COpaMH, MeHee YYBCTBUTEJbHBIMH K H3MeHEHHIO YCJIOBHH Ha BXOJe,
yeM JBHraTejd C OCeBBIMH KoMmipeccopamu. [TosToMy Ha Takux ca-
MOJIETAX, TAK XKe KaK M Ha CaMoJIeTax ¢ MOPIUHEBBIMH JBHTATENSIMH,
ylipaBJieHHe OBHTaTe/jeM B LITONOPE HE CO3/1aBaJio TPyLHOCTeH AJA
serunka. OTKasbl IBHraTesell ¢ LCHTPOGEKHBIMI KOMIIpECCOPaMH B
mitoniope He Habumoganuck. [lpy cBanMBaHWH, B LITONOpPE M HA BHI-
XOJI€ U3 LITONOpa 3TH ABHraTesd paboTajau HOpMaJbHO.

Tlepexon K IBUraTessiM C OCeBBIMH KOMIIpeCCOpaMHM IpHBeJ K
YXYAUIEHHIO YCTOHYHBOCTH paboOTLl U MOSIBJEHHIO OTKa30B JBHraTe-
as B mtonope. O6yc/OB/IEHO 9TO TeM, YTO JBUTraTeJH C BHICOKOHA-
MOPHBIMH OCEBBIMH KOMIIpECCOpPaMHM, yCTaHaB/JHBaeMble Ha COBpe-
MEeHHBbIX CBEPX3BYKOBHIX CaMOJIETaX, BeCbMa YYBCTBUTEJbHB! K HepaB-
HOMEPHOCTSIM MOJIS JaBJIEHHH Ha BXOJe B JABHrartesb. A mpu cylue-
CTBYIOIIMX Ha COBPEMEHHBIX CBEPX3BYKOBBIX caMoJieTax BO3LyX03a-
6opHHKaXx noJieT ¢ GONBUIMMU YIIaMHu aTaKH U CKOJIbXKEHMs, a TaX-
®e ¢ OOJIbIIHMH YIJIOBHIMH CKOPOCTSIMH BpallleHHs K YIJIOBBIMHU
YCKOpeHHsIMH (C GOJIBIIMMH KoJieGaHUAMM) NPHBOMUT K NOSIBJEHHIO
3HAYATEJbHOH HEpaBHOMEPHOCTH MOTOKA BO BXOJHBIX KaHaJax CHJIO-
BO#l YCTaHOBKHU. B pesysnbraTe MOryT BO3HHKATh IIOMMAXKHbIE CPBIBBI
ABurarenefi. IHbIMU cioBaMH, ycaoBHS paboThl ABUraTess IPH LITO-
HOpe CBepX3BYKOBOr'O CaMOJIeTa 0Ka3bIBalOTCS MeHee 6JIaronpHsTHbI-
MH (0cO6eHHO Ha GOJIBLIHX BHICOTAX), YeM 3TO OBIJIO HA JO3BYKOBBIX
camoJieTax. Takasi 0coGeHHOCTb NMpPH TMOMAJaHUH CBEPX3BYKOBOTO Ca-
MoJieTa B LITOMOP TpeGyeT OT JieTYHKA MOBLILIEHHOIO BHHUMaHHS K
pabote pBuraress.

Ha cBepx3BykoBeix camoserax ¢ TP]I, 3arnoxmuMu B pe3yJb-
TaTe MOMIIAXHOTO cphiBa 6e3 ja/bHeHIIero ONacHOro BO3pacTaHHS
TeMIIepaTyphl ra30B, JIETYHK TOJKEH CJIENHTb TOJBKO 32 TeM, YTOOBI
BOBpeMsl M NPABUJbHO HayaTh 3allyCK ABHraTess INOC/Je BHIXOHA ca-
MoJleTa u3 1mronopa. 1o TpedyeT, B YaCTHOCTH, NpeNBapPUTEJbHOTO
DasroHa caMoJietTa 0 CKOPOCTH HaJeXHOro 3alycka [ABHraTess H
APYTHX TONOJHHTEJbHBIX HECJO0XKHBIX LeHCTBHH JIeTYHKa YKe ToOcje
BHXOAa camoJseta u3 wronopa. Ha camoserax ¢ TP, y xoTopsix
HpH 3arJaylleHuH JBUraTess Hab/I0JaeTCs HHTEHCHBHOe BO3pacTa-
HHe TeMIlepaTyphl Ta30B, KOTOPOE MOXET NPHUBECTH K IeperpeBy NBHU-
raTeJisi, OT JIeTYHKa TpeOyeTcs NOMOJHUTE/]bHAs 3aTpaTa BHUMAaHHS.
Ilpu monagaHuu B LITONOp JIETYHK JOJIKEH CBOEBPEMEHHO BHIKJIO-
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YHTh ABUraTe]b (MEPEBECTH ero Ha pexum aBToporauuu). B npo-
THBHOM CJly4ae JIETYHK MOKET He YCNeTb NPOCJefHTb 32 H3MEHEHHEM
TeMIepaTyphl ra30B B JABHraTese NPH MoMna)e (He 3aMeTHTb MO-
MEHTa NOsIBJEHHsI MOMIaXKa, HEOXKHAAHHO TONaBs B LITONOP) H AO-
ICTHTb Teperpep ABHraTeseH.

o

AJon

10 M

Puc. 6.27. Tlpumep npoTekaHHsi 3aBHCUMOCTEN
Qron=f(M) u anz=@(M) y cBepx3ByKOBOrO
camojyera ¢ TP

XapakTepHBIl IpUMep NMpOTeKaHus 1O yucay M mpenenbHO Ao-
NYCTHMBIX YTIJIOB aTaKH Ggon U YIVIOB aTaKH, MPHU KOTOPHIX BO3HHKA-
IOT NIOMNaXKHble CPBIBH JBHTraTeslell Ogny, NpHBeleH Ha puc. 6.27. Ha
" COBpeMEHHBIX CaMoJIleTaX Pa3HULA ITHX YIJIOB Ogg—A0Ogon OOBIYHO Obi-
BaeT He MeHbine 3—5°. C yBenuueHneM upcaa M SHAUYEHHS Qpop H
Gy CHHXKaloTcsd. Eciiu BenMuMHa agop ONpeesseTcs, B MepByio oge-
pelb, NONMYCTHMBIM 3amacoM OT Gc, TOTa OObIYHO yMEeHbUICHHE Gxon
no yucay M npoucxonur GeICTpee, UeM NMaleHHe Oy

6. 7. 3. Bausinne pexkxuma paGorol TPJL
Ha XapaKTepUCTHKH LWITONOPa

B uenom Bausnue pexxuma pabornl TPIl na xapakre-
PHCTHKH LITONOpPAa PEAaKTHBHBIX CaMOJIETOB OKAa3bIBAETCS 3HAYHTENb-
HO MeHbIINM, ueM Yy camosietoB ¢ TBII u IT[. O6GbscHsieTcss 3TO OT-
CYTCTBHEM PEAaKTHBHBIX MOMEHTOB W CPABHUTEJbHO MEHBUIHM BJIHS-
HHEM THPOCKOIHYECKOro MoMeHTa y camoseroB ¢ TPJI, a Takke oT-
cyTcTBHeM 06GIyBa MOBEPXHOCTEH caMoJjieTa CTpyell OT BHHTA, YTO B
HEKOTOpHIX ciyyasx mronopa camogeroB ¢ I1J1 u TB]I urpaer pe-
napIyio poJb. BiusiHne pexuma pabGoThl ABWraTessi Ha XapakTe-
PHCTAKH IITONOPA CBEPX3BYKOBHIX CaMOJIETOB MPOSIBJISETCS B OCHOB-
HOM MOJ| NeHCTBUEM FHPOCKONHUYECKOro MOMEHTa, CO3/1aBaeMoro Bpa-
marouumcs poropom TPII.

Y coBpemeHHbIX caMoneToB ¢ TP]l BaHsSHHE T'HPOCKONHYECKOTO
MOMeEHTa JABHraTessi CHJbHee, ueM y camosetoB ¢ TPIIL crapo# kon-
cTpykuud. [IpuYHHA 3TOro 3aKJ/K004aeTcs B BO3pacTaHHH abCOMIOTHBIX
BeJIMUMH THPOCKOMHYECKOT0 MOMeHTa potopa aeurartens Jpwp (Jp—
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MOJISIPHBIH MOMEHT HWHEPLMH pPOTOpa ABHUraTeJsl, a wp — YrJoBas
€KOpPOCTh BpaieHusi poropa apurartensi) y TPl cBepX3ByKOBBIX ca-
MOJIETOB B CBSI3H C yBeJMUYEeHHEM HX TSTOBOOPYXKEHHOCTH. XapakKTep
H3MeHeHHs] aOGCOMIOTHBIX BeNHYHH Jpop Y OTEUeCTBEHHBIX CaMOJIETOB
nepuoja nocie Bennkoit OredecTBeHHOH BONHBI MOXKHO NPOCJEIHUTD
Ha mpuMepe caMoJieToB-HcTpebuTeneit KoHcTpykuuu A. M. MukosHa
u M. U. I'ypeBuua. B Ta6a. 6.1 npuBefeHbl napaMeTpsl, XapakTepu-
3yiolye BEJHUYHHBl FHPOCKONHYeckoro MoMmeHTa poropa TP sTux
€aMOJIETOB IIPH 3HAYEHHUSIX ©p, COOTBETCTBYIOIIHX 060pOTaM aBTOPO-
TallMd HX ABHTraTe/ell B IITONOpPe Ha BHICOTaX mopsaka 8--10 km.

Ta6auya 6.7

XapaKkTepHCTHKH FHPOCKONMHYECKOr0 MOMEHTa
ABUraTeseil 0Te4eCcTBEHHBIX CAMOJIETOB KOHCTPYKLHH
A. U. Mukosana u M. H. Typesnua

IMapamerpsi
rupockonuyec- | Mul-9 Mul-15 Mul-17 Mul-19 Mul'-21
KOro MOMEHTa

| Jyop | xrc-m-c | 44,4000 59,6000 105,0000 192,0000 | 255,0000

Mopl e | 0,0280| 0,028 0,0429 0,0433 0,0481
Iy

7

Tvopl e | 0,0326]  0,0831 0,048 0,0512 0,0517
P

,FHpOCKOHH'—IeCKHﬁ MOMEHT pOTOpa ABHUraTessi BOSHUKAET IPpH Bpa-
LIeHUH caMoJieTa OTHOCHTEJbHO OCH, He COBMajalollell C OCbio Bpa-
L{eHUusA poTopa. Beanunna u HanpaBJ/ICHHE BEKTOpa 'HPOCKOIINYECKO-

o MOMEHTAa M[‘p[p OInpenensaArnTCsa H3BECTHBIM BbIpaxKe€HHEM

— - -
M o=, [0, 0]. (6. 1)

OTciofa, B 4aCTHOCTH, CJelyeT, UTO eC/JH BeKTOP wp HalpaBJeH
no npoposbHO#l ocu camosiera Ox,, TO IpH HaJHYUH, HATIPUMEP, yT-
JOBOH CKOPOCTH PBHICKAHHS ®, BO3HUKAeT MPOCKONHYECKH MOMEHT
TaHraxa. B 3aBHcHMOCTH OT RampaBJ/ieHHs] BpallleHHs pOTopa IBH-
raTessi THPOCKOMHYECKUH MOMEHT Mpyp MOXeT GBITh CTaGHIH3HPYIO-
HIUM MM Zectabunusupymomum. Hanpasnaenue neficTBusi rupockomnu-
YecKOro MOMEHTa [BHraTe/sl MOXKHO OIpelesisiTb C IOMOIIbIO CJe-
LYIOLLEro NpaBHaa.

Jas onpenesieHyst HanmpaBJeHUs AONOJHUTENbHOTO ABHKEHHS HO-
ca camoJieTa, BbI3BAHHOTO JeHCTBHEM THPOCKOMHYECKOTO MOMEHTa,
clelyeT NOBEPHYTb CTPEJKY, NOKAa3blBAIOLIYI0 HaIlpaBJeHHe NPHHY-
IHTeJbHOTO ABHKEHHS HOCa caMoJsieTa (CMOTPS Ha Hee C MeCTa JieT-
unka) Ha ‘90° B HanpaBJieHUH BpalleHusi potopa aBurarens. [losep-
HyTas TakdM o6pas3oM CTpesiKa IOKaxeT HalpaBJeHHe [BHKEHHUS
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Hoca caMoJieTa TOJ AeHCTBHeM IMpocKomuyeckoro momenra. Ha puc.
6.28 npuBenena cxema, HaIVISIAHO WJUIIOCTPHPYIOILAS 3TO MPABHJIO.
Ha s70ii cxeme He3alITPHXOBaHHON CTPSJROH NMOKa3aHO HampaBbJe-
HHe IPHHYJUTENbHOTO IBHKEHHS HOCAa CaMOJIeTa, CO3aBaeMoro Bpa-
IleHHEeM €ro B IITOIOPE, a 3alITPHXOBAHHOMN CTPEJNKOH — HampasJe-
HHE JOMOJHUTEJLHOTO JBHKEHHS. HOCA CaMOJeTa, O0GYCJOBJIEHHOr0
JeiCTBHEM THPOCKONHYECKOr0 MOMEHTA.

Nleboe Gpawenue llpaboe Bpawenue
pomopa dfuzamens pomopa dbuzamens

2 590"

Puc. 6.28. Cxema onpejeneHHs: HanpaBJlleHHst AeACTBHS THPOCKO-
MHYeCKOTO MOMeHTa ABHraTelsi

Mz puc. 6.28 B wacTHOCTH, BHIHO, UTO NPH JIeBOM BpAalleHHH PO-
Topa aBurarens (wp<<0) B Jie3OM LITONOpE NMOBOPOT HOCA CaMOJIeTa
B/1eBO (wy>0) BHI3bIBaeT 1mOJ NeHCTBHEM THPOCKONHYECKOTO MOMEH-
Ta IOINOJIHHUTE/NbHOE ABHKEHHE caMmoJieTa Ha NMUKHpoBaHHe (0,<0).
OTO NPUBOLUT K YMEHbIIEHHIO CPeIHero yria ataku. OmyckaHue HO-
ca caMoJieTa BBI3bIBAET B JAHHOM CJydyae yMeHblIeHHe YIJIOBOH CKO-
POCTH PBICKAaHHS, YTO, B CBOIO Ouepelb, ocjabJisieT AefCTBHE THPO-
CKOITHYeCKOr0 MOMEHTa, HAampaBJIEHHOr0 Ha ONycKaHMe HOca CaMo-
Jera U T. A. Takum obpasoM, moJ AeHCTBHEM THPOCKONHYECKOTO
MOMEHTa B TaKOM peXHMe IITONODa CpelHHe 3HAUYeHUS Yrja aTaku
¥ YrJIOBOH CKODOCTH PBICKAHHSl YMEHbLIAIOTCS, a KoseOaHUSl HX, Ha-
IIpoTHB, Bo3pacTaloT. BospacTtanue KoJseGaHUI YrioBOH CKOPOCTH
PBICKaHHS NMPUBOAMT K YBeJIHUYEHHIO KOoJeGaHUl yria CKOJIbXKEeHHS ca-
MoJeTa.

Takoe  BaMAHHE THPOCKONHYECKOTO MOMEHTa Ha Xapak-
TEPUCTHKH IUTONOpPA SIBJSETCS 3aKOHOMEDHbIM M B TOH HJH HHOH
CTelleHH CBOHCTBEHHBIM BCEM CaMoJeTaM: LITONOP, COBNAAAIOUIHH HO
HalpaBJIeHHIO C BpallleHHeM pOTOpa ABHraTtejsi HJIH BO3AYIIHOIO
BHHTA (HamlpHMep, JIeBBIl IITOMNOpP NpH JIEBOM BpALIEHHH DOTOpaA),
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OKa3bIBaeTcsl MeHee YCTOMYMBHIM M MHTEHCHBHBIM, UeM LITOHOD MNpO-
THBOIIOJIOXKHOT'O HanpasJjierusl BpauieHusi. Uem GoJibiie aGCoOMIOTHBIE
BEJHYHHBL U KoJieGaHHs YIJOBBIX CKOPOCTEH BpallleHHs caMoJieTa B
mronope (MpH HeH3MeHHOM Jpwp), TeM CHJIbHee H pe3ue NpPOsBJsAeT-
csl BJIHSIHHE THPOCKOMHYECKOrOo MOMeHTa. [IpuBeleHHbIE PE3yJbTATHI
MOATBEPKAAIOTCSA JaHHBIMHU JIETHBIX HCHBITAHHH COBPEMEHHEIX €aMo-
JIETOB.

XapaKTep u3MeHEHHs] CPelHHX BEJIHYHH Ccp U Oy cp B NPABOM H
JIEBOM LITONOpPE TaK:Ke COOTBETCTBYET W3JIOKEHHBIM BhIie coolpa-
JKeHusIM. AHa/iu3 pe3yJbTaTOB JIETHBIX HCIBITAHHH pasJHYHBIX Ca-
MOJIETOB Ha IUTONOpP MOJATBEPXKIAET, YTO ¥ CBEPX3BYKOBHIX CaMmoJie-
TOB pasJiMyHe MeXAY NpaBbBIM W JIEBHIM LITONOPOM (BJIHSIHHE THPO-
cKomuueckoro mMoMmeHnrta potopa TPIl) mnposiBasieTcsi 3HAYHTEBHO
CHJIbHEE, YeM Y J03BYKOBBIX PEAKTHBHBIX camoJ/ieTOB. Tako#l BHIBOJ
MOATBEPKAAETC sl TAKKe NPH CPABHEHHH BEJNMYMH MaKCHMaJbHBIX KO-
ne6aHuil 60KOBOI neperpy3kH U YrioBOH CKOPOCTH DBICKaHHS B Hpa-
BOM M JieBOM LTonope camoseroB Mul'-9, Mul'-15, Mul'-17, Mul"-19
1 Mul'-21 (umeromux NBUraTeNH JIEBOrO BpalleHHs), IPHBEIEHHbIX
B TabJ. 6.2.

Tabauya 6.2

XapaktepucTuka . i ) ]
mromopa Mul'-9 Mul'-15 Mul’-17 Mul'-19 Mul-21

(Aoy) neBbift

1¢y) NeBRM 1,09 1,11 1,2 1,35 1,50
(Awy) mpasbiii

A
{&n;) zesui 1,10 1,26 1,40 1,65 1,77

(An;) npaBbiit

6.8. ITONOP H ASPOUHEPLUHOHHOE BPAIIEHHE

B GosblLIMHCTBE ciiyuaeB NPH H3YYEHHH NUHAMHKH I0O-
JleTa caMoJieTa OKa3blBaeTcsi BO3MOXKHBIM H3yuaThb H30JHPOBAHHO
XapaKTepHUCTHKH NMPOLOJBHOrO H 60KOBOrO ero aABHxKeHU#. IIpumenn-
TEJBHO K CJIOXHBIM BpallleHHAM caMoJieTa 3TO HemomycTumo. Pac-
CMOTpEeHHe OT[eJbHO NMPOLOJbHOrO U GOKOBOTO IBHIKEHHH caMmoJieTa
B TaKMX pexXHMax IoJieTa MOXeT NMPHBOAUTb K KaueCTBEHHO Hempa-
BHJIbHBEIM BbIBOJaM. MaTeMaTHyecKH 3TO 06YCJ/IOBJIEHO TEM, UTO ypaB-
HeHHs JBHXEHHS caMmoJjiera B o0lneM ciyyae (NpUMEHHTENbHO K Ta-
KOMY KJaccy JBHXKEeHHH) He pasfessiioTcs, IOCKOJbKY IBHMKEHHS
caMoJieTa OTHOCHTE/bHO BCeX TPeX ero IVIaBHBIX OCell MHEpUHUH OKa-
3BIBAIOTCS B3aHMOCBsI3aHHBIMH. Pu3nueckn B3aumoneiicteue (HHOrIa
€ro HasblBalOT B3aHMOCBSI3bI0 HJIM NIEPEKPECTHBIMH CBSI3SIMH) MpO-
NOJbHOrO W GOKOBOro NBHXKEHHH caMoJieTa B pacCMaTpUBAaeMBIX pe-
XKHMax o6yC/IOBJIEHO PSIOM IPUYMH, B TOH HJHM HHOH MEpe BJHAIO-
IINX Ha De3yJIbTHPYIOllee NMPOCTPAHCTBEHHOE IBHIKEHHE CAaMOJIETA.
OCHOBHBIMH U3 3THX NPUYMH SIBJISIOTCS a3POAHHAMHYECKOe, KMHEeMa-
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THYECKOe, HHEePUHOHHOE M THPOCKONHYECKOe B3aUMOAEACTBHUS IIPO-
JIOJbHOTO H GOKOBOTO [BHMKEHHH camoJieTa. B HEKOTOpHIX cayudasx
CyLIeCTBEeHHOE BJIHSIHHE Ha B3aHMOJefCTBHE IBHKEHHA OKa3bIBAIOT
ynpyrue nedbopMauuy KOHCTPYKUHH (a3pOynpyroe B3auMOJEACTBHeE,
OO6YCJIOBJIEHHOE a3pPOYNPYTOCTbIO CAMOJIETA).

OTH B3aUMOIEACTBHS B 3aBHCHMOCTH OT YCJIOBHH MOJIETA U OCO-
GeHHOcTell caMoJieTa MOTYT 6oJiee HJIH MeHee 3aMeTHO NPOSIBJIATHCA
_Ha BCeX yIJax aTakKH: 3KCINIYaTalHOHHBIX M HEe3KCITyaTalHOHHBIX
(10-, oKoJIO- M 3aKPHTHYECKHX). B psme ciyuaeB 3T0 MOXeT NpHBO-
IHUTb K IMOSIBJIEHHIO BeCbMa ONAaCHOTO a5pPOHHEPLHOHHOTO BpAalll€HHS
camosieta. B npuHuune aspouHepLHOHHOE BpalleHue (B OTJIHYHE OT
IITOMOPa) MOXKET UMEeTh MecTO Ha JioObiX yriax ataku. llltomop, cy-
111eCTBYIOILUH TOJIbKO Ha 3aKPUTHUECKUX YIJIaX aTakH, TaKxKe Xapak-
TepU3yeTcsl CJIOXKHBIM M CHJIBHO BBHIDAXKEHHBIM B3aHMOJAEHCTBHEM
NpPOAOJEBHOTO M GOKOBOrO ABHKEHHH camoJieTa. B HeKOTOpHIX cay-
yasgx B3aUMOJEHCTBHE ABHUKEHUH Ha 3KCITyaTallHOHHBIX YIJax aTa-
KM MOXeT NPHUBONUTH K MOSIBJIEHUIO a5POHHEPLIHMOHHOTO BpallleHHS,
KOTOpOe, B CBOIO Ouepe/ib, BeIeT K BEIXOLY CaMoJieTa Ha OKOJIOKpH-
THYeCKHE YIJIbl aTaKH U CBAJMBAHHIO C NOCJHELYIOIIHUM MEePEeXoioM ca-
MoJieTa B mIiTonop. B 3Tux ciayuyasx mromop pasBuBaercs Ha ¢oHe
A3pOMHEPLIHOHHOTO BpAIlleHHUS, YTO MOXKET NMPHBOJUTb K Upe3BbIYal-
HO BBICOKMM CKODOCTSIM BpallleHHsI caMoJsieTa (nmopsinka 5—7 panfc,
a uHorjga W GoJiee) U moTepe ycroBuuBocTH. MlHorma aspouHepLHOH-
HOe BpallleHHe BO3HHKaeT B mpolecce mronopa. Kak yxe oTMeua-
JIOCh, CYLIECTBOBAHUE IITONIOPA H a3POUHEPIMOHHOrO BPALIEHUS CBsl-
33aHO C CHJIBHBIM MpOsIBIeHHEM (B KaXKIOM KOHKDETHOM cJjyyae Mo-
Pa3HOMY) B3aHMOJEHCTBHS MPOLOJBHOrO M GOKOBOrO NBHMKEHHUI ca-
moJsieta. Oco6eHHO CHJIBHO B3aWMOJEHCTBHE IBHXXEHHH MOXET Ipo-
SIBJATbCS Ha OOJIBIIMX YIJIaX aTAaKH IIPH BO3HUKHOBEHHHM CPBIBA
mortoka. 3-3a acumMeTpuu camoJsiera (a3poJHHAMUUECKO#, reoMer-
PHYECKOH, XKECTKOCTHOM U T. I.) CPHIB MOTOKA MOXKET Pa3BHBATbCS
HECUMMETPUYHO Ha JIEBOi U MPABOH MOJOBHHE KPblia. DTO MPUBOJHT
K MOSIBJIEHUIO PA3JIMYUil B HOPMAJIbHBIX U TAHT€HUHAJbHBIX CHJIAX HA
o60ouX MOJIOBHHAX KpHlJa, YTO, B CEOIO Ouepelb, BjeueT 3a coboii mo-
siBJieHHe GOKOBHIX MOMEHTOB (KpeHa M phicKauusi). Takum o6pasom
IPOAOJBbHOE [BHXKEHHe camoJjieTa (yBeJqHUYeHHe yIya aTaKd, NPHUBO-
Isiliee K CPBHIBY MOTOKAa) BHI3bIBAeT MOSIBJEHHE GOKOBOTO IBHKEHHS
€CaMoJIeTa MOJ BJHSHHEM CPbIBA IMOTOKA.

PaccmorpuM noapoGHee NPUYMHB! NMOSIBJEHHS M BO3MOXKHBIH Xa-
pakTep MpPOsIBJIEHHS a3POHHEPLUOHHOrO BpallleHHs BO B3auMOJEHCT-
BHH CO LITONOPOM y COBPEMEHHBIX caMoJ/eToB. HauHeM ¢ OCHOBHBIX
¢akTopoB, 00YC/IOBJIUBAIONINX B3aHMOJENCTBHE MPOXOJBHONO H 60-
KOBOTO IBHXKEHHH caMoJieTa.

6. 8. 1. AapoauHamMuueckoe
M KMHEMaTHYecKoe B3auMOJeHCTBHE

Ilox aspoaMHaMHYECKHMM B3aHUMOJEHCTBHEM IBHXKEHHI
TIOHHMAaeTCsl BJHSIHHE NMAaPaMeTPOB MPOJOJBHOTO ABHXKEHHUS (B mep-
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BYIO OYepelb, yIjla aTakH) Ha a3pOAMHAMHUYECKHE CHJIBI H MOMEHTHI,
o6ycyoBnuBaiomue 6GOKOBOe IBHXKEHHE, H OXHOBPEMEHHO C 3THM —
BJIHMSIHHE MapaMeTpoB OOKOBOTO IBHMXKEHHUS (B NEpPBYIO ouepelb,—
yryia CKOJIbXXEHHsI M YIVIOBOH CKOPOCTH KpeHa) Ha aspogHHaMuue-
CKHe XapaKTePHUCTHKH IIPOJOJIbHOTO ABHXKEHHSI caMoJsieTa. Asponau-
HaMuueckHe MOMEHTHl KpeHa H PBICKaHUs M HX NPOU3BOJIHBIE B 3HA-
YHTENBbHOH CTelleHH 3aBHCAT OT BEJMUMHEI yrja AaTakd CcaMoJeTa.

my
o1
0
20 40 \50 80 a, 2pad

" _/ - \/
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Puc. 6.29. I'padux H3MeHeHHS a3pOAHHAMHYECKOH mPo-
H3BOAHOH M, 1O yrJy aTaku

Oco6eHHO CHUJIBHO 3Ta 3aBUCHUMOCTbH IPOSIBJISIETCS Y CaMOJIETOB €O
CTPEJIOBUIHBIM KPBLJIOM Ha OOJBINHX YrJaax aTakH, €CJH IIPH 3TOM
BO3HHKAIOT MeCTHhle 06JIaCTH CPHIBEA NMOTOKAa Ha KOHIax Kpbuia. He-
CHMMETpPHYHOE pacroJioKeHHe obJiacTell cphiBa NMOTOKA Ha NPaBOH K
JIeBOfi MOJIOBHHE Kpblia (YTO, KaK IPaBHJIO, HMEEeT MeCTO B peajlb-
HBIX YCJIOBHSIX) MOKET NMPHBOIHUTH K MOSIBJEHHIO 3HAYHTENbHBIX HO-
HOJIHUTEIbHBIX a39pOJHHAMHUYECKHX MOMEHTOB KpeHa u pricKanus. Ha
puc. 6.29 nmpuBeneH nmpuMep H3MeHeHHS MPOU3BOAHOH a’3pOJHHAMH-
YeCKOr0 MOMEHTA PHICKAHHS IO YIJy CKOJIbXKEeHHSI B 3aBHCHMOCTH OT
yraa ataku. li3MeHeHue yryia aTaku NpUBONHUT He TOJIBKO K H3MeHe-
HUSIM BEJIHUHHBI, HO Ja)e M 3HakKa MPOH3BOXHOMH mg. IIpumep 3a-
BHCHMOCTH XapaKTE€PHUCTHKH IIPONOJBbHOTO ABHXKEHHsI caMojieTa Cy=
=f(a) OT yrJyia cKoJIb¥K€eHHs MPUBEJEH BhIlIe HA puc. 5.18.
CyliecTBeHHOM NPHYMHOA H3MeHEHHS] aspOXMHAMHYECKUX CHJI R
MOMEHTOB OJIHOTO H3 [JBHXEHHH camoJjieTa (MPOJOJBHOrO HJIH GOKO-
BOr0) MpPY H3MEHEHHH NMapaMeTpPOB IPYroro ero IBHKEHHUS SBJSETCS
KHHEMaTHYyecKasi CBsI3b BeJIMYMH YIJIOB aTaKH U CKOJIbXKEHHs C Bpa-
meHdemM camoJiera. Tak, B YaCTHOCTH, BpallleHHe caMoJeTa OTHOCH-
TeJIbHO ero npofoJibHol ocu Ox; (60KOBOe NBHXKEHHe) BHI3BIBAET M3-
MeHeHHs YIJIOB aTaku (MPOJOJIbHOE IBHIKEHHe) H CKOJIbKEHHS, OT
BEJIMYMH KOTOPBIX HENMOCPEeLCTBEHHO 3aBHCAT a3pOAHHaMHYeCKHe MO-
MEHTHl M CHJIbl IIPOJOJIBHOTO U GOKOBOTO IBHKEHHH camoJiera. [as
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HArJAAHOCTH PAaCCMOTPHM YNPOLICHHYIO CXeMY H3MeHeHHsl YIJIOB
aTakKd M CKQJIbXKEHHS TPH BpAllleHHH CAMOJIETa OTHOCHTENIBHO €ero
NPOJOJIbHOM OcH — 6e3 yyeTa. BJUSHUSA BeCa CaMoJieTa U BO3HHKAlO-
IMIMX TPH 3TOM H3MEHEHHi Neperpy3kKH Ha XapaKTep IBHKEHHS ca-
MoJsieTa (TpaekrtopHio nosera). [lociennee 3amMeTHO ycnoxHsieT (H-
3HYECKYI0 KapTHHY SIBJEHHUS, -ONHAKO JJs MOHHMAHHS CYN[HOCTH He-
NOCPEICTBEHHO KHHEMATHUeCKOH CBA3M YKa3aHHBIX BhLlllle napamer-
POB He sBJsieTCd HEOOXONNMBIM.

t, t\ t, Sty te

Puc. 6.30.. Unmoctpanus KHHeMaTHYeCKON CBAISH YIJ0B aTakH H CKOJIb-
JKeHHs1 IIPH BPALEHHH CcaMoJieTa OTHOCHTEJIbHO ero HPONOJBbHOR OCH

ITpennosoxum,. 4T0 MOAEJb CaMoJieTa YCTaHOBJEeHA B a3pOJHHA-
Muyeckoil Tpybe u o6safaeT TOJLKO ONHOH CTeNeHbIO CBOGOAB —
BO3MOXKHOCTBIO BpallleHHs] OTHOCHTEeJIbHO OCH, COBNajalolliell ¢ Ipo-
honbHO# ocblo Mozmenn Ox;. B atom ciyuae yron Mexay BeKTOPOM

->

cKopocTH HaGerajollero Motoka V u NpomosbHOH OChI0 MOMAENH MPH
ee BpalleHuH GyleT ocrtaBaThbcs HensaMeHHBIM. Ecuay, Hampumep, Hc-
xonublll (MHAEKC «0») yroJa ckoabxenus fo=0 (puc. 6.30, t=4), 10
IIPH TaKOM BpallleHHH NIOBOPOT MOIEJH OTHOCUTEJNBHO €€ IIPONOJbHOM
ocu Ha 90° MPUBOAUT K M3MEHEHMUIO Yriia aTaKH OT HCXOIHOTO €ero
3HaueHud ao(f=%) mo Hyas ({=+#). 3atem npu moBopore Ha 180°
yroJ aTakd CTAHOBUTCSI PABHBIM HCXOJZHOMY IO abGCOJIIOTHOH BeJIHYH-
He, HO OKa3blBaeTcsl O6paTHBIM eMy M0 3HaKy (f=1f;). IIpu moBopoTe
Ha 270° yros aTaky CHOBa yMeHbLIAEeTCsl IO HYJSsI, a 3aTeM BO3Bpa-
1aeTcss K HCXOJAHOMY CBOeMY 3HAuUeHHIO NPH IIOBOPOTEe MOJeJH
Ha 360°.

. Tak e UUKIUYECKH B 3TOM CJyyae U3MEHSETCS M YroJ CKOJbXKe-
Hus. Ilpu noBopore Monenun Ha 90° yron cKosbKeHHS! OT HCXOJHOrO
HYJIEBOrO 3HAUEHHS BO3pacTaeT O BEJHUUYHMHB,, PAaBHOH HCXOJHOMY
yray artaku ({=t;). Uepe3 180° yion ckoJibKeHHsI CHOBA yMeHblia-
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eTcs 70 HyJsi, a npH noBopoTe Ha 270° OH CTAHOBHUTCS OTpHIlATENb-
HbIM, PaBHBIM IO aGCOJIIOTHOH BeJHMYHHE HCXOJHOMY YIJy aTakH
(B=—ay). [Tocne moBopota Ha 360° yros CKOJbXEHHSI CHOBAa OKa-
3bIBaeTcsl PaBHBIM HYJIO U T. A. OueBHAHO, YTO NMOAOGHBIE LHUKJIHYE-
CKHe M3MEHEHHs YIJIOB aTakH M CKOJIbXKeHHsl OYLYyT UMeTb MeCTO H
[pY BpALlEHHH MOJEJH CaMoJieTa OTHOCHTENbHO ee HOPMAaJbHOM OCH
Oy, (puc. 6.31).

2y
A
Xy v Xy Q\ v
- , < 3O—- -—COTx
2y
% w,
to=

Puc. 6.31. HMamocTpanus cBS3H YIJIOB aTaKH M CKOJIbXKEHHsI MpPH Bpa-
IEHHH CaMoJIeTa OTHOCHTeNbHO ero HOPMAaJIbHOM OCH

Harnsinnoe mpencraB/iieHHe 0 B3aHMOJEHCTBHH IIPONOJILHOTO H
©0KOBOTO JIBHKEHUH NpHU BpallleHUH caMoJsieTa MOXKHO TOJIyYHThb, pAC-
CMaTpUBas 0COGEHHOCTH ABHKEHHUS JBYX PHIOTETHUECKHX CAMOJIETOB,
o6nafgaoluX HEKOTOPOH HAYaJbHOH YIVIOBOH CKOpPOCTbIO Kpe€Ha.
Bynem yc/0BHO cuuTaTh, YTO OHU BpAILLAIOTCS IO AEHCTBHEM TOJb-
KO a’pOoJlHHaMHYeCKHX MOMEHTOB, a HHEPLUHOHHbIC MOMEHTHl Y HHX
‘OTCYTCTBYIOT. I1ycTh nepBuIil H3 HUX O6GJafaeT GecCKOHEUHO GOJbINHU-
MU CTelNeHsIMH NPOAOJBHON U NyTEBOH CTAaTHYECKOH yCTOHUMBOCTH, a
BTOPOH CTAaTHYeCKH HEHTpaJsieH B IPOAOJBHOM U ITyTEBOM OTHOIIEHHH,
T. €. CTENIEHH ero MpOoJOJbHON H IyTeBOH yCTOMYHBOCTH PABHH HYJIO.
IIpeanonoxum, 4TO 3TH CaMOJIETHl COBEpINAIOT IIPSIMOJIMHEHHBIN
TOPHU30HTAJbHBIH MOJIET ¢ HEKOTOPBIM HCXOAHBIM YIJIOM aTakKH o 6e3
-ckosibXXeHusl (Bo=0). Ecsiu K mepBoMy M3 3THX ABYX CaMOJIETOB IpH-
JIOXKHTb MOMEHT KpeHa (OTKJOHHTb 3JIEPOHBI), TO OH Ha4yHEeT Bpa-
1maThcsl, He MEHSIS MCXOAHBIX 3HAUeHWH YIJOB aTakKh M CKOJIbXKEHHS.
‘O6yc/I0BJIEHO 3TO GeCKOHEUHO GO.IBINMUMU CTEMEHSIMH YCTOHYHBOCTH.
B nanHOM ciyyae mpu H3MEHEHHH YIJIOB aTaKH H CKOJIbXKEHHS BO3-
HUKaloT 6ecKOHeyHO GoJibluue 10 a6COJMIOTHOH BeJHYMHE BOCCTaHAaB-
JuBatolye (crTabUIM3UpYIOLINe) a5pOLHHAMUYECKHe MOMEHTEI, KOTO-
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pble HeMeIJIeHHO BO3BPAILAIOT caMOJeT K HCXOAHBIM 3HAUYEHHSM
3THX YIJIOB.

B nepBoM npHOMHXKEHHH MOXKHO CUHTATh, YTO LEHTD TAXKECTH Ta-
KOro camoJieta npH NMOSIBJEHHH HayaJsbHOH YIJIOBOH CKOPOCTH KpeHa
Oxo OyIeT Npomo/KaTh JBHraThCsl MO NPSMOJHHENHON TPaeKTOpHH
(ecin mpeHeGpeub HCKPHBJIEHHEM TPAEKTOPHH TIOJ BJIMSHHEM Beca

bud na bpawaryug
w b= p = . yuics camonem
1 80=5 By=0  co cmoponsr nabecaromezo nomoxa
Xy
8
w
Z1 q.m
a
A ym___2¥P A y.m. B wfT~—__4m ,«i
g= v s s wYT
N Te=0 W _90° y, =180 /)
t, =0 2T w a=a,

Puc. 6.32. CxemaTHueckoe H306paxeHHe BpalleHHs caMojeTa ¢ GeCKOHEeYHO
60JILIIHMH CTEeNeHSIMH TNPONOJbLHOH H NYTeBOH YCTOHYHBOCTH

caMoJieTa W M3MEHSIOLIeHcs NP €ro BpalleHHH Teperpysku), a Be
Ipyrue TOYKH — IO OKPYMKHOCTSIM, LIEHTPHI KOTOPHIX JieXXaT Ha Tpa-
€KTOPHH IoJIeTa. DTH OKPYXKHOCTH NePeMEIaloTCsl BAOJb TPAaeKTo-
pHH cO cKopocThio mojera (puc. 6.32). Ilpu atoM mpomoJsbHas ocCb
camoJjieTa 06pa3yeT KOHHYECKYI0 NMOBEPXHOCTb, OCh KOTOPO# COBIIA-
IaeT ¢ HaOpaBJeHHEeM (BEKTOpPOM cKopocTH) moJerta. Konuueckas
TIOBEPXHOCTh TaKXKe NEPEeMEllaeTCsl CO CKOPOCThIO MOoJIeTa.

Ecau mpuIOXKHUTb MOMEHT KpeHa KO BTOpPOMY (CTaTH4eCKH HeH-
TpPa/sbHOMY) caMoOJeTy, OH GymeT BpamaThCs OTHOCUTENbHO CBOCH
NPOJOJILHON OCH, TepeMellalouleiicsi B MPOCTPAHCTBe IMapaJiejbHo
camon cebe (puc. 6.33). OGbsicHseTcs 3TO TEM, YTO IIPH HYJIEBHIX
CTENMEHsAX CTAaTHYECKOH YCTOHYMBOCTH C H3MEHEHHEM YIJIOB aTakH W
CKOJIbXKeHHs1 He OYAYT BO3HHKAThb BOCCTaHABJWBAIOLINE Aa3pOAMHA-
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MHUYECKHe MOMEHTHI, CIIOCOGHBIE BHIBECTH OCh BpalieHus (MpOXOJb-
HYI0 OCb) caMoJjieTa U3 BEPTUKAJbHON MJIOCKOCTH WU U3MEHHTb YToJ
MeXJY 3TOH OCbI0 U TPAaeKTOpHEeH moJieTa.

CTeneHu NPOJOJIbLHOM H NYTEBOH CTaTHYECKO#H YyCTONYHBOCTH pe-
AJIbHOTO CaMOJIeTa HMEIOT OllpefeleHrYyio (KOHEUHYI0) BeJHYUHY.
Taxkoit camoser mox meficTBHEM KpeHsilero ; MoMeHTa OyjperT Bpa-

Bud na Bpawarowyuica camosem
co cmopoMbl Habezaroweeo nomond

Xy
w N B

X1

L7

Bud cboxy wa npodonswyro oco camonema
%
5 4 _90° = (1> 90%)
_X " &"B —_— 5
L=0 Dy _om= ey B &
A./Zm A’J,/ ym 2 y.m.

Puc. 6.33. Cxemarnyeckoe H300paxkeHue BpalleHHs caMojieta, HeHTpaJbHOrO
B NIPOJOJIBHOM H ITyTE€BOM OTHOLIEHHH

IaThcs OTHOCUTEJNbHO ocH Of, He coBmajamoolleil HH C HalpaBJIeHH-
€M TPaeKTOPHH (BEKTOpa CKOPOCTH) MOJIeTa, HH C HalpaBJIeHHEM ero
NpoOJdOJbHOA OCH. DTO NMPOU3OHAET MOTOMY, UTO HU3MEHEHUS YIJOB
aTaky H CKOJIbXKEeHHs, BbI3blBaeMble BpalleHueM, GYAYT COMPOBOX-
laTbCsl TIOSIBJIEHHEM BOCCTAHABJHMBAIOMIMX a3pONHHAMHUYECKHX MO-
MEHTOB, OTKJIOHSIIOLINX MPOXOJbHYIO OCb CaMOJIeTa OT ee HCXOAHOIro
noJsioxkenus. [Ipu 5ToM yriibl aTaku M CKOJIbXeHHS GynyT TeM GJiu-
K€ K CBOUM HCXONHBIM 3HAUeHHSIM, yeM OoJibliie CTeleHb YCTOHUM-
BOCTH CaMOJIeTa M UeM MeHblile yrjoBasi cKopocTh KpeHa. Eciu moc-
JIe[lHsIs1 HeBeJIMKa, TO caMoJsieT OYIeT BpallaThCsl OTHOCUTEJBHO OCH,
NIOYTH COBMAajamoLlell C HanpaBJeHUeM TPAeKTOPUH IIOJIeTa.

Ilpu 6osbiON YTJIOBOH CKOPOCTH KpeHa KapTHHA H3MeHHUTCs. Bocs
CTaHaBJ/MBAIOLLIHe a3POAHHAMHYECKHEe MOMEHTbI IPAKTHUECKH HE CMO5
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I'yT IapUpoOBaThb BO3HHKAlOLHE IIPH BPAallleHHH caMoJieTa LHK/IHYeC-
KHEe H3MCHEHHSA YIJIOB aTAKH H CKOJIbXKE€HHSI, H CaMOJIET 6y;[eT Bpa-
IaTbCsl OTHOCHTEJbHO OCH, MOUTH COBNAJAIOLIEH C ero HpOIlOJIbHOﬁ
OCbIO.
UnupiMu CJIOBAMH, AJiS TOTO UTGOBI Y pe€aJbHOro camoJieTa MOTJO
BO3HHKHYTH JIBHIXKEHHE C BpallleH<eM OTHOCHUTEJbHO BEKTOpA CKOpPOC-
-

TH noJjieta V, B KOTOPOM camoJie. KaK Obl CKOJIb3UT IO KPYroBOM KO-
HHYEeCKO}l NMOBEPXHOCTH, 06pa3oBaHHO! BpaiieHHeM ocH Ox; oTHOCH-
-

TeJIbHO HanpasJieHUs BeKTopa V, neo6XoguMo, YTOGH BeJIHYHHA COO-
CTBEHHOH 4YacTOThl KoJjieOaHMH camoJjieTa Oblia 3HAYUTEJNbHO BhILIE
Yra0Boi cKopocTH KpeHa. [Ipu aToMm Bpamiawouiuiics camoJser 6yner
pearupoBaThb Ha BO3MYIeHHs, 00ycJOB/IeHHbIe KHHEMaTHYeCKOl B3a-
¥IMOCBSI3bI0 YIJVIOB aTAaKH H CKOJIbXKEHHS, LUKJUYeCKHe H3MeHeHHUs
KOTOpPBIX IPOUCXONST C YaCTOTOH, PABHOH BEJHUHWHE YIJIOBOH CKO-
poctn kpeHa (cM. puc. 6.32). Ilpu GosnblUX YIJOBBIX CKOPOCTSIX
KpeHa, 3HAaYHTE/JbHO NPEBHINAIONIUX YacTOTH COOCTBEHHBIX KoJieOa-
HMI DBICKaHHS U TaHraxa, caMmoJieT He GyleT ycleBaTb PearupoBaTh
Ha LHKJIHYeCKHEe U3MEHEHHS YIJOB aTaK#H M CKOJIbXKEHHs, NPOUCXO-
ZISIlIlMe C YacTOTOH, paBHOH w,. B aToM ciyuae oH Oymer BpauiaTh-
Csl NPaKTHYECKH OTHOCHTEJNbHO NPOLOJBHOH IJIaBHOH OCH 'MHEPUHH.
Yrael ¢ 4 B npu 3TOM B cpefHeM OYAYT HYJEBBIMH M XapaKTep IBH-
JKeHHs raMoJieTa CYIeCTBeHHO Hu3MeHHTCSl. Boccranap/iuBaolne
a3poAMHaMHYeCKHe MOMEHTH NPaKTHYECKH yKe He OYLYT BJIHATH Ha
IBUXKEHHe camoJsieTa. B mpenese npu |wy|—-co nBHKeHHe Bpamiawo-
{erocsl camoJieTa Kak rupockomna 6yner BCerlia YCTOHUHBBIM.

6. 8. 2. UHepunonHoe
U THPOCKONIHYECKOe B3auMoaeiicTBHe

Peasbuble camosieThi 06J1afaloT KOHEUYHBIMH (BecbMma
3HAUYHUTEJbHLIMH Y CBEPX3BYKOBBIX CAaMOJIETOB) HHEPUHOHHLIMH MO-
MEHTaMH, BO3HHKAIOUIMMH TIPH BpallleHHH camoJsieta. Hasnune unep-
I{HOHHBIX MOMEHTOB PLICKAHHSl M TaHraxa MPHUBOAMUT K IIOSBJIEHHIO
HHEPIHOHHOTO B3aMMOJEHCTBHSI NBHIXEHHH caMoJieTa IIPH €ro Bpa-
weHnd. B obmem ciyvyae BpaleHHe camoJieTa MPOUCXOLUT OTHOCH-
TeJIbHO BCeX TPeX ero oceii (IPOROJBHOI, HOpMAJIbHOM M GOKOBOI),
T. €. NIPH HAJHYHH OTJIHYHBIX OT HYJS YIJIOBBIX CKOPOCTEH KpeHa,
phicKaHusl M TaHraxa. HHbIMH cloBaMHu, caMosieT B 3TOM cJyuae
BpallaeTcst OTHOCHTEJBHO OCH, He COBNAajawllell HU ¢ OXHOH U3 TpeX
€ro ocefi M He JeXalueHd B IUIOCKOCTH CHMMeTPHH camoJieta. Takoe
IIPOCTPAHCTBEHHOE BpallleHHe GyneT MMeTb MECTO JaXe B TOM CJy-
yae, KOrJa JE€TYHK OTKJOHSIET TOJbKO 3JIEPOHBI, CO3[aBasi HCXOAHYIO
YTJOBYIO CKOPOCTb KPEHA 0o M YAep:KHBas ApPYrue PyJH B HX HC-
XonHOM 6aJaHCHPOBOYHOM NoJjoxXKeHHH. [Ipu aToM moj HeHCTBHEM
CMHPaAJIbHOTO 3aBOPAuMBAIOIIEro B O6YCJOBJIEHHOTO OTKJIOHEHHEM
5JIepPOHOB 3aBOPAUHBAIOLIErO a3POAMHAMHYECKHX MOMEHTOB, a Tak-
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2Ke THPOCKONIHYECKOro MOMEHTA, 'CO34aBaeMoro BpallleHHeM pOTopa

IBUraTeJisi, MOSIBUTCS M YIJIOBasi CKOPOCTb PBICKAHHUS (y.
OTKJ/IOHEHHE 3/IEPOHOB M THPOCKOMHYECKHI MOMEHT NpPHUBOASAT

TaKxKe K BO3HUKHOBEHHIO YIJIOBOH CKODOCTH TaHraxa o, Bekrtop

-

Pe3yJbTHpYIOLIEH YrJOBOi CKOPOCTH BpalleHUs caMmoJieTa o Oyner

paBeH CyMMe 3THX TPeX COCTABJSIOIHX H MOXKeET 3aMEeTHO OTJIH-
-

yaTbCsl OT BEJHYMHBI BEKTOPA ®yo. BpamieHHe camoJjieTa MOXKeT BO3-
HHKaTb He TOJbKO 33 CUET CO3JAaHHSI HCXOLHOH YIJIOBOH CKOPOCTH
KpEHa ®yo, HO TaK3Ke M UCXONHBIX YIJIOBHIX CKOPOCTEH pBICKaHHS
®yo U TAHTaXa (z: HPU OTKJOHEHHH pyJeH, BBIIYCKe HJIH yOOpKe
BO3AYUIHBIX TOPMO30B H T. II. B 3TUX ciyyasix HHepUUOHHOE B3aHMO-
JefiCTBHE MOKET IPOSIBJATHCS 3HAUUTENBHO CHIbHEE.
Bo3HHKHOBeHHE HHEPLHOHHOrO MOMEHTa TaHraxa (NpomoJbHOe
JIIBHIXKEHHE) TpPH HaJHYHM YrJOBOH CKOPOCTH KpeHa (60KOBoe ABH-
JKeHHe) O0YCJOBJIMBAET UHEPIHOHHOE BAa3HMOJEHCTBHE NPOLOJLHOTO
U GOKOBOTrO IBHXKEHHH camoJieTa, a BO3HUKHOBeHHe HHEPIHOHHOTO
MOMeHTa DBICKaHHSl IPU KpEHEHHH caMoJjleTa CO3laeT HHEPLHOHHYe
B3aUMOJIEHCTBHE TNYTEBOTO (pbICKaHHWE) W MOMepeyHoro (KpeHeHHe)
ero aBmkeHui. HaubGosnee HariasigHplM NpHMepPOM SIBJSETCS HHEPIH-
OHHOe B3aMMOJECTBHE NPH BpallleHHH CaMOJIeTa OTHOCHTEJBHO ero
nponosbHO ocH. [ToaTomy 06BIUHO NPH aHAJIH3€ HHEPLHOHHOTO B3a-
UMOJEHCTBUSl €ro pacCMaTPHBAIOT TOJBKO IIPH HaJHYUH YTJIOBOH
CKOPOCTH KpeHa, MaKCUMaJbHble BeJHYHHBI KOTOPOH, KaK INpaBHIIO,
3HAYHTEJbHO IPEBLIIIAIOT MaKCUMaJibHble 3HAUEHHSI YIJIOBBIX CKO-
pocTeil phickauus u TaHraxa. OmHaKo HHOrJa Takoe YIpOIleHHe MO-
XET MPUBOJIUTDH K CYLIECTBEHHOMY HCKaXKeHHI0 oO1iell KapTHHB IBH-
JKeHHs camoJjieTa. B Takux ciaywuadx cjefyeT paccMaTpHBaTh BJIHS-
HHe BCeX TPeX COCTABJSAIOIIUX pe3yJbTHPYIOUIeH YTJOBOH CKOPOCTH
BpallleHusi camoJjiera. B 4yaCTHOCTH, MHEPLHOHHOE B3aHMOIEHCTBHE
IBHKEHUH camoJieTa Ha KPHTHUECKHX pEeXHMaX XapaKTepHUayeTcs
OGBLIYHO BJIMSIHHEM BCEX TPEX COCTABJISIOUIHX YIJOBOH CKOPOCTH.
®usnuyeckasi CynHOCTb HUHEPUHOHHOTO B3aHMOLEHCTBHS MOXKET
GLITh MOsSICHEHA caenyomuM o6pasoM. [IpencraBuM ynpouieHHO pac-
IpelleieHHe BCEX Macc caMoJieTa B BHJe 4YeThIpeX COCpPefOTOUYeHHHIX
macc m; (i=1, 2, 3, 4), pacnosnoxeHHbIX B mnockoctH x102;. Ha puc.
6.34 mpuBeeHa cxeMa, HLTIOCTPUPYIOLASl B3aUMOAEeACTBHE HHEPIH-
oHHOro necrabGunuaupymouero My H a3pOAHHAMHYECKOTO BOCCTa-
HaBJjuBawuero M, , MOMEHTOB PBICKaHHs IIPH BpallleHHH caMmoJjeTa
C YIJIOBOH CKOPOCTBIO ( OTHOCHTEJNBHO OCH, COBNAjalollell ¢ BeKTO-
o

pom ckopoctd V. B aToM ciyuae MOMEHTH MHEpPIHH CaMOJieTa OTHO-
curenbHo ero oceit Ox;, Oy, u Oz, paBHbL:

l,,=2 m;22, Jy=2 m; (x34-22), fz=2 mx2

W3 310r0, B 4aCTHOCTH, BHAHO, YTO HPH NPHHATHIX NONYUIEHHAX
Jy=J.+/J,. ByneM cuuraTh, YTO BpallleHHe caMoJieTa NPOUCXOJHUT OT-
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HOCHTEJIbHO BEKTOpa CKOPOCTH moJsieTa V, T. €. 4yTO HampaBJieHHs BeK-
- ->

TopoB V 1 w coBnapgaior. IIpu 3ToM LeHTpPOOexXHas cuja HHEPUHH

Fy npu Bpaniennu camoJieTa ¢ YIrJIOBOH CKOPOCTBIO @ ONpefe/siercs

BbIpaxKeHneM Fy=myo?x,sin B, rae '§ — HCXOAHBIA Yros cKoOJbXe-

Hus. Co3naBaeMblil 5TOH CHJIOH HHEPUUOHHBIH MOMEHT PHICKAHHSA pa-

BeH

. 1 .
R — 2 — 2 4-2
My, =F,x, cos B=m,w?x? sin f cos (%——2 myw®x3 sin 2.

Puc. 6.34. CxemaTtnueckoe H300pa}<eHHe MO-

MEHTOB PBICKaHHs, BO3HHKAIOIIHX NIpH Bpalle-

HHH caMoJleTa OTHOCHTEJbHO OCH, COBMAajaao-
el ¢ HampaBJIeHHEM BEKTOpa CKOPOCTH

[ToryunB aHaJIOTHYHbIE BHIPAXKEHHUS 1JI1 MOMEHTOB, CO3JlaBaeMbIX
OCTaJbHBIMH TPeMsl MacCaMM, HaXOAUM DPe3yJAbTHPYIOUIHA HHepIHOH-
HbIif MOMEHT PHICKaHHs B BHJIE

My = E:My,_: E:—lz-m,-«ﬁx%sin 28— E:—;—miuﬁz%sin 28 =
1

=—2—(1)2 (JZ_JX)SiHQB.

B rsi. 3 GBlIO paccMOTPEHO ompejesieHHe HWHEPLHOHHOTO MOMeH-
Ta TaHra)a, KOTOPHIH 10 aHAJIOTHH C BbipaxkeHHeM Mg Myux Mo-
}KeT ObITh NpeACTaBJieH B BUAE

. 1 .
M, = E : m;o?x2 cos a sin a == i/, sin 2a=

=-—;—(1)2 (Jy,—J ) sin 2a.

U3 nosyyeHHBIX BhIpaXKeHHH BHIHO, YTO HHEPIHOHHBIE MOMEHTHI
NpPH 3aJaHHbIX BeJHYHHAX a H B BO3PacTalOT C YBeJHYEHHEM YTJO-
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BOH CKOPOCTH M pa3HOCAa MacC B HaNpaBJ/eHHH NPOAOJBHON OCH ca-
MoJieTa. ¥YBeJMueHHe pa3HOca Macc B HanpaBJeHHH OGOKOBOH OCH
caMoJieTa IPUBOJHUT K YMEHbHICHHIO HHEPLHOHHBIX MOMeHTOB. Buusi-
HHe HHEPIHOHHOr0 B3aUMOJCHCTBHS Ha IHHAMHKY CaMOJIeTa NPH B
TNONHEHHH MaHEBPOB C HEHY/IEBOH YIJIOBOH CKOPOCTbIO KPeHa BeCbM3
cyuectBeHHO. Oc06eHHOCTH IPOCTPAHCTBEHHOTO ABHKEHHS camoneTa
B 3HAYHTE/IbHOM CTENeHH ONPENeNAIOTCS HMEHHO STHM BHIOM B3ai-
MoneHcTBHs. B HHepILHOHHOM B3aHMOJEHCTBHH pellaiolliee 3HaUEHHE
#“MeeT opMa 3JIUICOURA pmepmm camosiera. [Jifi ‘COBPEMEHHBIX
€aMOJIeTOB XapaKTepeH BBITSHYTHIF 3JJIMICOMI HHEPLUH, IIPH KOTO-
pom pasHocTH MomeHTOB uHepuuM Jy—J. u J,—J. OkasbiBaloTCS
GOJbLINMHA. DTO CHJIBHO CKa3hBaeTCs HAa _ XapaKTepe NpOTeKaHHS
JBHXEHHH caMoJieTa C HeHyJeBOMH ymoaoy CKOpOCTbIO KpeHa. [IBu-
JKEHHEe TAaKOro CaMoJieTa ¢ KDeHEHHeM MOXeT NPHBOAHTL K MOSBIe-
HHIO GOJIBIIMX MOMEHTOB HHEPIHOHHOIO B3aUMOIEHCTBHS. ‘
CBepxssyxoane caMoJIeTH HMEIOT IJIHHHHIA (I03eNsiK H 6OJb-
LIOH pa3HOC Macc BOJIb €rp OCH IIPH CPaBHHUTEJbHO MaJioM pa3Maxe
Kpbia. Biarogaps sHauHTeNbHBIM CKOPOCTAM IOJIETA H CPABHUTEIb-
HO cnabomy neMI(HpPOBaHUIO KpeHAa 3TH caMoJjeThl MOTYT HMerb
BecbMa GoJibllIHe YrJjoBble CKOpOocTH KpeHa. [losToMy npu uX Bpalie-
HHMH BO3MOJXHO IOSIBJIEHHE BecbMa GOJIbIINX HHEPUHUOHHBIX MOMEHTOB
PbICKaHHsI M, TaHraxa: JTH MOMEHTB — AecTaGHIHSHpYIOLIHe,
ymenbmalonme yCTOH'-II/IBOCTb a B HEKOTOPHIX CJyuyasiX MPUBOASIIHE
laxe K TOSBJIECHHIO HEYCTOHYMBOCTH ~CaMOJeTa. l'upockonunyeckoe
B3aHMOJEHACTBHE JBHKEHUH, KaK U HHEPLUHOHHOE, NPOSIBJSETCS TOJb-
KO IIpH BpalleHUH caMoJera. Bpamarowuiics potop Auratess (Hiu
BO3AYLIHBIA BUHT) IpencTaBiseT coboil rupockon. Kak u3BecTHO, ['H-
POCKOIl B OTBET Ha nppmox(e}mun K HeMy BHEIIHHH MOMEHT, BBI3bI-

BaolIuH IIOBOPOT 3TOrO rnpocxona C YFJIOBOH CKOpOCTbIO (.0, CTpe-
MHUTCA HpeHeCCPIPOBaTb B OPTOroHaJIbHOM HAaIlpaBJIEHHH aun6o cosz[a-

€T MOMEHT Mmp, ompene/sieMblii 10 IPHBEJEHHON BHIle (opmyJte
(6.1). Hanuume rupocKONHYECKOro B3aHMONEHCTBUS TIPHBOMHT, B ya-
CTHOCTH, K TOMY, YTO B BEPTHKAJbHOM MaHeBpe (TOYHee, B MaHeBpe
0 TaHraxy) mnoj AeACTBHEM THPOCKONHYECKOr0 MOMEHTa BO3HHKaeT
IBIKEHHe DBICKaHHs, B CBOI0 ouepelb, NPHBOASIIEE K H3MEHEHHIO
yrja aTakd camoJera.

6. 8. 3. KpuTHueckue yrioBbie CKOPOCTH KpeHa

Ecau yrioBasi ckopocTh BpalieHHsi ¢amoJeTa BO3pac-
TaeT HAaCTOJIBKO, YTO CyMMa BO3HMKAIOIIHX NPH BpPAalleHHH JecTabu-
JH3HPYIOIIHUX HHEPIHOHHOTO M THPOCKOIMYECKOrO0 MOMEHTOB CTaHO-
BUTCS GOJIbIIE CYMMbl a3pPOJHHAMHUYECKHX BOCCTAHABJHBAIOIIErO H
AeMnHUPyIOIero MOMEeHTOB, IPOHUCXOAUT MOTEPS YCTOHYUBOCTH. DTO
TIPUBOJIMT K CAMOIIPOH3BOJILHOMY YBEJHUEHHIO aGCOMIOTHBIX BEJHYHH
YIJI0B aTaku M (MJIH) CKOJIbKEHUsS] caMoJjieTa, a CJAeLOBATeJbHO, K
CaMONPOU3BOJLHOMY HAapacTaHHIO Meperpy3kH. YTJOBbie CKOPOCTH
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KpeHa, IpU AOCTHXKEHHH KOTODHIX CaMOJIET OKa3blBaeTcs Ha IrpaHHIe
AMepHOAUYECKO# HEYCTOHYMBOCTH (IIPOHCXOIHUT IOTEPsl YCTOHYHBOC-
TH M HacTylaeT pe3KOoe YXyAlleHHe yNpaBJseMOCTH CaMOJeTa), Ha-
3bIBAIOTCSl KpUTHYeCKHMH. OueBHIHO, YTO YeM Gousiblle aGCOMIOTHAS
BeJTMYMHA KPUTHYECKOH YILJIOBOH CKOPOCTH KpeHa, TeM MeHble Be-
POSITHOCTb BBIXOHA Ha Hee IIPH BHINOJHEHHH MAaHEBPOB C KPEHOM.
Kpurnueckasi yriioBasi CKOPOCTb KpeHa, IPH TOCTHXKEHHH KOTOpO#l B
pe3ynbTaTe B3aHMOJEHCTBHS NPOJOJLHOrO M OOKOBOrO IBHKEHHH
caMoJieTa IIPOUCXOAMT HOTEPS €ro IMpPONOJbHOA yCTOHYHBOCTH, HA3HI-
BaeTcsl KPUTHYECKOH MAJ/s JBHMIKEHHS TAHraXa HJH KPHTHYECKOH IO

TaHTaXxy yrJIOBOH CKOPOCTBIO Kpera of,. Beanuunsl of, [19] moryT

ObITb ONpefiesieHHl 0 cyaenyiollel npubauKeHHOH GopMyJie:

. Jp“"p /I' /‘Jp")p‘ ]2 Kczcn
L J L S \ , 6.2
= za—m =V Fn-n ) T amam s &

rie i¢ K :(mV2 — y[BO€HHAsl KHHETHYeCKasi SHepTHs caMoJeTa;

m%z

Cy . .
cnzmzy_l__y‘i_ — 3amnac npo,U;OJIqu?H YCTOHYHBOCTH camoJjeTa IO
np
neperpyskKe;
2m
{pp =———— — OTHOCHTEeJIbHaA IJIOTHOCTb CaMoOJieTa B NPOROJIb-
" oSty

HOM JIBHMKEHHH.

[Ipu 0,<0 o6a cnaraeMblX, CTOSIIHX IOJ 3HAKOM pajJuKaja B
dopmyne (6.2), OKa3bIBAIOTCS MOJNOKHUTENBHBIMU (J4>Jy). [ToaTomy
npaBoe cjaraeMoe Bcerja IpeBHIIaeT N0 aGCOMOTHON BeJHYHHE Je-
soe ciaraemoe. CiemoBaTesqbHO, B paccMaTpHBaeMOM CJiyyae Bcer-
Aa onHuM H3 pemeHui Gynet of, >0, a mapyrum of,<0. HUs nsyx
3THX 3HAYEHHH oF, onpenenseMbix popmysoi (6.2), menburyio ab-
COJIIOTHYIO BEJHYUHY NPH wp<<O uMeeT mojoxutenbHas of. B stom
cayyae (moseT ¢ w,>0) KpuUTHUeCKasi yrjioBas CKOpPOCTb KpeHa
npencrabiaseT co6oil pasHOCTb NEPBOTO M BTOpPOro ciaraeMmbix. [Ipu
fioJieTe C W,<<0 KpHTHUecKas yrioBas CKOPOCTb KpeHa IpelCTaBJsi-
eT co6oii anreGpaHuecKylo CyMMy OOOMX cjaraeMblx (mepen pamH-
KaJI0M B 3TOM csyyae Gepercsl 3HaK MHHYc). Pasiuune a6CcOMOTHBIX
BEJIMUMH OTPHIATENbHON M TONOXKHTEJIbHOH OxpB PACCMATPHBAEMOM
cayyae 006yC/IOBJIEHO TOJLKO BJIMSTHHEM THPOCKOIHYECKOrO MOMEHTA.

U3 dpopmyinl (6.2), B 4aCTHOCTH, BULHO, YTO YBeJHUEHHE pa3HoOca
Macc B HampaBJIEHHH NPOROJBHON OcH (lo3ensika, a TakkKe yMeHb-
wenue C?% NPHBONAT K CHHXEHHIO aGCOJIOTHBIX BEIHUHH O, T. e.

CO3JaI0T NMpeRNoCHJIKH NJs1 Gosee paHHEH IOTEPH CaMOJETOM YCTOH-
4yuBOCTH 1o neperpyske. ITpu wp<<0 B ciyvae w0, <<0 yBesnuenue a6-
COJIIOTHOH BeJHYHHBI THPOCKOIHYECKOro MOMEHTa NIPUBOJHUT K BO3pa-
CTaHHIO a6COMIOTHOM BEeNHYHHBI ©f, a B clyyae wx>0 Habmoxaercs

obpaTHasl KapTHHA.
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Ecnn yrioBasi ckopocTh KpeHa B IOJieTe OKasblBaeTcs 1o a6co-
JIOTHOH BeJHYHHe GOJsibllle KPHTHYECKOH, onpenesseMoit (popMyJioi
(6.2), 1. e. |o,|>|og, [, TO, KaK yKasbBanOCh BHIILIE, CAMOJIET TEPsi-

€T YCTOHYHBOCTb IO neperpyske. IIpn morepe ycTOHYHBOCTH BO3HH-
KaeT KOpeHHOe H3MeHeHHe XapaKTePHCTHK YIpaBJISeMOCTH caMoJie-
Ta, YTO NE30PHEHTHpPYeT JieTYHKA, BecbMa 3aTpPy[NHSET MHJIOTHpOBa-
HHE H, B YaCTHOCTH, MOXKET NIPHBORHTb axe K BHIXOJAY CaMoJieTa Ha
pexuM cBanuBaHus. OODBACHSAETCS 3TO CJAEAYIOIIHMH OGCTOSATENbCT-
BaMH.

Puc. 6.35. Cxematnyeckoe H3oGpakeHHe ABHKeHHH DYYKH YNpaBJeHHS
NpH Nepexofe OT OXHOTO YCTAHOBMBIIETOCS PeXXHMa MNojeTa K APYromy

JleTuuk cynut o6 ympaBJsieMOCTH caMoJjieTa NO ero peakIHH Ha
COOTBETCTBYIOIINE OTKJOHEHHS] OpraHOB yNpaBJjieHHs], IO BeJHYHHE W
XapakTepy OTKJOHEHHH pBlYaroB YHpPaBJieHUS H HU3MeHEHHIO YCHJIHHA
Ha HHUX IpH nuioTupoBaHuu. IIpu sTOM OTKJIOHeHHEM pYyJieH OH ypas-
HOBeIIHBaeT NeHCTBYIOLHEe HA caMOJIeT a3pOAUHAMHYECKHEe, HHEPLH-
OHHBIE U THPOCKOIHYeCKHe MOMeHTHl. B 3aBHCHMOCTH OT XapakTepa
H3MEHEHHS] 3THX MOMEHTOB B IIpOLlecC€ BO3MYUIEHHOTO JIBHXKEHHUS
caMoJieTa OTKJOHEHHs PBlYaroB yNpaBJjieHHsl (PYUYKH yImpaBJeHHS W
nenasnei), TpebyeMble IJsI BHINOJHEHHS 3aJaHHOrO MaHeBpa, H3Me-
HSIIOTCS 1IO BPeMEeHH.

Ha puc. 6. 35 cxemaTHueckn moxasaHbl JIeHCTBHS JIeTYHKa pyd-
KOH ymnpaBJseHus, TpeGyeMble I/ H3MEHEHHsI pexuMa moJsera (mepe-
XOJa OT OHOTO YCTaHOBHUBIIErocs pexuMa noJeta X gpyromy). IBu-
JKeHHsI pYYKH, TpeOyeMble HJ51 HU3MEHEHHs peXHMa IoJeTa Ha ca-
MoJIeTe ¢ JOCTAaTOYHOH CTENEeHbI0 YCTOHYMBOCTH, HJJIIOCTPHPYIOTCA
cxeMOH I, IBHIKEHHS DYUYKH Ha CaMOJIETE€ C MAaJIOH CTeleHbIO yCTOM-
yuBOocTH — cxemoit 2. Cxema 3 xapakTepusyeT HeHTpaJbHHIH, a cxe-
Ma 4 — HeycToiuuBblfi camoJier. llITpuxoBoit JuHUelr Ha rpaduke
NOKa3aH NpPSIMOH XOX pYYKH YIpaBJEHHs, CIJIOMIHOH JHHHeH co-
cTpeskoii — o6paTHblil ee xox. HcxonHoe (HauasnbHOe) IOJIOXKEHHe-
PYUYKH NOKa3aHO CILIOMIHOM JIMHHEH, IPOMEeXYTOUHOe — IMYHKTHDHOH,.
a KOHEYHOE ee I0JI0KeHHEe — YePHBIM CHJIYITOM.
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Ha neycrofiunBomM camoJieTe IpH Hepexoje OT ORHOIO PeXHMA
YCTaHOBHBIIErocsi moJjieTa K JPYroMy JIE(4HK BBIHYXKJAEH BHayaJe
3HAYHTEJbHO OTKJOHSTb ‘PY4Ky YyHpaBJeHHs (IPH NMpPOAOJBbHOR He-
YCTOHYMBOCTH) K menanu (npu GOKOBOH HEYCTOHYHMBOCTH) B Hampas-
JIEHHH BBIOJHSIEMOI'O MAaHeBpa, a 3aTeM TOT4ac K€ Bo3BpamaTh HX
00paTHO U OTKJIOHATH B IPOTHBONOJIOXKHYIO CTOPOHY IJIsl IpeKpalie-
HHs1 OBICTPO Pa3BUBAIOIIETOCs NABMKEHHS camoseTa (cM. puc. 6.35).
Ha HefiTpasibHOM H MaJIOyCTOHYHBOM CaMOJIeTaX TaK¥XKe COXpaHseT-
Csl MOCTyNnaTeNbHO-BO3BPATHOE IBHMXKEHHE PLIYAroB yNpaBJeHHs IPH
MUJIOTHPOBAHUH, HO INPOSIBJSIETCS 3TO yKe 3HA4yMTesNbHO cjabee. Ha
HeATpaJbHOM caMoJieTe IOCJe BHIIOJHEHHS MaHeBpa JIeTYHK BO3Bpa-
IIaeT PHIYATH yNpaBJIeHHsl B HCXONHOE NOJIOXKEeHHe, a Ha YCTOHYHBOM
OH OCTaBJISIET HX OTKJOHEHHbIMH B IPSIMOM HalnpabJieHuH. ToJIbKO 1pH
JOCTAaTOYHO GOJIBIIOM 3amace yCTOHYMBOCTH CaMOJieTa NPaKTHYECKH
OTCYTCTBYIOT JBOHHBIE (IIOCTYNATeJbHO-BO3BPATHbIE) IBHIKEHHS
pblYaraMu ynpaBJIeHHs], 8 XapaKTep HX OTKJOHEHHMH NpH yIpaBJeHHH
CTaHOBHUTCS HauGojiee MPOCTHIM U JierKHM. AHaJIOrHYHBIM 06pasom
MeHSIIOTCS ¥ YCHJIHS Ha phldarax ynpasJeHHs.

He TO/IbKO OTK/JIOHEHHS PbIYAroB yNpaBJEHHS H YCHJHS, MPHJA-
raemMble K HUM JIETYHKOM JAJIsl BBINOJIHEHHSI TpeGyeMOro MaHeBpa,
HO TaKXe XapaKTep caMoro IepexoNHOro Ipolecca H 3amasfbiBaHHe
peakuuu caMmoJjieTa Ha OTKJOHEHHE COOTBETCTBYIOLIEro phiyara yim-
paBiieHusi (pyJisi) OKa3bIBAIOTCS DPA3JHUYHBIMHM y YCTOHYHBOTO, Hei-
TpaJbHOTO W HEYCTONYHUBOrO caMoJjeTa, T. €. IPOCTOTA YNPaBJEHHUS
CaMOJIETOM CYLIECTBEHHO 3aBHCHT OT €ro YCTOHYHBOCTH. YCTOHYH-
BOCTb YJy4IIaeT PeakLHIo caMoJieTa Ha JeHCTBHS JIeTYHKA H yME€Hb-
miaeT 3anas3fblBaHue, 06GJieryaeT KOHTPOJb 32 DEXHMOM IIOJIeTa H
JIO3UPOBKY TpeGyeMbIX OTKJIOHEHHH PYJeH IPH BLHIAEPXHUBAHHH JaH-
HOTO peXMMa MoJieTa M BHINOJHEHHH Heob6xomumoro maHespa. Ilpu
3TOM CYLIECTBEHHO pasrpyxaercs BHHMaHHE JIETYHKA, yMEHbIIAIOT-
Csi 3aTpaThl ero NCHXo-QH3HYECKOH SHEPTHH H cOKpallaercs o6beM
NIOJIETHOTO BpPEMEHH, PaCXOLYEMOro HelOCPeACTBEHHO Ha IMOALEPKH-
BaHue TpeGyemoro pexuma mnosera. Ha HeycTohuynBoM camoJere
HaGuonaercs o6paTHas kaptuHa. IJosToMy  NHMJIOTHpOBaHHE
HEYCTOHYMBOTO CaMoJieTa OKa3blBaeTcs 6oJiee CIOXKHBIM, YeM yCTOH-
ypBoro. Kpuruueckast yrjioBasi CKOPOCTb KpeHa, NPH JOCTHXXEHHH
KOTOpO#l B pe3y/ibTaTe B3aHMOJIEHCTBHS MPOAOJBHOrO H GOKOBOIoO
JBHJKEHHH caMoJsieTa IPOMCXOAMUT IIOTEPS €ro MyTeBOH yCTOHYH-
BOCTH, Ha3bIBaeTCS KDUTHYECKOH [JIS IBHIKEHHUS PBICKAHHS HJH KPH-

THYECKOl MO PHICKAHHIO YIJIOBOM CKOPOCTBIO KpeHa wyp. Ee Bean-
yuHa [19] npu6anKeHHO MOXeT ObITh OmpejesieHa 1o ¢gopmy.Je:

Jpop l/ J pop 2 Kag
p e o ——————— .
“kp 2(J— 1y + [2(-’x—12)] +(Jx—~[z)§"6’ (6 3)

Cgmzy

2u6

rae  og=mb— — 3anac GOKOBOH yCTOHYMBOCTH CaMoJeTa
IO Teperpyske;
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2m
g = Sl — OTHOCHUTeJIbHAs MJOTHOCThH camMoJeTa B
QH

6GOKOBOM JIBHXKEHHH.

[Ipu oTpuuaTeJbHbIX a9POAHHAMHYECKHX NPOH3BOAHBIX (05<T0)
u J,>J, oba ciaraeMblX IOJ 3HaKOM pajaHKaJia OKasblBalTCS NO-
JoxutenpHbIMH. CJlefoBaTeNbHO, TepBHU ujeH B ¢dopmyne (6.3)
no aGCOJIIOTHOH BeJIHUHHE OKa3bliBaeTcsi MeHblue BToporo. [Tostomy
pemenusiMu popmyJnl (6. 3) o6s3aTenbHO OyAYT OAHA MOJOKHUTEIb-
Hasi ¥ OfHA OTpHIlaTeJbHAsl BeNMYMHB of. A Tak Kak npu wp<<0
nepBulil ujgeH B ¢opmyie (6.3) OKas3bIBaeTCss OTPHIATENbHBIM, TO,

Wy, padfc w,’(p
5 -
0

Puc. 6.36. Tpaduk 3aBUCUMOCTH ©xp=[(M)
H Omax=@(M) 0JI9 CBEPX3BYKOBOIO CaMo-
Jeta

CJIe0BaTeJbHO, MeHbllel MO aGCOMIOTHOH BeNHYHHE KPHTHYECKOH
YIJI0OBOH CKODOCTbIO KpeHa B JaHHOM cjaydae GyneT NOJOXKHTeJbHas
BeJHYMHA of, a 6osblIelr 1O abGCOMIOTHOH BeJHYHHE — OTPHILA-
TeJibHAA m}:p. Us ¢opmyasr (6.3), B uacTHOCTH, BHIHO, UTO 4eM
GoJibllle pasHOC Macc B HampaBJIeHHH INPOROJbHOH OCH (drosensxka,
YyeM MeHbIIIe CTENeHb IIyTEBOH CTAaTHUYECKOH YCTOHMYHBOCTH camoJieTa
C 3aKaThIM yIpaBJieHHEM M a3pOJUHAMHYyecKoe neMndHpOBaHHe PHI-
CKaHHs (4yeM MeHblne abCOJIIOTHAS BeJHYMHA O6), TEM MEHbIIMMH
OynyT aGCoMIOTHBIE BeJHYHHBl of . BospacTanne aGCOMIOTHOH Be-
JIHYUHBl THPOCKONMHYECKOrO0 MOMEHTA JABHraTe/si MPHUBOJUT K YBEJH-
YeHHI0 a6CONMIOTHON OTPHUIATENbHOH BEJHYHHBl of  (NOJIET ¢ 0x<T
<<0) u y™MeHbIIEHHIO MOJOXHTENbHOH of, (mONeT ¢ wx>0).
Unorma xpuTHYeCKyIO 1J51 IBHUIKEHHS TaHraka M KPHTHYECKYIO
IJIS IBHIKEHHS PBICKAHUs YIJVIOBBlE CKODOCTH KpeHa HashIBalOT mep-
BOH ¥ BTOpOH KpHTHUYECKOH CKOpocTbio. OGBIYHO NepBOA KpHUTHYe-
CKOH CKOpPOCTbIO KpeHa Ha3BIBAIOT MEHbIIYI0 M3 3THX JBYX o abco-
JIIOTHOH BeJIMUMHE YIJIOBYIO CKOPOCTb Kp€Ha, a BTOPOH — GOJbIIYIO
yrjoBylo ckopocTb. OmnacHocTb He6JaronpHATHOIO IIPOSIBJIEHHH
B3aHMOJEHCTBUS HPOJOJBHOrO H GOKOBOIO IBHXKEHHH camoJieTa NnpH

BHIMOJIHEHHH MaHeBpa C KpeHeHHeM (w,70) oKkasbiBaeTcsi TeM
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6osbuied, yeM GoJiblle Pa3HOCTb aGCOJIOTHBIX BEJHYHH NEPBOH M
BTOPDOH KPHTHYECKHX CKOpOCTell (4eM MeHblIe abCo/oTHAs BeJH-
YHHA IepPBOH KPHUTHYECKOH CKOpPOCTH U O6oJibllle abCoJIIOTHAs BeEJH-
ynHa BTOpoH). ITocKkosbKy 3amachl yCTOHYHBOCTH CaMoJieTa CyIecT-
BEHHO H3MEHSIOTCS C yBeJHueHHeM yHcaa M noJera, TO 3TO IPHBO-
AMT H K COOTBETCTBYIOLUUM H3MEHEHHSIM BC.IUUIH of, H of .

XapakTepHas 3aBHCHMOCTb KPDHTHYECKHX YIVIOBHIX CKOPOCTEH OT
ynpcaa M moseta A/l COBPEMEHHOrO CBEPX3BYKOBOrO caMoJieTa Mo-
Ka3aHa Ha puc. 6.36. Ilins cpaBHeHUs] NpHBeleHBl 3HAYEHUS Mak-
CHMAaJIbHOH YIJIOBOH CKOPOCTH KPEHA ®xmax, IIOJydaeMble IPH MOJ-
HOM OTKJIOHEHHH 3J1epoHOB. Kak npaBuso, Ha TO3BYKOBBIX CKOPOCTSIX
MoJieTa MeHbllUee 3HaYeHHe HMeeT BeJIHYHHA of , a Ha CBEPX3BYKO-
BBIX CKOPOCTSIX MeHblLUeld OKa3biBaercsi wf,. OG6ycC/OBaeHO 3TO BO3-
pacraHHeM- 3aacoB NPOJOJBHOH YCTORUHMBOCTH U MajJeHHEM 3alacoB
NyTeBOH yCTOHYHMBOCTH CaMOJIeTa Ha CBEPX3BYKOBBIX CKOPOCTSX.

6. 8.4. loBeneHne U NHJOTHPOBAHHE CAMOJIETA
NPH a3pPOMHEPLHOHHOM BPalleHHH

BsaumogeiicTBHe NPOIOJbHOrO H GOKOBOrO [IBHIKEHHUI
camoJieTa B oOlleM cjydae XapaKTepH3yeTCsi COBMECTHBIM IIPOSIB-
JIEHHEM a3pOJHHAMHUYECKHUX, KHMHEMaTHYeCKHX, HHePUHOHHBIX U TH-
POCKONHYECKHX MEePEeKpPecTHBIX CBs3ed. JlaxKe mpu YIJOBBIX CKOpPO-
CTSAX KpeHa, MEHbIUUX KPHUTHUECKHX, HO NPUOJHMKAIOIMHUXCT K HHUM,
Korja caMoJieT ellle NOJHOCTbIO He TepsieT yCTOHYUBOCTb, B3aHUMO-
NeHCTBHEe IBHXKEHHH MOXET yXKe IPHBOAHTH K 3HAUYUTEJNbHBIM 3a-
O6pocaM mo yriaM aTakd H CKOJNbXKEHHs (IO HOpMaJbHOM U GOKO-
BOH Ieperpyskam), He COOTBETCTBYIOIIMM OGBIYHOH peakIHH CaMo-
JeTa Ha OTKJOHEHHMS pyJs BBICOTBL W pyJasl HampaBjeHHs. Uem
O6/MKe yrjoBasi CKOPOCTb KpEHa K KDHTHYECKOH, TeM 3aMeTHee
yMeHbllleHHe CTeNeHH YCTOHYHMBOCTH [ABIXKEHHS caMoJieTa H, CJIeNOo-
BaTe/IbHO, TeM CHJIbHEE OH pearHpyeT Ha aspoJHHaMHYECKHe MOMEH-
Thl, CO3/laBaeMble OTKJOHEHHSIMH OpraHoB ymnpasJeHus. [lox Baus-
HUEM HHEPLHOHHOrO B3aMMONEHCTBMsI OTKJOHEHHsI pyJis HampasJe-
HHSI U PYJIl BBICOTHl NPHBOJAAT K OJHOBPEMEHHOMY M3MEHEHHIO YIJIOB
aTaKM U CKOJIbIKEHHUS.

YBesnuueHHe yri0oB aTakH U CKOJIbIKEHUSI MOXKET NPUBOJMUTH K CBa-
JIHBAHHIO JIHGO K NMpPEBLIIIEHUIO NpeleJbHO NONYCTHMBIX MO IPOYHO-
CTH 3HaYEHHH HOpMaJsbHOH M GOKOBOM meperpy3ok. Takoe HeoGbIUHOE
H3MEHEeHHEe IapaMeTPOB IBHKEHHUsS MOXKeT BO3HHKATh, B YaCTHOCTH,
TIIpH BHINOJIHEHHH CJIOXKHBIX H Pe3KHX MaHEBPOB, MPH KOTOPHIX CaMO-
JIeT BpalllaeTcss OJHOBPEMEHHO OTHOCHUTEJIbHO BCEX TpPeX HJIH Jaxe
IBYX Ocel. DTO BLIXOA H3 NHKHPOBAHHS C OJHOBPEMEHHBLIM Pa3BOPO-
TOM caMoJieTa 1o Kypcy (THma 6oeBoro pasBopoTa), BXOJI B TOPKY €
ONHOBDEMEHHbIM BpAallleHHEM CaMoJieTa OTHOCHUTEJNbHO INPONOJbHOM
OCH, TMepeKJajblBAHHE H3 BHpaKa OIHOr0 HampaBjeHHs B BHpaxX
APYroro HampaBbJ/ieHHs (mepeKjanblBaHHe U3 KpeHa B KPeH) H T. I
HHaye — 3T0 MaHeBpH, Tpebyoline OLHOBPEeMEHHOLO OTKJAOHEHNS He
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MeHee yeM ABYX OPraHOB YIpaBJieHHs, HalmpHMep, PyJs BbICOTHI H
3JIePOHOB (OTKJIOHEHHSI PYYKM YIPaBJIeHHS N0 NHAroHaJH).

Ha npumepe oTK/OHeHHs PyJs BBICOTH PAacCMOTPHM YIIPOLLEH-
Hyl0 (H3HUECKYI0O KapTHHY BJIMSIHHSI OTKJIOHEHHSI OpraHa ympabJe-
HHSl Ha XapaKTep ABHXKEHHS CaMoJeTa, BPaUIAIOLIerocs ¢ YIVIOBOH
€KOPOCTbIO KPeHa Wy, MEHbLIEH yeM KpHTHUecKasi. OTKJIOHEHHe pyJs
BBICOTHI BHI3bIBA€T MOSIBJIEHHE YIJIOBOH CKOPOCTH TaHraxa @, ITO,
B CBOIO Ouepelb, IPUBOAUT K NOSBJICHHIO MOMEHTA DHICKaHHA OT LeH-
Tpo6GeXHBIX cunl (J; — J.) ®,0x, HAUHHAIOMEr0 pa3BOpPaYUBaTh CaMO-
Jaer. PasBopor Gyzmer mpomoskaTtbes 10 TeX IOp, MOKa 3TOT HecTa-
OHIHM3UPYIOMHUIA HHEDIMOHHBIH MOMEHT DBICKAaHHS He OKaXeTcsl pas-
HBIM BOCCTAHABJIMBAIOIIEMY a9pPOJHHAMHYECKOMY MOMEHTY PhICKaHHUS
(MomenTy myTeBo# ycroiiunBocTH). HerpynHo mokasatb, 4TO co3zia-
HH€ NOJIOKHUTEJIbHOH YIJIOBOH CKOPOCTH TaHra)Ka (OTKJIOHEHHE PYUKH
ynpaBJieHuss Ha ce6Gsi) NPHBOILHUT K MOSIBJIEHHIO B PacCMaTpHBAeMOM
cJyyae yrja CKOJIbJXEHHSI TOro XKe 3HaKa, YTo M yrjoBas CKOPOCTb
kpeHa. Co3gaHHe OTpULATENbHOH YIJIOBOH CKOPOCTH TaHraxa (OT-
KJIOHEHHe PYYKH ynpaBJeHHs oT cebs) mocje BbIX0Ja Ha OTpHLa-
TeJbHEIE YIJIBI aTaKH BHI3BIBAET MOSIBJEHHE CKOJbXKEHHS NPOTHBOIO-
JoxHoro 3Haka (B<<O0 npu x>0 u >0 npu w.<<0).

Y coBpeMeHHBIX CBEPX3BYKOBBIX CaMOJIETOB Ha B3aHMOJeEHCTBHE
IBMXKEHHH KpeHa M DBICKAaHHs CYIIECTBEHHOE BJIMSIHHE OKa3hlBaeT

mepeKpecTHas BpallaTeNbHasi MPOMSBOAHAS M, ¥, ONpeNessIomas
BEJINUMHY JONOJHHTEJIbHOrO MOMEHTa phicKaHHs M ,,,.,x=M‘;mex. Or-
pHuLaTe/NbHAsT BeJIHYHHA m:x cnoco6eTByeT nemnupoBaHuio GOKO-

BBIX KoJieGaHMH camoJiera, a m;’x>0 okasbiBaeT ob6paTHOe HEHCT-

BHe (yMeHbllaeT AeMndupoBaHHe GoKOBHIX KoJsebGauuii). Hanuuue
y caMoJjieTa NONEPEYHOH CTAaTHUYECKOH YCTOHYMBOCTH (mg<0) npH-
BOJHUT K TOMY, 4TO CKOJIb)K€HHE OKa3bIBaeT BJIMSHHE Ha BeJHYHHY
YIJIOBOM CKOPOCTH KpeHa: MOSIBJISIETCS MOMEHT KpeHna M p=M8@.

[Ipn oKOJMOHYJIEBBIX yriax aTakd BeiluunHa mf Gau3Kka K HyJI0 H

CKOJIbXK€HHEe HEMOCPEJCTBEHHO He OKa3hlBaeT 3aMeTHOTO BJIHSIHHA Ha
BEJIMYHHY YIJIOBOH CKOPOCTH KpeHa. A 3/IepOHBI Ha TaKHX yrJjax ara-
KH OKa3blBaloTcsl 00bIYHO BecbMa 3 dexTuBHbIMH. [IpH 60abmux yr-
JlaX aTakH MOSIBJSIOTCS, KaK NPaBHJIO, MOBHIIIECHHBIE 3alachl MOMe-
peYHOH YCTOAYHBOCTH U CKOJIbXKEHHE HauHMHaeT CYLIECTBEHHO BJHATb
Ha YIJIOBYIO CKOpPOCTb KpeHa, a 35((}eKTHBHOCTb 3/IEDOHOB CHH-
)Kaercs.

Y caMo/eTOB ¢ TpeyroJibHBIM KPBIJIOM, HMEIOUHX ILeJbHONOBO-
POTHBIN CTaGUIM3aTOp, NPH HAJHYHH CKOJIbXKEHHS NpaBasi M JeBas
MOJIOBHHB cTabuin3aTopa O6GTEKalOTCs C pasJUYHBIMH 3dPeKTHs-
HBIMH yrJaMH CTPeJOBHAHOCTH. IIpH 3TOM OTK/IOHeHHe CTabH/H3a-
Topa Ha KaGpHpoBaHHe (pyuka yIpaBjeHHs Ha ceGs) NPHBOAUT K
NOSIBJIEHHIO MOMEHTa KpeHa B CTOPOHY CKOJIbXKEHHS. DTO MOXKHO
APOMJIIIOCTPUPOBATh CJefyloluM npumepoM. [lycTb yroa crpeso-
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BHIHOCTH CTaGHIH3aTOpPa Yr.o=065°. Torma npu yrje CKOJbKEHHS
B=25° (ckoJbXKEHHE Ha NpPaBO€ MOJYKPBLIO — 3HAK IJIIOC) JieBas
NoJIOBHHA cTabuan3aTtopa 6yaeT o6TeKaTbCsi MOTOKOM BO3AyXa, Ha-
npaBJIeHHBIM BIOJIb €e OCH BpalleHHs (OHA Ke Gymer elle U 3are-
HATbCA (IO3eNsKeM), YTO INPHUBelLeT K MOTepe ee HeCYHU[UX CBOMCTB.
A¢ddeKkTuBHAS CTPEJOBUIHOCTL NPABOH MOJOBHHB CTabHan3aTOpa
OKaXKeTcsl PaBHOH Ysp.mpas=0605°—25°=40°, uTO 3HAYWUTENBHO IO-
BLICHT €€ NMOABeMHyI0 cuay. [lpu oTkJOHeHHH crabusinuzaTtopa Ha
KabpHpoBaHHe 3TO NPHBEIET K NOSIBJICHHIO 3HAUUTENbHOTO JOMOJHH-
TEJbHOTO IOAKPYYMBAIOLUIETO MOMEHTa KpeHa cTabuau3atopa

3
Mys=MAB,, cnoco6GCTBYIOIEro KpeHEHHI0 CaMOJIeTa Ha MpPaBylo

NOJOBUHY Kphlna. [3-32 GoJbIIMX OTHOINEHHH MOMEHTOB HHEpIHH
J,:Jx TpH HAJHYMH TOHKOTO TPEYroJIbHOTO Kphlia MaJoro yiJiHHe-
HHSI C 6OJIbLIOK CTPEJOBHAHOCTbIO Ha COBPEMEHHBIX CBEPX3BYKOBBIX
caMojieTax MOXKeT HMETb MeCTO cJjaelylouiasi KaptuHa. [Ipu 6oJib-
HIMX YrJax CKOJbXKEHHs NOAKPYYHUBAIOIIMA KDEHSIIHHA MOMEHT CTa-
6uaM3aTopa MOXKET NPHBOLUTb K MOSIBJEHHIO OTPHLATENbHBIX MpPH-
pamenu#i yria ataku (Aa<<(0), NpeBOCXOASIIINX MOJOKHTEJAbHEIE
NpHPALIEHHs 3a CUeT OTKJIOHEHHs cTabunu3aropa Ha KabGpuUpoBaHHe.
970 cnoco6CTBYET pa3BUTHIO OTPHLIATENbHON HOPMAJBHON Meperpys-
Kd. Bosnukaer o6paTHas peaKiHus caMoJieTa IO Meperpy3ke Ha
OTKJIOHeHHe cTabuausatopa. Ha oTpuimarenbHBIX yriax aTakH Mo-
XeT BO3HMKAaTb M o6paTHasl peaklus IO KPeHy Ha OTKJOHEHHE PyJisi
HanpaBsJieHHsl (KpeHeHHe CaMOJIeTa B CTOPOHY CKOJIbXKeHHs). B aTom
caydae INOMBITKA JEeTYHKA IAapHpOBaTh KPEHEHHE caMoJieTa OTKJIO-
HeHHeM pyJis HalpaBJieHHs NMPUBOJIUT TOJbKO K IIOBBIIIEHHIO HHTEH-
CHBHOCTH 3TOTO BpalleHHUs.

M3 u3/10:)X€HHOr0 BHIHO, YTO OCHOBHOM NMPHYMHON BpalleHHs ca-
MoJieTa B pPACCMOTPEHHBIX peXHMax sBJsSeTCS pasBHBalOIIeecs
ckoabx)eHue. C 3TOH TOUKH 3peHHs BCe MAaHEBPHI C HEHYJIEBOH yrJlo-
BOH CKOPOCTbIO KpeHa MOTyT ObITb pasjeJieHbl Ha [Ba XapaKTepHBIX
Buzpa: 1) MaHeBpH, B KOTODHIX BJIMSIHHE MONEPEYHON YCTOMYHBOCTH
NpOsIBJIAETCS KakK KaxKylleecs yMeHblleHHe 3((eKTHBHOCTH 3jepo-
HOB M NPHBOIHT K yMEHbLIEHHIO BeJIHYHMHBI YIJIOBOH CKOPOCTH Kpe-
Ha; 2) MaHeBpbl, XapaKTepH3yeMble KaXYIIUMCS YBeJHYEHHEM
3G (EeKTUBHOCTH 3JIEDOHOB, B NpOLIECCE BHIMOJHEHHS KOTOPHIX CaMo-
JeT NpOJOJIKaeT BpallaTbCs, Jaxe HECMOTPS Ha  BO3BpalleHHe
3JIEPOHOB B HEHTpaJsIbHOE NOJIOXKeHHe (KaXyllasics MoTepsi Ionepeu-
HOH ynpaBJ/IieMOCTH caMoJeTa, NpOsiBJASoLlascs, HanpuMep, B TOM,
YTO pacKpyuYeHHBIH 3JE€POHAMH CaMOJET He MOXKeT ObiTb 3aTeM HMH
oCTaHOBJIeH). MaHeBphrl nepBoro BHIAa OGBIYHO HMEIOT MECTO MpH
KDeHeHHH CaMoJIieTa 3JePOHAMH B MOJIETe C TOJIOXKHTEJbHOH HOp-
MaJsbHOM meperpyskoi. PaccMoTpuM KpaTKo (H3MYECKYI0 KapTHHY
TaKOro JBUIKEHHS YCTOHUHBOrO B NONEpPeYHOM OTHOLIEHHH cCaMoJie-
ta. [Ipy MOMOXKUTEJbHOH meperpyske (MOJIOXKUTeAbHAs] BeJHYHMHA
®,) KpEHEHHe CaMoJIeTa NPHUBOINHUT K IOSIBJEHHIO YIJIa CKOJbXKEHHS,
3HaK KOTOPOTrO COBNAJaeT CO 3HAKOM YTJIOBOH CKOPOCTH KpeHa. Bos-
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HHKAOMA B 3TOM CJydae BOCCTAHABJIMBAIOLIMH MOMEHT KpeHa
My p=M"B npensitcTBYeT pa3sBUTHIO yrJIOBOH CKODOCTH KpeHa. Tak,

HamnpuMmep, NPH KPeHeHHWH Ha IpaByl0 NOJOBHHY Kpblia (0.>0) mo-
JOXHTeJbHOEe CKoJbxKeHHe (f>>0) BbI3BIBaeT NOsBJIEHHE MOMEHTA
M 3 <O (mockonbky mf < 0),, HanpaBJeHHOro Ha OmyCKaHHe JIeBOH

NOJIOBHHBI KpBL/1a, OPHU 3TOM JIETYHKY Kaxercsl, YTO 3¢ (HEeKTHUBHOCTD
3JIEDOHOB CHHXKAeTcH.

Kpenenne camosera B mnosere ¢ OTpPHLATEJIbHOH HOpPMaJsbHOH
NeperpysKkofl IPHUBOMUT K IOSIBJEHHIO CKOJIbKEHHUS IPOTHBOMOJONK-
HOro 3HaKa (IPOTHBOMNOJIOXHOIO 3HAKY ()x). DTO CIOCOGCTBYET BO3-
pPacTaHyi0 My, YTO BOCIPHHHMAETCS JETUYHKOM KakK MOBbIIIEHHE -
(eKTHBHOCTH 3/1epOHOB. B TakoMm pexuMe CKOJbXEHHe, pa3BHBAIO-
Hieecsl B pe3y/JbTaTe OTKJIOHEHHs 3JIepOHOB, MOXKeT OKa3aTbCs Ha-
€TOJIBKO 6OJIBIINM, 4YTO OHO OyneT mpojxoJkKaTb BpaulaTbh CaMoJieT
axe NpH BO3BpAIllEHHH 3JEepOHOB B HEATpasbHOE MoJoxkeHHe. I1pu
3TOM Ja)ke IepeKJgajKa 3JePOHOB B CTOPOHY, NPOTHBOMOJOXKHYIO
BpallleHUIO, MOXeT NPAKTHYECKH He H3MEHATb YIVIOBYIO CKOpPOCTb
KpeHa. DTO U eCTb a3pPOHHEPIMOHHOe BpallleHHe (HJH, KaK ero HHo-
rla Ha3bIBAIOT, a9POMHEPLHOHHOE CaMOBpailleHHE) caMoJieTa.

B 3aBHCHMOCTH OT COYETaHHUSl OTKJIOHEHHH OpPraHOB yNpaBJIeHHS
€aMoJIeT B DEXHME ad3POHHEPIHOHHOrO BpPAlleHHWs MOMKET BBIXOIHTh
Kak Ha GoJblliHe MOJIOXKHUTeNbHBIE, TAK U HAa OOJIbLIME OTPHLATE/b-
Hble HOpMaJibHble neperpy3ku. OCHOBHBIMH NPH3HAKAMH TaKHX PEXKH-
MOB OOBIYHO SIBJISIIOTCS:

1) HeoGbYHO pe3koe yBeJaHueHHe (3a6pOCHI) yIyia CKOJIbXKEHHS
H, CJlelloBaTe/bHO, GOKOBOIH Neperpy3kH, He COOTBETCTBYyIOLee NaH-
HOMY OTKJ/IOHEHHIO PYJisi HalpaBJeHUs IPH HCXOJHOM peXHMe IO-
JeTa;

2) HeoOBIYHO pe3Koe yBequueHHe (3a6pOCH) yriaa aTakH H, cje-
JIOBaTeJbHO, HOPMAJIbHOH Neperpy3kH, He COOTBETCTBYIOIIee N0 OLLy-
HIEHUSIM JIETYHKA JaHHOMY YIJIOBOMY MOJIOXKEHHIO caMoJjieTa B pac-
CMaTpHBaeMOM HCXOJIHOM pE€XHMe IoJieTa H CO3LAaHHOMY JIeTYHKOM
OTKJIOHEHHIO cTabuIH3aTopa;

3) UHTeHCUBHOE W HeNpeKpalawolleecs yBeJudeHue YrJIOBOH CKO-
POCTH KpeHa NpH HEU3MEHHOM OTKJOHEHHH 3JIEDOHOB HJIM NPOLOJ-
JKEeHHe BpallleHHsI caMoJieTa IIPH HEHTPaJbHOM HX MOJIOXKEHHH, JH6O
Ilaxke NPHU OTKJIOHEHHH HX POTHB BpallleHHus;

4) caMompoHM3BOJIbHOE OTKJOHeHHe (yBoX) mejaJjell Ha camoJe-
Tax ¢ 6e30yCTepHBIM NyTEBLIM YIpaBJieHHeM, BO3HHKalollee U3-3a
upe3BbIYafiHO GOJIBLIMX, HEOOBIYHBIX MO 3HAaKy H pPE3KO H3MeHSIo-
HIUXCSl YCHUJHMH OT HIaPHHPHOTO MOMEHTa PyJs HampaBJeHHs.

B nosiere Ha CBEPX3BYKOBBLIX CKODOCTSIX HAaHMeHbIasi KpHTHYe-
CKasl CKOpPOCTb KpeHa ompenenseTcs OOGBLIYHO HajeHHeM IyTeBOMH
YCTOHYHBOCTH  camoJjieta. Takum  o6pasoM, obmas noreps
YCTOHUHBOCTH HacTylnaer, KOrja AecTaGuau3upYIOMHN HHePLUHOHHBIN
MOMEHT phickausg Mym=— (/. — Jx) ®,0x TPEBHICUT BOCCTaHABJIH-
Balomui a3pOAMHAMHUYECKHH MOMeHT prickanus Mys=MP. Dro
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MOKeT HMeTb MeCTO Ha GOJIbIIMX CBEPX3BYKOBBIX CKOPOCTSX (MaJjas
CTeNneHb NyTeBOH yCTOMYMBOCTH) M IPH MaHEBpax, BHINMOJHSIEMBIX C
OOJIbIINMH YIJIOBLIMH CKOPOCTSIMH ®x H @, DoJblasi yrioBasi cKo-
pOCTb KpeHa Ha CBEPX3BYKOBOH CKOPOCTH MOXKeT OBITb HOJIyYyeHa MpH
OTpHIIATeNbHBIX yriaax aTtakH. [lo3ToMy Ha CBEepPX3BYKOBBIX CKOpPO-
cTX HauboJjiee BEPOSTHO BO3HHKHOBEHHE a3DOHHEPIHIOHHOrO Bpa-
LleHHs] NPH MaHeBpaX, B KOTOPHIX IIPOM3BOJMTCS SHEPrHMYHOE OT-
KJIOHEHHE DYYKH YNpaBJIeHHs MO AMaroHasau oT ceb6s. Boiins B pe-
JKMM a3pOHHEpPLHOHHOr0 BpalleHWs, caMoJeT (B 3aBHCHUMOCTH OT
COYeTaHHs] OTKJOHEHHH OpraHOB YIDaBJEHHSI) MOXET BBIXOIHTh
Kak Ha GoJbliie NOJIOXHTeJbHbIE, TAK W Ha GOJblIHe OTPHIATE/b-
Hble NeperpysKH.

Y CBEepX3BYKOBHIX CaMOJIETOB Ha JO3BYKOBBIX CKODOCTSIX IIOJIE-
Ta HaMMeHbIIAsl KPHUTHYECKass CKOPOCTb OGBIYHO OmpejessieTcs ma-
JleHHNeM NpPOJOJBbHOH yCTOHYHMBOCTH (B YaCTHOCTH, Ha OOJIbLIUX Yr-
nax araku). ITosromy oflias noteps yCTOHYHBOCTH HAaCTymMaerT,
Korja  fecTaOMIH3UPYIOIIMA  MHEDLHOHHBII MOMEHT TaHraxa
M, = (Jx — Jy) ©x®, TIPEBLICHT BOCCTaHABJHUBAIOLUIHHA a3pOJHHAMU-
yecKui MOMeHT TaHraxa Mz=M%a. DTo MOXKET HMeTb MECTO B

MaHeBpax ¢ GOJIbLIMMH yIJIOBBIMH CKOPOCTSIMH KpeHa M PBICKaHHS.
Ha nossykoBbIX CKOpocTsiXx Hau6oJiee BEpOSITHO BO3HHKHOBEHHE
A5pDOMHEPLHOHHOrO BpAallleHHUs] IPH OTPHIATEJNbHBIX Ieperpyskax,
KOrja caMoJIeT HeyCTOHYHB B NONEPEYHOM OTHOLIEHHH, HJH INpPH
TIOJIOXKHUTENbHBIX Ileperpy3kax, Korja camoJeT TepseT HPOAOJbHYIO
YCTOHYHMBOCTb IO NEPErpyske.

B uacTHOCTH, Kak coobma/joch B 3apy6exHOH neyaTH, Takue
DeXMMBl IOJieTa MMeJH MeCTo Ha CBepx3ByKoBoM camosiete F-100
IPU PE3KOM BBIBOJE €ro JIETYHKOM H3 NHKHPOBAHUSA C OLHOBpPEMeH-
HBIM OTKJIOHEHHEM 3JIEDOHOB JJi pa3BOpPOTa, OCOOEHHO €cJU JIeT-
YMK DM 9TOM He YAepXKHBAJ INefajH B HeATpa/JbHOM MHOJIOKEHHH.
B Hexorophix ciyuyasix nomajganue camosiera F-100 Ha 3TH pexu-
MBI 3aKaHuuBaJocb Kartactpodoi. Kak mpu [n03BYKOBBIX, TakK H
TIpU CBEPX3BYKOBBIX CKOPOCTSIX IlojleTa OCHOBHOH NpPHYMHOH BO3-
HUKHOBEHHS a3POHHEPIUOHHOrO BpAaILIEHHS SBJSETCS pa3BUBAIO-
11ieecsl CKOJIbXKeHHe.

Ha rpaduxe puc. 6. 37 nokasaH nmpuMep BBINOJHEHUS] B IOJIETE
MaHeBpa ¢ KpeHEHHeM caMoJieTa Ha CBEPX3BYKOBOH CKOpDOCTH,
TIPOTEKAIOIlero IpH OTPUIATEJbHOH HOPMaJIbHOH Heperpyske.
B TeueHue Bcero 3TOro MaHeBpa JIETYHK ynepXKHBaJ pPyJab HAmNpas-
JieHHsl B HeHATpasbHOM moJioxeHHH. C HCXOIZHOTO peXuMa noJjeta
NpH OTKJOHEHHOH Ha cebsl pyuKe yIpaBJeHHS W HayaJbHOH HOp-
MaJbHO!N Ieperpyske flyo=2 JIeTYHK HadaJ OTKJIOHATb DYuKy yi-
paBJieHus OT ce6s. DTO NPHBENO K YMEHbIIEHHIO HOPMAaJbHOH mepe-
TPY3KH [0 HyJfl, a 3aTeM M K MNOSABJEHHIO OTPHLATeJbHOH mepe-
rpy3ku. Haunnass ¢ MoMeHTa BpeMeHH {~ 10 c, JeTYHK CTaJ pe3KO
OTKJ/IOHAATb PYYKy YNpaBJIeHHSI BJIEBO, YTO NMPHBEJO K KPEeHEHHIO ca-
MoJieTa Ha JIeByI0 NOJIOBHHY Kpbuia. [Ipn £ 12 ¢ oTkJOHeHHE 3Je-
pOHOB mpeKpaTujoch. K 3ToMy BpeMeHH yrioBas CKOPOCTb KpeHa
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OCTUrJa BEJHYHMHB 0y~ 1,2 pan/c ¥ 3aTeM NpoAoJKaja yBeaH-
yuBaThesi. K MoMeHTy = 15 ¢ Be/IMUMHA ®y; OKasajacb yxe paB-
Hoit —3,0 pan/c, a HopMaJbHas Neperpyska IOCTHIJIA BeJHYHHBI
ny1~—1,0. TTocne storo HaunHaeTca GoJiee HHTEHCHBHOE yBeJHYe-
HHe YIJOBOH CKOpPOCTH KpeHa (NMpH HEH3MEeHHOM MOJIOXKEHHH 3Je-
POHOB), CONMPOBOXKIAMOIEeCs AaJbHEHIINM yBelHyeHHeM abCoJoT-
HOHl BeJMYMHBEI HOpMaJbHOH meperpy3ku. C 3TOro MomeHTa Hayal-
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Puc. 6.37. TlonerHble 3anucu npHGOPOB-CAMONHCIEB,
TNoJIyYeHHBle NIPH BHITIOJIHEHHH MaHeBpa ¢ KPeHeHHeM
NPH OTPHLATeJbHOH HODMAaJbHOH Ieperpyske

csi pe3kuit 3a6poc 60KOBOH meperpy3ku. B mMomeHT f= 16 c jeruuk
HayaJs OTKJ/IOHSATb 3JIEPOHBI B HeHTpa/bHOE MOJIOXKEHHE, a 3aTeM He-
CKOJIbKO OTKJIOHHMJ DYUYKy ympaBieHHs BnpaBo (8,<<0) c onHoBpe-
MEeHHBIM OTKJIOHEHHEM ee B HampaBJeHUH Ha ceb6s. K atoMy Bpeme-
HH yIJIOBasi CKOPOCTb KpeHa HOCTHIIAa oy1=—25,0 pan/c. Ilocae
5TOTO JIETYHK BHOBb OTKJIOHHJ 3JIepOHBI Mo BpaieHuio. OmHako
5TO He NPHBEJIO K BO3PACTAHHIO YIJIOBOH CKODOCTH KpeHa, TaK Kak
ONHOBPEMEHHO C OTKJOHEHHeM pYYKH BJjeBO (8;>0) JeTuHK 1npo-
JOJI2KaJl OTKJIOHSTh €€ Ha cebsi, UTO CIOCOOGCTBOBAJIO NMEPEXOAy ca-
MoJIeTa Ha MOJIOMUTEJbHEE YIJIB aTaKH, YMEHbIIECHHIO a6CcoJIoT-
HBIX BEJUYHH M1 H 1.

ITocae OTK/IOHEHHSI PYYKH BnpaBo (Ha 22- c) BpalleHHe caMo-
JieTa HayaJjJo 3aMeNJIsiTbCsl. 3aTeM OHO HpeKpaTH/IoCh MNouyTH 6e3
3anasnbiBaHus (£ 25 c) mocjie YCTAaHOBKH DyJieH MNpPAaKTHYECKH B
HeHTpa/jbHOE MOJIOXKeHHe. DTOT MaHeBp HaIIAJHO HJJIIOCTPHPYET
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TIOBeJl€HKe CaMoJieTa B HadaJbHOH (pa3e ero packpyTku (Hapacra-
IOIEr0 KPeHeHHs1) NpPH NPHOJHIKEHHH K KPHTHYECKOH YIJIOBOH CKO-
pocth kpeHa. He nonycTuB 3HauuTe/bHOrO YBEJNHUYEHHSI M, H ®xi,
JIeTYHK He [ajJl BO3MOXKHOCTH Pa3BHThCSl TAaKOMY JABHXKEHHIO CaMoO-
JeTa 0 NOJHOH NOTepH yNpaBJsieMOCTH.
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Puc. 6.38. IlonerHble 3amucH HPHOGOPOB-CaMONHCLEB,
ToJiyYeHHBIe NIPH BBHINOJHEHUH MaHeBpa ¢ KPEHeHHeM NpH
NOJIOXKHUTENbHOH HOPMaJIbHOM Heperpyske

[TpuMep a3pOMHEpPUHOHHOrO BpalleHHs caMoJieTa HAa CBEpPX3BY-
KOBOH CKODOCTH IpH IIOJIOXKHTEJbHOH HOPMAaJIbHOH meperpyske npH-
Befen Ha pHc. 6.38. TlokasaHHBI peXHM moJeTa HJJIOCTPHPYET
MaHeBp, B IpOILECCE KOTOPOro BO3HHKJIO JBHXKEHHE, BhI3BaBllIEe
BPEMEHHYIO TOTEPI0 YNpPaBJIsEeMOCTH camosera. PexuM mnporekal
caenyomuM o6pasoM. OTK/IOHeHHeM DYYKH YNpaBjeHHss OT cebs
(c MmomeHTa f= 10 c) JeTYHK CO3[aJ OKOJIOHYJNEBYI0O HOpPMaJ/bHYIO
neperpysky, nocje 4ero OH OTKJOHHJ pY4Ky YHpaBJeHHs BJIEBO
(8,=9°+10°) u ymepxKHBa1 ee B 3TOM INOJOXKEHHH OKOJO 5 c. ¥Yr-
JIOBasi CKOPOCTb KpPeHa HeNmpephIBHO yBeJHYHBaJach, a HayHHAas C
t~20 c u3-3a yBeJHYEHHs HHePIHOHHOTO MOMEHTa DHICKAHHA Ha-
qa/I0Cb HHTEHCHBHOe YBeJHYeHHe YIJIOBOH CKODOCTH pPBICKaHHS.
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TNocnennee mpuBesio K yBeIUYEHHIO CKOJbXeHHs1 (GOKoBasi mepe-
rpyska mocTuraa n,~ —2,0). B pe3yibraTe KHHeMaTHYEeCKOH CBS3H
YIJIOB aTaKH H CKOJIbXKEHHSI YBeJHYeHHe YIyla CKOJbXKeHHs NPHBENo
K BO3pacTaHuIo yraa ataku (n,=~7,0 B MOMeHT {=22 ¢) npu npak-
THYECKH HeHTpaJbHOM MOJOXKeHHH crabuausatopa. [Ton mefictBHeM
BO3pacTaioLero MIapHUPHOTO MOMeHTa ¢ £~ 17 ¢ pyJp HampaBJeHHS
OTKJIOHMJCS. [apupoBaTh 3TO OTKJIOHEHHE JIETYHKY YAAJOCh ORHO-
BPEMEHHO ¢ YCTAHOBKOM 3J1€POHOB B HeHTpaJibHOE TMOJIOXKEHHE.
B nanbHeiilneM JeTYHK, Npusaarasi OGOJblIMe YCHIMS K MefalsM,
cTapaJcsl yAepKUBATh HX MO BO3MOMKHOCTH B NOJIOXKEHHH, GJH3KOM
K HefiTpanbHOMYy. OHAKO M3-32 GOJIBIINX BEJHYHH H HEMOCTOSTHCTBA
HIaDHUPHOTO MOMEHTa HabJI0NaluCh HeNPepHIBHbIE KoJieOaHus pyJs
HanpaBieHus. B MoMeHT £~24 ¢ JeTYHK BO3BpATHJ CTaGHUIU3ATOP
B MOJIOXKeHHe, 6JIM3KOoe K HCXOZHOMY GaJjiancupoBouHoMy. K atomy
BPEMEHH YIJIOBasi CKOPOCTb KPeHa JOCTHIJIA wx ~5,5 pan/c. a yrio-
Basi CKOPOCTb DPBICKAHMS COCTaBHJIa w4 = 1,2 pan/c. YcraHOBKa 3aJe-
DOHOB B HEATDANbHOE MOJOXKEHHe W [aXe OTKJIOHEHHE HX HPOTHUB
BpalleHust ({~27--28 c) He TpekpaTWJH BpalleHHE CaMOJeTa.
ITocne ycTaHOBKM 3J€DOHOB W PYJsi HampaB/eHHWS B HeATpasbHOE
noJjioxKeHue (NMPH HCXOAHOM 6aJaHCHDOBOUHOM TMOJIOXKEHHH CTabH-
Ju3aTopa) BpalleHHe caMoJsieTa NPEKPaTHIOCh NPHUMEDHO depes 5 C.

Ins Takoro pexmma xapakTepHOH fBJsieTCs HeOGbLIUHAS peak-
I[UST caMoJieTa Ha OTKJIOHEHHS 3J1epOHOB M ctabunnuzatopa. CaMmoner
OpPaKTHYeCKH HE pearupyeT Ha OTKJOHEHHE 3JIEPOHOB JaXKe MOJHO-
CTbI0 NPOTHB Bpamenus ({=27--28 c), oTKJIOHeHHe PYUKH VIIpaBJe-
HUSA OT cebs (f~23 c) BhI3LIBaeT He YMEHbIIECHHe, a Hao060ODOT —
HEKOTOPBIH NMOJNOKHUTENbHBIA 3a6poc HOPMaIbHOH Teperpysku. Takas
peaknMst camoJieTa Ha OTKJIOHEHHe 3JIeDOHOB OGYCJIOBJIEHa HAaJIHUH-
€M PaCKpyYHBAIOMINX CaMOJIET a3pOJHHAMHYECKHX MOMEHTOB KpeHa.
BO3HHUKAIOUHUX MPH CKOJBXEHHH., KOTOPOE. B CBOIO OuepeNb, CO31a-
eTCSl MHEPIHOHHEIM MOMEHTOM phicKaHus. [TosiBJleHHe 3TOr0 MOMeH-
Ta PBICKAHHST OGYCJIOBJIEHO CO3NaHUEM 3HAUHTEJLHOR VIJIOBOH CKO-
POCTH KPEHa MpH OTKJIOHEHHH 3JepOHOB B HavaJje pexuma. Heo6piu-
Hasi peakIHsl caMoJieTa Ha OTKJIOHeHHe cTaGHiIu3aTopa o6 bICHSETCS
caenyomum o6pazom. OTKIOHEHHE PYUKH yIpaBJeHHus oT ce6Gs npu-
BOJIMT K TMOSIBJICHHIO VIJIOBOM CKOPOCTH TaHTaxXa ®,1<<0. To BEHI3HI-
BaeT NMOSIBJICHHE NOJAKPYUHMBAIOUIETO HHEPIIHOHHOTO MOMEHTa KpeHa,
VBeJIHYHBAIOIIEr0 YIJOBYIO CKOPOCTb KPEHA (x4, YTO, B CBOIO Ode-
penb, BeIeT K BO3PACTAHHIO HHEPIIMOHHOTO MOMEHTa PBICKaHHS,
a cjenoBaTesIbHO, M YIya CKOJbXeHHs (60KoBoO# meperpysku). IIpw
3TOM KHHEMAaTHYeCKas CBsi3b YIVIOB aTaKH M CKOJbXKEHHs 06YCJI0B-
JIUBAET HapacTaHUe HOPMaJbHOH meperpysKH.

Heo6buHEIMY B pexuMax a3pOHHEPIIMOHHOTO BpAIeHUS SIBJIS-
IOTCSL TaKXKe COOTHOLIEHHST MEXNY YIJIOBOM CKOPOCTbIO TaHraxa W
HOPM2JIbHON NeEpPerpv3KoH, YIJOBOM CKOPOCTBhIO PHICKAHHsT U GOKO-
BOfl meperpyskoil. Tak, HampuMep, TPH OTPHUIATENBHOH  YIJIOBOW
CKOpocTd TaHraxa (cM. puc. 6. 38) HopMasbHas meperpyska Bo3pa-
cTaeT. a npu GOJBIIOA TNOJIOKHTEJNLHON YIJIOBOH CKOPDOCTH PHICKA-

200



HHA OOKOBasi neperpyska u3MeHsieT cBOHi 3Hak. OGycCJIOBJEHO 3TO
TEM, YTO HHTEHCHBHOE YBeJHYeHHE YIJIOBOH CKOPOCTH pBICKAHHS
(t=~20 c, cm. puc. 6.38) HaumHaeTcss B pe3y/bTaTe MOTEPH CaAMO-
JIeTOM NYTeBOH YCTOHYHBOCTH, M3-3a Yero HAa4yMHAeTCs pe3Koe BO3-
pacTaHHe CKOJbXeHHs (B paccMaTpUBaeMOM NpHMepe — CKOJbXKe-
HHe Ha TNpaBoe KphLIO ¢ 3a6pocoM GOKOBOH IEPerpy3kd Npu =
~22 ¢ po n,y=—2,0). Bpamenne camoJsieTa NPHBOAHUT K NEPHO-
JHYECKUM H3MEHEHHSM YIja CKOJbXKEHHS, YTO BBI3bIBAET H3MEHEHHs!
GOKOBOH meperpy3kd, Ha KOTOpble
elie BJMAIOT HENPOH3BOJBHHIE OTK-
JIOHeHHs1 pyJs HanpasJieHHs. Mawme-
HEeHHsl yIJa CKOJIbXKEHHsI H3-3a KHHe-
MaTH4eCKOH CBSI3H YIJIOB o U P TpH-
BOJSAT K M3MEHEHHsIM YIVIa aTakH, a
CJIe[]0BaTe1IbHO, U HOPMaJIbHOH mepe-
TPY3KH, KOTOpasi Kak Gbl OTCJIEXKHBA-
€T H3MEHeHHS yIjJa CKOJIbXeHHd
(6oxoBoii neperpysku). Hamuuue or-
punaTenbHON YIJIOBOH CKOPOCTH TaH-
raxa npd O6OJbpLIOH MOJOKHTEIbHOM
neperpy3ke OODBSICHSIETCS TeM, UTO
caMOJeT ellle COXpaHSAeT YCTOHYH-
BOCTb 11O Neperpy3ke # CTPeMHTCH
YMEHbIIATh OTKJOHEHHS HOPMAJbHOA o K 0 02 03 -m¥
TIeperpyskH, He  COOTBETCTBYIOLIHE <\ s
JlaHHOMY YIJIy OTKJOHEHHSI CTaGHJIu- HeYermacBocmy
3atopa. [lsig jeTuHKa (MO HCHBITHIBA-
€MbIM MM OLIyLICHHSIM) a3pOMHEPUH- Puc. 6.39. [luarpamMma rpaHun
OHHOe BpalleHHe (caMOBpalleHHe)  YCTOMYHBOCTH [BHXKEHHsS  Bpa-
caMosieTa HaNOMHMHAET Aa3pOJMHAMHM- Llakoulerocs camoiera (oGractu
HeyCTOMYHBOCTH 3alUTPHXOBAHBI)
yecKoe caMoBpallleHHe, O0O6yCJOBJIH-
Balolllee  BO3HHKHOBEHHE  pexXuMa
wironopa. OQHAaKO MO CYLIECTBY 3TH [Ba BHIA CaMOBpAaLIeHHs] NpPHH-
LUNHAJbHO Pas3HyHbl. A9pOJHHAMHYIECKOE CAMOBpallleHHEe BO3HHKAET
TOJIbKO Ha 3aKPUTHYECKHX YIrJaX aTaKd B pe3y/bTaTe IOTEPH CaMO-
JIeTOM a3pPOAMHAMHYECKOro JeMn(upOBaHHUS KpeHa, B TO BpeMs
KaK a3pOHHepLHOHHOe CaMOBpallleHHe NMPOUCXOAUT M Ha HOKPUTH-
YEeCKHX YIJax aTakd, a4 OCHOBHOH NPHYHHOH €ro BO3HMKHOBEHHS
SIBJIIeTCS Pa3BUBAlOlleecs: CKOJIbXKeHHe.

Ha nanHOM camoJieTe NpH AaHHBIX YAeJbHOH Harpyske Ha KpblIO
(pya=const), Boicore (H=const) u yucae M (M=const) mnoaera
OIaCHOCTb HeO6JIarONPHATHOTO NPOSIBJEHHS B3aMMOAEHCTBHS MPO-
JOJIbHOTO U GOKOBOTO ABHKEHHH (ONACHOCTb MOTEPH YCTOHYHBOCTH)
B 3HAUUTEJbHOH CTENEHH ONpeje/sieTcs cOyeTaHHeM Tpex (haKTOpOB:

. c o .
CTelleHH MPOLOJILHOM (mzy) u mytesoit (mf) craTuueckoit

yCTOfI'-IHBOCTH camoJieTa U BeJIHUHUHBI yl‘JIOBOﬁ CKOPOCTH €ro Bpalie-
nusi. HarnsaHoe npeacraBfreHHe O KPUTHUYECKHX, C 3TOH TOYKH 3pe-
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HHSl, YCJIOBHSX MOJIETa JaeT NpuOJuKeHHbIA rpadHK TpaHHL, yCTOH-
4YHMBOCTH, NPeACTaBJEHHBIH Ha puc. 6. 39.

M3 rpaduka BHIHO, YTO «KOPHAOP», 06pa30OBaHHEI OrH6Gaomu-
MH ceMeHCTB rumep6oJi, SBJSIONINXCS TpaHUIAMU o6GJacTell yCTOH-
YUBOCTH, MOJYYEHHBIMH IDH Pa3/HYHBIX 3HAUEHHUSX YIVIOBHIX CKODPO-
CTeH BpallleHHsI cCaMOJIeTa, pacIiUpsieTcs NMPH YBEJHYEHHH YIJIOBOH
CKOPOCTH KpeHa. DTo pacIiHpeHHe «Kopuaopa» o6YCJOBJEHO HaJH-
yneM JAeMndHPOBAaHHS PBHICKAHHS W TaHraxa. 'mnep6oJibl nmpubau-
¥KalOTCSl K CBOHM AaCHMOTOTaM IIPH CYIIECTBEHHO OTJIHYAIOLIHXCS

c
IpYyT OT Apyra BeJHYHHAX mg u m_’. CiexoBare/bHO, B 5TUX 06Ja-

CTSX 3HAYeHHA XapaKTepHCTHK CTAaTHYeCKOH YCTOHYMBOCTH caMoJe-
Ta MOXKHO IOJIb30BATbCSI NPUOJIHMMKEHHBIMH KPHTEPHUSIMH yCTOHYHBO-
CTH, 3aMeHss1 YPaBHEHHS rHnep6oJ ypaBHeHHsIMH HX acumnroT. Ha
OCHOBAHHH 3TOTO M3 ypPaBHEHHH aCHMNTOT MOTYT OLITb MOJYYEHH H
NpHBeICHHbIE BhIllle NMPHOJNHKEHHble BBHIDAXKEHHS AJS1 KPHTHUYECKHX
YIVIOBBIX CKOPOCTEH — YIJIOBBIX CKOPOCTeH KpeHa, MpPH KOTOPLIX Mpo-
HCXOJHUT NMOTepsl yCTORYUBOCTH.

Ecan Ha rpaduxke puc. 6. 39 puryparusHas Touka lm3|

HAXOJUTCS BHYTPH «KOPHIOPa», TO B COOTBETCTBYIOLIEM :-)THM ycJo-
BHSIM DEXHMe IoJjieTa camoJser GyneT yCTOHYHB B JBHKEHHH KpeHa
npu Mo6biX 3HaUeHHAX YraoBol ckopoctd. Ecau durypaTtuBHas Tou-
Ka pacnosaraercss BHE <KOPHIOpa», TO IPH HEKOTOPOM 3HAUEHHH
YIJI0BOH CKOPOCTH KpeHa caMoJieT TepsieT ycrofiuuBocTb. Hanpumep,
JOMYCTHM, 4TO PAacCMATPHBAaeMbIM YCJOBHSM IIOJIeTa COOTBETCTBYET
durypatuBHasi Touka A. DTa TOUKAa HAXOAUTCS BHYTPH 06JaACTH
(641M3K0 K ee rpaHulie), oYepUEHHOH I'paHHLENl YCTOHYHBOCTH, COOT-
BeTCTBYIOIIEH YIJIOBOH CKOPOCTH BpauieHusi camonera 2 pan/c. Cae-
JOBaTeJbHO, B JAHHOM peXHMe IojieTa CaMoJeT IOoTepsieT YCTOHYH-
BOCTb B JABHXKEHMHM KPEHA INPH JOCTHXKEHHH YIJIOBOH CKOPOCTH
KpeHa oy =2 pan/c.

Camouer, urypaTHBHON TOYKOH# KOTOpOrO SIBJSETCS TOuKa B,
6yneT cOXpaHATb YCTOHYHBOCTb HPH YIJIOBBIX CKOPOCTSIX KpeHa,
MeHbIuX 3 pan/c. C mosiBlIeHHEeM YIJIOBOH CKOPOCTH KpeHa, paBHOIM
no a6coJIOTHOM BeauuuHe 3 pajn/c, caMoJieT B JaHHOM peXHMe To-
Jera TepsieT yCTOAYHBOCTb. [Ipy BO3HHKHOBEHHH YIJIOBBIX CKOpO-
cTeil, npeBHIIAIOIIUX 3 paj/c, CaMOJIET CTAHOBHUTCS HeyCTOHYHBEHIM.

B pexuMe a3poHHEpPIHOHHOTO BpaLIeHHSI HA CBEPX3BYKOBLIX CKO-
pPOCTAX caMOJieT HHTEHCHBHO TOpMO3uTcs. IIpu 3TOM H3MeHSIOTCS
3amachl YCTOHYMBOCTH, a CJe0BATENbHO, U BEJUYHHB KPUTHUECKHUX
YIJIOBBIX CKOpOCTeH. YMeHblIeHHe yHcaa M moJsiera conpoBOXAaercst
OGBIYHO TAKUM H3MEeHEHHeM HauGo/blied ¥ HaUMEHbIIEH BEJHYHH
Oxp, IPH KOTOPOM O0GJIACTH HEYCTOHYHBOCTH yMeHbmawoTca. [lpu
yuciae M, 6JH3KOM K eIMHHIE, MepBas U BTOpasi KPUTHUECKHE CKO-
POCTH OKa3bIBaIOTCSL PaBHBIMH, YTO CBHJETEIbCTBYET 00 HCUE3HOBe-
HHH HEYCTOMYMBOTO BpalleHHsi camoJiera. M3 artoro ciepyer, 4to mo
Mepe yMeHbLIeHHS CBEpX3BYKOBBIX yHCeal M BBIBECTH caMoJeT H3
pexuMa aspOMHEPLUOHHOro BpalleHusi jerde. IIpu sToM B HEKOTO-
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PhHIX cayuyasix BpallleHHE camoJieTa MOXKeT Jaxe camo mo cebe mpe-
KpaTtutbecs. Ecan |w§p|>>|w;p[, 4TO XapakTepHO AJs HO3BYKOBBLIX
CKODOCTeH NoJieTa, TO H3MEHEHHSI YIJIOB aTaKH H CKOJIbXKEeHHsl B Ma-
HEBpPax C KPeHEHHEM CaMOJIeTa CYLIeCTBEHHO BO3PaCTalOT C YyBeJH-
JEHHEM YIJIOBOH CKOPOCTH KpeHa. B Takux peXmmax MaHeBpHl C Kpe-
HEHHeM caMoJieTa CONPOBOXKIAITCS GOJNBIIHMH HOPMAJbHBEIMH H 60-
KOBbIMH neperpyskamu. ITpu  |wf | <|wf,|,  4TO XapakrepHO Anx
CBEDPX3BYKOBBIX CKOPOCTeH moJjieTa, U3MEHeHHe yrja aTaku B MaHeB-
pax ¢ KpeHeHHeM CaMoJieTa NMPH YIJIOBBIX CKOPOCTSIX, MEHbIIHX Iep-
BOH KDHTHYECKOH, NMPAKTHYECKH HEe 3aBHCHT OT BEJHYHHBl YIJIOBOH
-CKOPOCTH KpeHa. DTo 06yC/JOB/JMBAaeT MaJ/ible H3MEHeHHs: HOpMaJlb-
HOH meperpysku B pexxume. B Takux ciyuasix OCHOBHBIE Harpyskd,
JeHCTBYIOLIIHe Ha CaMOJIET, ONPENEeJsIOTCS PAa3BHTHEM CKOJbXKEHHS
(6OKOBEIX NeperpysoK).

PaccMoTpeHHBIe NpUMeEpH, XapakTepH3yioliue OCOGEHHOCTH IO-
BeJleHHs] U NMHJOTHPOBAHHS caMoJieTa B PeXHMax a3pOHHEPLHOHHO-
ro BpallleHHsi, NMOKa3bIBAIOT, YTO TaKHE DEXKHMBI CONPOBOXKIAOTCA
3HAYUTEJbHBIMH U HEOOBIYHBIMH H3MEHEHHSIMH KaK mapaMeTpoB JBH-
JKeHHs caMoJIeTa, TaK W €ro peaklUHH Ha OTKJIOHEHHS OPraHOB ympas-
JleHHsl. DTO CO3/aeT Cepbe3Hble TPYAHOCTH JJs JIEeTUHKa IPH BBIBO-
Jle caMoJIeTa U3 TaKHX OMAaCHBIX peXUMOB moJseta. s uckiaoueHus
BO3MOXXHOCTH HENPOH3BOJIbHOTO MONMAajaHHs caMoJieTa B TaKhe pe-
JXUMhl He CJIeIyeT BBINOJHATh Pe3KHe MaHEBPH C [JHTENbHBHIM Bpa-
1leHHeM CaMoJIeTa OTHOCHTENBHO €ro NPOJOJbHOH OCH H OJHOBpe-
MEHHBIM OTKJOHEHHEM pPYYKH YyNpaBJIeHHsI MO JHAroHaau oT cebd.
DTO OTHOCHTCSI K TAKUM HMCXOIHBIM pEeXHMaM IoJeTa, Ha KOTODhIX
BO3MOXKHO CYILIECTBEHHOE NPOsIBJIeHHEe B3aHMOJEHCTBHS NMPOLOJbHO-
ro u 60KOBOTO IBHXKEHHH camoJsieTa. B mogo6HbIX MaHeBpax JETYHK
IOJIKEH BHUMATeJbHO CJEINTb 3a IMOJIOXKEHHeM OpTaHOB MYyTeBOrO
ynpaBJIeHHS, CTapasichb MO BO3MOXKHOCTH yJIepKHUBATh HX B HEHTPAJb-
HOM noJsioxKeHud. Ecau Oblu JonylieHbl OMHOKH MHJIOTHPOBAHMS U
CcaMoJIeT BCe-TaKH BOILIEJ B DeXHM a3POMHEPIHOHHOIO BpalLleHHS,
TO JIETYUK [OJIKEH NMPUHUMAThb HeMelJIeHHble Mephl IO BLIBOJY ca-
MOJIeTa H3 TAKOro peKHMa.

JleTHass mpaKTHKa MOKa3blBaeT, YTO [Js1 BBIBOJA caMoJieTa H3
pexuMa ad3pOMHEPLHOHHOTO BpallleHHs, KaK NMpaBHJIO, CleLyeT ycra-
HaBJHMBATb PYJH WU 3JEPOHB B HeHTpasabHOe (HJH BO3MOXKHO Gosee
‘6JIU3KOe K HEMY — MPAKTHYECKH HeHUTpaJibHOe) MOJOXKeHHe. DTOMY,
‘OJIHAKO, B H3BECTHOH CTeNeHH MOTYT NpeNnsITCTBOBATb IeperpysKH,
JNEeHCTBYIOIIME Ha JIeTYHKA, a Takxke OOJblIME yCHJIUS Ha nejansix
npu 6e30ycTepHOM NYTEBOM YyNpaBJeHHH — OCOOEHHO NpPH OOJbIIHX
CBEPX3BYKOBBIX YHcaax M uiu npu 60abHIMX NPHOOPHBIX CKOPOCTAX
TIoJileTa Ha MaJbiXx BbICOTax. s KaXXmoro camosera, Ha KOTOPOM
BO3MOXKEH BBIXOJ, Ha TaKHE PEXHUMBI NOJIeTa, NMPOU3BOZHTCA OTpa-
‘60TKa COOTBETCTBY/ILEro eMy MeToja NMujaoTupoBanus. Ilpu sTom 3a
OCHOBY *6epercss THIOBOH MeTOJ, 3aKJ/IOYaIoLIMHCS B OJHOBpPEMeEH-
HOM MOCTAHOBKE BCEX OPTaHOB YINpaBJieHUS B HEHTPaJbHOE IOJIOKe-
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Hue. OTpa6oTKa MeToja NHJIOTHPOBAHHS JJs BHIBOAA JaHHOTO
THIA caMoJieTa U3 peXHUMa a’3pPOHHEPUUOHHOTO BpalleHHs NPOH3BO-
JHUTCSl NMPEABAPUTENbHO HAa MOJENUPYIOMIUX YCTPOHCTBAX, a 3aTeM
BHIOpAHHBEIN TakKMM 06pa3oM METO] BbIBOAA NPOBEPSETCS B JIETHBIX
ucnbiTaHuax. IlepBole peKOMeHJAlWH [0 MeTOAaM HHJIOTHPOBAHHS
I/ BBIBOJA CaMOJIETOB M3 DPEXHUMOB adPOHHEPIHOHHOT'O BpallleHHS
(TunoBoi MeToj BriBoAa) GvutH naHsl B 1960 r. [40].

PacnpoctpaneHHble OMIMGKHM MHUJIOTHPOBAHHS NPH BBIBOAE CaMO-
JieTa U3 peXuMa a3pOMHEpPLUHOHHOrO BpallleHHs] B OCHOBHOM ObIBAIOT
CBSI3aHB! C HEOGBIYHBIMHU JJI JIETYHKA NEHCTBUSAMH pblYaraMy ynpas-
JIEHHS], 4acTO NMPOTHBOMOJIOXKHEIMH TOMY, 4TO TpebyeTca A/ ynpas-
JIEHHSI CaMOJIETOM Ha BCEX 3KCIIYATALMOHHBIX DeXHMax TIoJeTa.
Tak, HampuMep, ecTeCTBEHHBIM CIOCOGOM MNpPEKpallleHHsI KpeHeHHS
caMmoJieTa SIBJSIETCS OTKJOHEHHE 3JIEPOHOB NpOTHB BpameHHs. Ox-
HaKO NpH a3pOMHEPIMOHHOM BpAall€HUH HAa CBEPX3BYKOBHIX CKOpO-
CTAIX OTKJIOHEHME 3JIeDOHOB IIPOTUB BpallleHUS MOXKET TOJbKO NpensT-
CTBOBaTb BBHIXOJy CaMoOJieTa U3 3TOro pexxuma. [1pu BpameHHH camo-
JieTa C yIJIOBO¥ CKOPOCTBIO Kpe€Ha, NpeBhlIalollell BTOPYIO KpHTHUE-
CKYIO, IJ1S1 YMeHbLIEHHSI HOPMAaJIbHOH Neperpy3KH JIeTYHK JIOJIKEeH
OTKJIOHSITb OPTaH NPOJOJBHOrO YNpAaBJIEHUs B HANpaBJEHUH, NPOTH-
BOIIOJIOXKHOM MPHUBBIYHOMY, TpeOyeMOMYy Ha 3KCIJIyaTallMOHHBIX pe-
JXKXHMax noJjera — Ajfs yMeHbUIEHHS MOJIOXKHTEJbHOH HOpPMaJbHOK
neperpy3KH OTKJOHSTh PYUKY yIpaBJeHHsl Ha cebs, a I yMeHblie-
HHS OTpPHIATEe/NbHOM HOpPMAaJIbHOH meperpyskH — ot ce6s. OTkioHe-
HHe pyJs HanpaBJeHUs NPOTHB BpalleHHs B TAKHUX peKHMax IpH
Hanuyuyu o6paTHON peaKUuH Mo KpeHy (TOYHee, IO CKOJbXKEHHIO) Ha
OTKJIOHEHHe PYJI HampaBJjeHHsl MOXKET TOJIbKO NPHBOAMUTDH K JOMOJI-
HUTEJBHO!N pacKpyTke camoJietra. Kpome toro, npu 6e3GycrepHOM
NyTeBOM yHpaBJieHHH 6oJibIiMe HMIapHHDHblE MOMEHTH PyJsi Hampas-
JIGHHS] MOTYT NPHBOAHTb K HeOOXOJHMOCTH CO3LAaHHUS BecbMa 60Jib-
HIMX YCHJHH HA NeJansx NJIs UX OTKJIOHEHHS U JaxXe [J5 YAep:KaHug
HX B HeHTpaJbHOM NOJIOXKeHHH. B Takux pexumax napaMerpsl JBH-
JKEHHSI caMoJieTa MOTYT HU3MEeHSITbCS YPe3BhIYaffHO GHICTPO H B BeCh-
Ma LIMPOKHUX Npefenax. JIeTYHK He B COCTOSIHMH HeNpepLIBHO OTCJe-
JKUBaTh M3MeHEHHe 3THX NMapaMeTPOB COOTBETCTBYIOIIMMH (Hampas-
JIEHHBIMH Ha BBIBOJ CAMOJIeTa H3 TAKOrO peXHMa) OTKJIOHEHHUSIMMI
OpraHOB ynpaBJseHHs. TakK yTo U € 3TOH TOYKH 3peHHUs1 HaubGoJee mpa-
BHJIbHBIM JefCTBHEM JIeTYMKa JJs1 BBIBOJA CAMOJIETA W3 PEXHMa
a5pOMHEepPIHOHHOr0 BpallleHHs] OKa3blBaeTcs YCTaHOBKAa OPraHOB yII-
paBJleHHs B HEATPAJbHOE NOJIOXKEHHE.

PaccmorpuM mtonop, BO3HHKAIOIIMI [OC/Te CBAJUBAHUS CaMoJie-
Ta B pe3yJbTaTe BHIXOJA €ro Ha PeXHM a3pOHHEPLHOHHOTO Bpalle-
nus. [Ipumep Takoro npaBoro mepeBepHyTOro IITONOPA NMPHBEIEH HA
puc. 6. 40. 13 rpaduka BuIHO, 4TO BHAUYaJe, OTKJIOHSS PYUKY yrnpaB-
JeHHsl Ha ceba ({5 c), JeTUHK cO3/aJ] HyJeBYIO HOPMAaJIbHYIO
neperpysky, nocje 4ero 3HEPrHYyHO OTKJOHHJ PYYKY YIpaBJIEHHS
BJIeBO (mpaBbIl 3JIEPOH NPAKTHUECKH MOJHOCTBIO OTKJIOHEH BHH3
8,=17°). D10 npuBeso K OLICTPOMY Pa3BHTHIO 3HAYHTENbHOM YrJQ-
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Puc. 6.40. IToneTHble 3anHcH npHGOPOB-CAMOMMCLEB, NOJYyYeHHBle MPH mnepe-
BEepDHYTOM IITOMOpPE, BXOJ B KOTOPHIH OblI O6YCJOBJIEH a3POMHEPUHOHHBIM Bpa-
LIeHHEM Ha CBEPX3BYKOBOH CKOPOCTH
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BOH CKOPOCTH KpeHa (wx1=~—4,0 pan/c npu t=~9 c). [Tocae orki0-
HEHHs 3JIEPOHOB JIETUYHK HAyaJl OTKJOHSTb PYYKY YNpaB/IeHHs Ha ce-
651 ¥ IPOJ0.12KAJ OTKJIOHSITh €€ B 3TOM HamnpaBJ/ieHHuH NPAKTHUECKU IO
KOHIla DeKHMa, OJHAKO HEeCMOTPSl Ha OTKJOHEHHe cTabuiu3aTopa
BBEPX, CaMOJIeT NPOJOJKaJ YBeNHYNBATh OTPULIATENBHBIH yroJ aTa-
ki. OTpunarenbHasi nmeperpy3ka B MOMeHT t~ 13 ¢ mocTuraa ny =
~—1,0, a 3aTeM Hauaja elle HHTEHCHBHee HapacTaTb (mpu [~
~15,5 ¢ ny= —4,5), HeCMOTpsS- Ha YBeJHYEHHE TOJNOXKUTENbHOM
YyrJoBoH cKopocTu TaHraxa. Camosier, Bpamasch, BbLIeJ Ha OTPH-
HaTeJbHbIe 3aKPDUTHYECKHE YIJIBl aTaKW, B pe3ysbTaTe 4ero BO3HHK
nepesepHyThiii mronop. llltomop Mporekan Ha ¢oHe a’poUHEpIH-
OHHOTO BpaleHHs ¢ GONBIIMMH CPEIHAMH 3HAYEHHSIMH YIJIOBBIX CKO-
pocteit (xcp=~ oT —2,5 1o —3,5 pan/c, u wycp~ —1,0 pan/c),
¢ 60JbIIMMH a6COTIOTHBIMHM BeJIMYHHAMHU NEPErpy3oK W aMIIHTynAa-
MH HX Koje6aHHH. CaMoJjeT OBl BbIBEJEH U3 3TOTO pEXHMMa yCTa-
HOBKO#l BCeX TPeX OpraHOB yNpaBJIeHHS NMPAaKTHUECKH B HEHTpalb-
HOe T0JIOXKEeHHe.

. Hexoropnle THNBI COBpeMEHHBIX CaMOJIETOB HE BXOISIT B Iepe-
BEePHYTHIl IUTONOP, TAK KAaK He MOTYT BHIATH Ha OTpHLATe/]bHbIE 3a-
KDHUTHYEeCKHe YIJBl aTAaK{W Ja)Ke NPH TNOJHOM OTKJIOHEHHH pYUYKH
ynpasjeHus1 ot ce6s. M3-3a MaJjiolf BeJTMYMHB YNPaBJSIOUWUX a3poO-
JHHAMHYECKHX NHKHPYIOMIHMX MOMEHTOB (CpaBHHUTEJNbHO MaJkble MOJIO-
JKHTEJIbHble OTKJIOHEHHS PYyJis H HelocTaTouHas ero 3¢¢eKTHBHOCTD),
Jlaxe NpH HAJIUYHH CO3/1aBAEMOro OTKJOHEHHeM pyJs HanpaBJeHHs
Tpe6yeMOro CKOJIbXKEHHSI OKa3bIBAaeTCS HEBO3MOXKHBIM BBIXOJ CaMo-
JieTa Ha CBaJuBaHMe B nepeBepHyToM mnoJerte. [Ipu mombiTKe BBOZA
B MEePEBEPHYTHIIl LITONODP H3 NMEPEBEPHYTOrO NMOJIETa TaKHe CaMOJIETH
BXOASIT OOBLIYHO TOJIBKO B NepeBepHYTyi0 cnupanab. OpHako mox
BJIMSHHEM ad’POMHEPUUOHHOrO BpAallleHHsl Jae TakKHe CcaMo-
JIeTbl JIeTKO BXONAT B I€PeBepHYTHIH IUTONOpP IPH OTKJIOHEHHH
3/1epDOHOB, KOrZa BO3HUKAeT HHEDLHOHHBII MOMEHT TaHraxa,
NPUBOASIIMA K BbIXOLY Ha OTpHLATe/bHblE 3aKPHTHYECKHE YIJIbl
aTakH aj,,.

Meton BBOIA TAaKOro camoJ/ieTa B NMEPEBEPHYTHIH LITOMOP C HC-
10/1b30BaHHEM a3DOHHEPLUHOHHOr0 BpalleHHsT (B YaCTHOCTH, C IO-
MOILBIO BO3HHKAIOUIUX NPH 3TOM HHEPIHOHHBIX MOMEHTOB TaHraxa
M PBICKaHHUs) MOXeT ObITh ciaenyiomuM. B mnepeBepHyToM mosjere
CO31aI0TCST 3HAYMTEJbHAs YIJIOBas CKOPOCTb KpPeHa U CKOJbXKeHHe,
crnoco6CTByIOIlee BXOAY B IITOMOP. 3aTeM OTKJOHAIOTCS pYyJaH MO
mwronopy (pyJib HampaBJeHHS B CTOPOHY, NPOTHBOIOJIOXKHYIO Ha-
IpaBJEHHIO BpallleHHsi camoJieTa). BosHHKaeT nepeBepHYTHIH IITO-
nop. IIpu 3TOM MoOryT mnosiBjsiThbcsl GOJbIIHE NeCTaOGHIH3UDPYIOIIHE
HHEpPIUOHHBlE MOMEHTHl TaHra)Ka, MpeBHILAIUIHe BOCCTAHABJHMBA-
I0llHe a3POJHHAMHYECKHE MOMEHTH! TaHraxa JaKe IpPH IOJHOCTBIO
OTKJIOHEHHOM BBepX pyJ/e BbICOTH. B 3ToM ciayyae caMojeT BXOAUT
B MepeBepHYTHIl LITONOP MpPH MOJHOCTBIO OTKJOHEHHOH Ha cebs pyu-
Ke ynpaBseHusi. llITonop mporekaeT ¢ NOBBLIIMIEHHBIMH YIJIOBHIMH
ckopocTsiMu KpeHa. IIpu Takom BBOJe caMoJieTa B IITONOpP 60.1b-
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1Ioe 3HayeHue HMeeT Bpeme}méﬂ IOCJI€10BATEJbHOCTh B OTKJIOHEHH-
s1X OPTraHOB yNnpaBJI€HHS], n011614pae1vla51 B 3aBHCHMOCTH OT TPIl'Ia ca-
MoJIeTa.

6.9. BJUSAHHUE CJIYYARHBIX ®AKTOPOB

CpaBHuTeNbHO He6GOJ/IbIIAS reOMeTpHuecKasi, aspOjH-
HaMHUYeCKasi, THPOCKOMHYECKasl, XKECTKOCTHAs HJIH KaKas-iu6o Ipy-
ras acHMMeTPHSI CaMoJieTa MOXKeT MPHUBOIUThL K MOSIBJCHHIO acHM-
MEeTPHYHBIX MOMEHTOB, OKa3bIBAIOUINX 3aMETHOE BJIMSIHHE HA Xa-
PaKTepHUCTHKH CBAaJHBaHHA W wTonopa. Tak, HanmpuMmep, Ha 60KOBOH
MOBEPXHOCTH OJHOrO camoJjieTa B HOCOBOH 4acTH (rosensika (acum-
METPHYHO MO OTHOLIeHHI0O K maockoctH x;0y;)) Obl1  yCTaHOBJEH
[1B]I, n3-3a yero xapakTepHCTHKH JIEBOrO H MPAaBOro LITONOPA y 3TO-
ro caMmoJieTa CyILeCTBEHHO pa3JIH4ajuCh MeXAy coboil. JIeBuil wiTo-
7iop Obl KOJMe6aTeJbHBIM MaJIOyCTOAYHMBBIM, M3 KOTOPOTO CaMOJET
JIETKO BBIXOJHJ, a IPaBbli — PAaBHOMEPHBIM (HHTEHCHBHBIM) BechbMa
yCTOHYHBBLIM, U3 KOTOPOTO CaMOJIeT NpaKTHYecKHu He BoixoauJ. ITepe-
craHoBka [1BJl Ha mpoTuBomoJsioKHBIH 60K ¢io3ensxka InpuBesaa K
TOMY, 4TO XapaKTePHCTHKH JIEBOTO H IPABOro IITONOPA 3HAUHUTE]b-
HO c6uusunucb. O6a pexuma CTalH PaBHOMEPHBIMH, YCTOHUHBBIMH.
XapakTepHCTHKH BBIXOJA camoJjieTa M3 OGOHX 3THX PEXHMOB ILUTO-
nopa OKa3aJHuch XOPOLUIMMH: CaMOJIET BHIXOAMJ KaK U3 MPaBOro, Tak
H U3 JIeBOTO LITONOpAa € 3amasjbiBaHHEM MeHee OJHOr0 BHUTKA.

VY coBpeMeHHBIX CaMOJIETOB C MJMHHON TOHKOH 3a0CTPEHHOH HO-
COBOH yacThio (ProzesisixKa jaxe oyeHb HeOOJbIIAST ACHMMETPHS HOC-
Ka (ro3essikKa MOXKeT NPUBOMUTb K NOSIBIEHHIO CPABHUTEJIbHO GOJb-
KX a9POAMHAMHYECKHX MOMEHTOB pbicKaHus. Ha Goapmmux yriax
aTaKu HOCOBBIE YACTH TAKHX (ro3essiKed MOTYT CO3/aBaTb aBTOPO-
TalMOHHEIE MOMEHTHI prickaHusi. ONBIT JIeTHOH 3KCIJyaTalHH MOKa-
3bIBAET, UTO €CJId, HalpHUMep, TAKOH CaMOJIET Jierye BXOAUJ B JIEBBIH
HITOTIOP, TO MOSIBJIEHHE Na)e HeOGOJMbLIOH aCUMMETPHYHOH BMSITHHBI
Ha HOCOBOM 4YacTu (pio3e/siKa MOIJO NPUBOAUTH K TOMY, 4TO CaMo-
JeT BXOAMJ B LITCJOP B IPOTHBONOJOXHOM HampasJjeHud. Ha
puc. 6.41 mokasaHbl MOJy4YeHHble [0 MaTepuHasJaM HCIOBITAHHH MoO-
IeJid TaJoro camoJjera B a3pOAMHAMHUECKOH Tpy6e 3aBHCHMOCTH
koapdunueHTa MOMeHTA pBHICKAHHS OT Yyraa aTakd Aas ABYX
cayyaeB: MNpPH HaNWYMM HeOOJbIIMX IJIOCKUX BMATHH  CJIeBa
n crnpaBa Ha Hocke (iosensixka. M3 rpadpuka BugHO, YTO B
onpeae/eHHOM JNHaNa3oHe 3aKPUTHYECKHX YTJOB aTakKH (HpH OTCYT-
CTBHM CKOJIbXKEHHSI) Takasl He3HauHTe/ibHAs acHMMETPHUs HOCOBOH
yacTy ¢ro3e/5XKa BHI3bIBaeT NOSBJIEHHE CYIIECTBEHHOTO MOMEHTa Phi-
ckanus. [Ipu BMATHHe crnpaBa BO3HHKAET MOMEHT DbICKAHHS BJEBO
¥ Hao6opoT. B HEKOoTopHIX ciayyasix Takue acCHMMeTpPHUHbie MOMEH-
Thi (MOMEHTHI PBICKaHHs) NOA BJHSIHHEM CJlAyuafHbHX (PakTopoB Mo-
IyT He TOJbKO H3MEHATb CBOIO BEJHYHHY, HO naxe M 3HakK. [lpu
ompeneseHHbBIX (opMax HOCOBOH uacTH (prosensizKa acCHMMETPHYHBIE
MOMEHTH MOTYT M3MEHATb CBOH 3HAK, HANpHMEp, C YBeJHYeHHeM
yrcjaa Re. 3HaK Takux CjayyaHHbBIX MOMEHTOB DBICKAHHs, BO3HHKAIO-
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WMX H3-33 aCUMMeTpUH OOTeKaHH: camoJjieTa, MOxkKeT ObITb CTabu-
JIM3UPOBAH, HanpUMep, aCUMMETPHUUYHOH YCTAaHOBKOH TypOyJnu3aro-
pOB Ha OLHOM CTOpPOHE (io3esaKa.

3HauuTe/bHBIE MOMEHTHI PHICKAHHS, BO3HHKAIOIIHME HAa GOJbUIHX
yriax aTaky, o6yc/0oBJIEHE aCHMMETPUYHEIMH BUXPEBBIMHU NeJIeHAMH,
BO3HHKAIOLUIUMH 4acTO J1aKe Ha NMPAKTHYECKH CHMMETPHUYHOH HOCO-
BO# yacTu ¢rozensika 60/4bwIOro yanuHenus. Takoe Buxpeobpasosa-

[+ 4
e
my v
0,05
0
o
~0,05
—
v
Puc. 6.41. 3aBucuMoctb KpuBOi Puc. 6.42. CxemartHueckoe H306pa-
my=f(0) OT aCHMMeTPHH HOCO- JXeHHe BHXpeo6pa3oBaHHS Ha HOCO-
BOHl YacTH (rosensixka BOH uyacTH ¢rosensxa

HHE XapaKTepH3yeTcs NMOsiBJieHHeM IBYX BHXPEBBIX IeJieH, HAYHHAIO0-
IIHXCSl HA 3a0CTPEHHOM HOCKe (hro3esizKa H NPOCTHPAIOIIMXCS anee
BHH3 mo moToky. ITo Mepe ynasnenuss oT Hocka ¢lo3densika Takas
BHXpeBasi IeJIcHa CBepPThIBAETCS B BUXDb, Bce 6oJiee OTHAJSIOLHACS
OT NOBEPXHOCTH (ro3enska. I[Ipu Manblx yriaax atraku 3TH BHXPEBLIE
nejaeHb (puc. 6.42) GBIBAIOT MPaKTHYECKH CHMMETPHYHBEI Ha NpPaBoOH
H JIeBOH NOJIOBHHAX (lo3essiKa (He CO3.al0T MOMEHTOB DLICKaHHSA)
H HHTEHCHBHOCTb HX CpDaBHHTeJbHO HeBeaHka. Ha Gouabliux yraax
aTaKH BHXPH CTAHOBSATCS 3HAUYUTENbHO 60jiee HHTEHCHBHBIMH H Cy-
[IeCTBEHHO acHUMMeTpHYHBIMH. OIHH BHXpb OOBIYHO MOXHHMAETCS M
oTHeJisieTcsl OT HOockKa (prosensizka, TOrfa Kak Jpyroifl ocTaeTrcsi npH-
COeIHHEHHBIM K HeMy. DTO MOXKeT co3xaBaTh 6oJsbline 06/1acTh pas-
pexeHusi Mo OJHYy CTOPOHY HOCOBOH uacTH (ro3essiKa, NPpHBOASLIHE
K NOABJIeHHI0 3aMeTHOH 60KoBOH cuJbl. I[1py AMHHOA HOCOBO# 4acTu
(6osb1IOe NJI€Y0 GOKOBOH CHJIBI IO OTHOIIEHHIO K LEHTPY THKECTH
caMoJieTa) TaKasi aCHMMeETDHYHAasl CHJa BBI3BIBAET IOSIBJEHHE 3Ha-
YHTEJbHbIX a3POJIMHAMHYECKHX MOMEHTOB DBHICKAHHS, CYIECTBEHHO
BJHUSIOMIYX Ha XapaKTEePUCTHKH IITONOPA CaMOJIeTa.

IToBTOpeHHe TaKHX SKCIEPHMEHTOB Ha OJHHAKOBBIX MOJENAX MO-
Ka3blBaeT, YTO BO3HHUKAIOIIMe MPH 5TOM MOMEHTH PBICKAHMS JaXKe B
NPaKTHYECKH ONHMHAKOBBIX YCJIOBHSIX MOTYT 3aMeTHO pa3jiH4aThbCs
Mexay co6oi. OGycJIOBJIEHO 3TO HecTaGHIBHOCTBIO BHXpeo6Gpa3oBa-
HHSl, 3HAYUTEJbHOH 3aBHCHMOCTbIO CINEKTPOB BHXPEBOTO OGTEeKaHHS
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OT cJyYyalHBIX (PAaKTOPOB (LIEPOXOBATOCTH IOBEPXHOCTH, CTEIEHH
paBHOMEpHOCTH Haleramoulero BO3AYILIHOIO IOTOKA, HaJHYHs Psna
CJyyadHbIX BO3MYLIEHHH U T. IL.).

[IpaKkTuka JIeTHBIX HCNIBITAHHA IOKA3bIBAET, YTO AaXKe HA ONHOM
¥ TOM JKe CaMoJieTe NPH NPaKTHYECKH OJMHAKOBbIX HAYaJIbHBIX YCJIO-
BUSIX W NEHCTBHSX JETYNKA MOXKHO NOJYy4yaThb 3aMETHO pas/jHyalo-
muecss Mexnay co6oi pexkumbl wmronopa. O6GycJOBIEHO 3TO TaKKe
BJIMSIHMEM DsSfA CAy4YadHBIX (AKTOPOB, M3 KOTOPHIX HEMaJIOBaXKHYIQ
poJib HTpaeT, B YaCTHOCTH, COCTOSTHHE aTMOC(ephl HENOCPEICTBEHHO
B TOM MecCTe, rie HaXOAMTcA camoJer. s onpenesieHHsl THIHYHBIX
(Hau6osiee BEPOSITHBIX) XapaKTEPHCTHK IITONOpPA ¥ CBAaJIUBAHHS Ca-
MoJieTa B 3aJaHHBIX YCJOBHSIX, OLIEHKH BEPOSITHOCTH peasH3aluuu
3THX XaPaKTEPHUCTHK U MX BO3MOXKHOro paszbpoca HeoOXOZMMO I0Jb-
30BaTbCSI CTATHCTHKO-BEPOATHOCTHHIME MeToJaMmH. Takas MeToguKa
JNOJKHA NpeflycMaTpHBaTh OLE@HKY BO3MOXKHOCTH peasH3allud JaH-
HbIX XapaKTEePHUCTHK LITOIOpPA CaMoOJeTa B Ipoliecce MHOTOKPATHOro
[onajaHusi B LITONIOP, B YACTHOCTH, IIPH BO3MOKHBIX KoJeOGaHHSIX
aTMoc(epHBIX yCJAOBHI Ha 6a3e CTaTHCTHKO-BEPOSITHOCTHHIX IIOKa3a-
Teqed. [1pu MomennpoBaHHM XapaKTEPHCTHK CBAJHBaHUS M ILITONOpPA
CJefyeT NOJIb30BaThCsl METOLAMH CTATHCTHYECKOrO MOJAEJIHPOBAHHS.
OneHKa  CONPOTHBJASIEMOCTH  CaMOJETa CBAJHBAHHIO H BXOALY
B IITONOp TaK¥Xe MOJXKHA HPOHU3BOLUTLCA CTATHUCTHKO-BEPOSITHOCT-
HbIMH MeToAaMu. [Ipu 3TOM TOJBKO C/lAeAyeT HMeTb B BHAY, YTO CO-
NpOTHBJSIEMOCTb CaMoOJieTa CBaJMBaHUIO H BXOAY B ILITONOP — 3TO
B ofmeM cjaydae He TOJbKO He OIHMHAKOBHIE, HO AaJeKO He Bceraa
U B3aHMOCBsi3aHHBIe (TeM 6oJiee OZHO3HAYHO B3aMMOCBSI3aHHBIE)
cBoiictBa. Hanpumep, camoJsieT MoxeT 0o6;1a1aTh BecbMa c/1a60 Bhipa-
JKeHHOH TeHIeHLMeHd KO BXOAy B IITOIOP, HO JIErKO CBAaJIMBAaeTC H
Hao6opoT. B 3aBHCHUMOCTH OT TOro, Kakasi M3 3THX ONACHBIX TeH-
JeHIVH TPOSIBJISETCS CUJIbHEe, CJAeAyeT yIessiTh GoJbliee BHUMaHUE
YJYUYIIeHUI0O UMEHHO 3TOH XapaKTepHCTHKH M NapHPOBAHHIO Pa3BH-
THSI COOTBETCTBYIOLINX OIIaCHBIX pEXHMOB moJieta. [IpakTHueckn
COIPOTHBJISIEMOCTb CBAJTHBAHUIO H BXOAY B ILTONOD B MacCOBOH JIeT-
HOH 3KCIVIyaTallM¥ MOXeT B M3BECTHOH CTENeHH XapaKTepH30BaTbCH
OTHOILIEHHEM KOJINYECTBA HENPOM3BOJBbHBIX IONANAaHHH CaMOJETOB
JAHHOTO THIIA B 3TH PEXHMBI K OIpeleseHHOMY (IOCTAaTOYHO 6OJIb-
momy) ux Hasery. Hanmpumep, N nonajzanuii 3a MHJIJIHOH 4acoB Ha-
JieTa B COOTBETCTBYIOIIUX (COINOCTABHMBIX) YCJIOBHSIX.



TJIABA 7
METO/bI BbIBOJAA U3 IHTOMOPA

7.1. OEHMIASI XAPAKTEPHCTHKA
NPUMEHSEMBIX METONOB NHJIOTHPOBAHHA

YupaBJsieHne caMOJIETOM B LITONOPE OKa3bIBAETCS BECh-
Ma CJIOXKHBIM H CYLIECTBEHHO OTJIMUHBIM OT ynpaBJeHHs UM Ha BceX
IpYrux pexumax noJsera. Huas BelBoZa caMoJjieTa H3 WITONOpA Tpe-
OyeTcss nmpHMeHeHHe OCOGbIX METONOB NMUJIOTHPOBAHHA. DTH METO]bL
KODEHHBIM 06pa30M OTJHYAIOTCS OT METOOB IMJIOTHPOBAHHUS, IPHMeE-
HSIEMBIX Ha BCEX JKCIUIyaTAalMOHHBIX pexumax mosera. Ofycjosie-
HO 3TO, B NIEPBYI0 Ouepelb, TeEM, YTO PeaKLusl camoJseTa Ha JeHCTBHS
py/SIMH OKa3biBaeTcsi B IUTONOpPE 3HAUHTEJNbHO 6ojiee 3aMe]JIeHHOH,
a pyau TpebyeTcsi OTKJOHATh BeCbMa PE3KO M Ha GOJbINYIO BeJH-
YHHY — YacTO Ha MOJIHBIA X0J, (OT ynopa no ynopa). IeficrBue pyJelt
B yCJIOBHSIX BpallCHHsI B IPHHIMIE OTJINYHO OT AeHCTBHS uX 6e3 Bpa-
mieHusi. Pyau coobmaiT camMo/ieTy MOMEHT KOJIMYecTBa ABUKEHHS B
HENMOJBHXXHOM IPOCTPAHCTBE M NOTOMY IpH BpallleHHH JeHCTBHE pY-
Jell B Onpefie/leHHOM HanpaBJIeHUH OKa3biBaeTcsl KpaTKOBPEMEHHBIM,
a yepes MoJynepHof — faxe o6paTHbiM. [1osTromMy Hasnyue 60JBLINX
YTJIOBLIX CKOPOCTEH BBI3BIBAET CYLECTBEHHbIE H3MEHEHHS] BCEX OCHOB-
HBIX XapaKTEePHCTHK YIPAaBJSEMOCTH caMoJieTa. ¥ CBEpX3BYKOBBIX
CaMOJIETOB, KaK NIPaBHJIO, JeHCTBHE 3JIEPOHOB B LITONOPE OKA3bIBAET-
csl MPOTHBONOJIOXKHBIM TOMY, YTO HMEET MECTO Ha OOBIYHBIX pexH-
Max noJera, a OTKJIOHEHHE 3JIEpOHOB YacTO OKa3hIBAaeT pelialollee
BJIHSHUE Ha xapakrep imtonopa. CrnocoObl NpeKpanleHHus IITONopa
camu 1o cebe SIBJSIIOTCS B HU3BECTHOH CTENEHH NPSIMO MPOTHBOMOJOXK-
HBIMH TeM NPHBBLIYHBIM €CTECTBEHHBIM crnoco6aM, KOTOpble NpHMEeHs-
IOTCSl Ha BCeX OCTaJIbHBIX peXHMax ImoJsierta. Tak, HampuMep, pac-
CMaTpHUBas TOJbKO MOJIOKEHHE caMmoJieTa B INpPOCTPAHCTBE, MOKHO
IIPOBECTH HEKOTOPYIO YCJIOBHYIO ((OpMasbHYIO) aHAJOTHIO MEXIY
IITONIOPOM M NHKHPOBAHHEM — B OOOHX CJIyyasix IPOCTPAHCTBEHHOE
II0JIOKEHHe caMoJieTa OAMHAKoBO (Hoc omyieH). OQHAKO AJsi BHIBO-
Jla caMoJieTa U3 NUKHPOBAaHUs TPeOyeTcsl OTKIOHSATh PYUKY yIpaBJe-
Hus Ha ce0s, a A/ BbIBOAA M3 LITOMOpa — OT cebsi, TaK KakK Cyll-
HOCTb ((¢u3nHuecKasi KapTHHA) SBJEHHS OKAa3biBaeTcsi B OGOUX CJy-
yasix NpUHLMIHAJBHO pasjnyHoi. Ko BceMy ckaszaHHOMY cienyer
n06aBUTh, YTO B IITONOPE OLIYLIEHHS M BO3MOXKHOCTb IPOCTPAHCT-
BEHHO/ ODHEHTHPOBKH JIETUHKA KapAHHAJbHO OTJIHYAIOTCS OT TOTO,
4TO HabJioflaeTcsl B OOBIYHBIX IKCIJIYAaTALHOHHBIX PeXHMax MoJera
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(BiMsiHME YIJIOBBIX CKOPOCTel H Neperpys3ok, HeoOHnuHOEe M GLICTPO
H3MeHsIoleecsi MPOCTPAHCTBEHHOE MOJIOXKEHHe CaMOJIETa, OTCYTCTBHE
BHIMMOCTH WJIM BHAMMOCTb TOJIbKO 4acTH JIHHHH TOPH30HTA H T. IL.).
HssecTHbl ciyyan, Korna JETYHKH, NPH HENPOHU3BOJbHOM IOMNAfaHUH
<€aMoJieTa B IITONOP B 006/1aKaxX, He 3aMedasH HH H3MEeHeHHs CKOPOCTH,
HH NOJIOKEHHUS KaXKyIleHcsl BEPTHKANH (ONpenesieMOll OTHOILEHHUEM
ny/ny), Hu meperpy3kd. OHH CUHTaJ/IH, YTO BHILEJ H3 CTPOS KOM-
nac. 3HauUTelbHOE YCIOXKHEHHE yC-
JIOBUH pabOTBl U OPHEHTHPOBKH B
miTonope tpedyeT OT JeTuhnka (o0-
PaHHOCTH, YeTKOCTH HeHCTBHH, a
HHOIA U '6ONBLION 3aTpaThl (H3HU-
YeCKUX CHJ AJs1 BHITIONHEHHS HeoO-
XOJUMBIX TIDH BBIBOJE caMoOJeTa U3
LITONOpPA TOYHBIX TE€HCTBUHU PYJISIMHU.
Pacnpenenenue BHUMaHHS JIeT-
YyyKa B IITOTNOpPe, KOTAa OH cTapa-
eTCsl OTpellesIUTh XapaKTep ABHXKe-
HHSl U HM3MEHEHHS MpPOCTPAHCTBEH-
HOTO TOJIOXKEHHSI caMoseTa, Habmo-  p o | Ocpransmorpamma, xapak-
Jas 32 BHELIHHMH ODPHEHTHPAMH  tepusyiollas H3MeHeHHS HampaB-
(3eM.1ell, ropu3oHTOM, OOJaKaMH), JeHHs B3IasAa JeTYHKA B IITOTOPe:
MOXHO MPOUJNIOCTPUPOBATDH Ha I—no kpeny (+BnpaBo, —BJI€BO):
npUMepe MepeMelleHHs: ONTHIeCKux 7~ e e o Tamo); =m0
Oceli ero rJyas, T. €. U3MEHEeHHUs Ha-
npaBJjieHHs B3r/sga Jeryuka. [lepe-
MeLIeHHsI ONTHYECKHUX OcCell /a3 JeTYHKa B IOJeTe ONpelelsioTcs
N0 KHHOrpaMMaM, CHHMAaeMbIM C IOMOIIbIO CIeLHaJbHBIX OITHYE-
CKHX YCTDPONCTB THIA OYKOB (C IpHMeHEeHHeM NePUCKOIOB), PErHCT-
PUDPYIOIIMX H3MeHeHHsl oJoxeHusi 3paukoB. Ha puc. 7.1 nokasana
noJlyyeHHasi TaKuM 06pasoM opTasbmMorpaMma, Xapakrepusyollas
U3MEHEHHs HampaBJIeHHsl B3I[J/sA[a JeTYnka N0 TOPH3OHTAIH (IO
Kypcy), B HalpaB/IeHHH NJIOCKOCTH CHMMeTpUH camoJjera (mo TaH-
raxy) d B NONEPeYHOM HamnpaByeHHH (M0 KpeHy).

OdranbmMorpamMma 6nlia mosyyeHa y MaJo TPEHHPOBAHHOIO JieT-
YHKAa B IEPHOJ, ¢ MOMEHTA Hayaja OTKJIOHEHHH OpPraHOB YNpaBJIeHHS
Ha BBIBOJ U3 LITONOPA M J0 MOMEHTA HayaJja BbIXOJa CaMoJieTa U3
nukupoBanusi. M3 rpaduka, B 4acTHOCTH, BHIHO, YTO OTCJIEXKHBAIO-
niasi CnocoO6HOCTh IJla3 JIETYHKA NpU HaAOJIONEHHH 3a JBHXKEHHEM
KpeHa B Ipoliecce Pa3BHTHsS peXHMa MOCTeNeHHO yxyamaercs. Ilo
OKOHYAHHH aBTOPOTALHH CaMOJIeTa B pacCMaTpHBAaeMOM cJyuyae He-
KOTOpPOE BpEeMsi HMEJO MeCTO faxe ofGpalleHHe JIeHcTBHSI BecTHOY-
JISPHBIX CHTHAJIOB: JIETYHKY, NMO-BHIHMOMY, Ka3aJjoch, YTO CaMOJET
HayaJl KPEeHHTbCSI B NPOTHBONOJOXKHYIO CTOPOHY, H OH NEPEMECTHJ
CBOH B3IVISII, XOTS B IEeHCTBUTEJbHOCTH B 3TO BpEeMs YIJIOBasi CKO-
POCTh M YroJ KpeHa camoJsiera OblJIM yXKe NPaKTHUECKH HYJIEBBIMH.
Cambie GoJiblliHe NepeMelleHHs] ONTHYEeCKHX OceH IJa3 JIeTYhKka B
YKa3aHHOM pexHMe IUTonopa HalJjmoLannch B KypCOBOM HampasJe-

oceu ena3 semyuna
1D+ 104 1D+

Omknonenun onmuyeckux

llpexpawenue
abmopomaquu
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Huu (10 ropusoHTanH). ITo Mepe yBeanuyeHHs TPeHHPOBKH JIETUMKA
B TaKHX PeXHMMaX yMeHbHIAIOTCS] aMIIUTYABI H YacTOTHl H3MEHEeHuH
HampaBsJIeHHsl B3IJVIsifa JIETYHKA, a TaKKe HCcYe3aeT HempaBHJbHOE
(o6palieHHoe) BOCIpHSITHE MM XapakTepa JBHUKEHHs KpeHa. ¥ Xo-
pOIIO TPEHHPOBAHHOIO JIETYHKA Ha BBIBOJLE H3 LITONOPA B OCHOBHOM
B3IrJIs1J MepeMeliaeTcsi B MPOLOJbHOM HampaBJieHHH (B HalpaBJeHHH
JBHUKEHHS TaHraxa).

[Ipu npoBefeHNH JIETHBIX UCNBITAHHH Ha HMITONOP OOBIYHO HpHUMeE-
HSIETCS TAaK Ha3biBaeMbIH KJIaCCHUYECKHH MeETOo4 BBOJA caMoJieTa B
LITONOP: JIETIHK OTKJOHSET PYYKy Ha ceGs 10 BBIXOAA caMoJjieTa Ha
OKOJIOKpUTHYECKHe HJHU OJH3KHe K HHM YIVIB aTakKH, 3aTeM pe3Ko
JOBOIUT ee Ha ce0si ¢ OJHOBPEMEHHBIM OTKJOHEHHEM pYJis Hampas-
JIEHHSI B CTOPOHY OXKHJAeMOro HalpaBJieHHsI BPalleHHs CcaMoJeTa.
JleTHasi mpaKTHKa MOKa3blBaeT, 4TO NPHMEHEHHE 3TOT0 MeTona MoO-
JKeT B HEKOTOPBIX CJydasx NPUBOJUTD K pe3yJbTaTaM, 3aMeTHO OTJIH-
YaIHUMCS OT UMEIOUHX MECTO IPH HENPOMU3BOJILHOM CBaJHBAaHUH
U NONMajfaHHU CaMoJieTa B LITONOP B Ipoliecce pe3KOro MaHeBpHpOBa-
HHSl B peaibHbIX yCJOBHUAX. VIHBIMH CJIOBaMH, XapaKTepDUCTHKH CBa-
JHBaHUsA, PAa3BUTHE JBHXKEHHsS OT Hauaja CBaJUBAaHHA OO MNOSBJe-
HUsl aBTOPOTALHH, XapaKTePUCTHKH LITONOpPA U BbIXOAA U3 HEro Mo-
TYT CYLUIECTBEHHO H3MEHSITbCSl B 3aBHCHMOCTH OT HCXOZHOTI'O IBHKe-
HHSI caMoJjieTa. DTO CJeAyeT YYUThIBAaTh NPH Pa3paGoTKe pEKOMEeH-
Jalui Mo MeTOfaM BBIBOJA CaMOJIeTa U3 IITOMOPA.

HPH H3y4YEHHH LUTOIOpa CJeAyeT yAeJATb CaMOe€ CepPbEe3HOE€ BHH-
MaHHE€ MeTOoJaM NpeAOoTBpalleHHs MollafaHus caMoJi€Ta B 3TH Oomar
HbI€ PEXKHMBI.

Ec/iu BO3HHK/IO cBa/siHBaHHE, TO JIETYHK HOJKEH HAaUHHATb BHIBO-
JHTb CaMOJIET M3 3TOro peXHMa HeMeMJEHHO IOCJe TOro, Kak Io-
HSJ, 4TO mpousounto. Iloxg BiausHMeM (GaKTOpa HEOXHJAHHOCTH H
BO3MOXHO!I GeCopsiIOYHOCTH IBUKEHHsS] CaMoJeTa IIOoC/]Ie BXOfa B
CBaJIMBaHHE MaJl0 TPEHHDPOBAHHBIA JIETUHK MONKET pearupoBaTh C
3aMeTHBIM 3amasJblBaHHEM M HEJOCTATOYHO YeTKO HEHCTBOBATH Pbl-
yaramu ynpasieHus. C yyeToM 3TOro u BHIpaGaTHIBAIOTCS PEKOMEH-
JalMy MO MeTOoJaM BBIBOJA CaMoJieTa M3 TakKuX pexuMmoB. Ecuawm,
OJHAaKO, HH NpPENOTBPATHTb CBAJMBAHHE, HH BBHIBECTH CAMOJIET H3
CBAJIUBAHUs JIETYUKY He YAAJOChb W BO3HHK IITONOP, TO M B 3TOM
cayyae Tpe6GyeTcss HauHHATh BBHIBOJA CaMoJieTa ¢ MUHAMAJbHBIM 3a-
Na3fblBaHMEM, T. €. KaK TOJbKO JIETYHK INOHSJ, B KAKOM DeXuMe
OH HaXOJLUTCSI.

Pexomennanun no meronaM NHJIOTHPOBAHUS IJis BBIBOJA CaMoO-
JIeTa U3 3THX DEXHMOB COCTABJSIIOTCA C YYETOM pPeasbHO BO3MOXK-
HOTO 3ama3ibIBaHUS PEaKL{H JETYHKA (B pacyere Ha JIeTYHKA Cpeli-
Hel KBajauoukauuu). C TOUKM 3peHHs JIeTUHKA CpelHell KBajau(HKa-
LU MPOCTOTA METOJHKH BHIBOJA CAMOJIETA U3 3THX PEXKUMOB HMeEeT
pewatouiee 3HaueHue. [loaToMy KaxKnasi peKOMEHIALMs THIATEJIbHO
NPOAYMBIBAETCS] H BCECTOPOHHE OGOCHOBBIBaeTCsl. B pekoMeHLyemble
METOIH BbIBOLA BKJIOUAIOTCS TOJBKO T€ JeHCTBHA JieTunKa, 6e3 Ko-
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TOPBIX BBIXOJ, CaMoOJIeTa Ha SKCNJIyaTallHOHHbIE PEXKUMBI MPOCTO He-
BO3MOXKEH.

BriBoz camosieTa M3 mTOmnopa mo CYIIECTBY COCTOHMT M3 TPEX 3Ta-
nos (cm. puc. 6. 1):

a) nepBHIi U OCHOBHOH 3Tan — COGCTBEHHO BBIBOJ M3 INTONOPA,
T. €. IpeKpalleHle CaMOBPalIeHHs] CaMOJIeTa;

0) BTOpO# 3Tam — NHKHPOBaHHe (yXe Ha JOKPHTHUECKHX yriax
aTakH) JJIs1 YBeJHYEHHSI CKODOCTH IOJIETa C Iesblo oGecrneueHus BO3-
MOXKHOCTH 6€30MacHOro JasbHeHIIero MaHeBPHPOBAHHSI CaMOJIeTa;

B) TPeTHH 3Tam — BBIBOJA CaMOJIeTa M3 NHKHPOBAHHS U IEPEBOL
€ro B PEXHM NPSMOJHHEHHOr0 IOPH3OHTAJLHOTO IOJETA CO CKOpO-
CTbIO, PABHOH HJIH IpeBHILIAIONIEH 5BOMIOTHBHYIO.

OnHako OGBIYHO TOJ TEPMHHOM «METOJ BHIBOJA H3 IUTONOPA» MO-
HMMalT MeTOJ NUJOTHPOBAHHS, 00ecneyHBAIOINN HaJexXHOe Impe-
KpallleHHe CaMOBpallleHHs] caMoJieTa M SBJSIOMHUACA MO CYIIECTBY
JHUIIb NMEPBBIM 3TaloM BHIBOAA camoJera u3 wronopa. CoxpaHnss
OGIIENPHHATYIO TEPMHHOJIOTHIO, PACCMOTPHM METOH MHJIOTHPOBAHHS
caMoJieTa Ha NEepPBOM 3Tane BBLIBOJA M3 LITONMOPA, HAa3BIBasl HX «Me-
ToAaMu BeiBOJa». O moc/eayoIux ABYX 3Tanax BbIBOJA M3 ILTONOpA
peub 6yneT unTu Huxe. B nanpHefimeM GyneM MIMPOKO HCIIONb30BATh
JBa TePMHHA, OTHOCSIIUXCS K OJHOMY H TOMY XK€ SIBJIEHHIO: «BLIBOJ»
U «BBIXO/» U3 mTOonopa. [lepBrfi U3 HUX OyleM NPUMEHATb IO OTHO-
IIEHHIO K JeACTBHAM JeTYuKa (OH BBIBOLUT CaMOJIET M3 LITONOPA),
BTOPOil — K ONHCAHUIO JBHXKEHHS CAMOro caMoJjieTa B COOTBETCTBYIO-
IIMX YCJIOBHSAX (CaMOJIET BHIXOAMT U3 1ITONOpa). B u3BecTHOM cMbIC-
Jie 00a 5TH TepMHHA B3aHNMO3aMEHSAEMBIL.

[TepBuift 1 HanboJsiee CJIOXKHBIH 3Tam BHIBOAA M3 LITONOPA CYHTA-
ercsl 3aKOHYEHHBIM, KOI'la CpeJHee 3HAUEHHE YyIja aTaKH caMoJieTa
OKasblBaeTcsl JOKPHTHYECKUM, YTO NPHBOJHUT K NPEKPALICHHIO CaMo-
BpallleHHusI caMoJIeTa.

7.2. BIUSAHUE OTKJIOHEHUS 2JIEPOHOB

7.2. 1. du3nyeckas KAPTHHA BJAHSHHS OTKJIOHEHUSN
3JIEPOHOB

XapaKTepHUCTHKH CaMOBpAIleHHs] caMoJleTa 3aBHCSAT
OT ITOJIOXKEHHS 3JIepOHOB B 1itonope. [IpH OTKJIOHEHHH 3J1epOHOB B
IITONOpEe BO3HHMKAIOT a3pONMHAMHUECKHe MOMEHTH KpeHa M, =

=/VIZ9A8s U PBICKaHHUS Mya=M23A83. ITosiBnenne mMomeHra OT-
HOCHTEJIbHO NPOAOJbLHOH OCH caMoJeTa NPH OTKJIOHEHHH 3JeDOHOB
006yCJ/IOBJIEHO H3MeHeHHeM K03(pdHIIeHTOB HOPMAaJIbHOM a3pOJHHAMH-
YECKOH CHJIBI MPAaBOH H JIeBOH MOJOBUH KpPBLJI4, OTHOCHUTEJIbHO HOp-
MaJIbHO¥ ero OCH — PasJHYHbLIM H3MeHeHHeM Ko3(h¢duiHeHTOB Kaca-
TEJbHOH a3pPOAHMHAMHYECKOH CHJIBI HA NPABOH W JEBOH MOJOBHHAX
Kpblia. OTK/IOHEHHS 3JIEPOHOB BBEPX H BHH3 MO-Pa3HOMY H3MEHSIOT
KacaTeJbHYI0 a3DOJHHAMHYECKYIO0 CHIY. DTO pa3J/HyHe CyLeCTBEHHO
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3aBHCHT OT yrja artaku camosiera. st HarJISAAHOCTH PaccMOTPHM
cJelyIol Ui IpUMep.

ITonarasi, 4ro noxbeMHas cuia s1epoHa AefiCTBYeT MO HOPMAaM K
€ro nosepxHocTH (ee kospduuueHt C,,), JIerko moKasaTb, UTO Ha
MasblX W GOJIBIIMX yrJax aTakH KacaTe/lbHble Aa3pOJHHAMHYECKHE
CHJIBI, CO3/1aBa€Mble OTKJIOHEHHEM 3J1I€POHOB, NIPUBOAAT K MOSIBIECHUIO
CYIWIECTBEHHO Pa3/IMYAIOLIUXCsI MOMEHTOB PHICKaHHs (pHC. 7.2).

Nefas ponobura rpbira

ACxi;?j\ —— @;ﬁ
oy

o
)
npabas nonobuna rpeina
Alxn
Cy_, cy’ P
N \
— 1«

AMysw (ACX,,piACx,,) AM.%’M (ACXHP+ACXI)

Puc. 7.2. Cxema, wimocTpupyiollasi M3MeHeHHsi 3HAaKa CO3/aBaeMOro 3Jepo-
HaMH MOMEHTa PLICKaHHs B 3aBHCHMOCTH OT BeJHYHHBI yIJla aTakKH

B paccmatrpuBaemMoM mpHMepe NMpaBblil 3J€POH OTKJIOHEH BHH3,
a JIeBbI# — BBEPX, UYTO COOTBETCTBYET OTKJOHEHHIO DYYKH ynpasJe-
HHS BJIEBO (KpeHeHHe Ha JeBoe Kpblio). IIpu s3ToM Ha MaJjblx yriax
ATaKd MOMEHT PHICKAHHUSI, CO3J1aBaeMblii KacaTeJbHbIMH a9pOJHUHAMH-
YEeCKHUMHU CHJIaMH, 00YCIOBJIEHHBIMH OTKJIOHEHHEM 3JepoHOB (My,),
onpenessieTcs pa3HOCTbIO 3THX CHJ Ha IIpaBOH M JeBOH IIOJOBUHE
Kpblia. OTOT MOMeHT My, NmponopuHOHaJeH pa3HOCTH H3MeHeHHH KO-
3¢ duureHTOB JOGOBOro conpoTHB/eHus: Ha NpaBoM (AC;mp) U JeBOM
(ACy 5) 3sepoHax, Tak Kak o0e 3TH BeJHYHHBl OKa3blBaIOTCS Ha-
NpaBJeHHBIMH B OJHY CTOPOHY (OGpaTHO HampaBJEHHIO HOTOYHOMH
ocu Ox). B takom cayuae BeqaunuuHa My, okasbiBaeTcss CpaBHHTEJb-
HO He6OJIBIIION ¥ MepeKphIBaeTCs] BEHYHHON a3pOIHHAMHUYEeCKOro BOC-
CTAaHABJIUBAIOLIEI0 MOMEHTA PbICKAHHSA M55=M2§, 06yc/I0BJIeH-
HOTO BO3HHKAIOLIMM IIpH KPEHEHHH CaMOJIeTa CKOJbXKeHHs. Pesyib-
THPYIOUMH MOMeHT pbickauus (My,— Mys) okasbiBaeTcsi packpy-
UMBAIOIHUM, TaK KaK OH CMOCOGCTBYeT MOBOPOTYy HOcCa caMmoJjera B
CTOPOHY BpalleHUsi (B CTOPOHY ONMYCKAIOMIEHCS] MOJIOBHHBI KpHIIA).
A 370, B CBOIW0O Ouepelb, CIOCOOCTBYET KPEHEHHIO CaMOJIETa, TaK KakK
YMeHbIlIaeT MPEeNnsATCTBYIOUUA KPeHeHHI0 BOCCTAHABJHBAIOIIHMH a3po-
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A o
IMHAMHYECKHi MOMeHT KpeHa M, p=MEB (ymeHpmasg CKOJb-

JKeHue).

[Ipu Gousbiinx yriax aTaky BenudHHa My, okasbiBaeTcsi Cpas-
HHUTEJbHO GoJbLIOH (OHA MPOMOpLUOHAJNbHA cyMMe BeauuHH AC; mp
# ACx g, cM. puc. 7.2). A momeHT Mg Ha TaKHX yrjax aTaku Mo-
JKEeT 3HAUHTE/IbHO YMEHbUINTBCS H3-3a NaJeHHs CTeNeHH MyTeBoil CTa-
THYECKOH YCTOHYHBOCTH CaMoJieTa HJIH JaxKe H3MEHHTb CBOH 3HaK.
D710 cnoco6CTBYET NOSIBJICHHIO TOPMO3SIIIMX MOMEHTOB pBICKAHHS,

& &
Myy My,',

o
R V}
()
(\V

ap

Puc. 7.3. Tpadux 3asucumocreit xl—f;(a) H Myl—fz(a)

NPENSTCTBYIOIIMX KPEHEeHHI0 caMoJjeTa. B mromope 3TO TOPMO3HT
pasBATHe MOMEHTa aBTOPOTAaLMH caMoJera. [TosTomy aspoauHamu-
YecKHil MOMeHT My, BO3HHKAIOIHMI NMPHU OTKJIOHEHHH 3JIEPOHOB IO:
IITONOPY, OOLIYHO CTPEMUTCS MPEKPATHTh BpallleHHe CaMOJIeTa OTHO-
cuTesIbHO ero HopMaJbHOH ocu Oy,. IIpu OTK/IOHEHHH 3JIepOHOB HPO-
THB LITONMOpa B OOJILIIMHCTBE CJydaeB NOSIBJsIeTCS MOMEHT My ,, Ha-
IpaBJeHHBIA Ha yCHJIEHHE BpallleHHsl caMoJieTa OTHOCHUTENBHO OCH
Oy,. MoMeHT KpeHa, co3maBaeMblil OTKJIOHEHHEM 3JeponoB (M,),
NpPH OTKJIOHEHMH HX IO LITONOPY OKa3biBaeTcss OGBIYHO HampaBJIeH-
HBIM Ha yCHJIeHHE BpAIIeHHS CaMOJIeTa OTHOCHTEJbHO €ro NMpojioJb-
Hol ocu Ox;. OTKJIOHEHHE 3JIEpPOHOB NPOTHB IITONOPA CO31aeT MO-
MeHT My, IPensiTCTBYIOLUIHH BpallleHHIo.

[TpuBeneHHbIe paccyKAEHHS MOATBEPXKAAIOTCS, B YAaCTHOCTH, IKC-
NepUMEHTANbHbBIMY JTAHHBIMH (pHC. 7. 3), MOJNYYEHHbIMH AJSI CBEpX-
3ByKoBoro camoJiera. Ha rpaduke, nso6paxesHHom Ha puc. 7.3, no-
KasaH Xapakrep MPOTEKAHHS NMPOHUIBOIHMIX a5PONMHAMHYECKHX MO-

MeHTOB (B CBSI3aHHO! CHCTE€Me KOOpPAHMHAT) KpeHa Mx1 H pBICKaHHS

3
;i 10 yrJay OTKJIOHCHHSs 3JIEPOHOB B 3aBUCHMOCTH OT YyIvia aTakKH

camouera. M3 rpad¥ka BHIHO, YTO NIPOH3BOHAS ij HE MeHser
CBOEro 3HakKa IIPH Mepexoie K 3aKPHUTHYECKHM yrJiaM aTakH, TOria
KaK 3HaK MPOU3BOJHOH M 7 yxKe npH OKONOKPHTHYECKHX yIJax ara-
KH H3MEeHsIeTCs] Ha POTHBOMOJIOXKHEIH.
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Takum o6pasoM, ecqu paccMaTpuBaeMblii caMOJIeT HaXOLHTCH,
Hanpumep, B JIEBOM HOPMAaJIbHOM IITOMOpE, HMEET MECTO CAEAyIoast
KapTHHa.

IMpu oTKI0HEHHH 3/1epOHOB 1O WTONOPY (Ad>>0) BO3HHKAIOT MO-

MEHTBl KpeHa Mx3=Mi§A89<O(ij<O) H pbickanugs M,,=

8
=M;§ A3, <0 (B LITOITOpe My91<0), cTpeMsillHecs CO374aTh
KpeH Ha JieBoe KpPBIJIO W NOBEPHYTb HOC caMmoJjieTa BNPaBo (HHBIMH
CJIOBAMH, MOMEHT KPeHa, CIOCOOCTBYIOIHI YCHIEHHIO BpallleHust ca-
MoJieTa B JIEeBOM ILUTONOpPE, H MOMEHT pPbICKaHHs, NPENnsTCTBYIOUIHH
BpalleHHIO CaMOJIETA BJIEBO).

B obmem cayuae moMeHTH! My, H My, B CBO€ll COBOKYNHOCTH HA
caMoJleTax PasHbIX THIIOB MOTYT BJIHSITBH Ha ITOMOP (a CJef0BaTeNb-
HO, ¥ Ha BBIXOJ CaMoJieTa M3 ILITONOpa) MO-pa3sHOMy. DTO OOBSCHS-
€TCsl TeM, YTO NPH OTKJOHEHHH 3JIePOHOB H3MEHSIOTCS a3pOAHHAMH-
YeCKHEe MOMEHTHI Kpbl1a, KOTOPHIE B 3aBUCHMOCTH OT BEJIMYHHBI U HA-
TIpaBJIEHHS OCTAJbHBIX MOMEHTOB, JEHCTBYIOMMX HA CaMOJIET B LITO-
TIOpE, MOTYT Pa3/IMYHO BJHSTb HA PEXKHM IITONOpA ¥ XapaKTEPHUCTH-
KH BbIXOZla M3 Hero. B GoJbIIMHCTBE CiayuaeB OTKJIOHEHHE 3JEPOHOB
B IUTONOpPE U HA BHIXOJE M3 HEro OKa3blBaeT BeCbMa CYIIECTBEHHOE
BJHUSIHHE HAa XapaKTep PeXHMa, YTO OObSICHSIETCS TJIaBHHIM 06pa3oM
Y3MeHeHHEM CKOJIbXKEeHHS NOJ JNEHCTBHEM OTKJIOHEHHHBIX 3JIEPOHOB.

7. 2. 2. OTKJIOHEHHE 3JIePOHOB
B HOPMaJbHOM LITONOpE

BuinsiHMe OTKJIOHEHHS 3/1€POHOB Ha IUTOMOP Yy CBepX-
3BYKOBBIX CaMOJIETOB 3aMETHO BO3POC/O IO CPaBHEHHIO C JO3BYKO-
BHIMH caMoOJIeTaMH. ¥ CBEPX3BYKOBBIX CaMOJIETOB, HMEIOIUX KPbLIO
CPaBHHUTEJNbHO HEeGOJBLIOrO YAJHMHEHHS, OTKJIOHEHHE 3JIEPOHOB MO
1WTONOpy OGLIYHO AesaeT pEeXHM HOPMAaJbHOIO MITONOpPa MeHee
YCTOHYHUBBIM, YMEHblIaeT abCO/IOTHEIE BEJHUYHHBI CPEJHHX YTJOBHIX
CKOpOCTeli, IPHBOJHT K yBeJIHUEHHIO Kosle6aHuil camoJieTa (0CO6EHHO
IPOAOJbHBIX U NONEPEYHBIX), YBEJHYHUBAECT HEPABHOMEPHOCTb Bpalie-
HMS H MOXKeT Jaxe NPUBOJUT K HENPOM3BOJBHOMY H3MEHEHHIO Ha-
npaBJ/ieHHs] BpallleHHsl caMoJjeTa; NpH 3TOM BO3MOXKHO BO3HHKHOBE-
HHe MepHUOJMUYECKHX OCTAHOBOK CaMOJIeTa, KPEHEHHE ero B CTODPOHY,
NPOTHBOMNOJIOXKHYIO HalpaBJIeHHIO BpamieHus, H T. I. OTKJOHeHHE
3JIEpOHOB IPOTHB IITONOpPA B peXKHMe HOPMaJbHOTO IITONOpPa OObIu-
HO NPUBOJUT K BO3HUKHOBEHHIO GoJiee ycrToiuuBoro, 6ojee paBHO-
MEpHOro LITONOpa ¢ MEHbUINMH KoJeOaHHSIMH caMoJieTa, IPOTeKalo-
IIero B HEKOTOPBIX cJydasix nmpu OOJbIIMX CPEJHHX YyI1ax aTaku,
MHOT[a OTKJOHEHHEe 3JIeDOHOB IPOTHB LITONOPA BbI3LIBAET NEPEXOJ
caMoJjieTa U3 HOPMAJIbHOTO B NepeBepHYTHIA HiTonop. B oTaeabHBIX
cay4yasiX OTKJIOHEHHE 3JIEpOHOB NPOTHB LITONOpA MpPOSBJSAETCS BECh-
Ma cja6o uIM MpaKTHYECKH BOOOILE He BJHSAET Ha ILTOMOP.

Paccmorpum noapoGHee BJHSHHE OTKJIOHEHHS 3JI€DOHOB B HOD-
MaJIbHOM IUTONOpPE Ha XapaKTePHUCTHKH IOCJEJHero Ha psje npH-
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MepoB 1Jisi CBEPX3BYKOBHIX camoJsietoB. Haunwem co mromopos, mo-
JydeHHBIX TOCJe CBAJHUBAHHS C HAuaJbHBIX BHICOT mopsaka Ho=
=10--12 xm. Ha puc. 7.4 u 7.5 nas cpaBHeHus NMOKa3aHbl Xapak-
TEPHCTHKH JIEBBIX HOPMaJIbHBIX LITOIOPOB C HEATPaJIbHBIM MOJIOXKEHHU-
eM 3JeDOHOB M C OTKJOHEHHeM 3JiepoHOoB mo mromopy. M3 puc. 7.5
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Puc. 7.5. IlonerHbie 3anmucH
npu6OPOB-CaMONUCLEB, TOJY-
4eHHBIE TIPH BBINOJHEHHH Jie-

Puc. 7. 4. IloseTHble 3anHCH NPH-
GOpOB-CaMOMHUCLEB, MNOJYYeHHbIE
NPH BHINOJHEHHH JIeBOTO HOP-

MaJjibHOrO ITomnopa (f=~3--24 c)
¢ Ho=11 kM npu HeATpaJbHOM
MOJIOXKEHHU 3JePOHOB!

BOr0 HODMaJIbHOTO IITONOPa
(t=6+22 c) ¢ Ho=I1l Km
NpPH OTKJOHEHHHIX MO IITONO-

Py 3JepoHax:

l—neBulfi HOPMaJsIbHHIA IITOTOD;
2—npaBblii HOPMaJIbHBIN IITONOD

l—JyieBHIt HOPMaJibHBIR HITOTOp; 2—
npaBblii HOPMaJbHBIA LITONOD

BHJHO, YTO JIETYHK OTKJIOHHJ 3JIEDOHHI IO LITONOPY CPasy xe mnocie
CBaJiBaHHs Ha BeJMuHHY Ad,~15°+-17° m ymepkuBal HX B 3TOM
NOJIOXKEHHH O Hauasia BhIBOZA camoJera M3 mromopa. IIpumepHo
yepes 10 ¢ nocae Hauasa mwronopa (4= 16 c, cM. puc. 7. 5) Bpailenue
caMoJieTa NpPeKPaTHJIOCh, @ 3aTeM OH CaMONPOH3BOJIbHO mepelresa H3
JIEBOTO B NPaBBbIi HOPMAaJIbHBI{ IITONOP, MPOJOJKABIUUHACA NPH OT-
KJIOHEHHOM IO JIEBOMY LITONOpPY (T. €. MPOTHB MPaBOro ILITONOPA)
pyJe HampaBJeHus. BiMsHHe OTKIOHEHHS 3J€POHOB IPOTUB LITOMNO-
pa Ha XapaKTepPUCTHKH JIEBO'O HOPMAJbHOTO IITONOPAa MOKa3aHO Ha
puc. 7. 6. B 3ToM cuyuae 3/1epoHbl GbUIH OTKAOHEHH Ha Ay~ 5°+8°,
YTO NPHBEJNO K HEKOTOPOMY BO3[ACTAHHIO CPEJHEH BEJHYHHBl YIJIO-
BOH CKOPOCTH phICKaHHSL.

OTKJIOHEHHE 3JIEPOHOB IO IITONOPY B MPaBOM HOPMaJIbHOM LITO-
nope Ha BeJuYHHY Ad; =~ 12° nokasaHo Ha puc. 7.7. M3 rpacduka
BHJIHO, YTO B Te€YeHHE NMPHMEPHO NEPBBIX CEMU CeKYyHJ MOCJe OTKJO-

HEHHs1 3JIeDOHOB HMeJ MeCTO BeCbMa HepaBHOMEPHBI DEXHM mpa-
' BOTO ILITOMOPA, a 3aTeM CaMoJeT CAMONPOH3BOJIbHO Mepelles B Jie-
BB HOpMaJsbHBIH wtonop. Ilocaennuit okasajcsa 60jiee yCTOHYHBHIM
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¥ pPaBHOMEDHBIM, NMPOTEKaJ C MEHbIUMMH KOJeOGaHHSIMH, YeM JIeBhIi
HOPMaJIbHBIi LITOMOP TOrO XK€ CaMoJieTa [PH HeHTPaJIbHBIX 3JePOHaX
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(cM. puc. 7.4). Korna Ha TOM e camoJsieTe B NOIOGHOM pEXHME
NPaBoOro HOPMAaJbHOTO LITONOPA JETYHK OTKJIOHHJ 3JE€POHBI 10 HITO-
nopy Ha BeJHYHHY Ad, = 8°+-10° Takoe OTK/JOHEHHE 3JIEPOHOB YiKe
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Puc. 7.7. TlojeTHble 3anucu npHGOPOB-caMo-

MHCUEB, NOJy4YeHHBE MPH OTKJIOHEHHH 3Jepo-

HOB MO LITONOPY B HCXOJHOM pPeXHMe MpaBo-

o HOpMajbHOro Imronopa (f=6+14 c¢) c¢
Ho=11 xu

HEe M3MEHMJIO TaK XapakTep LITONOPA, KAK B NpeAbIAyLIEM NPHMEpE.
IllTonop ocraBaJics HOpMaJIbHEIM MPABLIM, HO NPOTEKaJ ¢ GOJBUIHMH
KoJie6aHHSIMH CaMoJIeTa.
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7. 2. 3. OTKJIOHEHHE 3/1ePOHOB
B MEPEBEPHYTOM LITONMOpE

BuusiHHEe OTKJIOHEHHMSI 3JIeDOHOB MOXKET OKa3bIBaThCS
TaKXe BeCbMa CyILECTBEHHBIM H B nmepeBepHYTOM wronope. O6b4HO
y CBEPX3BYKOBBIX CaMOJIETOB OTKJIOHEHHE 3JIEPOHOB IO IUTONOPY B
peXXHMe MepeBepHYTOro LITONOPA TAK e, KaK H B HOPMaJbHOM ILTO-
nope, TPUBOAUT K YBEJHUEHHIO

HEDABHOMEPHOCTH JBHXEHHS U Z”” —
xonebaHuil caMonera, yMeHbile- T
HUIO YCTOHYMBOCTH €ro JBHKe- p\\}# o
uus B pexxume. OHo Moxer npu- 7 TR \/m%' e
BOJIHMTb TaKXKe K OCTaHOBKAM HJIH 7 ANRE
H3MEHEHUI0O HaTpaBJeHHus Bpa- Wyro l
LleHUs caMmoJeTa, a WHOTJAa Ja- pade P
Xe K mepexojly caMoJieTa u3 ne- ! A ﬂ:—.i 1
pEeBEPHYTOT0O B  HOPMAaJIbHBIA 0 REAL iR
mronop. OTK/IOHEHHE 3JIeDOHOB 50 -1 N T W
NpOTHUB IITOTIOpA B peXuMe mepe- > -2 i b
BEpPHYTOTO LITONOpA, Kak TpaBH- = FT T
JI0, BBI3bIBAET YMeHbllleHHe KoJe- J HHEE Y o
6anuil camoJjera, mosiBJaeHHe 00- 7 5 Anld ,
Jee DaBHOMEDHOTO BpallleHHs, ' 1 L ]
nepexoJ Ha MeHbliHe mo abco- JRR = S
JIOTHO! BeJHUHHE CDeIHHe YIJIBl ,1 p PO Y=Y H
araky, T. €. OIIyCKaHHe HoOca ca- fgt e " , & -
MoJieTa B TIOJIOXKEHHH <«Ha CIH- 60 A
He», UTO HHOIJa MOXKeT Jaxe 70 [y o |
MPUBOAUTH K Iepexo]y caMmoJjera -20 | '
B pEXHUM HOPMAaJbHOTO IITOTIOPA. 1
Ha puc. 7.8 mpuBenen mpu- 0 70 20 30 te

Mep, WINIOCTPUPYIOIIUH BIAHAHUE

Puc. 7.8. Tonetnble 3anucu npuGoOpos-
g 3 -
OTKJIOHEHHS 3/I€POHOB 110 TITOTO CaMOMHCLEB, NOJY4YeHHble NPH OTKJOHE-

py ™a TpaBblii MepeBEPHYTHIH  puy aneporos no mromopy (f= 19—+
mrronop. OTKIOHEHHE WIEDOHOB 26,5 ¢) B NpaBOM IepeBepHYTOM LITOIO-
B pexuMe OblIO INPOU3BENEHO B pe ¢ Ho=11 xm

cpenHeM Ha BeuunHy Ay~ 20°.

U3 rpadpuka BUIHO, UTO Takoe OTKJOHEHHE 3/JeDOHOB IPHUBEJIO K IO-
SBNEHUIO PeKUMa HepPaBHOMEDHOTO MaJOYCTOHYHBOIO WITOMOPA.
OTKJIOHEHHEe WIeDOHOB TO IITOTIOPY Ha BeauunHy AS,~8° B mporec-
Ce BBOJA CaMoOJeTa U3 TIONOKEHHS «HA CIIHHE®» B JIEBHIH NepeBepHY-
THIA IUITOTIOpP MOKa3aHo Ha puc. 7.9. Y3 mpuBenenHoro npumepa BHI-
HO, 4TO TaKoe OTKJOHEeHHe 3JeDOHOB IIPUBENO K (lepexoly caMoyeTa
B JIeBBIl HOPMaAJIBHBI IITONOP. DTOT HOPMAJBHBIH IITONOP MPOTEKATX
NpY OTKJIOHEHHBIX IO MepeBepHYTOMYy 1UTONOpY pyasx. Ha puc. 7.10
MOKa3aH TpUMep OTKJIOHEHHs 3/IePOHOB TIPOTHB MITONIOPA HA BeJH-
unHy A8, ~i114°+-18° B pexXiMe JIeBOTO IepEBEPHYTOrO MITONOpA.
B 3ToM cayuae OTKJIOHEHHE BVIEPOHOB TPHBEJIO K TOMY, UTO caMoJeT
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OTNYCTUJA HOC (YMEHBIIHJ OTPUIATEJbHBIE YrOJ aTakd) W CTas Bpa-
1IATbCS NPAKTHUECKH B BEPTHKAJBHOM TIOJOKEHHH C OOVIBLION YIVIO-
BOI CKOpOCTbIO KpeHa (At=27-+33 ¢, w.cp~2,8 pan/c, |oycp| =
=~0,1 pan/c).
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Puc. 7.9. Ilonetusle 3anucH npHGOPOB-CaMONHCLEB, NO-

JlyueHHble TPH TOMbITKe BBOJA caMOJleTa B JIeBHIA mepe-

BepHYTHIH mTonop ¢ Ho=11 KM NIpH OTKJOHEHHH 3Je-
poHoB mo mronopy (£==23-=-33 c)

IIpuBenenHble 5KCIIepHMEHTaJbHbIe (IIONE€THbIE) MaTepHaJbl MOA-
TBEPKIAIOT TOT (akKT, UTO KaK B HOPMaJbHOM, TaK H B IIepEBEPHY-
TOM LITOINOpE BJIHSIHHE OTKJOHEHHS 3JIEPOHOB Ha XapaKTepHCTHKH pe-
JKHMa BeCbMa CYIIECTBEHHO 3aBHCHT OT BEJHUHMHBI yIJla UX OTKJOHe-
HHSl ¥ IPAKTHUECKH He 3aBHCHT OT TOTO, Yepe3 KaKOH NMPOMEXKYTOK
BPEMEHH IOCJIe HayajJa peXHMa IITONOPAa OHH ObIIH OTKJOHEHH.
OTKJIOHEHHE 3JIEPOHOB BJIHSIET MPAKTHUYECKH OJHHAKOBO Ha XxapakTe-
PHCTHKH IPaBBIX H JIEBHIX LITONOPOB.
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7. 2. 4. Bansinne OTKJIOHEHHUs 3J1€POHOB
Ha 0OJbLUMX BBICOTAX

BinsiHue OTK/IIOHEHHS 3,1€POHOB HaA IITONOD B 6OJbLION
CTENEeHH 3aBUCHT OT BHICOTHI monera. Ha GoJbIIMX BHICOTax OTKJIO-
HEHHE 3JIEPOHOB KAaUeCTBEHHO BJHSieT TaK XK€, KaK W Ha MaJblX, Ofi-
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Puc. 7. 10. IToneTHble 3anucu MpHGOPOB-CAMONHUCIEB, NO-

Jy4eHHbIE TIPH OTKJIOHEHHH 3JIePOHOB NPOTHB ILITONOpA

(=25+31 c) B 7eBOM mepeBepHYTOM MWITONOpe C
=11 xkM:

I—neBbiit mepeBepHYTHII IWTONODP; 2—InpaBbii HODMAauIbHBIH
mTOonop

HAaKO NPOABJSETCA 3TO BJHSIHHE OOBIYHO 3aMeTHO CHJIbHee: OTKJIO-
HEeHHe 3JIEDOHOB II0 IUTONOPY B pexXHMe HOPMAaJbHOrO HMITONOPA BhHI-
.3bIBaeT GOsbmHe KoJeGaHUsA camoJera, GOJbIIYI0 HEPABHOMEPHOCTb
BpallleHHs, yCHJIMBAaeT TEHAEHLHIO K W3MEHEHHIO HamnpaBJeHHs Bpa-
IeHHs1 camogera U T. A. MHOrna oTkJIOHeHHe 3J€POHOB B LITONOpE
Ha GOJIbIIMX BHICOTAX NPHBOAMT K TOMY, 4TO CaMoOJeT HEKOTopoe
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BpeMsl «HJeT 3a 3JepoHaMH» (T. e. JeficTBHE HX OKa3blBaeTCs Mps-
MBIM, KaK B OGBIYHBEIX 3KCIJIyaTAlHOHHBIX DEXHMAax IoJeTa), 4To
eme Gosee yCHJIMBaeT HEpABHOMEDHOCTb pPeXHMa H MOXeT ycyryo-
JISITh TEHAEHLHIO K Nepexony B IUTONOD APYrOro HalpaBJeHHs HJIH
naxe B nepeBepHyTHIH mtonop. Ilocnennee o6bsICHsETCS BBHIXOAAMHU
camoJieTa B TAaKOM ILITONOpe HA JOKPHTHYECKHE YIJIbl aTakH, NpH
KOTOPBIX BOCCTAHaBJUBAeTCs NpsMoe (0OBIYHOE 1Jisi HOPMAaJbHBIX
SKCIJyaTalHOHHBIX PEXHMOB I0JIeTa) JAEHCTBHE 3JIEPOHOB.
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Puc. 7.11. Tlonetnble 3amncu  npHGOPOB-CaMOIHCIIEB,

TNOJIy4eHHbIe TIPH BBINOJHEHHH JEBOTO HOPMAJIbHOTO IITO-
nopa ¢ Hy=18,5 KM C OTKJOHEHHbIMH IO IITONOPY 3Je-
poHamu (¢=4-+35 ¢)

PaccMOTpHM HeCKOJbKO NMPHMEPOB, HJMIOCTPHPYIOIIHUX BJIHSHHE
OTKJIOHEHHS 3JIepOHOB Ha ILUTONOP NIOCJe CBAJIMBAHHUS C GOJBIINX BHI-
cor. [IpuMep OTKJIOHEHHS 3JI€POHOB IO LITONOPY B peXHMe JEeBOTo
HOPMaJIbHOTO LITONOpA, HauaBlIerocsi Ha BricoTe Ho= 18,5 KM, npH-
BeJleH Ha puc. 7. 11. B Haua/jbHBII MOMEHT mOCJie OTKJOHEHHS 3Jie-
poHOB (£~ 4,5 c Ha rpatuke) HabaonaeTcs cXonHas ¢ OOGLIYHOH pe-
aKkIys caMoJieTa Ha TaKoe WX OTKJOHeHue. 3aTeM HadaJCsi BeCbMa
HEYCTOHYHBLIA JIeBBIH HITONMOP, MPOUCXOISIINA B BHIE NaJeHHs JIH-
CTOM IO cnupaneoO6pas3HON TPAeKTOPHH C GOJbIIMMH KoJeGaHHAMH
camoJsiera. C MoMeHTa = 16 ¢ camoser CaMONPON3BOJILHO Nepewie
B NpaBblii HOPMAaJIbHBIH LITONOP, MPOTEKABIUHH C ellle OOJbIIMMH
NPOJOJbHBIMH U TONEPEUYHBIMH KoJie6aHHSIMH caMoJieTa. ¥CTaHOBKa
3JIEPOHOB B HCXOHHOe 6aNaHCHPOBOUHOE MOJIOXKeHHe (f=35 c¢) BHI-
3BaJjla epexojl CaMOJIeTa CHOBA B JIeBhIfi HOpMaJIbHBIHA IITONOP, KOTO-
pBIfl TakXkKe mpoTekasa B BHIe nameHus auctoM. OTKJIOHEeHHe 3jepo-
HOB IPOTHB LITONOpa B JIEBOM HOPMAaJIbHOM HITONOpDE, BO3HHKIIEM
TaKxKe Ha HauaJbHOMH BricoTe Ho~ 18,5 KM, NpuBOAHJIO K NOSABIEHHIO
CpPaBHHUTEJBHO PAaBHOMEPHOro ycroiumBoro mronopa. Ha Tom xke
caMoJjieTe B aHAJIOTHUHBIX YCJIOBHSIX OTKJOHEHHe 3JEPOHOB MO IUTO-
nopy B NpPaBOM HOPMAaJIbHOM IITONMOpe, HAyaBIIEMCH Ha BHICOTE
Hy~ 18,5 kM, BHI3bIBAJIO MOSBJEHHE BeCchMa HEYCTOHYHBOrO ILITOIO-
pa, mpoTeKamlero B BHAe MAaJeHHS JHCTOM IO CHHpaJeoOpasHoi
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TPAEKTOPHH C OYeHb GOJbLIHMH KoJebGaHHAMH camoJera. [Ipu 3ToM
BpEMEHaMH yTIJbl KpeHa gocturanu 180°% T. e. caMoser okasbiBajcs
B NOJIOXKEHHH «Ha crnuHe». OTKJIOHEHHE 3JIEPOHOB NPOTHB INTONOPA
B peXHMe IIPaBOro HOPMaJbHOTrO IITONOPA, HAUABLIErOCH C BBHICOTHI
Hy~ 185 kM, WLIIOCTPHpYyeTCA IPHMEpPOM, TNpHUBEJEHHBIM Ha
puc. 7. 12.
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Puc. 7. 12. ToneTHble 3amucu npuGOpPOB-caMo-
TIMCLEB, MOJyYeHHble TPH BHINOJHEHHH NPaBo-
IO HOPMAaJbHOTO WITOMOPa (HCXOIHBIN PEXKHUM)
¢ Hy=18,5 KM 1pH OTKJIOHEHHHIX NPOTHB IITO-
nopa sjieponax (¢=10--16 u 19+29 c):

I—npaBbi HOPDMaJIbHBI LITONOP; 2—mpaBHI mNepe-

BePHYTHIl IITONOP: 3—MpaBbii HOPMAaJIbHBIH IUTO-

nop; 4—npashifi NepeBepHYTHIA IOTOMODP: S5—TpaBbIi
HOPMaJIBHBI{ HITOTNOP

OTKJIOHeHHe 3/1eDOHOB B PACCMATPHBAEMOM CJIyyae NPHBEJO K TO-
My, UTO caMOJIeT BHauyaJje pearhpoBasl Tak, Kak 3To Habuomaercs
Ha BceX KCINIyaTaLHOHHBIX pexuMax nosera ({11 c¢). 3atem omy-
CTHJ1 HOC H NEePeBEpHYJICSl «Ha CHHHY» — BOIUEJ B IepeBepHYTHIH
LITONOP NPH OTKJOHEHHHIX IO HOPMAaJIbHOMY wTOnopy pyasx. Ilepe-
BEPHYTHIH IITONOP MPOROJXKaJCH 0KoJIo 4 ¢ (f=~ 1418 c). Ycranos-
Ka 3JIeDOHOB M DyJd HampaB/eHHs] B HeHTpPaJbHOE MOJOXKEHHe NMpH-
BeJla K BO3BpAlleHHIO caMoJjieTa B NPaBblii HOPMAaJbHBIA LITONOP.
ITocsie aTOro py/b HampaBJjeHHS CHOBA Gbll OTKJOHEH IO IITOMNODY,
a 3J1epoHBl — NpOTHB wTonopa. M3 rpadpuka BuAHO, YTO 3TO NPHBEJO
K TOBTODEHMIO ONHMCAHHOTO BhIIIE fIBJEHHS — CaMOJIeT CHOBA Iepe-
1IeJl H3 HOPMaJbHOTO B IepeBepHYTHIA mTonop (f=28 c).

Ha camoserax ¢ 6e36ycTepHEIM NYTeBBIM YNpaBJeHHEM OTKJOHE-
HHE 3/IEPOHOB B IITONOpPE MOXKeT NPHBOAHTL K 3HAUHTEJbHOMY H3Me-
HEHWIO YCHJIMH HA Nefasigx NMOX BJHSHHEM H3MeHEHHS! CKOJIbXKEHHS.
Ycunusi Ha mefassix MOTYT H3MEHSITCS B BHAe NyJbCallMil ¢ 6oJib-
IIHMH U Pe3KHMH NEePHOAHYECKHMH H3MEeHeHHAMH LapHHPHOTO MO-
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MEHTa pyJisd HamnpaBJICHHS, O6YCJIOBJIeHHblMH CpriIBaMH IIOTOKa C
BE€PTHKAJbHOI'O OII€PEHHS. STO, B YAaCTHOCTH, MOXKET IPEeNsATCTBOBATDb
yYAepKHBAHUIO neganed B Tp66yeMOM HEHU3MEHHOM TMOJIOXKEHHUH —
NOJIHOCTBIO IO HITOMOPY.

M3 u3/10)KeHHOro BHIHO, 4TO [JeHCTBHE 3JIEPOHOB IPH LITONOpE
CBEPX3BYKOBOTO caMoJieTa NpOSIBJISIETCS] BecbMa pa3HOOOpasHO H
OOBIYHO JOBOJILHO CHJIBHO. YUYHTBHIBAsl TaKOe Pa3HO06pasHOe M 4acTo
BECbMa CHJbHOe BJHSIHHE OTKJOHEHHS 3J1epOHOB Ha HITONOP, JETYHK
JOJI2KeH BCerga CTPEeMHTbCS MO BO3MOXKHOCTH yIEePXKHUBATH 3JEPOHBI
B peXXHMe M Ha BbIBOJE M3 Hero (KpoMe cjydast BHIBOJA MeETOLOM
Ne 4H, cm. puc. 7.13) B HcxoxHOM 6ajlaHCHPOBOYHOM IIOJIOXKEHHH
(npHu He6OMBUIMX NO3BYKOBBIX CKOPOCTSIX MOJIETa 3TO OGLIYHO GbIBAeT
pPaBHO MJH BecbMa 6JIM3KO K HeHTpaJbHOMY IOJIOXKEHHIO), 0cOOeHHO
Ha 60JIbHIMX BHICOTAX.

7.3. BbIBOJ, U3 HOPMAJIBHOTO LITONMOPA

ITockosbKY IITONMOpP MOZKET CYILECTBOBATb TOJbKO Ha
3aKPHUTHYECKMX yIJIaX aTakH, TO AJs BHIBOAA caMOJeTa U3 LITONOpa
Heo6XO0JNMO yMeHbLIAThb YToJl aTaKW — NepeBOJUTb caMoJeT Ha J10-
KDHTHYECKHe YIJIbl aTaKH, Ha KOTOPHIX aBTOPOTAlMs MpeKpallaercs.
ATo W sABJsIETCS OCHOBHOM 3ajaueil BHIBOZA caMoJjieTa H3 IUTONOpA.

B nepBoe Bpems mnocie Toro Kak Oblia packpbita (usnyeckas
KapTHHa IITONOpA, NpeiJarajucb MeTOIbl BBIBOAA caMoJieTa H3
HITONOpA, NpeAcTaBJsiomue co6oil MONBITKH TOJbKO HelOCpeLCTBEH-
HOTO YMEHbIIeHHs yrJa aTaKH COOTBeTCTBYIOLIHM OTKJOHEHHEeM py-
Jis1 BBICOTH.. B HEKOTOpPBIX ciy4asix 3TO OKasbiBaJochb 3(deKTus-
HBIM — €CJId IIPH 3TOM a6COJIOTHBIE BEJHUYHHBI CO3[aBaeMHBIX OTKJIO-
HEHHeM pyJsl BBICOTHI YNPAaBJSAIOILHX a3pOAMHAMHYECKHX MOMEHTOB
TaHraxa M, , mpeBhbiliasu nmo aGCOIOTHOH BeJMYHHE HHEDPIHOHHBIE
MOMeHTH! TaHra)a M, yx (cM. puc. 3. 6).

OnHako B GOJIbLIHHCTBE C/IyYaeB IPH NOJb30BAHHH TAKHM METO-
IOM THJOTHPOBAHHSI CaMOJIeT BCe-TaKH H3 IUTONOpPa He BHIXOIHJI,
Iae MPH NMOJHOM OTKJIOHEHHH PYJisl BBICOTH Ha BhiBoA. llITomop mpu
5TOM CTaHOBHJICSI 60osiee KPYTHIM, HO He mpekpaiancs. O6yc/ioBieHo
3T0 6bLIO TeM, YTO aBGCOMIOTHbIE BeqHYHHBl | M, um| OKasbiBaauch
Goabuie |M,,|. [Tocnensee Morio uMeTb MeCTO, B 4aCTHOCTH, NpPH
3aJHell IeHTPOBKe camoJera (cM. puc. 3.7).

[To mepe pa3BHTHsI CaMOJIETOB BO3pacTasja HX MaccoBasi MJOT-
HOCTb, YTO NPHBOJIHUJO K yBEJHUEHHIO MOMEHTOB HHEpIMH CaMOJIeTa.
YBeNMuHBaIHCh HHEPUHOHHbIE MOMEHTH TaHraxa |M,u| u, caeno-
BaTeJbHO, TPeGOBaJIOCh Co3JaHHe GOMbIINX BeauunH |M,a| mas Bb-
BOia camoseTa u3 mronopa. Crajo SCHBIM, YTO OXHHM TOJIBKO OT-
KJIOHEHHEM pyJisi BHICOTHl CO31aBaTh TaKHe GOJIbLIME YIPaBJSiOIMIHe
a3poJiMHAMHYECKHe MOMEHTHl, KaK npaBujo, HeBo3MoxkHo. Toraa
NOLLIHM [0 APYrOMY IyTH — HAuaJIHCh IONBITKH YMEHbIUEHHS BeJH-
uuH |Myym|. -
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HccnenoBanus mokasaju, 4To 1J1s1 o6JierueHuss (a MHOrAA Jaxe
obecneyeHHss BO3MOXHOCTH) BBIBOZA CAMOJIETa M3 LITONOpA CJeAyeT
NpeABapHTEJbHO YMEHbIIHTb YIVIOBYIO CKOPOCTb €ro BpalleHHs, AJs
yero Tpebyercs co3laBaTb BHYTPeHHee CKOJbXKeHHE. DTO OCYIIeCcT-
BJISIeTCS, B YaCTHOCTH, OTKJIOHEHHEM pYyJisi HaNpaBJIeHHsI MPOTHB ILUTO-
mopa. B pesysnbraTe mnosiBuiach mnepBas Hay4yHO OGOCHOBaHHAs
MeTOIHKa BHIBOJA CaMoJieTa M3 LITONMOpa, COrJIACHO KOTOpoi#l Tpe6Go-
BaJocb BHayaJje OTKJOHATb PyJb HampaBJjeHHs MPOTHB LITONOPA,
a 3areM (C HEKOTOpPOH 3aJnepiKKOH, HEOGXOMUMOH [Js1 TOro, YTOGHI
CO371aHHOE OTKJIOHEHHEM DY/ HampaBJieHHs BHYTPEHHee CKOJIbXKe-
HHe yCIeJO YMEHbIUHTb YIVIOBYIO CKOPOCTb aBTOPOTAIlHH CaMoJeTa)
H pYJIb BBICOTHl — TaKiKe MPOTHB WITOmOpa. 1o GblM TaK Ha3biBae-
MBIA CTAaHZApPTHHIH MeTOX BhIBoja M3 mronopa. OmHako Ajs coBpe-
MEeHHBIX CaMOJIETOB, OTJIHYAIOIINXCSl 3HAYUTEJbHBIM MHOroo6pasueM
PeXHMOB IUTONOPA, OXHOrO TOJbKO CTAHJAPTHOTO MeTOIa BHIBOAA
0OKa3aJoch yxe HefoctaTouHo [15].

B npuHuune mpu BLIBOZE caMoJieTa M3 LUTONOpA OCHOBHOH 3aja-
yell siBJIsieTCA Iepefaya noJyyeHHOro caMoJ/eTOM MOMeHTa KOJInYecT-
Ba JBHXEeHHUS BO3AYIIHOH cpeine HauboJee MPOCTHIM CIOCOOOM.

Co3naHue MOMEHTOB PBHICKaHHS, BBI3BIBAIOIIMX NOSIBJIEHHE BHYT-
PEHHEro CKOJIbXKEHHs, SIBJISeTCS] MOLIHBIM CPEACTBOM IpeKpalleHHs
(uam mo KpaiiHell Mepe 3HAUHTEJbHOTO 3aMelJieHHs) aBTOPOTAIHH.
XapakTepHCTHKH BBIXOZAa caMoJeTa H3 LITONOpa B OCHOBHOM 3aBH-
CAT OT BO3MOXKHOCTEH CO3/aHHsl TpeOyeMblX a3POAHHAMHYECKHX MO-
MEHTOB PBICKAHHSl M TAHraxka M HX COOTHOIUIEHHS C COOTBETCTBYIO-
IIMMH HHEDIMOHHBIMH MOMeHTaMH. B HacTosimiee BpeMsi CyllecT-
BYyeT YeThipe OCHOBHBIX METOJa BBLIBOJA CaMOJIETOB H3 HOpMalb-
HOTO IUTOMOpa (mpeKkpallleHHs CaMOBpalIeHHs), CXeMaTHYECKH
npencTaBjieHHbix Ha puc. 7.13 (6ykBa «H» o3Hauaer — pgas Hop-
MaJIbHOTO IITONOPA): )

1) meron Ne 1H — BrIBon M3 mITOmOpa OXHOBpPEMEHHOH yCTaHOB-
KOI pyJisi BBICOTH (ympaBJjsieMoro craGuiu3aTopa) H pyJ/s Hampas-
JIeHHs] B HeHTpaJbHOE MOJIOKEHHEe INPH HEHTPaJbHOM IOJIOXKEHHUH
3JIEPOHOB;

2) meton Ne 2H — BEIBOA M3 IITONOPA OTKJIOHEHHEM pyJs Hanpas-
JIEHHsI MOJIHOCTHIO NPOTHB LITOMOpPA C MOCAEAYIOUMM (uepe3 2+

4 C) OTKJIOHEeHHeM pYyJsi BBICOTHL B HEHTpPaJbHOE TMOJOXKeHHe IpH
HeHTPaJbHOM NOJIOXKEHHH 3JePOHOB; :

3) meron Ne 3H — BHIBOO M3 mITOmOpa OTKJOHEHHEM pyas Ha-
[paBJieHHs NOJHOCTBIO NPOTHB IUTONMOPa, a uepe3 36 ¢ u pyasa
BBICOTH! MOJIHOCTbIO IPOTHB IUTONOPA NMPH HEHTPAJLHOM MOJOXEHHH
3JIEpPOHOB;

4) meron Ne 4H — BhIBOx M3 mTOmopa TaKoH Xe, KaK ¥ IO Me-
Tony Ne 3H, HO NpH 3TOM OJHOBPEMEHHO C OTKJOHEHHEM pyJs Ha-
NpaBJeHUs OTKJOHSIOTCA M 3JIEPOHBI IO BO3MOXKHOCTH IOJHOCTBIO
Ha BBIBOJ, YTO y CBEPX3BYKOBBIX CAMOJIETOB, KaK NMPaBHJIO, COOTBET-
CTBYET OTKJIOHEHHIO HX IO LITONOPY.
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Puc. 7. 13. Cxemaruyeckoe u306pakKeHHe OTKJOHEHHA DHIYAroB YNpaBJeHHS H PYy-
Jefi NpPH YeThipeX MeTOJax BEIBOAA CaMoJieTa U3 HOPMAaJIbHOTO IITONOPA
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Hywmepanusi MeTonoB BeIBOZAa CaMOJETOB M3 HOPMAaJbHOTO HITO-
nopa BeleTcs MO Mepe BO3PAaCTaHHS HX «CHJIB», T. €. 3()(eKTHBHO-
CTH (BeJHYMHBI CO3/laBa€MbIX PYJSIMH a3pPOJAHHAMHYECKHX MOMEHTOB
Ha BBIBOJ camoJsera M3 mronopa). Haubosee «cuibHbIM» (3¢ (dek-
THBHBIM) siBJsieTcss Meton Ne 4H.

Meton Ne 1H pekomeHnnyercss NpuMeHSTb IJIS BbIBOJA caMoJie-
TOB M3 HEYCTOHYMBOIOo HOpMaJbHOro mromnopa, meroxy Ne 2H — u3
MaJsoycToiyuBoro Koje6areapHoro, meton Ne 3H — u3 ycrofiunBoro
paBHOMepHOro, U HakoHell, Mmeton Ne 4H — u3 oueHp ycroifuMBOrO
(MHTeHCHBHOrO) pPaBHOMEDHOrO HOPMAJbHOIO HITONOPA, NMpPOTEKalo-
Iero mpu BecbMa GOJIBIIMX CPelHHX YIJax aTakuh camoJgera (cM.
puc. 4.2). 3TH MeToJbl, KaK MPaBUJIO, NO3BOJAIOT GbicTpee (C MH-
HHMaJIbHOH NOTepell BPeMeHH U BBICOTHl Ha BLIBOJE) H HajexHee
BLIBOIHUTb CaMOJeThl H3 BCEX pPEeXHUMOB HOPMAaJbHOrO  IITONOPA.
IIpumepsl BbIBOLA CBEPX3BYKOBBIX CaMOJIETOB M3 HOPMAJIbHOTO IITO-
1opa ¢ NOMOIIbI0 YeThipeX YKa3aHHBIX MeTOJOB NPHBEIEHH COOT-
BeTCTBEHHO Ha puc. 4.4 (meron BeiBoga Ne 1H), 4.6 (meron BhiBo-
na Ne 2H), 4.7 (meron BmBoma Ne 3H) u 4.8 (meron BhiBOAA
Ne 4H — navauo BeIBosa 1 & 66,5 c).

Ilpy nonananuu camoJsiera B ITONOP OGBIYHO TpebyeTcsl yCTaHaB-
JUBATh PYJHU NMOJHOCTbI0 NO mronopy. O6Gyc/oBIeHO 3TO TeM, YTO
Haubonbiiuit 3¢p¢eKT oT medcTBHA pyJedl NpH BHIBOAE caMoJjeTa H3
HITONOPA NOJy4aeTes: IPH OTKJIOHEHHH pyJieH H3 MOJIOXKEHHs 10 IITO-
nopy. B aToM ciyyae MOXHO moJyyaTh HauboJbIIMA nepenan B OT-
KJIOHEeHHsIX pyJeil — oT ogHoro ymopa pao xpyroro. Kpome toro, mpu
3TOM BO3MOXKHO TaKKe HCHO0Jb30BaHUe NIHHAMHYECKOTO («yIapHOro»)
3¢¢eKkTa npu pe3KOM OTKJIOHEHHH pyJeHd M3 OZHOrO KpalHero Hx
NOJIOXKEeHHUs1 B Jgpyroc. Takoe MaxcuMmaJbHOe HCIOJb30BaHHE BceX
BO3MOXKHOCTeli pyJeli 1Js1 BbIBOJAa HeoOXOAMMO JIHIIL NPU HOMaja-
HUU caMoJieTa B JOCTATOYHO yCTOHYMBBIE pexHuMb! mronopa. OgHaKo
BBUIY TOTO, YTO JIETYHK 3apaHee He 3HAET, KAaKOH peXHM LITONOpa
BO3HHMKHET, OH JOJIXKEH, KaK NpaBHJIO, BCerja cpasdy CTaBHTb B pe-
JKHMe PYJIH NMOJIHOCTbBIO [0 LITONODY.

Hanuuve uyeThipex MeETOHOB BHIBOAA (BHEPBbiE MNpPeNJOKEHHBIX
B 1960 r. {12]), paspaGoTaHHEIX B HpoLecCe CHelHaJbHHX JETHHX
HCIIBITAHHI COBPEMEHHBIX CaMOJIETOB Ha IUTONOp, BMECTO paHee pe-
KOMEH/I0OBaBLIerocss OJHOr0 CTAHZApPTHOro (B NPHHATOM OGO3Haye-
HHH 3TO0 Meron BhiBoma Ne 3H) 3HauHTe/NbHO MOBBHIIAET HAAEK-
HOCTb BBIXOJla CAMOJIETOB U3 HOPMAJbHOIO IITONOPA, a CJeI0BaTeNb-
HO, MOBbIIIaeT 6e30MacHOCTb I0JIeTa, XOTS 3TO W CBSI3aHO C HEKOTO-
pOH IOMOJNHUTE/JbHON 3arpy3Koil BHHMaHHA JeTuydKa. OnbiT JeTHHX
HCNBITAHUH M MAacCOBOH JIeTHOH 3KCIUIyaTallMd CBepX3BYKOBHIX ca-
MOJIETOB, @ TaKXe OT3bIBbl MHOTHX JIETYHKOB (BBICOKOKBAJH(DHIHPO-
BaHHBIX W cpegHel KBalu(HKalHK) MOKA3BIBAIOT, YTO YKa3aHHOE
3aTpPyAHEHHE SIBJSETCA 3HAUHTEJbHO MEHBIIHM, YeM 3TO MOXKeT NoKa-
3aTbCA Ha MepBBIA B3N/, IO ciaenymiolieli npuunne. PaccMaTtpuBae-
MBI€ YETHIpe METOAAa BHIBOJA OTJIMYAIOTCS OJHH OT APYrOro JIHINbL
NOCTENEeHHbIM <«yCHJIeHHeM» (yBeJHueHHeM TpeGyeMBX OTKJIOHEHH#
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pyJiell H HHTEPBAJIOB MEXIYy HX OTKJIOHEHHSMH), TOrJa KaK NPHHIHI
JNEeACTBHH DyJSIMM IO CyHIecTBY He MeHsieTCs (/IHIUb NPH MOJb30-
BaHuH MeTogoM Ne 4H Tpebyercsi OTKJIOHATH ellle H 3JIEPOHHI).

OrpaHHYHMTbCSI NpPHUMEHEHHEM TOJIbKO HauboJiee  «CHIbHBIX»
(Ne 3H u 4H) Meromos, Kak 3TO HHOraa OMKHGOYHO MpenJaraioT C
Lesabio AKOOBI ympolleHHs Pa6GoTH JeTYyHka, Hedb3s. O6GycioBieHO
9TO0 CJeLyIOUHMH 0OCTOATeJbCTBAMU. [IpH paccMOTpeHHH BONPOCOB
LITONOPa y J03BYKOBHIX CaMOJIETOB, KaK IPaBHJIO, OCHOBHOE BHHMa-
HHe yleJsJioch o6ecneyeHHI0 NOCTAaTOYHOH 3(h(PeKTHBHOCTH pyJieH
Ul BBIBOZA CaMoJieTa M3 IITonopa. Bhi3BaHo 310 6BIJIO TeM,
4TO NMpH MONAJaHMH NO3BYKOBOIO caMoJjieTa B LITONOP OCHOBHOH
OMACHOCTBIO fIBJAJOCH TO, 4YTO CaMoOJieT MOT He BBIATH M3 IUTONOPA
H3-3a MaJoH 3((eKTHBHOCTH pyJeli Ha BbiBoJe (OHACHOCTb <«He-
XBaTKHU» pyJiell Ha BHIBOJE).

Y cBepx3ByKkoBBIX camoJjieToB TpeGyemas 3((eKTHBHOCTb pyJelt

BbIOHpaeTCss B OCHOBHOM M3 YCJOBHH moJjera Ha GoJbIIHX yuciaax M
U IJ BHIBOJA CaMoJIeTa M3 IITONOpa, KaK NPaBHJIO, OHA OKa3blBaeT-
cs1 6osee yueM pocratoyHodl. [TosToMy Ha cBepX3BYKOBHIX CaMoJeTax,
Kak IpaBHJIO, HeOGXOAUMO CJEIHTh 32 TeM, YTOOBI He NONMYCTHTb CO-
31aHHs Ype3MepHO GOJIbIINX a3POJHMHAMHYECKHX MOMEHTOB Ha BHI-
BOJ (OmacHOCTb «mepeJayn» pyJel Ha BeiBoxe). MI36HTOUHBIE MOMEH-
Thl Ha BBIBOJ MOTYT TOJIbKO NPHBOAHTb K 3HAUHTENbHOMY YXyAlle-
HHMIO XapaKTEePHCTHK BBIXOJA (HampuMep, K Ype3MepHO KpyTOMY
NMKHPOBAHHUIO MOCJEe NMpPeKpallleHHus CaMOBpalleHHsl caMoJieTa U CBsi-
3aHHOMY C 3THM BO3PacCTaHMIO NOTEPH BBHICOTHI Ha BHIBOJE H T. I.),
au60 Jaxe K TOMY, 4YTO CAMOJIET MOXeT BOOOIle He BHIATH H3 ILITO-
nopa (K mepexoiy €ro M3 HOpMaJbHOTO IITONOPA B IepeBepHYTHIH,
M3 NPaBoro B JEBbIH U T. I.). B 3THX cayuasx caeayer mpHMeHAThb
TONBKO «cjabuie» (Ne 1H u 2H) merons! BeiBoga.
+ OpHaKO B HEKOTOPHIX C/ly4YasiX CBEDPX3BYKOBBIE CaMOJIETHI MOTYT
monajfaTth B PeXHMbl YCTOHYHBOIrO IITONMOPA C BecbMa MHTEHCHBHBIM
BpallleHHeM CaMoJieTa, [/ BBIBOJZA H3 KOTOPHIX HEOOXOAHMO MpH-
MEHATb TOJIbKO «CHJIbHbI€» METOMABI BbIBOJA. 3HAYHT B JIETHOH NpakK-
THKe /151 BBIBOJa COBPEMEHHBIX, KaK JO3BYKOBBHIX, TaK H CBEpPX3BY-
KOBBIX CaMOJIETOB M3 HOPMAaJbHOIO IITONOPAa OKAa3hiBaeTcss Heo6Xo-
IUMbIM TIOJIb30BAaThbCSl KaK  «CNaObIMH®, TaK H «CHJbHBIMH»
MeTOonaMH BeIBoja. [Ipu 3ToM cienyer TBepio NOMHHTb, YTo GoJiee
«CHJIbHBIE» METOJbl HH B KOell Mepe He «IeDeKpHIBAIOT» U He MOTyT
3aMEHHTb «cJabble» MeTOxBl BhiBOAA. KaxKablli MeToJ BhIBOJA HMeeT
CBOI0 06J1aCTh IPUMEHEHH .

Bri6op Tpe6yeMoro Merona BhHIBOJAA CaMoJerTa M3 LITONOpa OMN-
pelensieTcsl TOJbKO XapaKTepoM CaMoOrdé pexXMMa B MOMEHT NpHHS-
THS JIETYHKOM peIleHHs] O HauaJe BbLIBOJA M He 3aBHCHT OT APYTHX
napamMeTpoB (HampHMep, BBICOTHI IIOJIETa), KOTOpHle MOTYT OBbITb
HCHOJIb30BaHbl JETUHKOM JIHIIL B KaueCTBe BCIIOMOraTebHBIX HCTOY-
HHKOB HH(GOpPMaUHH [Jsi O6GJerieHHs H YCKOPeHHsS INPaBHJIbHOTO
onpeneNeHHss XapakKTepa pexuMmMa. Bo Bcex cCiayuasx OTKJIOHEHHS
pyJiefl Ha BHIBOJ NOJIKHH OBITH 110 BO3MOXKHOCTH 6oJiee SHEPTHUHKI-
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MH. MensieHHoe, BslJIOe OTK/IOHEHHE pyJell yXy[IiaeT XapaKTepHCTH-
KH BBIXO/la, a HHOTJA MPOCTO MPHBOJIHUT K TOMY, UTO CAMOJIET MOXKET
He BHIHTH H3 LITONOPA.

B Tex cayuasx, Korga BBIXOJ CaMoJieTa M3 mTomopa oco6o 3a-
TPYZAHEH, JIETYHKY CJefyeT BHHMAaTe/JbHO BHIGHMPATh MOMEHT HayaJja
BbIBOJA (MOMEHT HauaJa OTKJOHEHHSl NMepPBOrO pyJsi Ha BBIBOA).
B kauecTBe HauGoJsiee 61aroNpHATHOrO MOMEHTA HayaJja BbIBOJA CJie-
AyeT NPHHHUMAaTb TAKOH, B KOTOPHIH BpallleHHe caMoJieTa NpPHOCTa-
HaBJIMBaeTCs, 160 HAUYHHAETCs ONMyCKaHHe HOca camoJiera (B HOD-
MaJIbHOM LITONOpE; AaHAJOTHYHO /51 TepeBepHYTOro mTonopa-—
MoAbeM HOCA CaMOJIeTa) M T. I

HintepBas Mexay OTKJIOHEHHSIMH DYyJisl HallpaBJIEHHS H PYJsl BhHI-
coThl (ynpasJ/sieMOro cTaGHJIH3aTopa) Jyyllle OTCYHTBIBATH B CEKYyH-
Jax, a He B BHTKAaX, TaK KakK IpaKTHKa NOKAa3blBaeT, 4TO Jaxe He-
6o/ibIlIoe HM3MeHeHHe XapaKTepa pexuma (HampuMep, HEKOTOPOe
3aMelJIeHHe HJIH YCKODeHHe BpallleHHsl caMoJeTa) JesjaeT BechbMa
3aTPyNHHUTEJNbHBIM, 4 YaCTO MPOCTO HEBO3MOXKHLIM NpaBHJAbHHIH (6e3
oueHb rpyObIX OMHOOK) OTCYET BHUTKOB, OCOGEHHO INPH 3aMETHHIX
HU3MeHEeHHsIX NMPOCTPAHCTBEHHOTO MOJIOXKEHHs1 caMoJieTa (NpH TepHo-
JHYECKHX NMOMANAHHSX CAMOJIETA B NMOJIOKEHHE «HA CIIHHE» M T. IL.).
Kpome Toro, npuMeHsiTh MOHSITHE «BUTOK IITONMOpAa®» Heleaecoobpas-
HO He TOJIbKO K BBIBOJIY, HO M IIPH paccMOTpeHuHu wironopa. [To cyure-
CTBY NOHSITHE «BHTOK LITONOpPa» MaJoO O YeM FOBOPHT JIETUHKY, a B
HepaBHOMEDHBIX peXXHMax LITONOpA THUMA MaJeHHsl JHCTOM IOHSITHE
«BHTOK» BooOlle TepsieT cMbica. JlJsi neTunka Haubojiee BaXKHBIMH
XapaKTepHUCTHKAMH SIBJSIOTCS NPOJOJKHTEIbHOCTb PeXKHMa H IOTe-
psl CAMOJIETOM BBICOTHI 32 3TO BpeMsl.

OTcueT B CeKyHIax Bcerna OKasbplBaeTcsl 1Js1 JIETYHKA MeHee
TPYAHBIM H 6oJiee HaJeXHBIM, a YacTO H €IHHCTBEHHO BO3MOXKHBIM
cnioco6oM onpeneseHHs Tpe6yeMOro HHTepBaJja MeXAy OTKJIOHEHHs-
MH pyJeli Ha BbBIBOJe M OLEHKHM 3ama3fiblBaHUs Bbixoga. Orcuer
9THX BEJHYHH B CeKyHZaxX HMPOH3BOAUTCH OOBIYHO YCTHO.

[ToMuMo oTcueTa MPOXOIKHTEJBHOCTH peXHMa B CEKyHIaXx, JeT-
YUKy cJefyeT CJEIHTb 3a NMOKAa3aHUSIMH BhicoTOMepa. AGCo/oTHBIE
BEJHYHHBl BBICOT MoJieTa GOPTOBOA BBICOTOMETP MOKAa3biBaeT B LITO-
nope c¢ GoJblMMH nOrpemHocTsME. OHH 00yCJ/IOBJI€HB YaCTHUHBIM
BOCIIPHSITHEM CKOPOCTHOrO Ha60pa CTATHYECKHMH OTBEPCTHSMH NpH-
€MHHKa BO3JYILIHOTO JaBJeHHsl Ha GOJbLINX yriax aTakH, GONbLIHMH
yrJaMH CKOJIbXKEHHSI H YIJIOBBIMH CKODOCTSIMH BpallleHHsl caMoJieTa.
Opnnako mepenaj, T. €. Pa3HOCTb BHICOT (NOTEPI0 BBICOTHI) B LITO-
nope, 3TOT 60pPTOBOH BH3yaJbHbLIA NPHGOP' MO3BOJSET OLEHUBATH A0-
CTaTOYHO NPABHJbHO. A TOTepsi BBHICOTHI SIBAsSIETCS] OJHOH H3 Bax-
HEeHHIMX [JIs JIeTYHKA XapaKTEeDHCTHK peXHMa, HeNoCPeJICTBEHHO
CBSI3aHHBIX C YCJOBHSIMH obecmeuyeHHst 6e30macHOCTH moJeTa (0co-
GeHHO NpH NMOMAAAHHH CaMOJIeTa B IITOMOp Ha CPaBHHTENbHO He-
GO/IbLINX BHICOTAX).

JleTHast mpaKTHKAa NOKa3bIBaeT, YTO AJs1 CBEPX3BYKOBBIX caMoJIe-
TOB ualle NMPHUMEHSIIOTCS MepBble ABa MeToja BhiBoAa. Ecim mepBas
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NONBLITKA BBIBECTH CAMOJIET M3 WITONOpa OKasajach Oe3ycrneuiHod u
caMOBpallleHHe He NMPeKPaTHJIOCh, JETYHK A0/KeH CHOBA YCTAHOBHTD
PyJiH 1O IUTONOPY H uepe3 2--4 C MOBTOPHUThL MOMNBITKY BBIBOAA, HO
yxe 6osiee «CHJIBHBIM» METOJOM, TaK KaK B IIEpBOM CJyyae OH, oue-
BHJIHO, IPHMEHHUJ HEJOCTATOYHO «CHJbHBIA» MeToj (T. €. HelmpaBHJb-
HO ONpeJe/IHJ XapaKTep LITomopa).

7.4. BBIBOJL M3 MEPEBEPHYTOTO IITOMOPA

Jlns BEIBOZA COBpEMEHHBIX CaMOJIETOB H3 IiepeBepHy-
TOrO IITONOPA CYWECTBYIOT TPH OCHOBHBIX METORA BHIBOIA, BIEPBbIC
npennoxenHsix B 1960 r. {12], cymHocTh KOTOpBIX 3aK/a04aercs B
cjaenymomem (pHc. 7. 14):

1) meron Ne IIT (6ykBa «[I» o3sHauaeT mMeTon BhIBOAA M3 mepe-
BEPHYTOrO IUTONOPA) AJs1 MepPEeBepHYTOro LITONOPa — BBIBOJ M3 LITO-
nopa OJHOBPEMEHHO!H YCTAaHOBKOH pyJ/isi BBICOTH M pyJisi HampasJje-
HHSl B HEATPAJbHOE MHOJIOXKEHHe NP HeATpPaJbHOM MNOJIOXKEHHH 3Je-
POHOB;

2) meron Ne 2[1 st mepeBepHYTOro LITONOpA — BBIBOJ M3 IITO-
nopa OTKJOHEHHEM PYJist HalpaBJeHHs] MOJHOCTBIO MPOTHB LITONOPA
¢ nocjenyomum (depe3 24 ¢) OTK/JIOHEHHEM pyJisi BHICOTHI B Hefl-
TpaJbHOE TNOJIOXKEHHEe NPH HeHTPa/JbHOM IOJIOXKEHHH 3JePOHOB;

3) merox Ne 3[1 mns mepeBepHYTOro WITONOPA — BHIBOA M3 LITO-
nopa OTKJOHEHHEeM DYJ/sl HanpasJeHHs MOJHOCTbIO MPOTHB LUTOHOPA
c nocJenyoImuM (4epe3 2--4 c) OTKJOHEHHEM pYJist BHICOTHI TaKiKe
HOJIHOCTbIO NPOTHB LUTONOpAa NPH HeATPaJbHOM IOJOMXKEHHH 3Jepo-
HOB.

Jas BBIBOJA CBEPX3BYKOBBIX CaMOJIETOB M3 NEPEBEPHYTOr0 LITO-
nopa uallle BCero NMPHXOAHMTCA NoJb30BaThesi MerogoM Ne 2I1, rak
KaK IpH NMONajaHHH HX B NepeBepHYTHI WTOnop 6osee 4acTO BO3HHU-
KaeT yCTOHYHBBHIH KoJieGaTeJbHbIA NepeBepHyThI mromnop. Boobme
JKe B IepeBepHYTHIH IITONOP CaMOJIeTHl NMONAAAI0T 3HAYHTEJIbHO pe-
e, ueM B HOpMAaJIbHBIH.

CamoueTsl OGBIYHOM CXeMbl, KaK MPaBHJO, BHIXOISIT H3 HepeBep-
HYTOTO LITONOpA Jierye, yeM M3 HopMaJabHOro. OOBsCHsIeTCS 3TO
MeHblllel HHTEHCHBHOCTBIO CAMOBpAIeHHs CaMOJIeTa HA OTPHLATENb-
HBIX 3aKPDHTHUYECKHX YIJIax aTtakH, 6oJbiiedl 3(p¢eKTUBHOCTBIO pyJist
HanpasJieHHs B IlepeBepHYTOM IuTonmope (6Jjaronapst MeHbLIeMy 3a-
TEHEHHIO €ro CNyTHOH CTpyell Kpbl1a, FOPH30HTAJbHOrO ONEPEHHs H
drozensizKa, a Takxke yMeHbLIEHHIO ero 3G(GeKTHBHOH CTpeJOBHIHO-
CTH) M MEHbIIMMH a6COJIOTHBIMH BEJIHYHHAMH CPEJHHX YIJIOB aTaKH
caMoJieTa B IepeBepPHYTOM IUTONOPE.

OnHako, HECMOTDSI Ha BCe H3JIOXKEHHOe Bhlllle, IepeBepHYyThHIl
HITONOp AJs JIeTYHKa siBJsieTcst Gosiee TPYAHBIM, 4eM HOPMAJbHHI.
OG6yc/10BJI€HO 3TO HEOOBLIYHBIM NPOCTPAHCTBEHHBIM MOJIOKEHHEM JIeT-
YMKa B TAKOM DeXXHMe: OH BHCHT HA NPHUBA3HBIX PEMHSIX BHH3 TOJIO-
BOM, a JefcTByloOllast Ha Hero OTpHIlaTeJbHas meperpyska (n,;<<0)
OTPBIBAeT €ro OT CHAeHbs. B TAaKHX YCJOBHAX JIETYHK MOXKET ymy-
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CTHTb DYYKY YNpaBJIeHHsI H NeXajH, OCOGEHHO €ClH OH HeNJOTHO
NPHCTETHYT K CHIEHBIO.

OpHeHTHPOBKa JIeTYHKAa B NMEPeBEPHYTOM wiTOmope eie Gosee
ycaoxHusiercs. [Ipn HaaHMuMM 3HAYHTEJNBHBIX KoJe6aHHH camoJieTa
JIETYHKY HHOrZa ObIBaeT BeCbMa TPYIHO BH3YaJbHO ONpENeHTb,
B KaKOM ILTONOPEe OH HAaXOJUTCSl — HOPMAaJbHOM HJIM NEpeBEepHYTOM
(oco6enHo ecnu mMponoJbHAs OChb. camoJsieTa GJH3Ka K BEPTHKAJIH —
CaMoOJIeT HaXOAMTCS Ha MaJblX MO aGCOMIOTHOH BeJHYHHE OTpHIA-
TeJAbHbIX 3aKPHTHYECKHX yIjIax aTaku). B Takux cayyasx BBIBOR
cleayeT NPOH3BOAHTL YCTAHOBKOH pyJefl B HeHTpaJbHOE NOJOXKEeHHe,
TaK Kak OOBIYHO TaKas KapTHHA MMeeT MeCTO B PeXXHMMax HeycToH-
YHBOTO NEepeBepHYTOro MITONOpa.

ITo psany npHuMH NepeBepHYTHIH MITONOP MOXKET NPUBOAUTD K 3HA-
YHTEJbHOMY YXYALIEHHIO YCJOBHH NPOCTPAaHCTBEHHOH OPHEHTHDOBKR
JeTyHKa (OCOGEHHO MaJjlo TPEHHPOBAHHOTO) MO CPABHEHHIO C YCJO-
BHSIMH OPHEHTHDOBKH B HOpMaJibHOM IwiTonope. Bo-mepBeix, uHOrna
NPaKTHYECKH HEBO3MOXKHO ONpEeNeJUTh BH] LITONOPAa — HOPMaJbHBIR
WK nepeBepHyThiA. Ec/in BHelIHHe BU3yaJibHble ODHEHTHPHI OTCYTCT-
BYIOT MJH HX HEBO3MOXHO HCIOJb30BaTbh, TO B KJACCHYECKOM ILITO-
nope JIETYHKH JErKO ONpefesioT 3TO MO0 YHCTO (H3HOJOTHYECKHM
OLYLUIEHUAM: KOTAa JeTYHKa NMPHKHMAaeT K YallKe CHIEHbS — IITO-
NOp HOpPMAaJIbHBIH, KOrla OH MOBHCAeT Ha DEMHSIX — LITOMOp mepe-
BepHYThIH. OfHako mpH GOJBIINX OTPHLUATEJbHBIX Yrjax TaHraxa,
NPOH3BOJILHO H3MEHSIOUIUXCSI B peXKHMe, TAKOH Crnoco6 OPHEHTHPOB-
KH CTaHOBHTCS yXKe HellpHeMJIeMBIM.

Bo-BTOpBIX, NOABJISAETCS TPYAHOCTb B ONpeNeJeHHH HalpaBJeHHS
mwronopa (mpaBbifi WAH JeBbIH). B KiaccHueckKOM IITOmope, KOraa
NoJioXKeHHe HOCOBOH YacTH CaMoJeTa OTHOCHTENbHO FOPH30HTa OCTa-
eTcsl npaKTHYecKH HeH3MeHHBIM, HampaBJ/ieHHe BpalUleHHs JerkKo
ompejensieTcss MO YIJIOBOH CKOPOCTH pbicKaHus. IIpH BospacraHum
YIJIOBOH CKOPOCTH KpeHa, YCHJIEHHH HeDPaBHOMEPHOCTH BpalleHHS
caMoJieTa N0 KPeHy M TaHraxy 3Ta 3ajgaia ycjoxHsercd. B mepe-
BEPHYTOM IUTONOPe TPYAHOCTh NPOCTPAHCTBEHHOH OpPHEHTHPOBKH
ycyrybasieTcst elie H TeM, 4TO 3HAK YIJIOBOH CKOPOCTH KpeHa cOBma-
JlaeT cO 3HAKOM YIJIOBOH CKODOCTH DBICKAHHS. DTO 3HAYHT, YTO AJIA
JeTYHKa, CMOTpSIIero M3 KaGHHBI BIepel, HampaBJeHHe BPalleHHs
10 KpeHy OyfeT NPOTHBONOJIOXKHBIM HaNpPaBJIeHHIO IBHKEHHS PHICKa-
HHUS.

B nopmasbHOM mTonope HabaomaeTcs obpaTHas KapTHHA: s
JIeTYHKa HampaBJIeHHsl ABMIKEHHH KpeHa H pBICKaHHS COBNAJaIoT.
Tak, B npaBOM HOpMaJIbHOM LITONOpPE JIETYHK BHIHT, YTO HOC CaMoO-
JIeTa NMOBOPAYHBAETCsl BNIPABO H B Ty e CTOPOHY MPOHCXOAHT Kpe-
HeHHe caMmoJera. OnbITHBIE JIETYHKH HCHOMB3YIOT 3TO NPH pacno3Ha-
BaHHH HOPMAaJIbHOTO M HepeBepHYyTOro mromopa. JIeTyukH, He UMelo-
IHe AOCTAaTOYHOTO OMbITA, YaCTO ONpENENSIOT HampaBJeHHe ILITO-
fopa Mo HampaBJIEHHIO JBHIKEHUS KPeHa, a He PbICKaHHS, MOCKOJbKY
BpallleHHe caMoJIeTa OTHOCHTEJLHO NPOLOJbHOM OCH MPOHCXOAHT 3HA-
YHTEJbHO OBICTPEE, YEM OTHOCHTEJNbHO HOpMaJbHOM ocu (KpoMme ciay-
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YaeB MJIOCKGrO LITOMOpPA), 4TO B H3BECTHOH Mepe MOMYCTHMO MJSE
onpelefieHHsl HanpaBJeHHs BpallleHHs caMoJeTa B HOPMAJIbHOM
wronope. B nepeBepHyTOM IITONOpE 3TO TOJBKO IE30PHEHTHPYET
HEJOCTaTOYHO TPEHHPOBAHHOrO JeTyHKa. IlosTomy mias o6saerueHus
NPOCTPAHCTBEHHOH OPHEHTHPOBKH JIETUHKA B LITONIOPE U 06ecnedeHHst
BO3MOXXHOCTH BBINIOJIHEHHSI IPABHJBHBIX AeHCTBHH PY/ISIMH /51 BHIBO-
Ja JIETYHKY HeOOXOAHMO HMeTb HaJeXHble CpelCTBa KOHTpoasi (OpH-
eHTHDPhI). TakHMH HaNEXHBIMH CPEACTBAMH KOHTDOJS MOTYT GbITh-
onpejieJeHHe BHAA IITONMOPAa MO MOKAa3aHHAM YKasaTesls MNOBOPOTa
(YII), cTpesnka KOTOpOro Bcerjga OTKJIOHSIETCSI B HampaBJIeHHH ABH-
JKEHHsI DhICKaHHs (He3aBHCHMO OT BHJA LITONOPA), H yKasaTeJsi yr-
Jla aTakH, a NpH ero OTCYTCTBHH — yKa3aTeJsl HOPMAaJbHOH mnepe-
TPY3KH. YKasaTesab yrja aTakH IO3BOJISET JETYHKY YBEPEHHO ompe-
JensaTb  BHI  IUTONOpa (HOPDMAaJbHBII MJH  TN€pPEBEpPHYTHIM),
a yKasaTeJb IIOBOPOTa — €r0 HampaBJieHHe (NPaBbI HJH JIEBbi).
[Tonesno umMeTb B BHAY CJelyiolllee MHEMOHHYECKOE INPaBHJIO:
BO BCeX CJy4yasX HCNOJb30BAHHS pYJsl HampaBJeHHs AJs BbIBOJA
camoJieTa M3 LITONOPA CJeAyeT OTKJIOHATb Mefajb B CTOPOHY, NPO-
THBOMOJIOXKHYIO TOH, B KOTOpPYIO OTKJOHseTcsl cTpeaka YII.

[TpuMepsl BbIBOZA CBEPX3BYKOBBIX CaMOJIETOB M3 NEPEBEPHYTOTrO-
IITONOPAa PeKOMEeHIyeMbIMH TPeMsI MeTONaMH OblIH NMOKa3aHbl BhIlle,
Ha puc. 4. 10 (merom BeiBoma Ne 1IT), puc. 4.11 (Meron BbiBOmA
Ne 2TT) u puc. 4. 12 (merton BeiBoga Ne 3IT).

Ecan Ha BbiBOZe pyJIH OTKJOHSIIOTCA NPOTHB IITONOPA, TO, KakK
TOJIbKO BpallleHHe caMoJieTa NMpeKpauiaercs, JEeTYHK JOJIKeH HeMeJl-
JIEHHO CTaBHTb MX B HeHTpaJibHOe moJoXKeHHe. JIumpb mocie TOro,
KaK caMmoJieT NpHOOpeTeT JOCTATOYHYI0 CKOPOCTb, MOXKHO HAuyHHATb-
NJ1aBHO OTKJIOHATb PYYKy ynpaBJieHHsl Ha ce6sl AJ1s BbIBOJA caMoJie-
Ta U3 NUKHPOBAHHS.

[Tpu HEKOTOpHIX KOMIIOHOBKaX CBEPX3BYKOBBIX CaMOJIETOB 3aTe-
HeHHe XBOCTOBOTO OINepeHHsl B NepeBepHYTOM LUTONOpPE MOXKeT OKa-
3aTbcsl GOMBUINM, YeM B HOPMAaJbHOM. DTO 3HAUHUTEJbHO 3aTPYAHSAET
BBIBOJ] TAKHX CaMOJIETOB H3 MEPEBEpHYTOro IITONOPa U TpebyeT npH-
MeHeHHsI HanGoJee «CHIbHOrO» Merona BeiBoxa (Mertoxa Ne 3IT).

7.5. OCOBEHHOCTH BBIBOIIA
CBEPX3BYKOBBIX CAMOJIETOB M3 HITONOPA

MHoroo6pasue BHIOB H HeCTaGHJILHOCTb XapaKTepH-
CTHK ILITONOPa MaHEBPEHHBIX CBEPX3BYKOBBIX CAMOJIETOB MPHBEIH K
TOMY, 4TO /Il HAJI€2KHOTO BBIBOJlA CaMoJieTa M3 LITONopa 0Kas3aJjoch
HEBO3MOXHBIM PEKOMEHJOBaThb KaKOH-1HOO OIMH CTaHAAPTHBIH HIH
YHHBepCaJbHBIA METOJ BLIBOZA.

Bosblnasi npoTsKEHHOCTh NMEPEeXOHOro yyacTka luromopa (oco-
6eHHO Ha GOJIBIIMX BBLICOTAX) CBEPX3BYKOBBIX CaMOJIETOB NPHBOIHT
K TOMy, 4TO peXHMbl BeDTHKaJbHOTO LITONOPA BCTPEYAIOTCs CPaB-
HUTeAbHO penko. [103ToMy O6GBIYHO JIeTYHK HAUYHMHAET BBIBOAMTHL M
BLIBOJIMT CBEPX3BYKOBOH camoJieT M3 Mtomopa (IpH TNPaBH/bHBIX
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JNEeACTBHAX PYJAMH) ellle 3af0Ar0 [0 MOSBJEHHS BEPTHKAJIbHOTO
LITONOpA.

Ecnu pexum mronopa mo KakuM-ax60 NMPHYHHAM 3aTATHBAETCS
H caMoJieT NomajgaeT B BEPTHKAJbHBIH HITOMOP, TO BHIBOJ H3 HEro
B HEKOTOPLIX CJIy4YasiX MOXET OKa3aTbCs TPYNHBIM (0COGEHHO MpH
IJIOCKOM 1ITONOpe ¢ GOJIbIIHMH YIJIOBBIMH CKOPOCTSIMH H CPEIHUMH
3HAYEHHSIMH YIJIOB aTakH nopsaka 70°-=-80° u Goaee). st BbiBOAA
CBEPX3BYKOBOTO CaMoJieTa H3 TaKOrO peXuMa JOJKeH ObITb MpuMe-
ged merton Ne 4H. O6GbsicHsieTcs: 3TO B OCHOBHOM GOJbLIHM pPa3HO-
COM Macc B HampaBJEHHH NPOJOJbHOH OCH y CBEPX3BYKOBLHIX CaMO-
JetoB (60snbluvie Kabpupylollue WHEPLHOHHLIE MOMEHTH) H 0cOGeH-
HOCTSIMH NPOTEKaHHS a3pOAMHAMHUYECKHX XapaKTEPHCTHK.

Kak yxe yka3biBajoch, MNJIOXHE XapaKTEPUCTHKH BHIXOHA H3
mronopa (3aTpyLHEHHbIH BHIXOJ) 3HAYHTENBHO Yallle BCTPEYaJIHCh
Y I0O3BYKOBBIX CaMOJIETOB, OCOOEHHO J03BYKOBBIX CAMOJIETOB CTaphiX
koHcTpykuuit tuna HM-153, ¥T-2 u 1. 1. OnHako mjioxoft BHIXOm H3
LITONOpPA 3THUX CaMOJIeTOB Obla OOYC/IOBJEH B OCHOBHOM MaJioi 3d-
(dextuBHOCTBIO pyJneii. Kpome Toro, mu3-za Masoil NpoOTAKEHHOCTH
NEePeXONHOr0 y4acTKa JeTYHKH, KaK INPaBHJIO, BBbIHYK/IEHB ObLIH
BBIBOJHTb CaMOJIET M3 BEPTHKAJbHOrO MITONOpa (MepexoxHbfl ydya-
CTOK KOHYAJICSl MpexJe, YeM JETYHK YCleBaJ COPHEHTHPOBATLCA B
pexume).

BriBox camoJsiera M3 HITONOpAa Ha NEPEXOJHOM y4yacTKe OOBIYHO
He TpeOyeT NpPHMEHEHHS «CHJbHBIX» METOJOB BbIBOZA (KAaK NpaBH-
Jo, 6eiBaer gocratoyHo merogoB Ne 1H u 2H — B stom cayuae ca-
MOJIET JIETKO BBIXOAMT M3 IITONOpPA H3-3a MAJOH YCTOHYMBOCTH HJIH
Jaxe HeyCTOHYMBOCTH pexkuma). [ToaToMy nmpu momagaHHH caMmoJie-
Ta B IITONMOP JIETYHK NOJIKEH cpa3y yCTAHOBHTb PYJH IO HITONOPY,
a 3J1epOHbl HEHTPaJbHO H, KaK TOJbKO OyJIeT OonpejeseH xapakTep
pexuMa, HauUMHATh BBIBOJ, IO BO3MOXHOCTH He JOMYyCKas momnamaHus
caMoseTa B YCTOHYUBBLIH PEXHM BepTHKa/bHOro mrtomnopa. [lepexon
caMoJieTa B pPEXHM BEPTHKAJbHOrO LITOMOpPA MO OKOHYAHHH mepe-
XOJHOTO yYacTKa MPOUCXOAUT B TeUeHHe KODOTKOrO0 HPOMeXYTKa
BpeMeHH. Takoe HEOXXHIAHHOE U OBICTPOE H3MEHEHHe Xapakrepa pe-
XHMa (nosiBjeHHe 6GoJsiee YCTOHYHBOrO LITONOPA) OMACHO, OCOGEHHO
€CJIM HeNOCPEICTBEHHO Nepe] 3THM JIeTYHK PeHIMJl HauHHATh BBLIBOJ
M3 WITOMOpAa, MPHUMEHsis CPaBHHUTEJIbHO «cJabblil» MeTON BHIBOIA.
B Takux cayuasix HeoGXOZMMO YMeTb NPaBHJABHO OLEHHTb Xapak-
Tep HOBOTO PEXHMa M NMPHCTYNATb K BHIBOLY yXKe 0oJjiee «CHJIbHBIM»
METOAOM. :

[Ipu monmagaHWH HA KPUTHYECKHE HJH OJH3KHE K HHM DPeXHMHI
noJjieTa JIETYUK MOJKeH aeficTBoBaTh ciaenyioomum o6Gpasom. [lpu
BBIXOJAe HA OKOJIOKDHTHUECKHE YIJIbl aTaKH H TNOSBJEHHH NEPBHIX
NPH3HAKOB CBAJHBAHHS NPHUHHUMATb BCe Mephl [J MNapHPOBAaHHUS
cBasuBaHus. Ecin 3T0 He ynasoch M CBaJHBaHHe MPOH3OLINO, BHIBO-
IUTb CaMoOJeT M3 CBAJIMBAHUS, a He YCTAHAB/JIHBATb CPasdy PyJH IO
IITONOPY U TEM CaMbIM CNOCOOCTBOBATb HENPEMEHHOMY BXOJLy CaMo-
JIeTa B IUTONOP, BHIXOH M3 KOTOPOrO MOXKeT ObITh CJIOXHee, 4eM H3
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cBajuBaHusa. Ecau 3TO He MOMOrJIO M caMmoJjeT BoweJ B IUTONOP,
clleflyeT cpasy yCTaHaBJIMBaTb PyJH IO IITONOPY H, BEIGpaB Hanbo-
Jiee NpHeMJeMblii MOMEHT BbIBONA, HEMeNJeHHO HaYMHATb BHIBOJ H3
wronopa. He ciexyer A1s oGjeryeHHsi ODHEHTHDOBKH B DeXuMe
‘BbIXKHAATb, KOTJA YCTAHOBHTCSL Goslee paBHOMEpHHI mrTonop (OpH-
€HTHPOBKA JIETYHKA HA HEYCTAHOBHMBIUIEMCS MNEPEXONHOM Y4YacTKe,
oco6eHHO Ha 6oJIbIIKX BHICOTAX, OKasblBaeTcsl 4acTo GoJsee CIOXK-
1i0i1, yeM B 6ojiee paBHOMEPHOM BEDPTHKaJbHOM DE€XKHME), TaK KaK B
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Puc. 7. 15. Tpaduk 3aBHCHMOCTH NOTePH BBICOTHI Ha BHIXO-

Jle u3 HODMAJbHOTO INTONOpPAa OT BBICOTHl Hayaja BHIXO[a
u K03 dHLHeHTa NO'beMHOM CHJIBI NIPH BBIXOAE

pe3y/bTaTe CaMOJIeT MOXKET BOHTH B BecbMa YCTOHYMBLIA DEXHM
IITONOPA, BBLIXOJ M3 KOTOPOTO OKa3biBaercsi Gosee TsiKesabM. CHH-
JKEHHe HEeCYLIMX CBOMCTB H, B YaCTHOCTH, yMeHbIileHHe Cy pon NPHUBO-
IAT K 3HAYHTEJNbHOH MOTepe BBICOTHI HA BHIXOJE CBEPX3BYKOBBLIX ca-
MoJsieToB H3 mmTomopa. Ha puc. 7. 15 npuBeneH npumep H3MeHeHHS
NOTEPH BBICOTHl Ha BbixoJe AHpyx B 3aBHCHMOCTH OT KO3 dHIHEH-
Ta NOABEMHOH cHJAB NMpH Bbixoge Cygmnx M BHICOTH Hayaja BHIXOAA
Hyau. 51 yMeHbIIEHUS] MOTEPH BLICOTHI Ha BBIXOAE CJeAyeT IHJO-
THPOBaThb CaMoOJIeT TakK, 4YTOObl MaKCHMaJbHO HCIOJb30BATb €ro He-
cyuue CBOHCTBA, ofecreunrasi, OLHAKO, HEBO3MOKHOCTb NOBTOPHO-
ro CBaJIHBaHHUS CaMOJIETa, 4 TaKkKe NpPeBBbIIIEHHs NpeleIbHO JONy-
CTUMOH IO NPOYHOCTH HOPMAJbHOH NEperpyskH, T. €. HH B KoeM
ciaydae He fOMycKas npesbliieHHs BeauunH Cy o, (@y,,) 0 72 . Jlasa
9TOrO HAa CaMoJIeTe [OJ/IXKHbl ObIThb YCTAaHOBJIEHBI COOTBETCTBYIOLIHE
BH3yaJ/IbHble HHAHKATOPbl H CHTHAJH3aTOPbl, B YACTHOCTH, yKa3arTe-
JIY YIJIOB aTAKH H NeperpyskH.

Y coBpeMeHHBIX CBEPX3BYKOBBIX CaMO./ETOB BJHSIHHE OTKJIOHEHHUS
3JIepOHOB Ha XapaKTEePUCTHKH MEepeBepHYTOro IITOmopa M — IJIaB-
HOe — BBIX0JA H3 HEro OKa3hiBaeTCss CPABHHUTEJbHO MEHBbIUIHM, 4eM
npu HopMaJbHOM HiTonope. O6GYC/IOBIEHO 3TO Te€M, YTO B HOPMaJb-
HOM LITOMNOpPE OTKJIOHEHHE 3JE€POHOB MOXKET 3HAUYHTEeJbHO H3MEHSTb
YIJIbl CKOJIbXKEHHS], B HEKOTOPBIX C/IyYasX Aa)ke CHJIbHEe, YeM OTKJO-
HeHHe pyJs HanpabJeHHd. B nepesepHyTOM WITONOpE BAHAHHE 3.Te-

pOHOB Ha CKOJIbXKEHHE (nponssozu-xaﬂ Mya) OKa3bIBa€TCsA HECKOJbKO

235



MEHbIIHM HJ/IH COXPaHseTCsl MPAaKTHYECKH TAaKUM e, KaK M B HOp-
MaJbHOM ILNTOMNOpE, TOraa Kak SQ)Q)eKTHBH\&CTb py/si HanpaBJ/IeHHS
MOXKeT 3aMeTHO Bo3pacratb. [locieqHee CBsi3aHO C TeM, 4TO YCJO-
BHsl OOTeKaHHs BEPTHKAJbHOTO ONepeHHs B NMEPEBePHYTOM IUTONOPE
3HAUHUTEJIbHO Jyyllle, Y4eM B HOpMaJ/IbHOM. BepTHKajbHOE omepeHHe
B NepeBepHYTOM IITONOpe OKa3bIBAaeTCsl NMPAKTHYECKH B HEBO3MY-
meHHoM moToke. IIpu oTpumaTteAbHBIX yriax artaku 3¢dekTHBHas
CTPe/JIOBHIHOCTh BEPTHKAJbHOIO ONEpPeHHs YMEHbIIAeTcs, a 3amachl
NyTeBOH yCTOHYMBOCTH caMoJieTa cHHXKaloTcs. IToatomy B mepeBep-
HYTOM ILITONOPE 3aMETHO BO3PACTaeT BJHSIHHE OTKJIOHEHHS pYJs Ha-
NpaBJeHHs] Ha CKOJIbXKEHHe, a CTeNeHb BJHSHHSA OTKJIOHEHHS 3Jepo-
HOB Ha CKOJIbXXGHHe OCTaeTcsl NMPHMEPHO TaKOH e, KaK H B HOD-
MaJIbHOM LITOTIOpe.

[TosToMy OTK/IOHEHHE 3JI€DOHOB Ha COBPEMEHHbIX MaHEeBPEHHBIX
CBEPX3BYKOBBIX CaMOJIeTaX MOXKeT He 0Ka3blBaTh TAKOTO BJHSHHA Ha
BLIBOJ M3 NepeBepHYTOro LITONOPA, KaK OTKJOHEHHe PyJas Hampas-
Jgennsi. OQHAKO BCe-TaKH B HEKOTOPIX C/IyYasiX, KOTa CPaBHHTEJb-
HO Mana 3(Q(eKTHBHOCTb pyJs HampaBJeHHs (HanmpHMep, NpH ToO-
BpeX/eHHH ero OOMIMBKM) HJHM HEHCIpaBHA CHCTeMa MNyTeBOTO
ynpaBJjieHHus!, A5l BbIBOJA CaMOJIeTa H3 NepeBepHYTOro IITONOpa Mo-
JKeT NOTpe6OBaThCsA H OTKJIOHEHHE 3JIEPOHOB.

B HexoTopHIX ciyyasix He HYXKHO YCTaHaBJHBATb Iepel BbIBO-
JIOM pyJH N0 LITONOPY — HAnmpHUMep, Ha caMmoJieTe, y KOTOPOro BO-
oblle He BO3HHKAIOT yCTOHYMBBIE DeXHMbl IUTONOpa (Za)xe TIpH
OTKJIOHEHHBIX IO LITONODPY pPYJsX) H OH BBLIXOAHMT H3 LITONOpa OpH
HeATpaJbHOM NOJIOXKEHHH pyJaell. B Takux ciydadax B pexuMe H Ha
BBIXOJie H3 LITONMOpA CJaeAyeT yAepPKUBATb PYJIH B HEHTPaJbHOM IOJO-
)xeHuu. MHorza mo Heo6XOJMMOCTH MOXKHO 3aTeM OTKJOHSATb PYJIH
Ha BBIBOJ (M3 HeHTpaJbHOrO MOJIOXKEHHsI — NPOTHB mitomopa). Ta-
K¥e peKOMeHIallMd MOTYT ObITb JaHHl JHIIb IOCJe TILaTeJbHHX BCe-
CTOPOHHHX M MHOTOKPAaTHBIX JIETHHIX HCIBITAHHH AAHHOTO caMmoJjera
Ha MITONOP — H TO TOJBKO B BH[€ HCKIIOYEHHS.

Y caMosieTOB OT/eJbHBIX THIOB MOTYT TPeOGOBAaTbCS HEKOTOPHIE
H3MEeHEHHsT B HMHTEpPBaJaxX MeXJAy OTKJOHeHHAMHM pyJel. Tak, Ha-
[pHMep, €cTb CAMOJIETHl, Y KOTOPbIX OTKJIOHEHHe DyJs BHICOTH Ha
BBIBOZ (M3 HCXOMHOTO TOJIOXKEHHsI MO LITONOpY) CJefyeT HauyuHATb
TOJIbKO MO NpeKpalleHHH aBTOPOTAUHH. DTO CaMOJIETHl, Y KOTODBHIX,
HampuMep, OTKJOHEHHE DYJsi BBICOTH MPOTHB IITONOpa (MM Haxe
B HeHTpaJbHOE MOJIOXKEHHEe) MOXKeT NPHBOLHTb K 3HAYHTEIbHOMY
3aTeHEHHUIO pPYJis HampaBJeHHs], TOra KaK aBTOPOTALHS MOXKeT ObITh
npeKpalleHa OfHUM TOJIbKO OTKJIOHeHHeM He3aTeHeHHOro (pyJeM Bbl-
COThl) pyJisi HANpaBJeHHs NPOTUB LITONOPA.

PekoMeHqyeMble MeTOABI BBIBOJA caMoJeTa M3 IITonopa (cM.
pasa. 7.3 u 7. 4) He TpebyIOT OT JIeTYHKA 06513aTeJbHOTO BHIGOpA On-
pPeleJIeHHOTO MOMEHTa HauaJjia BbiBOZa (HayaJa OTKJIOHEHHsl Iep-
BOro pyJs Ha BeiBoR). OZHAKO ONbITHBIE JIETUHKH BCerna BhIGHPAIOT
TaKOH MOMEHT (HampHMep, NMPH ONYCKAHHH HOCA CaMOJIeTa HJIH B
MOMEHT IPHOCTAHOBKH BpallleHHs), KOTOPHIA oGecneunBaer HauJIyy-
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WHid BHIXOJ H3 WITONOpa — HanGosiee GLICTPHIA M HAaLEXKHBIH, C MH-
HMMAaJIbHbIMH 3ana3blBAHHEM H TIOTEPE BHICOTHL.

Il noBbiNIeHHs HAJ@XHOCTH BBIXOJA M3 LITONOpa Heo6XoauMa
TPEHHPOBKA JIETYHKOB KAaK HAa HA3EMHBIX TPeHaXKepax-MMHTATOpax,
Tak M Ha yyeGHO-TPEeHHPOBOYHbBIX CAMOJIETAX.

ITpu TpenupoBKe ciepyer obpamarh cepbe3HOe BHHMaHHE Ha CO-
OTHOILEHHE TPOJOJIKHTENIbHOCTH TPEHHDOBKH Ha TpeHaxkepe H B
nosiere ¢ TeMm, yToOb M36exXaThb BHIPAGOTKH Yy JIETYHKA YCTOHYHMBBHIX
HaBBIKOB NpH paboTe Ha TPeHaXepe, HE BCerja COOTBETCTBYIOIIMX
WJIH He MOJIHOCTbIO COOTBETCTBYIOIIHX TOMY, YTO TpPebyeTcsi B peasib-
HBIX yc/10BHAX mosera. OCHOBHOe BHHMaHHeE CJeNyeT yAelsiTb Tpe-
HHPOBKe JIETYHKOB B MOJIETE.

7.6. AHAJIN3 OLIMBOK MHJIOTHPOBAHHS

7.6. 1. 3HaueHHEe NOATOTOBKH JETUHKa

CoBpeMeHHBIE CaMOJIETH MOMAAAIOT B IITONOP TOJNBKO
NpH BOSHHKHOBEHHH OCOOBIX CHTyalHH HJIH B CJyyae rpyObIX OIIH-
60K MUIOTHPOBAHHUA.

AHanu3 eTHbIX NPOHCUIECTBHH, BOSHHKIINX B Pe3yJabTaTe HEmpo-
H3BOJILHOTO NOMAfaHHS B LITONOP, MOKa3bIBaeT, 4TO 6OsbIIas 4acTb
H3 HHX NPOHCXOIHMT H3-3a TOrO, YTO JIETYHK MOTOPONMHJICS B CBOHX
JeHCTBHAX, a HE NMOTOMY, YTO OH 4ero-ro He ycneJa creiaatb. Heo6-
XOIHMMOCTb HaHboJjiee MOJHOTO HCNOJb30OBAHHS BCEX MaHEBPEHHBIX
BO3MOXKHOCTeH caMoOJieTa CBfI3aHa, B YaCTHOCTH, C BHIXOJOM €ro Ha
GosnbmMe yrabel artakd. Hackosnbko majeko MOXHO Ha JNaHHOM ca-
MoJIeTe nonajath B 06J1acTh GOJBIIHX YIJIOB aTAKH B 3HAUHTEJbHOM
CTEeNeHH 3aBHCHT OT MacTepcTBa JeTYHKA. [paHuna Mexay pexH-
MaMH NOJIeTa, NPH KOTOPHIX ellle COXPAHSAIOTCS AOCTaTOYHbIE YNpaB-
JISEMOCTb H YCTOHYHBOCTb caMoJieTa (C Ompeje/ieHHBIM 3amacoM Ha
BO3MOXKHble OIIMGKH NMHUJIOTHPOBAHHS), U CPHIBHBIMH PEXHMAaMH MO-
JieTa, BbIGHpaeTrcss OOBLIYHO C yUETOM BO3MOXKHOCTEH JIeTYHKA cpenHel
kBaqudukanuy. UeM Bbille JeTHOe MaCTePCTBO, TEM Jlajblile OTOABH-
raercsl ykasaHHasl TPaHHIIA B CTOPOHY CPBIBHBIX pexumoB. Uem
BbIllle NOATOTOBKA JIETYHKAa, TEM MeEHble BEPOSATHOCTb MOMANaHUSA
camoJieTa B LITONMOP H TeM Bbille BEPOATHOCTb (rapaHTHs) BBHIXOJA
H3 Hero.

XopolIo M3BECTHO, YTO B TaKOi CHCTeMe, KaK caMoJsieT — JIETUHK,
pOJib ueJIOBeKa, KaK OJHOTO M3 3BEHbEB 3TOH CHCTEMBI, SIBJISETCS pe-
maromeli B o6ecreyeHnn 6e3onacHOcTH moJera. [1o cTaTHCTHYECKHM
INaHHbIM, BJHMsHHe JH4HOro (aktopa (MHAMBHAYAJbHBHIX OCOGEHHO-
crefi Jeryuka) Besauko. Ilostomy png noBbieHHss 6€30MaCHOCTH
nojiera He0OGXOAMMO, C ONHOM CTOPOHBI, yJy4llaTh MOATOTOBKY JIET-
YHKOB Ha yKa3aHHBIX PeXHMax MoJjeTra, ¢ JpPYyrod CTOPOHBI, — CO-
3/1aBaTh aBTOMAaTHYECKHE CHCTeMBl ynpasjeHHsl (B YaCTHOCTH, MpoO-
THBOLITOMOPHBIH aBTONHJIOT).
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7. 6. 2. Hau6onee BeposiTHbIE
OIIMOKH NHJOTHPOBAHHSA

Ilpu BHIBONE camoJieTa M3 IITONOPA MaJOTPEHHpPOBAH-
Hble JIETYHKH HauboJiee yacTO HOMYCKAIOT [Be OLIHOKH: OTKJIOHSAIOT
3JIePOHBl NMPOTHB IUTONMOPA M NPHMEHSIOT 60jiee «CHJbHBLIA» METOJ
BhIBOJA, YeM 3TO HEOOXOAHMO MO XapaKTePHCTHKAM [IAaHHOTO peXH-
Ma. OTK/IOHeHHe 3JeDOHOB TPOTHB IUTONOPAa Ha CBEPX3BYKOBBIX
caMoJieTax, Kak ObLIO NMOKa3aHO BhbIllle, IPHBOAHUT OOBIYHO K 3HAYH-
TEJbHOMY 3aTPYIHEHHIO BBIXOZA, & MHOrjAa.H BOOOLLEe K TOMY, 4TO
CaMoJIeT MOXKeT He BLIHTH M3 LITONOpa.
fIpuMeHeHne H3JIMIIHE «CHJIbHOTO» MeTQna BBIBOAA (mepecTpa-
XOBKa) He TOJbKO He NMOBHIIIAET HaJeXHOCTH BHIX0JAa, a Hao6opoT,
yXy/llaeT XapakTepHCTHKH BbIXOAd, & HHOTHA NaKe NPHBOAUT K TO-
My, 4TO CaMoOJIeT MOXeT He BBIATH M3 LITONOpAa, a NMepedTH U3 1aH-
HOTO B JAPYro#l peXXHM IUTONOPA, HAampHMep, H3 MPaBOTO B JEBbIH,
M3 HOPMAJIbHOTO B NlepeBEPHYTHIH.

7. 6. 3. Co3panne H30LITOYHBIX MOMEHTOB
Ha BHIBOJ,

OTK/IoOHeHHe pyJ/s HampaBJleHHs Ha BHIBOJE [OJHO-
CTbIO NPOTHB IUTONOPA, KOTAA N0 XapaKTEPHCTHKAM peXHMa OKasbl-
BaeTCsl JOCTATOYHBIM OTKJOHHTb €ro TOJbKO B HeHTpaJbHOe MOJIO-
JKeHHe, MOXeT NpPHUBECTH K 3HAUHTENbHOMY BO3PAaCTaHHIO 3ama3jbl-
BAaHUS BBIXOJA HJIH BooOlLle K TOMY, YTO CaMOJIeT M3MEHHT HampaB-
JIeHHe CBOero BpallleHHsl (3HAK (y1), HO M3 LITONOPA HE BLIAJET.

M3BecTHO MHOro ciay4aeB, KOrja MONBITKH JETYHKA BLIBECTH Ca-
MOJIET H3 HEeyCTOHYHBOIO INTOMOpPa (NMPOMCXOASLIEro, HampHMmep,
B BHJe NAafeHHS JHCTOM IO CIHPaJeBHAHOH TPAaeKTOPHH) OTKJOHe-
HMEM pyJsl HampaBJ/eHHsl NOJHOCTbIO IPOTHB IUTONOpa, KOraa mno
XapaKTepy peXuMa A/ BbIBOJa TPe6OBAJOCh OTKJIOHHTb PyJib Ha-
NpaBJieHHs] TOJNbKO B HeHTpaJbHOE MOJIOXKEeHHe, NMPHBOJHJH JHIIb K
TOMY, 4TO H3MEHSJIOCh HanpaBJieHHe BpalleHHs camoJjera. Camouer
NepexoJHJ U3 NMPaBOro B JIeBbll IITONOP HJIH HA060OPOT, HO LUTONOP
He npekpalaJcs.

OTK/IOHeHHe DYYKH yNpaBJeHHs Ha BbIBOAE H3 HOPMaJbHOTO
LITONOpa MOJNHOCTBIO OT ce6s, KOrja no XapaKTepHCTHKaM peXHMa
JOCTaTOYHO OTKJIOHHTb €€ TOJIbKO A0 HeHTPaJbHOI'O MOJIOXKEHHUS, MO-
KeT NPHBECTH K IEPeXOAy B PEXHM NepeBepHYTOro mromopa (cM.
puc. 4. 12), T. e. K TOMy, YTO CaMoJIeT He BbIAJET H3 IITONOpa, JHGO
BO BCSIKOM CJyyae BBI30OBET Ype3MepHOe ONyCKaHHe HOca caMoJeTa
B MOMEHT NpeKpalleHHsi caMoBpauleHus. [locieqHee NpHBOLHT K
yBEJHMYEHHIO HAYaJbHOTO yIja NMHKHPOBaHHMS, a CJIELOBATENbHO, H K
Gosiee KPYTOMY NMHKHPOBAHHIO, IPH KOTOPOM YBEJHUYHBAIOTCS NMOTEPS
BBICOTHI Ha BbIBOZE H KOHEYHast CKOPOCTb MHKHPOBAHHSI, YTO OCOGEH-
HO OMAacHO Ha MaJblX BHICOTAX HM3-32 BO3MOXHOCTH NpEBLILIEHUS B
TAKOM NHKHPOBAHHH NpeJeJbHO JONMYCTHMBIX NMPHOOPHBIX CKOPOCTEMH
oJieTa ¥ MaJibiX 3aI1acoB MO BBICOTE.
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YBennuenne aGCOMIOTHOH BeJHUYHMHBI YIJja NHKHPOBAHHSI BbI3bIBa-
eT BO3pacTaHHe MOTePH BHICOTH Ha BHIXOJe, KOTOpas y CBepX3BYKO-
BbIX CAMOJIETOB JaKe H NpPH NPAaBHJIbHOM NHJIOTHPOBAHHH AOCTATOY-
HO BesqHka (cM. puc. 7.15). Cosjnanue GOJIbIIMX NMHKHUPYIOLIMX MO-
MEHTOB Ha  BLIBOJE H3-32 YPe3MEPHOTO OTKJOHEHHSI  pPYUKH
ynpaBJieHHsl OT ce6si MPUBOJAUT TaKXe K BO3HHKHOBEHHIO GOJIbIIHX
OTPHIIATEJbHEIX NMEPErpy3oK.

HccnenoBanus nmoKasblBaloT, YTO MOJ AeHCTBHEM OTPHIATebHOR
neperpy3kn JesTeJbHOCTh YeJOBeKa 3aTPyAHAeTCs 3HAUYHTeJbHO
60Jibllle, yeM NpH PaBHBHIX €l no abCOMIOTHOH BeJHUMHE 3HAueHHAX
TNOJIOXHUTEeNbHOH HOpMaJbHol meperpysku. Ilpm sToM yxyamaioTrcs
KOODJAHHALMS IBHXKEHHH JleTuHKa, OlEeHKa MM CBOero mpocTpaHCT-
BEHHOro moJsioxeHusi H T.'A. Ilon meficTBueM oOTpHLATENBHOH HOP-
MaJIbHOH nmeperpy3ky BO3MOXKHBI TaK¥Ke OYeHb HENPHUSATHBIE SIBJIEHHS:
OTpBIB JIETYHKA OT CHIeHbs, yIAap rojiosoii o ¢oHapb, 06pHIB NpH-
BSI3HBIX peMHell M T. N. []pHMeHeHHe H3JIMIIHE «CHJIbHOTO» MeTO0Ja
BbIBOZA TPeGyeT OT JeTuHKa GoJiee GLICTPHIX H YETKHX JeHCTBHH py-
JIIMH, TaK KaK NPH 3TOM €¢03Jal0Tcsi 60JblHe H30LITOUHbIE a3DPOJH-
HaMH4eCKHe MOMEHTHL.

7.6.4. O6paTHas nocJeA0BaTeJbHOCTb
OTKJIOHEHHS pyJie

Henonycrumoii OmuOKOH NHIOTHPOBAHHA ABJAAETCS
OTKJIOHEHHE DYyJsl BBICOTH Ha BBIBOA IO OTKJIOHEHHs PyJs Hamnpas-
JIeHHd — TaK HasbiBaeMas oOpaTHas NOC/EIOBaTEJIbHOCTb OTKJOHe-
HMsl pyJiell IpH BBIBOJE caMoJieTa M3 irTonopa. Takas omu6ka o6GbIy-
HO NpPHMBOJAUT K HEBLIXOAY caMoJjera u3 ironopa. Hu nmpu Kakux
0GCTOSTENIbCTBAX HE CJeldyeT OTKJOHATb HAa BHIBOJ BHadaje PyJb
BBICOTHI, 3aTeM pYJb HanpasJjeHus. Pyab BECOTBHI TpebyeTcs OTKJIO-
HATb Ha BHIBOJ TOJbKO uepe3 OnpeleseHHbll HHTEPBaJ NOCJ/e OTKJO-
HEHHsl PYyJd HanpaBjeHHs HJH OJHOBPEMEHHO C OTKJOHEHHEM pyJs
HanpasJeHus1 (IPU HEYCTOHYHUBOM LITONOpE).

O6ycoBJ€HO 3TO rIaBHbIM 06pa30M yMeHbIIEHHEM HHepIHOH-
HOro MoMeHTa Tauraxa Muym= (Jx — Jy) ©x®, NOCTE OTKJIOHEHHUS PY-
Jisl HanpaBJIeHHs Ha BLIBOJ, BbI3BAHHBIM CHHIXKEHHEM aGCOJIOTHOH
BEJIMUMHBI MOMEHTa, a CJelOB&TeJbHO, H YIJIOBOH CKOPOCTH CaMo-
BpallleHHsl caMmoJieTa B pe3y/bTaTe NOSBJEHHS BHYTPEHHEro CKOJb-
xkenud. [locaensee co3gaeTca OTKJIOHEHHeM pYJs HanpabJeHHs NMpo-
THB wronopa. Takoe CKOJib:KeHHe HEOGXOAMMO INpHU BBIBOJE CaMO-
JeTra U3 YCTOHUHMBOrO peXHMa U OCOOEHHO — H3 paBHOMEPHOTO
HHTEHCHUBHOTO LITONOPA.

YKasaHHBIH MHEPLUOHHBII MOMEHT TaHra¥a siBJsierc KaGpupy-
oM. [1o3TOMy ero yMmeHblieHHe MPHBOAMT K CHHXKEHHIO Tpelye-
MOro AJisi BHIBOJA CaMoJieTa M3 mTOnopa (mepeBoja ero Ha JOKPH-
THYECKHE YIVIBI aTaKH) adpOAMHAMHYECKOro NMHKHPYIOLIEr0o MOMEH-
Ta, CO3JaBaeMOro OTKJIOHEHHEM pYJsi BHICOTHI.
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YMeHblIeHHe HHEPLHOHHOTO KaGPHPYIOIEr0O MOMEHTa NPHBOAUT
TaKXe K OIyCKaHWI0 HOCa caMoJieTa, a CJeJ0BaTeJNbHO, U K yMEHb-
1IEHHIO ero yrjla aTakH B mTomope. B pesyabrare addekTHBHOCTD
PYJist BLICOTE MOXKeT 3aMeTHO BO3pacTaTb. DTO NO3BOJISIET CO3/1aBaTh
60/bIIHE a3DOAHHAMHUYECKHE NHKUPYIOUIHE MOMEHTH JIJis BHIBOJAA
caMmoJieTa U3 IITOmopa, T. €. CYILeCTBEHHO 00Jeruaer BHIBOJ CaMO-
Jgera u3 wronopa. [IukHpylouuii MOMEHT, cO3aBaeMblii OTKIAOHEH-
HBIM Ha BBIBOJ PyJieM BBHICOTHI, YMeHbLIAeT yroJl aTakH, a NpH MeHb-
IWHUX yraax aTakd OOLIYHO BO3pacTaeT (HJH MNOSIBJAAETCS) NyTeBas
cTaTHuecKasi yCTOHYMBOCTb camoJieTa. B pesysibrare TpyaHee co3na-
BaTb pyJieM HanpabsJeHHs TpeGyeMoe 151 BHIBOJA BHYTPEHHEE CKOJIb-
JKeHue (OQHUM pyJieM BHICOTH, KaK NpPaBHJIO, Helb3s NEPEBECTH Ca-
MOJIeT Ha IOKPUTHYECKHEe YIJIbl aTaKu).

OTkJI0HeHHe DPyJisi BHICOTH (OCOGEHHO YIpaBJ/seMOro CTabu/au3a-
TOpa) Ha BHIBOJ IO OTKJOHEHMS PYJsi HaMPaBJEHHS MOXET TaKke
{IpUBECTH K 3aMETHOMY YBeJIMUEHHIO 3aTeHEeHHUs MOCJEeIHero CIyTHOMH
CTpyell TOPH3OHTAJbHOTO ONEPEeHHs, YTO yMeHbmaeT 3¢ (eKTUBHOCTD
pyJid HanpaBJIeHHUs.

Brinep:kuBanue TpeGyeMOro WHTEepBaJa MeXIy OTKJOHEHHSMH
pyJaedl npu BBIBOJE CaMOJIeTa W3 YCTOMYMBOrO IITONOpa HEOOXOIHMQ
JJIg TOro, yToObl C MOMOINBIO OTKJIOHEHHOTO PYJis HampaBJieHHsl CO-
3gaTh TpeGyeMoe BHyTpeHHee CKOJIbXXeHHe, KOTOpOe, B CBOIO oOue-
pelb, NOJXKHO YMEHbIIUTb a6GCOIOTHYIO BEJHYHHY MOMEHTa CaMo-
Bpauienud. IIpu BHIBoZe caMoJ/ieTa U3 peXHMa HeyCTOHYHBOrO LITO-
nopa pyJH OTKJOHSAIOTCA Ha BBLIBOJ OJHOBDPEMEHHO, TaK KaK B 3TOM
cjayyae gaxe He6OJbLIOro MMIYJbCa HOCTATOYHO IJisl NPEKpalleHus
pexxuMa (MHOTZA TaKOH MITONOP MOXKeT CYINEeCTBOBATb TOJBKO NpH
OTKJIOHEHHHIX 10 IITONOPY PYJAX).

Boapacranue creneHu nmyTeBOH CTaTHYECKOH yCTOHYHBOCTH CaMO-
Jleta, BO3HHKaolulee OGHIYHO NpPY yMeHbIIEHHH YIJa aTakH, 3aTDVA-
HSeT cO3JaHue BHYTPEHHEro CKOJIbXKEeHHS B CJydyae OTKJIOHEHUS pYJs
HanpaBJieHHs] Ha BBIBOJ IOCJIe€ OTKJIOHEHHSl PyJs BBICOTH. JTO MO-
JKeT fIBUTbCS ONHOH H3 OCHOBHBIX NPHYHMH YXYIIIEHHS YCJOBUH BHI-
X0za caMoJieTa W3 ILITONOpPA HPH NpUMeHeHHH OOpaTHOH mocjaeno-
BaTeJbHOCTH OTKJIOHeHHs pyJjed Ha BeiBoge. Ho paccmarpusas sty
NpUYNHY, HeOOXOAMMO HMMeTb B BHAY CJelylolllie NMPOTHBOPEYHBLIE
¢axropbl. C OZHOH CTOpPOHHI, MyTeBAs HEYCTOHUYHBOCTb, MOSABJSIO-
nrasicss OOBIYHO Ha GOJIBIIMX YIJIaX aTakH, NPUBOAHT K BO3PacCTaHUIO
a6COMIOTHBIX BEJHYHH YIJIa CKOJNbXXEHHS H YIJIOBOH CKOPOCTH PHICKA-
HUA caMojeTa B mronope. IlocienHee BHI3BIBAE€T yBeJHUEeHHE HHep-
[IMOHHOrO Kabpupyiouero MoMeHTa M, yz, 4TO NPUBOJHUT K BO3pacra-
HHIO yIJIa aTaky caMoJjieTa H yBeJHYeHHI0 TpeGyeMoro AJs BHIBOZA
caMoJieTa U3 LITONOPAa aPOAHHAMHYECKOrO MUKHDPYIOIEro MOMEHTa.
Uem GoJiblile MOJOXKHUTENbHAS] NPOU3BOJHAS mg TeM GOJibIlIe U yKa-
‘3aHHble H3MEHEHHSI YI/ia CKOJIbXKEHHS, YTJIOBOH CKOPOCTH PHICKaHHS
H yrja aTak{ caMoJiera.

IIpu OTKJIOHEHHOM IO IITONOPY PyJie HampaBJeHHS Ha HeyCTOMf-
YHBOM B NyTE€BOM OTHOIUIEHHH CaMoJieTe MOryT OHTb CO3JaHbl 60Jib-
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uide 1o aBCoJIIOTHOH BEJHYHHE YIJIbl HaPYMKHOTO CKOJIbXKEHHs, 4eM
Ha ycroiluuBoM. B pesyabraTe norpebyiorcs GoJbline H3MEHEHHUS
yrja CKOJ/bXeHHs, HeOOXOJUMBIE A5 CO3LAHHUSI BHYTPEHHErO CKOJb-
)KeHus1. Bee 370 3aTpyanser BHIBOA camosera u3 mronopa. OgHako,
C JIpYyrof CTOPOHLI, NyTeBas HEYCTOHYHMBOCTb HNPHBOJUT U K ycHJe-
HHIO KOJeOGaHHA YrA0BOH CKOPOCTH DHICKAHHS W YIJa CKOJbXKEHHUS
camoJiera. C yBeJHyYeHHEM CTENEHH NMyTeBOH HeyCTOHYHMBOCTU U yCHU-
JIeHHeM HeJHHeHHOro XapaKTepa ee 3aBUCHMOCTH OT yIJIOB aTakKu H
CKOJIbXKeHHs (YTO OOBLIYHO W MMeeT MeCTO IPM 3aKPUTHYECKHX yriax
aTakH) 3TH KoleGaHHUs Pe3KO BO3PACTAIOT.

Kone6anus yria CKOJbXKEHHSI M YIJIOBOH CKOPOCTH pPBICKaHHSA
OPHBOJAT K TOMY, YTO NOJ BJMSIHHEM [ONEPEYHOH CTAaTHYECKOH
YCTOHUYHBOCTH caMmoJieTa (ZeHcTBHE BOCCTAaHABJHBAIOIIEr0 MOMEHTA

kpeHa M3 =M?B u cnupaJbHOro KpeHsILUero MOMeHTa Mm=MZymy)
NOSIBJSIIOTCS. HHTEHCHBHBIE KOJIeGaHUsl yrJIoBOH cKopocTH KpeHa. Ko-
JeGaHUsl YrJIOBBIX CKOpOCTeHl KpPeHa M DLICKaHHs yepe3 HHEpIHOH-
HbIH MOMEHT TaHraxa M; yuz BBI3BIBAIOT KOJIe6aHHS YI0BOH CKOPOCTH
TaHraxa, a CJef0BaTeJbHO, H yria aTtaku camosera. [Tostomy yBe-
JHYEeHHe NyTeBOH HEYCTOHYMBOCTH IPUBOJAHT K DE3KOMY YCHJIEHHIO
KaK NYyTeBbIX W MONEPeYHbIX, TaK ¥ NPOROJbHHIX KOoJeGaHHH caMo-
JeTa.

[Ipu Gosbmol mMyTeBOH HEYCTOHUYMBOCTH caMoJera KojebaHus
yrja aTak{ B IITONOPE MOTYT OKa3aTbCs HACTOJbKO OOJBLIMMH, 4TO
camosieT OyLeT NMepHOAHYecKHd NPHOMUAKATBCH K JOKPDUTHYECKUM pe-
KHMaM, a B HEKOTOPBIX CJydasix fa)Ke NMepPHOAHYECKH BHLIXOAHTb Ha
3TH PeXHUMbl — IPH HEH3MEHHO YAepKHBAaeMbIX IO LITONOPY PYJSX.
A u3-3a 6oJbIIHX KosMeOaHHH yria CKOJNbXKEHHS MOXKEeT BO3HHKAaTh
60JIbIIOE BHYTPEHHee CKOJbXKeHHe, 3HAUHMTeJbHO yMeHbllamlee ab-
COJIIOTHYIO BeJIMYMHY MOMEHTA CaMOBpallleHHsl Kpblia. DTO Bce obJer-
yaeT BBIBOJ, caMoJeTa U3 LITONopa.

7. 6.5. OTKJI0HEeHHe 3/1epPOHOB

HepmomycTumo#t ommuO6Kofi NHIOTHPOBAaHHSA SBJSETCH
TaKXe OTKJOHEHHE 3JIeDOHOB B pexuMe, OCOGEHHO Ha BHIBOJE H3
wronopa (Kpome ciayuasi npuMmenenus mMerona Ne 4H). Jleruunk poa-
XeH CTapaTbCsl yAepKHBaTh 3JEPOHB B LITONOpPEe M Ha BHIBOJE H3
HEro CTPOro B HeHTpajbHOM (HJIM HCXOZHOM 6GajaHCHPOBOYHOM,
ecJii OHO He COBHIAjaeT C HEATpaJbHBIM) NoJoxKeHuU. [laxke He-
6OJIBLIOTO OTKJOHEHHS! 3J1epOHOB GbIBaeT HHOIAA NOCTAaTOYHO MJIsI
CYyIIeCTBEHHOTO M3MEHEHHMs XapaKTepa IITONOPA, a CJELOBATEJbHO,
U ycJaoBuM BhiBoja u3 Hero. Ha puc. 7. 16 nokasaH pexum, B KOTO-
poM 3JiepoHbl OblIM OTKJIOHEHB MPOTHB INTONOpA BCero Ha Ad,~
~2-+3° (omubka, KOTOPYIO JIETUHK JIETKO MOXKET JONYCTHTb, €CJIu
HeJIOCTATOYHO BHHMMATENbHO CJEIUT 32 INOJOKEHHEM PYUYKH YIpaB-
JIEHHSI B peXHMe). DTOro 0Ka3aJoch AOCTATOYHO, YTOOHI MOCJE CHY-
yafHOro, ReCbMa KPaTKOBPEMEHHOrO OTKJIOHEHHS! DyJs HampasJjie-
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HHUsS CaMOJIeT Nepelllen U3 JIeBOrO HOPMAaJbHOTO B JIEBHIH NepeBep-
HyTHIH wronop ({=14 c). Jleryuk He cyMeJ COPHEHTHUPOBATHCH B
TAaKOM H3MEHEHHMH PeXXMMa M NPOJOJIKaJ YIEePXKHUBATh PYJH B IOJO-
XEHHH 70 JeBOMY HOpMajbHOMY wrronopy. IIpu stoMm coxpaHsics
nepeBepHYTHI LITONOP, BBIXOJ H3 KOTOPOrO NMPOU3OIIEJ TOJbKO IOC-

Jle yCTaHOBKH pyJell B HeHT-

oy, padle pasibHOe M0JI0KeHHe. .
. Ouenb rpyGoil owmuGKOM
[TTTTTTITI o
, 7 7 —>] MHJIOTHDOBAHHUS, TIPUBOLALILEH,
;f KakK IpaBuiIo, X TOMy, 4TO ca-
1 i '”\"lﬁ/\_ MOJIET MOXKET He BBHIATH u3
T R HmiTonopa (MCKJIIOYEHHe COcC-
3 A
5° 0 N0 X Y=  TaBJAIT TOJIbKO CAMOJIETH C
2y \ \‘ KpBIIOM 6OJBIIOTO  yIJdHHE-
10} i HMS), ABJseTcs OTKJIOHEHHEe
=2 i G5 [ 37IepOHOB Ha BLIBOJE TPOTUB
0 [y B A aa s F1c]  mTomopa. ¥ CBepPX3BYKOBBIX
-0k 3 CaMOJIETOB 3TO CIOCOOCTBYET
20 ( OOBIUHO TOJILKO YCHJIEHHIO aB-
0 TOPOTaLUUU
0 - = '
“1OEFN ,l ay3 ff’\ 7.6.6. 3aTpyn-
—JZ by = HEHHd B onpene-
05+ JIEHHH XapaKre-
0 10 20 tc pa mrTonopa

¥ IPOCTPAHCT-
Puc. 7.16. TloneTHwe 3amucH mnpuGO- BEHHOro noJo-

POB-CaMOIIHCIIEB, * HIJIIOCTPHPYIOLIHE XKEHHSA caMoJieTa

OWHGKY NHJOTHPOBAHHS, BHI3BABIIYIO B
Nepexol CcaMoJieTa M3 HOPMaJbHOTO psne ciaydaes
WITONOPa B MepeBepHyTHf: OmH6KY NHJIOTHPOBAHUSI BO3-

I—gesmft mopManbumii mromop; 2—mpasmii ~HHKAIOT H3-32 3aTPYAHCHHA
nepeepHYTHIA mTONOP ODHMEHTHPOBKHU JIeTYHKA B LITO-
nope WJIH, TOYHee, HU3-3a
HeNMpaBHJbHO!N OLEHKH HM XapaKrTepa [BHXKEHMs, HalpaBJieHus Bpa-
IIEeHUs] M TNPOCTPAHCTBEHHOrO IIOJIOXKEHHSI caMoJiera B IITONODe.
B npuBeneHHoM Ha puc. 7.17 mnpumepe JeTYHK u3-3a TPYAHOCTH
OPHEHTHPOBKHU B pexuMe (TPYAHOCTH OLEHKH XapakTepa pexuma)
He MOHsLJI, YTO CaMoJieT Iepelles U3 JIEBOTO HOPMAJbHOTO B JIEBHIH
nepeBepHyTHiA mrTonop (f=~19 c). B pesyibraTe OH mNpeAnpuUHAN
MONBITKY BLIBOJA CaMOJIeTa M3 INE€PeBePHYTOro IITONOPAa METOAOM
Ne 2H. Ota omubka npusesa K nepexoiy caMmoJjieTa U3 JIeBOro Iepe-
BEepHYTOrO B NPaBblfi HOPMAaJIbHBIA IITONOP, AJSI KOTOPOTO HCXOAHOE
NQJIOKEHHe PYJs HaNpaBJeHUs COOTBETCTBOBAJIO HOJIOXKEHHIO ero
no mronopy. Beixox u3 mrTonopa mpousolles TOJBKO INOCHE YCTa-
HOBKHU pyJie#l B HeATpaslbHOE NOJOXKEHHe.
¥YcranoBka pyJiefi B HeATpasbHOE NOJNOXKEHHE HA BBIBOJE SIBJISA-
eTcst HanbGoJjiee IPABUJIbHBIM NEACTBHEM JIETYHKA B TOM CJyuae, KOr-
Ia OH He B COCTOSIHHH CODHEHTHPOBATBbCS' B XapakKTepe LITONOpA.
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OO6ycn0B/I€HO 3TO TeM, YTO TaKoe 3aTPyJAHEHHe OPHEHTHPOBKU y JO-
CTaTOYHO TPEHHPOBAHHOIO JIETYHKA MOXKET BO3HHUKATDb JIHIIbL B BEChb-
Ma HepaBHOMEpPHOM WITONOpe, NPOTEKAIIEeM CO 3HAYHTEJbHBIMH
KO/IeGaHHsAMH CAMOJIETA, T. €. B HEYCTOMYMBOM DeXXHME. A UMEHHO B
3TOM ciaydyae H Tpe6yeTca NPHMEHSATh NepBLIl MeTox BHIBOJA: yCTa-
HaBJIHBaTh PyJH B HEHTPAJbHOE MOJIOXKEHHE.
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Puc. 7.17. TlonetHbie 3amucH npH60OPOB-CaMOINHCUEB,

HJIIOCTPUPYIOLIHE OIHOKY NHJIOTHPOBAHMS, BEHI3BAH-

HYI0 3aTpYAHEHHEM ODHEHTHPOBKH JIeT4HKA B IITO-
nope:

I—neBblii HOPMaJbHBIA IUTOMOP; 2—JeBhlfi nepeBepHYTHIH

ITONOp: 3—NpaBbii HOPMaJbHBIA IWITOMOP; 4—HayaJO OTK-

JIoOdeHHsi DYJAS HalpaBJieHHs Ha BBIBOJ H3 mITOmopa: 5—Ha-

YyaJl0 OTKJIOHEHMS DYJs BBICOTHI Ha BHIBOX H3 HITOnOpa: 6—

MOMEHT YCTaHOBKH OGOHX pyJieli NPaKTHUeCKH B HeHTpaJb-
HOe IOJIOXKEeHHe

Oco60 Cc/10:KHBIM SIBJISIETCS BHIBOJA CaMoOJIeTa M3 LITONOpPA B yCJO-
BHSIX CJIENOTo IoJieTa — NPH MUJIOTHPOBaHHU 1O mpubopam (B ob6aa-
Kax, HOublO ¥ T. I.). OTCyTcTBUE BH3yaJbHBIX ODHEHTHPOB (B 4acT-
HOCTH, NPU IOJIeTe HOYbI0O Ha OOJBLIMX BBICOTAX) 3HAYHUTENBHO
yC/JI0XKHSET OnpejJesneHHe XapaKTepa pexHMa. A B mocjeqHue rojsl
KOJINYeCTBO HHCTPYMEHTAJbHBIX IOJIETOB HENPEPHIBHO BO3pacTaert.
ST10 noBHILIAET 3HAYEHHe H3ydyeHUs] Mpo6JeMBl IPOCTPAHCTBEHHOMH
OPHEHTHPOBKH JIeTYHKA B YKa3aHHBIX yca0BHAX. OCHOBHAS TPYLHOCTD
nosieTa NpH OTCYTCTBMH BU3YyaJbHON OPHEHTHPOBKH 3aKJI04aercs
OGBIYHO B TOM, YTO NOKa3aHWs NpuOOPOB 4aCTO He COBMAZAIOT C
OLIYIIEeHUSIMU JIeTYUKA (2 He B TeXHUKE NMHJIOTHPOBAHHUS CaMmoJeTa),
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T. €. TPYAHO MPaBMUJbHO ONpPEJEeJUTb XapakKTep NBHIKEHHS H NPOCT-
PAHCTBEHHOTO MOJIOXKEHHUS caMoJjera. B 3HaunTeJbHOH cTemeHu 3TO-
My MOTYT MelliaTb BO3HMKAalOIIMe HHOTAA Y JeTYHKa WJIII03HH, 06yC-
JIOBJIEHHBIE (PH3MUECKUMH, QU3HOJOTHYECKUMHU HJIU TCHXOJOTMYeCKHU-
MU (paKTOpaMH — 3pUTE/bHBIE, BeCTUOYAsIPHBIE ¥ 3PUTENbHO-BECTH-
Oynspuble. Hanpumep, BecTHGyasipHAass HJIIO3HS KpPEHA MOXKET
BO3HHKATb NMpU OLICTPBIX H3MEHEHHsX yrya KpeHa caMoJeTa, NMPOUC-
XOJSIIMX C YCKODEHHAMH, KOTOpble OKa3blBAIOTCA HUXKe MOpora BO3-
HUKHOBEHHS BecTHOYJSIPHBIX oumlyuieHu#d. B Takux ciyyasix camoser
MOXKeT BbIHTH HAa BeCbMa OOJIbIIME YIrJbl KPeHa, a JIETYHK ITOro He
3aMeTuT (OH OyJeT cuMTaTb KpeH HyJeBbIM). Pe3kull mepexoj camo-
JleTa U3 r1yOOKoro KpeHa B IoJI0XKeHUWe 6e3 KpeHa MOXKET BOCIpH-
HUMAaTbCA JIETYHKOM KaK NOSIBJIeHHEe KPeHa NPOTUBOIOJOXKHOIO 3Ha-
Ka. Wnn, Hanpumep, BecTHOy/sipHAsl WIII03Us NPOTHBOBPAIIEHUS —
N0 mpeKpallleHHH HHTeHCHBHOTO BpallleHHs JeTYHKY MOXKeT Ka3aTb-
cfl, YTO BO3HUKJO BpallleHHe caMoJieTa OoOpaTHOro 3HaKa, ¥ TOrAa
OH HAayHHaeT NapHUpPOBATDH 3TO KaxKylleecs BpalleHHe.

OueHb OnmacHOW NpHU IITONOpE SIBJSIETCS BEeCTHOYJSIpHAs HILIIO-

3Ms NepeBepHyTOro noJiera. B HEKOTOPHIX cjyvasix MPU OTCYTCTBHU
BH3yaJIbHOH OPHEHTHPOBKHM JICTUHKY B HOPMAJbHOM LITONOpE MOXKeET
NOKa3aThCs, 4TO OH HAXOJUTCA B IepeBepHyTOM mitomope. Takxke
M Ha BbIXOJl€ U3 LITONOpPA CaMOJET MOXKEeT HaXOAHTbCSl B NOJIOXKEHHH,
COOTBETCTBYIOIleM HOPDMAaJIbHOMY MNOJIETY, a JIETYHKY MOXKeT Ka3aTb-
csl, 4TO OH HAXOJLHUTCS B mepeBepHyTOM no.jerte. [lapupysi 3To Kaxy-
Ieecs MOJIOXKeHHe, JeTYMK cOo31aeT yribl KpeHa mopsiaka 180°% T. e.
TeM CaMblM JeHCTBHTENbHO [EpPeBOAUT caMOJeT B IepeBepHYThIH
noJier.
. Jlns OpHeHTHPOBKH JIETYHKA B IUTONOPE NpH CJAEIOM IOJeTe He-
06X01HMO, eCTeCTBEHHO, I0Jb30BaTbcsl OOPTOBBIMU BH3yaJbHbBIMH
npu6opamu. OCHOBHBIMH U3 3THX IPHOOPOB, MO NMOKA3aHUAM KOTO-
PBIX JIETYHK MOXKET ODHEHTHPOBATbCA B IITONOpe (H NMPH CBaJHBa-
HHH), SBJSIOTCA: yKa3aTesb [I0OBOPOTA U CKOJIbXKEHHS, yKa3aTesb yr-
Ja aTakH, a TaKxkKe yKasaTesb Neperpy3Kku, aBHaropH3oHT, yKa3are/b
ckopoctH u BapuoMerp. C mnomoulpio ykKasaTesas NOBOpPOTa JIeT-
YUK OINpelesseT HanpaBJeHHe BpalleHHs (NpaBbIl HJH JIEBHIN
IITONOP), a Takxe MOMEHT INpeKpallleHHs aBTOPOTAallMH Ha BbI-
xoJe.

ABHaropusoHT ¥ yKasaTesb CKODOCTH HCIOJb3YIOTCS Ha BHIBOJE
U3 NUKUPOBAHHUS MOCJe NMpeKpallleHHsl aBTOPOTALMH, a BADHOMETP H
yKasaTeJb HOPMaJIbHOH Neperpy3kd CJayXKaT JOMNOJHHTEJbHBIMH
cpeacrsaMu KoHTpoasi. Havasno cBanuBaHus u wmrTomopa ompeseds-
I0TCA O TNpelyNnpeKJalolMM INpPH3HAKaM, CBHAETENbCTBYIOLIHM O
BBIXOJle caMoJieTa Ha OKOJIO- U 3aKpHUTHYeCKHe yIJbl aTaku, U pe3-
KOMy najeHuio ckopoctu. [Ipu 3ToM orpomMHoe 3HaueHHe HMeeT Ha-
JUYNe Ha caMoJieTe yKasaTeJs yria aTaku. BecbMa nosesHbM Mo-
JKeT TaKXKe OKasaTbCsi M YyKasaTe/lb YIrJOBOH CKOPOCTH pBbI--
CKAHHSL.
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7.6. 7. IIppMeHeHHe HEAOCTATOYHO
«CHJIbHOTO® METO/A BbIBOAA

Mero BbIBOZA caMoJieTa M3 IITONOpa BhIGHpaeTcs B
COOTBETCTBHH C XapaKTepoM pexuma. [Ipd 5TOM HelOmyCTUMBIM SIB-
JISIeTCSl KaK NMPHMEHEeHHMEe H3JIMIIHE «CHJbHBIX» («IepecTpaxoBKa»),
TaK U HeJOCTATOYHO «CUJbHBIX» (HEJOOLIEHKAa JIETUNKOM HHTEHCHB-
HOCTH M YCTOHUYHBOCTH BpallleHusl caMoJjieTa B IITONMOPE) METOj0B
BbiBoja. IIpumenenue Gojee «caaGoro», 4eM 3TO HYXKHO IJIsi HaH-
HOTO WITONOpAa, METOAAa NPHBOJHUT, €CTECTBEHHO, K TOMY, UTO CaMo-
JieT MOXKeT He BHIATH M3 HITONOpA, WM K BHIXOAY, HO C BechbMa
6osblinM 3amnasgbiBaHHeM (H3-3a BecbMa INPOTSXKEHHOrO y4yacTKa
NpOJOJIKEeHHsl BpallleHHsl caMoJIeTa NOoCJe OTKJIOHEHHSI pyJiell Ha BhI-
BOZ JIETYHK CYHTAET, 4YTO NPAKTHYECKH CaMOJeT K3 LITONOpa He
BHILIEJN).

IlpumeHeHHe HeNOCTAaTOYHO <«CHJIBHOIO» METOAA BHIBOJA HEXO-
flyCTHMO HE TOJBKO B CJydyae YCTOHYHMBOrO LITONOpPa C paBHOMEp-
HBIM ¥ HMHTEHCHBHBIM BpallleHHEM caMoJeTa, HO TaKXe H B ciyyae
KoJie6aTeJIbHOro YCTOHYHBOTO M Jaxke MaJIOyCTOHYHBOrO IITONOpA
H3-3a BO3pacTaHus 3amna3fbiBaHus Bhixopa. Ha masnsix BeICOTax 3TO
BJBOHHE OMAacHO: BO-NEPBLIX, H3-32 3HAYHTEJbHOTO BO3paCTaHHs
caMoro 3amnasJblBaHHUs, a, BO-BTOPHIX, H3-32 YMeHbIlIEeHHs 3aMaca Bhi-
COTH HA BBIBOZE NPH MOMAJaHU¥ CaMoJieTa B mTonop Ha MeHbIIHX
BBICOTAX.

IIpu BBIBOZE caMoJieTa M3 IUTONOPA JIETYHK IOCJE OTKJIOHEHHS
pyJiell Ha BHIBOJ, BCeTZa MO BO3MOXKHOCTH JOJIKeH XKIaTb (He MeHee
12—15 ¢, a npu HaJMYMH JOCTATOYHOTO 3amaca BHICOTH H GOJibILe),
ImpeXJae YeM YCTaHaBJMBaTb PYJAH ONSATb MO IITONOPY H HAYHMHATh
BTOPYIO NONLITKY BhIBOJA yxKe 6oJiee «CHUJIbHBIM® METOAOM, €CJH
nepBas NOMNBITKA He yAaJjacb. TO 00YCIOBJEHO TeM, UTO, BO-NIEPBHIX,
BBLIXOJI CaMOJIeTa MOXKeT NPOU30HTH CO CPaBHUTEJNbHO GOJBIIHM 3a-
Na3fbIBaHUEM, a BO-BTODHIX, HampsiXKEHHbIM COCTOSIHMEM JIETUHKA,
KOTZla NIPOMEXKYTOK BpeMeHH B HECKOJIbKO CeKYHJ KaXKeTcs eMy yBe-
JIMYEHHBIM BO MHoOro paa. ITostomy JeTyHK HOJIKeH cTapaTbhCcs 1O
BO3MOXKHOCTH yBeJIUYUBATh YKa3aHHBIH HHTEPBAJL.

7.6. 8. IIpoTUBOLITONOPHBIH aBTONUJIOT

3a py6GexoM MIHPOKOE paCNpOCTPAHEHHE IMONYUHJIO
YCTPOHCTBO, KOTOpOe obecneynBaeT aBTOMAaTHYECKHH BLIBOJL CaMoO-
JeTa H3 Iitonopa — nmporuBomiTonopusiit apronuior (ITIIA) [53].
Taxoit I1IIA 3HaunTeJbHO MOBBINIAET HANEKHOCTb BHIBOAA U YJyU-
IaeT XapaKTePHUCTHKH BHIXO/la CaMOJIeTa U3 CBAJHMBAHUS U LITONOPA.
ITIIA ompenensieT xapakTep peXuMa H COOTBETCTBEHHO €My BLIGH-
paer tpeGyeMblil MeTon BhiBoja. IIIIIA saBastercss cocTaBHOM YacThbio
CHCTeMbl YNpaBJIeHHs CaMOJIeTa, UMeeT JAaTYMKH OCHOBHBIX MapaMer-
poB nojera (KaK MMHMMYM, yrja aTakKH, YIJOBOH CKOPDOCTH pbICKa-
HYsl, HOPMaJIbHOH Neperpy3ku) M 3JeKTPOHHOe JIOTHYeCKOe YCTPOf-
CTBO, HACTPOEHHOe Ha XapaKTePUCTHKH NaHHOrO KOHKDPETHOro CaMo-
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JeTa B 3aJaHHBIX KOHOQHUrypauusx. ABTONHJIOT TpPeAynpexaaeT
CBaJIMBaHUE M IITONOP, a €CJU 3TO He yNasocCh, TO BHIBOIUT CaMOJET
U3 3TUX PEXUMOB.

Oco6eHHO BaKHO HMeTb IPOTHBOLITONOPHLINH ABTONMJOT Ha CaMo-
JIeTax C NJIOXHMH XapaKTePHCTHKAaMH CBAJHBAHHS U SIBHOH TeHIEH-
uHeil K NOmajaHui0 B WTOHOp. EciM K TOMy XKe caMoJIeT MOXKeT
BOHUTH B BEPTHKAJ/bHHI LITOMNODP, BEIXOJ U3 KOTOPOro 3aTPyAHEH HJIH
NPAKTHYECKH HEBO3MOXKEH, TO HeOGXOJMMO KaK MOXKHO paHblle Ha-
YHHATH BHIBOJ CaMOJIeTa M3 LITONOpA (4O OKOHYAHMA HEPEeXORHOro
yuyactka mronopa). B 3TuX yC/I0BHSIX 3JeKTPOHHASI aBTOMAaTHYeCKast
CHCTEMA yNpaBJ/ieHUusI 06JalaeT HEOLEHUMbIM NPEUMYLIECTBOM Nepes
yesoBekoM. C ee moMollblo OHICTpee pacmosHaercs mromop. Takas
cucreMa GHICTPO BhipaGaTbiBaeT KOMaHIHBE CHrHaJBl Ha OpraHb
ynpaBJieHHsl, BLIGUpaeT ONTHMAaJbHLIH METOJ BbIBOLA CaMoJeTa U3
LITONOpPa ¥ MOMEHT HayaJja BbIBOAA, a TaK¥Xe CBOAUT K MHHUMYMY
BO3MOXKHOCTb MOBTODHOTO CBAJIMBAHUSI M INONAJaHHS caMoJeTa B
wronop. OHa He NpPeNsITCTBYeT NMHJIOTHPOBAHHUIO CaMoJieTa Ha BCeX
9KCIJIyaTallHOHHBIX peXXHMax 1oJieTa H BCTynaeT B JeHCTBHE TOJbKO
NpH BHIXOJE NapaMETPOB IOJIeTa CaMoJeTa 3a 3KCIJIyaTalHOHHbIE
orpanuuenus. Ilpu aToM, OfHAKO, JIETYHK JOJKEH HMETb BO3MOXK-
HOCTb NPU HEOOXOZUMOCTH C IIOMOIIbIO PYYHOTO YIPAaBJIEHHS NepecH-
JUTb IeHCTBHE aBTOMATHYECKOHN CHCTeMBl ynpasJ/eHus. ILjis npaBub-
HOM HACTPOVKH MPOTHBOLITONOPHOI'O aBTOMMJIOTA HEeOOXOAMMO TIIA-
TeJbHO U3yyaTh MaHeBpPeHHble BO3MOXHOCTH JaHHOTO CaMoJera,
XapaKTEPUCTHKH €ro CBAJMBAHUS H IUTONOpPa M TpebyeMble METOLL
BbiBOZIa. CyllecTBEHHYIO NOMOIIb B 3TOM OKa3biBa€T MOJEJNHPOBaHHE
TaKHX pexXUMOB noJyiera. Oco6eHHO BayKHO HAJIHYHe NPOTHBOLITONOP-
HOrO aBTONMHJIOTA NPH BO3HHKHOBEHWH HITONOpPA B CJENOM IoOJIeTe.
OG6bIuHbIE aBTONUIOTH U CPEJCTBA HCKYCCTBEHHOH (2BTOMAaTHYECKOH)
crabuauMsanuy camoJsera (Hanpumep, neMmndepbl KpeHa) HpU moma-
JNaHHH caMoJieTa B WTONop TpeGyercsd, Kak NpaBHJo, OTKII0YATh, TaK
KaK OHM MOTYT JIUIIb yXYALIaTb XapaKTePUCTHUKH Bhixoxa. Ha Takux
peXHMax II0JIeTa BO3MOXKHO H I1el1ecO00pPasHO MNPHMEHATb TOJbKO
CrielHaJbHBIH POTHBOIITONOPHLIA aBTONUJOT.

7.7. BIUSHHUE A3SPOAHHAMHYECKOTO
THCTEPE3HCA

[Npu aHanu3e AWHAMHKH HEyCTaHOBHBIIErocs ABHKe-
HHsI caMoJjieTa Ha GOJIbIIMX YIJIaX aTaku B oOlleM cyyae THIOTe3a
CTAIlHOHAPHOCTH, COTJIACHO KOTOPO# JefCTBYIOMIME HA CAMOJIET B He-
yCTAHOBUBLIEMCS TOJIETE€ a3POJAHHAMHYECKHE CHJIB H MOMEHTH IOJ-
HOCTbIO ONPENENSIOTCS KHHEMAaTHYECKHMM NapaMeTpaMH JIBHXKEHHS
B JAHHBIM MOMEHT BPEMEHH, OKa3blBaeTCsl HeCOCTOSATEbHOA. B aTOM

c/lydae 3HAYHTENbHYIO POJb MOTYT HIpaThb NPOM3BOJHHE MO Bpe-
c de - d% ; dB x  dB o dM

MeHU O =—), 0=——, f=— f=— M=— urt 0o dtum
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¥ omnpelessiercs, B YaCTHOCTH, XOPOIIO H3BeCTHOe OGCTOATENbCTBO,

YTO XapaKTep NpOoTeKaHusi 3aBUCHMOCTH Cy=/f(a) B OKpecTHOCTH ee
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3KCTPEMyMa 3aBHCHT OT TOTO, B KAKOM HaNpPaBJEHHH U C KAKAM TeM-
NIOM H3MeHsIeTCsI YTOJl aTaKH — BO3HUKAT a3pOJMHAMUYECKHH THCTe-
pesuc. O6yc/0BIeHO Takoe pasnuuue 3HaueHuit Cy B OCHOBHOM TeM,
YTO PEXUMBI TEUEHUS B IOTPAHHYHOM CJIO€ NIPU PA3NUUYHBIX CnOco6ax
H3MeHeHUs yrJja aTakKd OKa3blBAlOTCH pasjuuHbiMuU. [1pu aTOM TaKke
MOTYT 3aMETHO Pa3iuyathCs U ynpyrue nepopManuu KOHCTPYKIHH

Gy

Puc. 7.18. Cxema BO3HHKHOBEHHSI a3pPOJMHAMHYECKOr0o THCTe-
pe3uca (3alITPHXOBAHBI 30HBI COPBAHHOTO IOTOKA)

caMo.jera, B CBOIO Ouepelb, H3MEHSIOUIHE ero aspoJHHaMHUYecKHe
XapaKTePUCTHKH.

AsponvHaMHyecKHe XapaKTepHCTHKH HEKOTOPHIX CaMOJIETOB NpH
MellJIeHHOM (KBAa3HCTaTHYECKOM) BBIXOJe HX Ha OKOJNO- U 3aKPHTH-
4eCKMe yrJbl aTakKd MOTYT OKAa3aTbCs 3aMETHO XYALIMMH, YeM MpPH
6bicTpoM (ZMHaMuueckoM) Bbixone. IIpu nHHaMUYeCKOM BBIXONE HA
GoJbIive YIJIBl aTaKW, B YACTHOCTH, MOTYT MOBLIIIATHCSA HECyIIHe
CBOHCTBA caMoJieTa B pe3ysbTaTe 3ala3JbiBAHHS PA3BUTHS OTphIBA
noToka (3amasibiBaHUA HOTEPb MOABEMHOH CHJIBI), YIAYYLIATbCH Xa-
PaKTEePHCTHKH €ro ycToHuuBocTH U ympasasemocTd. OcobeHHo 3Ha-
YHTEJbHBIM MOXeT ObITb a3pOAMHAMHUECKUH THCTepe3uc NIpH 6oJb-
LIMX yTJaX OTKJIOHEHHsS 3aKPBLJIKOB. B HEKOTOpHIX cayuasix NeTis
THCTepe3nca MOXET NMPOCTHPAThbCA ¢ 6OJbIINX NMOJOXKHUTEJIbHBIX 3a-
KPHTHUYECKHUX 1O OTPHIATENbHBIX YIJOB aTaku. I[Ipy HaJHYHH THCTe-
pesuca 06/1aCcTH COPBAHHOTO NOTOKA C YMeHbIIeHHEM YyIJa aTakh
(maxe npu yOpaHHBIX 3aKDPBIJIKAax) COXPaHAIOTCS 10 CPaBHHTENLHO
MaJjIbIX YIJOB aTaku (3alUTPUXOBaHHBIE 06/1aCTH Ha puc. 7. 18), npn
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noxxoje K KOTOPbIM CO CTOPOHBl MEHbIIHX YIJIOB aTaKH CPhiBa MOTO-
Ka ellle He BO3HHKaeT. IIpuMep BO3MOKHOTO NPOTEKAHUS KPHBOH
Hecymux cBoicTB Cy=/{(a) u 6a1aHCUPOBOYHOH KPHBOK OTKJIOHEHHH
pyJst BBICOTH Oz==¢(a) NpH HAJIMYUH THCTEPE3NCa MNOKasaH Ha
puc. 7.19. M3 rpaduka BHIHO, 4TO
fpu croamuveckon B 3TOM Clyyae H3-3a THCTepesuca
“usmenenuu @ ] B IpoTeKaHHu OaJaHCHPOBOYHOM
KPHUBOi NpH Iepexoje ¢ 3aKpUTHYe-
AN CKHX Ha MaJjible, 3aBeJOMO [OKpH-
. e THYECKHe YIJBl aTakKH, BO3MOXKHO
KT & crenywomee. [Ipy Bbixofe Ha yrox
i N4 aTaK{ ) CO 'CTOPOHbl MEHBIIHX YT-
85, 0B aTakd TNpOROJNbHAasf OatlaHCH-
8 max poBKa caMoJieTa OCYyLIecCTBJ/ISETCs
&, [pH yrje OTKJIOHEHHS PYJis BHICOTHI
0s:. [Ipu BbIXOZE HAa 3TOT Xe yroda
, N @1 CO CTOPOHBI GOJMBLIKX YIJIOB ara-
: «z \ KH 0aJlaHCHPOBOUYHBIM OKa3biBaeTcs
~ OTKJIOHeHHe  pyaa O8gy, TpHUEM
632>631-

\ B sToM caydae, ecam JIETYHK
\ yAepKHUBAET PYJb BBICOTH OTKJIO-
HEHHBIM Ha BeJHYHHy Ogi, CaMoJseT
Puc. 7.19. Tpaduk 3aBucumocTelt HaIHeT KangPOBaTb’ T. €. yB&/IH-
€,—f(a) n 8.—=0(0) npu wammums UHBATh CBOH yron araku. H arto
a3pOJHHaMHYECKOr0 THCTEpe3Hca 6y11eT npoaoJ/i2katbCd A0 BbIXOAA
€r0 Ha yroJ aTakKu Og, IPH KOTOPOM

BO3MOXKHO CBaJIUBaHUe.
Ecau mnpepenbHOe OTKJIOHEHHE PYJSl BLICOTHl BHH3 OKa3blBaeTCs
MeHblle Tpe6yeMoro a5 GajaHCHPOBKH CaMoOJIeTa IOcJe BHIXOHa ¢
33aKPHTUYECKHX Ha NOKDHTHYECKHe yIJIbl aTakd NMpH HAJHUYUH NeTad

4

& P

0 o

Puc. 7.20. Tpaduk 3aBHCHMOCTH NETJIH THCTepe3uca OT MNpPOHU3-
BOJHOM Q

THCTEPE3HCa, TO U B 3TOM CJiyuae OH 6yJeT CHOBA yBeJHYHUBATb YroJ
aTaku. JTO MOXKeT NPHBOAUTb K NMPOAOJNLHOA pacKauke camoJera ¢
nepHoIUYeCKHMH BBIXOJAMH €ro Ha 3aKPUTHUECKHE ¥ NOKPHTHUECKHE
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yrabl atakd. [leTyia rucrepesnca MOXKeT 3HAYHTEJNbHO PACHIHPATHCH
C yBeJHUYEHHEM TeMIla H3MEeHEHHs yrja aTakKH — JHHAMHYeckH# 3¢-
(deKT pa3BuTHs cphiBa notoka (puc. 7. 20).

[Tponecc pasBuTHs CpHIBA NOTOKAa C BO3pAaCTAHHEM YIJIa aTakH
(yuacTok mpsiMOro xXOofa HeTJIH THUCTepe3uca) OmpejensieT Pa3BHUTHE
cBasuBanus. OT mpouecca aeMndHpOBaHHS CPbIBA — BO3BpallleHHS
K HCXOJIHOMY peXHMy GecCpPBIBHOrO O6TEKaHHS C YMEHbIICHHEM Yria
aTakd (y4acTOK O6paTHOro Xxoja MHeT]H THCTepe3Hca, HUKHAS ee
BETBb) — 3aBHUCAT XapaKTEPHUCTHKH BBIXOJA H3 CBaJHBaHHS.

7.8. HCMOJIb30BAHHE JONMOJIHHTEJIbHBIX
METCJAOB H CPEACTB BbIBOJA H3 IITONOPA

Kak nmpaBuo, mepeuync/eHHBIX BBIIIe CEMH OCHOBHHIX

METONOB OBIBaeT JOCTATOYHO AJ/S1 BHIBOJA COBPEMEHHBIX CaMOJIETOB
M3 BCeX BO3HHUKAIOUINX pexXHMOB mronopa. C mosiBJieHHEM CaMOJIETOB
NPHHUMIHAJBHO OTJIMYAIOIIHUXCA CXeM H KOMIIOHOBOK (CBepX3BYKO-
BOH caMmoJleT THNA yTKa HJau 6ecXxBOCTKa M T. I.), a TaKiKe caMoJe-
TOB OOBIYHOH CX€MBbI, HO CO 3HAUHUTEJIbHO OTJIHYAIOUIUMHUCS HUHEpPLH-
OHHBIMH, a3pOJHHAMHUYECKUMH XapaKTePHCTHKAMH, YNPaBJsieMOCTbIO
1 T. II., MOT'YT NOTPeGOBaThCS HOBBIE METOHl BEIBOJLA X U3 HITONOPA.
I1pu 3TOM MOXKeET BO3HHKHYTb HEOOXOAMMOCTb MOAU(DHUKALMY YKa3aH-
HBIX METOJIOB BbIBOJIa — HANpHUMep, 3HAUYHUTENbHOE yBeJHUEeHHe HHTep-
Bajia MeXAY OTKJIOHEHHSAMH pYJsi HANpaBJ€HUS H PYJs BHICOTHL
B HekOTOpBIX cyyasix MOXKET Jaxe NOTpe6oBaThCsl IPUMEHEHHE HO-
BBIX CPEJICTB BHIBOJAa CAMOJIETOB M3 IITONOpa, HallPUMep, MCHOJb30-
BaHHE JOMOJHUTENbHBIX CTAOUIH3UPYIOMIMX HJH PYJeBBIX NOBEPXHO-
cre#l (HampuMep, crnoiepoB), Typ6y.IM3aTOPOB, ClIENHAIbHOTO JecTa-
6unusatopa, qudpdepeHHaNbHOrO OTKJIOHEHHS NIPABOH H J1eBOH 1070~
BHH CTabuWJIH3aTOpa, HCHNOJb30BAHHWE TATH HJIH OTKJIOHEHHS CTPYH
JIBHraTe]si B CTOPOHY (IJs OCTaHOBKH BpallleHHs caMoJjera), NpH-
MEeHeHHEe TOPMO3HBIX HJHM  CHElHaJbHBIX [POTHBOLITONOPHEIX
yCTPOHCTB — MapamioToB, pakeT u Jp. C
B yacTHOCTH, yKa3aHHHIX BhILe CEMH OCHOBHBIX METONOB BHIBOAA
(yeTbipex AJ1si HOPMAJILHOTO W TPeX AJs MepeBepHyTOro LITONOpa)
MOKEeT 0Ka3aTbCSl HEJIOCTATOYHO JJIS CaAMOJIETOB, Y KOTOPHIX B ILTO-
nope NPaKkTHYECKH Becb pyJb HampaBieHHs (6Gonee =~70% ero no-
BEPXHOCTH) OKa3bIBAeTCsl 3aTEHEHHBIM CIYTHOH CTpye# rOPH30HTab-
HOro onepeHusi, Gro3ensi;ka U Kpblia. DT0 MOXKET TaKXkKe UMeTb MeCTO
0pH TMONajaHHU COBPEMEHHBIX CBEPX3BYKOBBLIX CaMOJIETOB C TOHKHM
TPEYroJbHBIM KPHIJIOM HEGOJBIIOrO YAJHHEHHS (MMeomHuX Bro3ensk
C YIJIMHEHHOM 33a0CTPEHHON HOCOBOW YacThi0 M 06/ajaloiux 60Jb-
ILHMH MOMeEHTaMHu WHepuuu J, ¥ J,) B BepTHKaJbHbLIE IITONOp Ha
CpPaBHHUTENbHO MaJblX Bhicotax. IlITomop Takux caMOJIETOB MOXKeT
NPOTEKaTb C BHICOKHUMH YIJIOBBIMH CKOPOCTSIMH NPH O4€Hb GOJIbIIHX
yriax ataku. Heo6X0AMMOCTb HCMOJBb30BAHHSI JOMNOJHHUTENbHBIX
CPENCTB AJsi BHIBOAA H3 IITONOPA MOMKET BO3HMKHYTb, B UAaCTHOCTH,
u y camoneroB ¢ T-o6pasHbIM XBOCTOBBHIM onepenuem. MHoraa neo6-
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XOIHMMO HCIOJb30BaTh OCOGBIE METONBI BLIBOIA, HalNpHMep, METOH,
nprMeHsieMblil JJIsi BbIBOJA JAHHOTO CaMoJieTa H3 BCEeX BO3MOXHBIX
B OXHIaeMbIX YCJOBHSX SKCILIyaTallMH PeXHMOB INTOMOpa (B ua-
CTHOCTH, AJS1 3TOTO MOXKET NOTpeGOBaTbCS ONHOBPEMEHHOE OTKJIO-
HeHMe Bcex pyJiell Ha BHIBOJ).

B cayuae Bxona camoJieTa B LITOMOP M3 pexuma ray6okoro cBa-
JMBAHHSA XapaKTEPUCTHKH BBIXOJA MOTYT ObITb 3HAUHTEJbHO 3aTPY.H-

My

é‘/\ T —— 8= 0, waccu ySpano
6 max+ ———083= 0, waccu Gsinyweno
=== max» waccu ybpano

Puc. 7.21. T'paduxk 3aBucumocreit M,=@(a) npu

HAaJMYMH HeyCTOHYMBOCTH MO TNeperpyske u naje-

HHH 3Q(eKTHBHOCTH pyJsi BHICOTH Ha GOJbLIMX
yriax araku

HeHBl, a HHOTIAa CaMOJIeT MOXEeT He BHIATH M3 LiTOonopa 6e3 HCIOJb-
30BaHHUsl JONMOJHHUTENbHBIX cpefcTB. D¢ GDEeKTHBHOCTb NPOJOJbHOIO
ynpaB/leHHs] B TaKHX pexKHMaX OObIYHO pe3KO majaer B pesyJbTare
3aTeHeHUS] FOPHU30HTAJIBHOrO M BEPTHKAJbHOTO ONMEPEHHs] CHYTHOH
€Tpyell Kpblia, CpbIBa IOTOKA C OMepeHHs H T. I. Eciau mpu sToM
ele HMMeeT MECTO M HeyCTOHYMBOCTb CaMoJjeTa IO meperpyske, TO
MOXEeT 0Ka3aTbCsl, YTO M MOJHOE OTKJIOHEHHe PYYKH YNpaBJeHHS OT
cebsi. (1axe MO NMpeKpalieHHH aBTOPOTAlMHM) He IPHUBENET K YMeHb-
meHuio yrja araku. Ha puc. 7. 21 nokasan rpaduk, HIJIIOCTPUpY-
IOUIHH 3TO siBJeHHe. Takasi KapTHHA MOXKeT UMeTb MeCTO, B 4acTHO-
€TH, y camosetoB ¢ T-06pa3HbIM XBOCTOBBLIM onepeHHeM. Eiute 6oJee
SIDKO OHA MOXKET INpOSIBJSATBCA Ha caMoJieTax THHa OGecXBOCTKH,
y KOTOpBIX JHAana3oH yrJOB aTaKH, COOTBETCTBYIOLIMX IOJOMKHUTEb-
HBIM 3HAYEeHHSIM MOMEHTA TaHraa, OKa3hiBaeTcss 3HAYUTENbHO
mupe. Haanune Takux KaGpHpYyOLUINX MOMEHTOB Ha GOJIBIINX 3aKpH-
THYECKHX YIJIaX aTakd 0GyCIOBJIMBAET BO3MOMKHOCTh BHIXOLA CaMo-
JeTa Ha BTOPYIO yCTOHYMBYIO BeTBb KpuBoii M,=¢(a). IIpu
6oNbIINX HAyaJbHBIX BO3MYILEHHSIX CaMOJeT TOmajaeT Ha TaKoM
pexuM M 3aTeM KakK Obl «3aBHCAeT» HA OOJBIIMX YIJiax aTakH.

Ha rpaduke puc. 7. 21 cnjomHBIMH JHHHSIMH TIOKa3aHBI Xapak-
TEPUCTHKH a3pPOJHMHAMHYECKOrO MOMEHTA TaHraxa NpH pasaHuYHbIX
(HefiTpaJbHOM M ABYX NpeeJbHbIX) OTKJIOHEHHSX PYJs BHICOTH MJIs1
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caMoJieTa B NOJETHOH KOH(Hrypaunuu, LITPHXOBOH JIMHHeH — a3po-
JHHAMHYeCKHH MOMEHT TaHraa HpH MOJHOCTbI0O OTKJOHEHHOH OT
ce0si pyuKe ympaBJIeHHs [Jsl CaMOJeTa C BbINYI[EHHbIM ILIACCH,
a WTPUX-TYHKTHPHOH JIHHHEH — C BBINYIIEHHBIMH 3akpblikamu. Hs
Tpaduka BHIHO, YTO B paccMaTpHMBaeMOM IIpHUMepe, ecJH Jaxe Ha
yrie aTakH Qmr @BTOPOTALMSl M NPEKPATHTCH, TO BCe PaBHO Iepe-
BECTH CaMOJIeT Ha MEeHbIIHEe YIJIbl aTaKH OTKJOHEHHEM pYJisi BHICOTHI
HEBO3MOXKHO. DTO MOXKHO C/IeJNaTh TOJIbKO, HCIOJb3ysi O0cobble Me-
TOJbl NMHJIOTHPOBAHUS HJIH JONOJHHTE/bHbIE CPELCTBA, CHOCOOCTBYIO-
1IHe Nepexoay caMoJjieTa Ha MeHbIlINe YIJbl aTaku. B paccmatpuBae-
MOM cJy4ae TaKMM [ONOJNHHTEJbHBIM CPeNCTBOM, CO3JAIOHIMM MO-
MEHT Ha NHKHPOBaHHe, SBJJETC H3MEeHeHHe KOHGHUrypauuy
camoJieTa, B YacTHOCTH, BhIOyck maccu. Takoii ke 3pdeKT MoxkeT
0Ka3bBaTh BBHIIYCK TOPMO3HOTO MapampiioTa, HHOrZa H3MeHeHHe pe-
KuMa paboTel jgBurareseil u T. n. Cienyer, O1HaKo, HMeTb B BHAY,
YTO NpPU TaKHX OOJbIIMX YrJiax aTakd, KaK INPaBHJIO, BCe YCTPOH-
CTBA, PACIOJIOXKEHHbIE HA KpblJie (IIPY COPBAHHOM NOTOKe), NMpaKTH-
YeCKH NepecTaioT BJHSTh HA BeJIHMYMHY MOMEHTa TaHraxa, Tak 4YTo
HE3aBHCHMO OT HX MOJIOKEHHS 3TOT MOMEHT OCTaeTcsl MOJIOXKHTEJb-
HBIM (HanpuMmep, BJHSIHME BHIMYyCKa 3aKPLUIKOB, CM. puc. 7.21).

B o6sactH ray6okoro cBajJHBaHHA (YroJ aTakd Opy) CaMoOJIET
¢ yOpaHHBIM IIAacCH Kak Obl «3aBHCaeT» B 00J1aCTH TaKUX GOJBLIMX
3aKPUTHYECKHX YIVIOB AaTaKH [Jaxe NpPH YIJIe OTKJIOHEHUS pyas
BBICOTHl Op=05max+ (CM. puc. 7.21). B 3Tofi Touke HMeeT MecTO
PeXHM YCTOHYHMBOIO PaBHOBeCHS: clydyalHOe yBeJHYeHHe yIja arta-
KH 0 a>>0ry NPUBOAMUT K MOSBJEHHIO MOMEHTOB HAa IHKHDOBaHHe,
BO3BpAILLAIOIINX CAMOJET K YIJIy aTakh dry (AQHAJOTHYHO U IpPH
yMeHbIIeHHH yria ataku). Eciiu B mporecce pasBuTHS pexuMa CBa-
JIUBaHUSl CaMOJIET BHIXOJUT Ha YyroJl aTakH Opy, HO aBTOPOTALHSA MPH
3TOM HE BO3HHKAEeT, TaKyl0 TOYKY Ha3BIBAIOT TOYKOH HeoGpaTHMOro
HMJIM 3aMKHYTOrO cBajuBaHus. IToq0GHBIN peXXHUM MOXKeT BO3HHKHYTb
B pe3yJbTaTe MHTEHCHBHOTO IBHMXKEHHs Ha KaOpHpOBaHHe, BbI3BaH-
HOro, HampHMep, CHJbHEIM BEPTHKAaJbHBIM NOpHBOM Berpa. [lpm
3TOM NPOUCXOJHUT 3HAYHTEJNbHAsi MOTEPSl CKOPOCTH H BBHICOTHl IIOJIe-
Ta, a CaMOJIET MOXET HaXOAUTbCS MOYTH B FOPHU3OHTAJBHOM IIOJIO-
JKEHHH, 4TO 3aTPYAHSIET pacno3HaBaHHe JEeTYHKOM XapaKTepa pexH-
Ma mnoJera.

Ecsu camoser BHIXOOUT Ha Takue 6oJiblline 3aKPUTHUYECKHE YTJIbl
aTaKH, NPH KOTOPHIX JaKe MOJHOE OTKJIOHEHHEe PYUYKH yHpaBJeHHA
OT ce6Gs MOXKeT He NPHUBOAHUTb K MOSIBJEHHIO MOMEHTOB Ha IHKHPO-
BaHHe (cM. pHc. 7.21), To OOGbIUHBIN (TaK Ha3bIBaeMBbill CTaTHye-
CKHit, HJIY TOYHee, KBa3HCTATUUYECKHII) BHIBOJ €ro pyJeM BLICOTH Ha
MeHbILIHE YTIJIbl aTaKW HEBO3MOXKeH. B Takux ciayuyasix nJjs BbIBOJLA
caMojieTa Ha NOKDHTHYECKHe YIJIbl aTaKH HHOrna 23(G@eKTHBHBIM
©OKa3blBaeTCsl TaK Has3biBaeMbld JHHAMUYECKHH HJH pPe30HAHCHBIA
MeTon (MeToJ DE30HAHCHOH pacKauku). DTOT METOI 3aKJlyaercs
B cieayomeM. JIeTuHK GLICTPO MEepPHOAHYECKH OTKJIOHSET  pYUKy
ynpaB/ieHusi Ha ce6si — oT ce6st (IO BO3MOXKHOCTH OT Yymopa Ho
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ynopa), uTo BHI3BIBAeT HapacTalollMe MPOJO;IbHblE KoJeGaHHsi ca-
MoseTa. Ecii BO3MOXKHO CO3aHHe JOCTATOYHO GOJIbIIMX AMILIHTY]
5THX Ko/MeGaHuil, TO B IpPOLECCe TAKOrO JBHKEHHS CaMOJeT Hauu-
HaeT MepHOIMYECKH BHIXOJUTb HA CPABHHTENBHO MaJble YIJbl aTaKH,
NpH KOTOPHIX 3((hEeKTHBHOCTL NPOJO/BHOTO YNPaBJIeHHs BOCCTAaHAB-
anBaercs. Ho 3T0 cioXHbIE MeTos BbiBoja. IIpHMeHSTH ero, ecre-
CTBEHHO, MOXHO TOJbKO B
Tex cAyuyasx, KOrAa KoJe-
GaHus yria aTakd He NpHU-
N BOJAT K BO3HUKHOBEHHIO
N HeJONMYCTHMO GOJBIIUX M-

N "
AN
B o a perpy3ok. Ilpu cpaBHHTENb-
wm HO He0OoJbIIOM a3pOoJAHHa-
N\
\"
\\

Mz 58 = 6\5 max +

MHUYeCKOM IdeMIdUpOBaHUU

TaHraxa tpebyerca O0ObIU-

HO NOpsjaKa YeThlpex TaKHuxX

~NM, LHUKIHYECKHX TepeKJanoK
~ pyJsi BBICOTHI VIl BbIBOTA

Puc. 7.22. Tpaduk sasucumocrer M,—  CaMOJeTa HA TOKPUTHHE-
=@(a) npu oxojo3BykoBoM (M=Mz) u CKHE€ YTJIbl araku, /Mocje
no3sykoBoM (M=M,) umcrax M yero cJsenyetr ycTaHaBJIH-

BaTb PYyJb BBLICOTHl B HEHT-
pa/ibHoe noJoxeHnue. C yBeJqHYeHHEM CTelleHH AeMNHpPOBaHUA Tpe-
6yeMoe KOJIMYECTBO IepekJafoK pyJas Bo3pacraer. IIpu ouenb 60.b-
oM 1eMNdUpPOBAHUH TAHrAXKa De30HAHCHBIA METON INpaKTHYecKH
HeNpUMeHHM.

Ecan y camosera mpn KakoM-TO OKOJIO3BYKOBOM yHcae M noJe-
Ta (Hanpumep, My — cM. puc. 7.22) HaGuaonaeTcss HeyCTOHYHBOCTH
1O meperpyske, Kotopas NpH MeHbUINX uucaax M (Hanpumep, My)
Nponajfaer, TO IONOJHHTEJIbHBIM CIOCOGOM BbIBOJA H3 ILUTONOPA,
a TakXKe M3 CBAJHBAHHS B 3TOM CJyuyae MOXKET 0Ka3aTbCsi TOpMOKe-
HHe camosiera. Y3 puc. 7.22 BugHO, 4YTO B paccMaTpHBaeMoOM MNpH-
Mepe nepexox oT yucaa M=M; Kk M=M, npuUBOAHUT K BOCCTAHOB-
JIEHHIO BO3MOXKHOCTH CO3[aHHS NMHKHPYIOIIHX MOMEHTOB, Heo6Xxo1H-
MBIX JI/Il IepeBOJa caMoJieTa Ha MeHbIINe YIJbl aTaKH.

B HexkoTOpHIX c/lyyasix aHaJOrMyHOe BJIHMSHUE MOXKET OKa3bBaTb
U yMeHbLIEHHe BBICOTH Hojera. MHorna camoJsier Ha CpaBHHUTENBHO
6016110/t BHICOTE€ BXOAMT B IJIOCKHH LITOMNOp, BHIXOJ H3 KOTOPOIO
NPAaKTHYECKH HEBO3MOXKEH. A Ha MEHbIIUX BLICOTaX NpPH TOM Ke
NOJIOXKEHHH pyJell IITOMOp MOXKeT oKa3aTbcsi Gosiee KPYThHIM, YTO
ofecrieynBaeT JyylllHe XapaKTEPHCTHKH Bhixona. B Takux ciayuasx
CHHXKEeHHe caMoJieTa 10 YKa3aHHBIX BBICOT MOXHO paccMaTpHBaTh
KaK JIONOJIHUTENbHOE CPEeNCTBO YJYYIIEHHsT XapaKTePHCTHK BBHIXOIA
(mpu HaJMYMK NOCTATOYHOrO 3amaca BbICOTH). Bo MHOrmx cayuasix
caMoJieT, He BBIXOASIIIMHA H3 LITONOpa Ha)Ke NpH NPHMEHEeHHH ca-
MOTO «CHJIBHOI'O» H3 IepeyHCJEeHHbIX BhIllE OCHOBHBIX METOJOB Bbl-
BOJAa, CPAaBHHTE/NbHO JIETKO BBIXOAHT MOPH HCIOJb30BAaHHH CHELH-
aJIbHOTO TIPOTHBOIUTONOPHOTO HJIH OGBIYHOIO TOPMO3HOTO MapallioTa
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(puc. 7.23). Ilpu 3TOM He cienyer c6pachiBaTh MapaimioT A0 yBe-
PEHHOro BHIXOJa CaMo.jeTa Ha 3aBefOMO JOKpPHTHYECKHe (IKCIIya-
TaUMOHHBEIE) YIJIbl aTakH. TOPMO3HOH mapamoT MOXKET CO34aBaTb
3HAYUTEJIbHbIE MOMEHTHl Ha NMHKHpOBaHHe (puc. 7.24). HMuorna Ta-
KOe 7Ke JefiCTBHe OKa3BIBAIOT BLINYCK 3a-
KDBIJIKOB, HCIIOJAb30BaHHE THHAMHUECKOTO-
3¢ ¢eKkTa OT BHINYCKA IIACCH Ha BLIBOAE
U3 WITOTIOpPA H T. 1. 3HAYHUTEJLHOTO 3d-
exTa MOXKHO NOCTHYb, HampUMep, NPHU
HCTIONIB30BAHUU JOMOTHUTEIbHOTO €K -
Horo crabuausaropa (phic. 7.25), cosna-
[OL1er0 NUKUPYIOIMe MOMeHTH. B oTau-

13
NN
.
=0
\ N %
v\
\ N
Se——a
\
\ N
‘\ é\?max
‘\
.
\._—-\s
J
Puc. 7. 23. Cxema BhycKa Puc. 7.24. Tpadux 3aBucHMOCTeil
TOPMO3HOTO napaiuioTa M.=q(a) npu HaIMYHH [AOTIOJHH-
s yJAydilleHHs Xapakre- TeJNbHBIX CPeJICTB BHIBOAA:
pKCTHK Bblxoﬂ‘a camoJsera ———— Ges3 JOMNOJVIHUTEJ bHbIX CDEJCTB;
H3 1TONMOpa — ——C NPOTHBOWITONOPHHIM Napallio-
TOM; —.— C NPOTHBOIUITOMNOPHLIM CTabH-
JH3aTOPOM

YHe OT TOPMO3HOIO MapalliloTa 1 IPOTHBOIUTOMOPHBIX pPaKeT TakKoH
crabuauzatop 06JanaeT 3HAYUTEJIbHBIM NPEHMYLIECTBOM, $IBJAAACDH
CpelnCTBOM MHOTOPa30BOFO HCIOJAb30BAHHUSA.

B mnocienHee BpeMsi MHOIO BHHMAaHHSI yHAeJIsieTCs NPHMEHEHHIO
criendaapHblx  TypOyamsatopoB. [lmactuHuaTble TYypOy/aH3aTOPbI
(mecrabunusaTophl), ycTaHaBJMBaeMble B HOCOBOH 4acTd ¢ro3ensxka
(puc. 7.26), MOTYT HHOrJa CyLIECTBEHHO YyJyYlllaTh XapaKTEPUCTH-
K Bbixoza u3 mironopa. OGhYHO 3TO yOupalolinecs NOBEPXHOCTH,
BbIIIyCKaeMble TPH CBAJMBAHHH M NONajaHUH B ITomop. BepxHss
yCTaHOBKA TaKUX TypOyJH3aTOPOB OOLIYHO MOBbILIAET AeMIHpoBa-
HHE PbICKaHHs, CO3]1aBaeMoe HOCOBOH uacTbio (rosensika. B oanux
CJyYyasx X pacKpblBalOT CHMMETPHYHO (HAmpuMep, AJIS YAyYIICHHS
XapaKTepUCTHK BBIXOJA caMoJieTa C AJHHHOA TOHKOH HOCOBOH ya-
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cTb0 (lo3e/sika M3 IOJIOrOro iuToNopa), B APYTHX — TOJILKO ¢
OJIHOM CTOpOHB (ro3esisizKa JJisi CO3MaHHs GJAronpusiTHOrO CKOJb-
skeHust. OHM CyLIECTBEHHO BJHSIOT HAa XapaKTEPHUCTHKH CphIBA NO-
TOKa ¢ HOCOBO#H 4acTH Gro3ensaxa.

Db (EeKTHBHOCTb MJIACTHHYATBIX TYpOY/IH3aTOPOB COXpaHsSeTCH
06bIYHO /10 YTJIOB aTaku mopsaaka 70°-=-75°. AcuMMeTpHUHOE HX pac-
I0JIOKEHHE MOXKeT MPUBOIHTb K IOAB/IEHHI0 GOJbIIHX MOMEHTOB pEbI-
CKaHHs C YeTKOH (UKcanued HampaBJeHUSl HX JEHCTBHUS. 3Hak cJay-

/
-/
N0 ¢ &
=S L
-— \_/ < -1
A - Y
/
Puc. 7.25. Cxema npoTu- Puc. 7.26. CxeMa yCTaHOBKH IIaCTHH-
BOIUTOMOPHOrO  CKJAAJXHOTO YaThiX TYpGyJIu3aTOpOB B HOCOBO# da-
crabunusatopa (B pac- ctH (dro3ensxa

KPHITOM BHJE)

YalHBIX MOMEHTOB pBbICKaHHS, BO3HHKAIOUIUX H3-3a OGLIUHOH acHM-
MeTpUH camoJjera, MoOxXKeT ObiTb HaZeXHO CTaOHIM3UPOBAH
YCTAHOBKOH OJNHOH TaKOH MIAaCTHHBI (Ha OXHOH cTOpOHe (hro3esiKa).
[lnactuna Ha seBolt cTOpoHe HOca ¢io3ensixKa MOXKET BBI3BIBATH
NOsIBJICHHE MOMEHTa PLICKaHHS BNpaBO M Hao60pOT. BBuny nanexus
3¢ dekTUBHOCTH Ha OYeHb GOJBIINX Yrjiax aTakH TypOy/IH3aTOPHI
HE MOTYT HCIOJIb30BATbCSl KaK CpPeNCTBO, oOecrneyHBaoliee BHIXOJ,
U3 OYeHb MJIOCKOTO LITOMOPAa, OJHAKO OHH MOTYT 3aMeTHO YJy4ilaTb
BBLIXOJ M3 Takoro pexuma. CHMMeTpHYHOe pacloJOXKeHHe INJAaCTHH
(cnpaBa u cseBa) yMeHbIIaeT MOMEHTHI aBTOPOTALMHU (rosejsxKa H
MOXKeT NPHUBOAHTb K IOSBJEHHIO a’3poJHHAMHYecKOro aeMndHuposa-
HUSI.

Typ6yausatopsl SBASIOTCS OAHHM H3 Haubosee 3(h(eKTHBHHIX
CPeJCTB yJy4llleHHs] XapaKTePHCTHK BbIX0Ja H3 LITONOpa COBpeMeH-
HBIX CBEPX3BYKOBBIX CaMOJIeTOB, HMEIOIIMX [/JIHHHBIE TOHKHE H 3a-
OCTpEeHHble HOCOBble YacTH (ro3ensika. BrimyckaTe uX Hamo cpasy
JKe NOCJe CBaJIMBaHUs MO BO3MOXKHOCTH 1O TOrO, KaK Da30BbeTcs
IVIOCKHH IITONOp (B KPYTOM H IOJIOTOM LITONOPE OHH JOCTaTOYHO
adekruBHb). Ha cBepx3ByKOBBHIX camoJsierax, He BBIXONSAIIMX H3
LITONOpa NMpPH NMPHMEHEHHH OOLIYHBIX METOJOB BbIBOJAA, HCIO./b30Ba-
HHe HOCOBBIX NJIACTHHYATHIX TypOyJH3aTOPOB IO3BOJSAET MOJYy4aTb
XOpOLINe XapaKTePHCTHKH BbIX0Ja. B/HsiHHe CHMMeTPHUYHO pacnoJio-
JKeHHBIX BEPXHHX HOCOBBIX IJIACTHHYATBIX TypOyJH3aTOPOB Ha Xa-
pakTep TpOTeKaHHs 3aBHCHMOCTH my,=¢(f) ObIJIO NMOKa3aHO Ha
puc. 6.14. U3 rpaduka BHAHO, 4TO NPH HA/IMYMH TYpOy/IHu3arTo-
pOB BOCCTAaHABJHBaeTcss NyTeBas YCTOHUHMBOCTb M MOSABJSETCSA JIH-
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HEeHHbI XapakTep NpOTeKaHust KpuBoi my=q(B).  MHorna moxer
OKa3aTbCsl 1e1ec000pa3HbiM NPHUMEHEEHe HH3KOPaCIOJIOXKEeHHbIX HO-
COBBIX TYpOy/NHM3HPYIOIHUX MIACTHH (puc. 7.27). OHM MOryT nefcT-
BOBATh KaK Cnoijepel Ha GOJbLIMX yrjiax aTakH, yMeHblias CO3ja-
Baemoe (rosenskeM neMnupoBaHve (u3jiuiiHee aAeMndHpPOBaHHe
MOXKET NPUBOAUTb K BO3PACTaHHIO KOJieGaHUi caMoJsieTa B IITONOPE)
H BBI3BIBasi TOSIBJIEHHE JIONOJIHHTEJbHBIX MOMEHTOB Ha KaGpupoBa-
nue. IlociemHee  MoOXeT  HMeThb

CMBICT B TeX CJy4asix, KOrja BO3HH-

Kaer 06oJjiee mNOJOTHH, C 3aMETHO

MeHBIIUMH KoJeOaHHs MU IITONOP, B Y
KOTOPOM OpDHEHTHPOBKAa JIEeTYHKa
3HAUuTeNbHO O0Jeryaercs, HO COX-

PaHAIOTCA elle JOCTATOYHO XO0po- Z

IIHe XapaKTePUCTUKU BHIXOHA.

JIpyroit BO3MOXHOCTBIO HCIIO/b- \
30BaHAS  a3POAMHAMHYECKHX MO- . Jamapet v
MEHTOB HOCOBO#l yacTu Qro3esnxKa v

/19 yAy4IIeHAs] XapaKTePUCTHK BhI-
Xojla caMoJera M3 IUTOnopa sBjsi- Puc. 7.27. BJIMHéle HH3KO pac-
eTCs CO3JaHMe  JONOJNHHTENBHOH — [7OMEHANE c;g’}fg"“i’égz}gg%
UHPKYIANAN HA HOCOBOH 4aCTH (IO-  yocopoii wactm  Qrosensxa B
3endxka (HampuMmep, BpallleHHEM wTonope
HOCKa), co3pnaiomieil GOKOBYIO CHJIY
B Tpe6yemMoM HanpasJseHuu. [lpu
€03/1aHHH GOKOBOH CH.IbI HAa HOCOBOH yacTH (ro3esiKa, NpUBOAALLEH
K TOSIBJIEHHI0O MOMEHTA PbICKAHHS NPOTHB IITONOpa, MOCJAEAHHH Jer-
KO MoxeT ObiThb npekpauieH. OueHb 3p¢eKTHBHBIM CPeACTBOM BbHI-
BOla camoJieTa M3 [ITONOpAa MOMKeT 0Ka3aTbCsl HCNOJNb30BaHHE
CHCTEM HernocpeACcTBeHHOTO yIpaBJjeHHus NOJLbeMHON N 60KOBOH a3po-
JMHaMHYecKMMH cujaaMu. Ha camoserax, BBIXOJ KOTOPBIX H3 ILITO-
nopa 3aTpyAHeH He06XOIUMOCTbIO NPHMEHEHHSs crielHaJ/ibHBIX JONO0J-
HHUTe/NbHBIX CPeINCTB BbIBOLA, TpeGyercs emie Oosee TIIATENbHO
oTpabaTeiBaTh HaJeKHble METOIB! NpeNyNpexKIeHHs 1 NpeaoTBpanle-
HHMS NOMAJaHHs MX HA OKOJIO- H 3aKpHTHUYECKHe YIJbl aTaku. Takue
caMoJieThl, 0COGEHHO ecJH Yy HHX BO3HHKAIOT KaOpHpYyIOIIHe MOMEH-
Thl Ha O6O/IbIIMX 3aKPUTHYECKHUX YIJax aTakH, Jaxke IPH NOJHOM
OTKJIOHCHHH PYYKH YyNpaBjeHHs OT ce6f, AOJKHB OBITb HageXHO
3allULieHbl (CHCTeMaMH OrpaHHMYEHHS MpeNeNbHBIX pEeXHMOB) OT
BbIXOJa Ha yKa3aHHble yriw atakd. OIHUM U3 pacnpocTpaHeHHBIX
CpeiaCTB IpeldyNnpexIeHHs HeNpOM3BOJBLHOTO BHIXOHA caMmoJjeTa Ha
TaKde YIVIb aTaKH SIBJSETCS HCIOJNb30BaHHe TAKTHJbHOH CHTHaJH-
3aIMH C aBTOMATHYECKHMH YCTPOHCTBAMH (TOJNKATeNIMH) AJS NpH-
HYAUTEeJbHOH OTAAYd DYYKH ympaBjeHusi (0T ce6s — Ha MNOJOXKH-
TeJbHBIX M Ha ce6f — HAa OTPHIATENBHBIX YIVIaX aTakH) B cjyuyae
TpeBbIlIeHHss CaMOJIETOM MNpeJeJbHO JONMyCTHMbIX YIJIOB aTakH.
Cienyer OTMeTHTb OJHY XapaKTepHYI0 OCOGEHHOCTb HEKOTODhIX
COBpPEMEHHBIX caMoJseToB. PaHblie, Ha caMoJieTax CTapbiX KOMIOHO-
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BOK, €C/JIH pe3yJbTaThl JIETHHX HCNBITAHUH MOKas3blBaJH HeynOBJe-
TBOpHTEJIbHble XapaKTePHCTHKH CBAJIMBAaHHUS, 3TH XapaKTePHCTHKH,
KakK MpaBHJIO, MOXHO OBIJIO YyJydllaTh, MIPHMEHSIS JIETKO yCTaHaBJH-
BaeMble clenua’bHble ycTpoiicTBa (Ttuma rpebHel, TypOynausarto-
pOB), YCTaHOBKa KOTOPHIX He TpeboBaJjia CJOKHBIX JOpaGOTOK KOH-
CTPYKIHH camoJieTa. Ha coBpeMeHHBIX caMOJieTaX HEKOTOPHIX THIOB
3TO OKa3blBaeTcs MPaKTHYECKH HeBO3MOXKHBIM. HeobGxomumoe yiayu-
IIeHHe XapaKTEePUCTHK CBAJMBaHHS TAKHX CaMOJIETOB MOXeT ObITb
JOCTHTHYTO TOJIbKO IIOCPEICTBOM CYIIECTBEHHBIX MOAH(HKAUUH HX
KOMIIOHOBOYHOH CXeMbl (B YacTHOCTH, 3TO OBLIIO OCYHIECTBJIEHO Ha
HEKOTOpBIX camoJjerax ¢ T-o6pasHbBIM XBOCTOBHIM OMNEpPEHHEM,
C KPBUIbSIMH H3MEHSIEMOH B IOJIETE€ CTPEJOBHAHOCTH NPH CHJIBHOM
IpPOSIBJIEHHH BJHSHHA aspoynpyroctu). KoHKpeTHble KOHCTpPYKTHB-
HBle pelleHHsl ClelHasbHbIX YCTPONCTB, YJAYYIIAIONIAX XapaKTepH-
CTHKH CBaJIMBaHWS M LITONOpA CaMOJIETa, TaK e KaK W YCTPOHCTB
tuna 1A, oGecneynBalomx BBIBOJ CaMoOJieTa M3 3THX PEXMMOB,
OnpejessioOTCS THIIOM CaMOJieTa, €ro Ha3HaueHHeM, KOHCTDPYKTHB-
HbIMH OCOGEHHOCTSIMH CaMOJIETa H €r0 CHCTEM.



I'JIABA 8
METOJbI HCCJIENOBAHHS LITOMOPA

8.1. KPATKHHA OB30P COBPEMEHHBIX METOJ0B

8. 1. 1. O6muii MoAX0A K MCCJENOBAHUAM

B mocsenHue roxbl MeTOAbI H3YYEHHS IITOMOPA 3HAYH-
TeJbHO YCOBepIIEHCTBOBaJHCh. Pa3paGaTbiBaloTC HOBBIE METOXBI
uccaenoBanus mronopa. IlocsenHee B OCHOBHOM OGYCJIOBJIEHO TeM,
4TO CTapble KJacCHYeCKHe NpPOrpaMMbl JIETHBIX HCIBITaHHH, TpYyG-
HBIX W aHaJIMTHYECKHX HCCIEIOBAHHA XapaKTepHUCTHK mitomopa (Tak
e, KaK M CBaJMBaHHs) He BCerja NO3BOJSIOT MOJy4YaTb MPaBHJIb-
Hoe mpejcTaBjeHHe O (aKTHUECKHX XapaKTepHUCTHKAax H, CJAeILOBa-
Te/JbHO, MAHEBPEHHBIX BO3MOXKHOCTAX CaMoJeTa Ha GOJbIUHX yriax
araku. HoBbIf mogxon K H3yYEHHIO IITONOpPA NMpeoyCMaTpPUBAaeT KOM-
NJIEKCHOE MpUMEeHeHHe OOIIHPHBIX B3aHMOCBSI3aHHBIX MPOTPaMM Teo-
peTHYeCKHX, SKCNEepHUMEHTAJbHBIX (HAa3eMHBIX H JIETHBIX) HCCJeNo-
BaHHH IITOMOpa KaK MOJe/H, TaK U HATYPHOrO CaMOJIeTa, OXBaThl-
BAIOLINX:

1) mpenBapuTesbHOE NMPOrHO3HPOBAHUE XaPAKTEPUCTUK LITOMOPA,
caMoJieTa C IMOMOIIbIO CleUMaJbHBIX KPHTEpPHeB (Ha 3Tamax mpelb-
9CKH3HOTO U 3CKH3HOTO NPOEKTHPOBAHHSA CaMoOJeTa);

2) npexBapHTe/1bHOE aHAJHTHYECKOE HCCJAENOBaHHE a3pOAHHAMH-
YeCKHX, HHepIMOHHBIX U JPYrHX XapaKTepHCTHK caMoJera, onpeje-
JSIOIUX CBOACTBA ero mronopa (C HCHOJNb30BaHHEM pe3YJIbTAaTOB
HUCIBITAHUN AaHAJOrMYHBIX CAMOJIETOB M HX MOJeJell Ha WITONOp) H,
B [IEPBYIO OYepesb, CONPOTHUBJSIEMOCTh CaMOJIeTa HENpPOH3BOJLHOMY
nonajgaHHIo B IITONOP;

3) craTHyecKHe U JUHAMHYECKHe HCIBITAHHS MOJeNed B a’pOau-
HaMHYeCKHX Tpybax (BKJoyas IITONOPHYIO) M B CBOGOJHOM TO-
JeTe;

4) maTeMaTHYeckoe H ¢H3HUECKOe MOJEJHPOBaHHEe JHHAMHKH
CBAaJIHBAHUSl H IUTONOPA C TIOMOIIBIO 3JEKTPOHHBIX LHGPOBBHIX
(3LIBM) u anajoroBeix (DABM) BLIYHC/AHTENbHBIX MAIIHH Ha OC-
HOBAaHHM JNAHHBIX NMPOAYBOK M a3pOAMHAMHUYECKOro pacyera (c Hc-
N0/Ib30BAHHEM METOJOB BBIYHC/JIHTEJIbHON a3pONUHAMHKH);

5) JeTHble MCHBITAHHS M HCCJAENOBAHHS caMmoJieTa H CBOGOIHO-
JeTalomuX Mojejell Ha peXMMax CBaJMBAHHS H IITONOpAa BO BCeM
9KCIIyaTallHOHHOM JHama3oHe HCXOAHBIX YycaoBuii nosera {17] c
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06513aTeIbHBIM BHIXONOM Ha HaunboOJbIIHE JOCTHXKHUMBblE YIJIbI aTaKn
NP CBAJIMBAHHU U B LITONOPE.

IlporpaMMbl TakHX HCCJIEJOBAHHH MOJKHBI TNpeaycMaTpHBaTh
CTaTHCTHKO-BEPOSITHOCTHYIO OLEHKY MOJYy4aeMblX XapaKTepPHCTHK
(OIeHKY MaTeMaTHYeCKOTO OXKHIAaHUS H CPEIHEro KBaApaTHYECKOTrO
OTKJIOHEHHS, BEJHYHHY [OBEPUTENBHOrO HHTepBasa u T. m.). Kop-
pe/silus pe3yJbTaTOB HpoU3BoauTCs ¢ nmomombio DIIBM u (unu)
DABM.

Hcnonb3yembie B HacTosilllee BpeMsl; KDHTEPHH NpeABapHTENbHON
OLIeHKH NpeInoJaraeMblX XapaKTepPHCTHK IITONOPa NMPOEKTHPYEMBIX
CaMOJIETOB, KaK MPaBUJIO, MO3BOJSAIOT TOJAbKO NPUG/IHKEHHO OLEHH-
BaTh TEHJIEHIHH B H3MEHEHUH OCHOBHHIX XapaKTEPUCTHK LITOMOpA.
TTpumepom 3TOro siBASeTCS KPUTEpPHH, OCHOBAHHLIH Ha aHa/lH3e Aua-
rpaMM 3aBUCHMOCTH 3(pPeKTUBHOCTH AeMNpHPOBaHHS, CO3/[aBAEMOTrO
BePTHKaJbHLIM ONEepeHHeM, OT pachnpefeseHHs Macc MO0 CaMoJieTy
IpH Da3/IMYHBIX 3HAYEHUSX OTHOCHTEJLHOH IJIOTHOCTH CaMoJiera.
HanexXHbIXx KpHTEpHEB NpelBapUTENbHOH OLEHKH XapaKTepHCTHK
mronopa noka eiie Het. OMHAKO qaKe HCNOJb30BaHHE TAKHX BeCbMa
NpUOJIMIKEHHBIX OLEHOK MOXKET MOMOYb KOHCTDPYKTOpaM CBOeBpe-
MEeHHO BBLISIBHTb HeXKeJaTeJbHble OCOGEHHOCTH paccMaTpHBaeMbIX
pexxumoB. PaspaGoTaHbl TakHe KPUTEPHH H IS TNPHOJIHUKEHHOH
NpeIBaPUTENbHOH OLEHKH CONpPOTHBJSAEMOCTH (HJIHM MOABEDPIKEHHO-
CTH) caMoJjieTa BXOAYy B LITONOpP, XapaKTepUCTHK BbIXoJa H3 LITO-
nopa 4 np. Tak, HanpuMep, B KauecTBe KPHTePHS NpexBapPHTENbHOIT
OlIEHKH XapaKTepHCTHK BBIXOJA caMoJieTa u3 wiTonopa (mpu ycjo-
BHH HeNpeBHIIEHHS 3aJaHHOrO 3ama3[blBaHHS BbIXOXA — OOLIYHO He
6oJiee IBYX BHTKOB) MOTYT pDacCMaTpHBaTbCsl OTHOCHTEJbHBIE KO3(-
(HLIHEHTH MOMEHTOB KpeHa (My), phicKaHus (imy) W TaHraxa (m.),
omnpee/isieMble BEIPaKeHUAMH:

- m —_ m - m
m,= =, y= ! m,= £,
€un € €urr
J o2
rie e,,=—-——s—— — 6e3pa3MepHbiii KO3)dHIHeHT SHEPTHH MITONO-
V2, St

a;
J-— 130M€HT MHEPLHH caMoJieTa OTHOCUTE/NBHO OCH
mronopa (B BepTHKAJbHOM LITOIOpE);’
® — YIJIOBasi CKOPOCTb BpallleHHs caMoJieTa B IUTO-
nope.

HHorga nnsi OpHeHTHPOBOYHOH OLEHKH COOTHOLIEHHS HHEpPIHOH-
HBIX U a3pOAMHAMHUYECKHX XapaKTEePHCTHK caMoJeTa HCHOJb3YIOTCS
npu6/vKEeHHble KDUTEpUH THNA TaK Ha3blBaeMOro JHHAMHYECKOro
napamerpa nyTeBoH YCTOHYHBOCTH

J .
mb =mbcosa — J—Z- mé sin a
(mns obecrneveHus1 GIAaroNpHATHBIX XapaKTePHCTHK IITONOpa camo-
JIeTa OH JIOJIKeH ObITb OTPHIaTeJNbHEIM) H T. I.
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Teopernueckuil aHaIM3 a’pOAHHAMHYECKHX M MHEPLIHOHHBIX Xa-
PaKTepHCTHK camoJjieTa B LITONOPe OKa3blBaeTCsl TaKXKe BeCbMa MpH-
GanxeHHbIM. OGYCIOBIEHO 5TO, B NEPBYI Ouepelb, CYLIECTBEHHON
HEJIHHEHHOCTbIO H3MEHeHHsl a3POJHHAMHYECKHX K03(hdHIHEHTOB no
yriaM aTakH, yrJIOBbIM CKOpOCTsM H T. . Ha Takux pexumax moJe-
Ta a’3pOJHHaMHMYECKHE XapaKTEePHCTHKH B OOIeM cJyyae MpeACTaBs-
JSAI0T CO60H Cl0XKHbBle (yHKUHOHANbHbIe 3aBHCHMOCTH Ko3dduuven-
TOB a3pOJHHAMHYECKHX CHJ M MOMEHTOB OT KHHeMaTHYeCKHX mapa-
METPOB M NMapaMeTPOB, ONpeAeNSIOUX PeXHM MoJeTa:

CX:!/-Z H mx.y,z=f(a, a.‘) &7 Ba ﬁy ﬁy eecy My My Rey
Fr, Sh, ..., 8,, 3,, 3,, ...)

It Ko3hduuMeHTH 3aBHCAT TaKkKe OT ynpyrux gedop-
MalMH KOHCTPYKLHMH -(BJHMSHHE a>pOYNpPYrocTH), psiaa 3KCIJyaTa-
UUOHHBIX H MereopoJoruueckux ¢akropo. Kak mnpaBujo, Takue
3aBHCHMOCTH IOJHOCTbIO He MOT'YT GBbITb MOJYYeHbl HH MOCPENCTBOM
OpUOJHIKEHHOH MX OIIGHKH, HH Jaxe MO MaTepuanaM HCNBITaHHUHA B
a’3pOfiMHaMHYECKUX TpYy6ax (CTaTHYECKHX M NMHaMHuyecKHx). OCHOB-
HOe 3HaueHHe TAKOro aHaJi3a — B BBHISIBJEHHHM TEHIEHIHH BJIHSIHHSA
Pa3MYHbIX MapaMeTpPOB Ha WITONOPHBIE M NMPOTHUBOLITONOpPHbIE (xa-
paKTepu3ylolllue CIOCOGHOCTh CaMoJieTa «IPOTHBUTHLCS» MONALAHUIO
B LITONOP) XapaKTepUCTHKH caMoJsera. OUeHKa MPOTHBOMITONOPHBIX
BO3MOJXKHOCTEH CaMoJieTa Ype3BEUafHO BaXKHa.

Boabluoe 3HaueHne UMeeT OlleHKa B3aNMOCBSI3H KOHCTPYKTHBHBIX
M a3pOAMHAMHUECKHX XapaKTepPHCTHK CaMoJieTa Ha OKOJIO- U 3aKpH-
THYeCKHX yrjax aTakH. [Joka H3BeCTHBI TOJBbKO OT/AeNbHble 3aKOHO-
MepHOCTH, OHAKO U OHM BeCbMa BaXKHbl. Tak, HanpuMep, U3BECTHO,
4yTO napaMerpnl ¢ro3ensKa OGHIYHO OKa3bIBAIOT 3aMeTHO Gogbliee
BJHSIHHE Ha XapakKTePHCTHUKH HITONOpA, YeM Ha XapaKTepUCTHKH MO-
JleTa Ha JOKPUTHUECKUX yraax atakd. OcoGeHHO CHIbHO BauseT Ghop-
Ma (momepeyHOe ceueHHe, YIJMHEHHE W Ap.) HOCOBOH yacTu ¢rose-
JIsiKa, o6yCJOB/ANBAIONIAs B 3HAUYUTEJIbHOH CTENEeHU BeJIUYHHBI U Ha-
npaBJjieHHe AeACTBUs co3jaBaeMbIX ¢lo3efsKeM MOMEHTOB phICKa-
HHS.

8. 1. 2. UcnbiTanns B a9poMHaMHYECKHX TPyOax

Hnst oueHKH mpennoJiaraeMbBX XapaKTepHCTHK LITOINO-
pa camoJieTa NPOBOASTCH HCIBITAHHUS FeOMETPHYECKH W JHHaMHue-
CKH NMOROGHBIX Mojesiefl B ITONOPHOA aspoiuHaMHYecKoil TpyOe.

I'eomerprueckoe noaobue 03HaYaeT, YTO MOJEJNb TOYHO BOCIpO-
H3BOJHUT reoMeTpuueckyio Gopmy camosera B 3ajJaHHOM MaciuTabe
(Heo6x0a1MOe, HO He JOCTaTOYHOE yCJAOBHE OCYIIEeCTBJIEHHS NON00HS
a3pOoJMHaMHYECKHX XapaKTepuCTHK). [nHaMuueckoe moxobue o3Ha-
4aer, 4TO BeC MOAENH M pacrpefiesieHHe MacC B Hell HaxXoAATCs B OI-
peleJleHHOM COOTBETCTBHH C BECOM caMoJieTa H pacnpeieseHneMm
Macc B HeM (moJo6ve MHEPHHOHHBIX XapaKTepUCTHK — 3JIIHICOU0B
HHepLUH).
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Itonopras Tpy6a mpeacraBaser co6oil BepTHKAJAbHYIO ‘a3pOaH-
HaMHYeCcKyl0 TpyOy 3aKpBITOTO THMA C OTKPLITOH HJH 3aKPHITOX pa-
Ooueil yactbio (puc. 8.1). dto Tpy6a NMOCTOSIHHOM MJAOTHOCTH. B Ta-
Kol Tpy6e MoJeab ¢cBOGOIHO BXOIHT B LITONOP B BOCXOASIIEM IOTO-
Ke BO31yXa, CKOPOCTb KoToporo V, BeIGHpaeTcs TaKod, YTOGHI
MoJeJb MOTJIa IITONOPHUThL 6e3 CHUXKEHHUs U Habopa BeICOTH. Mojgenb
WMeeT OTKJOHSIOUINECS pyJeBbie. MOBEPXHOCTH, YNpaBJjeHHe KOTO-
PHIMH MPOM3BOAUTCS CHEIHAJbHBIM aBTOMHUJIOTOM,
opabaThIBAIOLINM O 3apaHee 3aJaHHON BpeMeH-
HOM 3aBHCHMMOCTH WJIM OT JUCTaHIHOHHO NOJAaBa-
eMBIX KOMaH], ofeparopa.

OaHaKo MCNBITAHUS B LITONOPHOH a3poJgHHA-
MHUYeCKOH TpyOe MOJHOCTbIO He OTpaxkaloT [red-
CTBUTeJIbHOH KapTHHBL IITOmOpa (ZayKe BepTH-
Ka/1bHOIO) B HaTypHHIX ycaoBusx. IIpu takux mc-
NbITaHUAX, B YaCTHOCTH, HE MOJAEJNHPYeTCs HecTa-
IIHOHAPHOCTb Npoliecca — U3MEHEHHe 10 BpEMEeHH
IJIOTHOCTH BO31yXa, CKOPOCTH CHHUXKEHHs, Yuces
Reu M u 1. m.

Puc. -8.1. Cxe- B 1py0e He MOZeMHpPYIOTCS PEXUM ToJeTa Ha
Ma wronopHoi  GOJIBIIMX BBICOTAX, a TaKXKe peXHMbl CBa/HBa-
aspopuHaMite- — pgug y mepexoAHsIfl yyacrok wwronopa. He moge-

CKOH TpyG6H ¢ o
oTkphiTOfi pabo- JIAPYIOTCH TaKKe BIHSHHS yNPYrHX AedopManuil

efl uacThio: KOHCTPYKUUH, BJIHsAHUe PaGOThl PeaKTHBHBIX ABH-
I—coGomnonera. ~ TaT€JeH M psAx Apyrux ¢axkropoB. Merox 3amy-
Jorsan IoReTs B CKa MOJ/IM B WITONOp B TPyGe (0OBIYHO SKCmepu-
TPYGh; 2—sazep- ~ ME@HTATOpP BHOCHT - MOZENb B IIOTOK M BPYUHYIO
methn 3 ness.  COOOINAeT el HayaJbHYI YIIOBYIO CKOPOCTb)
poTHHIE JONaTKi;  3HAYMTENbHO OTJIHYAETCs OT TOTO, YTO NPOHCXO-

4—BeHTHJAATPO; 5—

CHpSMISIOMas pe- AUT B HATYPHBIX YC/JIOBHUAX. A kak 6GblIO MOKa3a-

paroel amean HO BbIIIE, HCXOMHOE IBUIKEHHE MOXKET BecbMa Cy-

HIECTBEHHO CKa3bIBaTbCsS Ha XapaKTepe LITOMHOpa.

CyleCcTBEeHHOE BJIHsIHME Ha JOCTOBEPHOCTH pe-
3yJbTaTOB HCIBITAHWA B MITOMOPHOH a’3poJuHaMuyeckoll Tpybe OKa-
3bIBaeT, B YACTHOCTH, YHCJAO Re MCTBITaHUIl M KAauecTBO H3TOTOBJE-
HUsl MojeJedl.

Takoe BiMsHHe (B mepByi0 Oouyepelb, Ha MOMEHTbI TaHraxa H
pPBICKaHHS) MOKEeT HpPOSIBASITLCI B TOM, YTO NP HATYPHBIX YHCJIaX
Re camoner Gyner uMeTh JydlllMe XapaKTEPUCTHKH BbIXOA M3 LITO-
mopa, YeM 3TO MOXKHO OblJIO OXMAAThb IO MaTepHataM TPYOGHBIX HC-
NBITaHUA MOJENW NMPH MaJjbix uucaax Re (Mmacwrabubiii addekr).
PesysnbraThl TpyGHBIX HCNBITAaHUA OGBIYHO JAIOT NpHEMJIEMOE KOJH-
4eCTBEHHOE COBNAafieHHe C pe3y/JbTaTaMH HAaTYPHBIX JIETHHIX HCIIHITA-
HHH TOJBLKO AJ51 BEPTHKAJbHOTO IITONOPA HA CPaBHUTENbHO HEGOJb-
IIHX BEICOTaX. B HEKOTOpHIX Cayuyasix pe3yJbTaThl TPYOHBIX HUCIBITA-
HUH MOTYT OKa3bIBaTbCsl IPOTHBONOJOXKHBIMH MOJIETHHIM JaHHBIM
Jlaxke TIPH JOCTAaTOYHO BBICOKHX 3HaueHHAX yHcaa Re B TpyGe. dTO
MoOXeT ObiTh BBI3BAHO TEM, YTO HHOLAA 1axe BecbMa HeGOJbIIHE
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OTJINYHMS TeOMeTpPHuYecKHXx (opM MoJeNH H HATypHOT@ CamoJieTa
(a ToyHO BOCTMPOM3BECTH B MaciuTabe BCe HIOAHCH BHEIIHeH reomer-
puH caMoJieTa BoOOLe NPaKTHUYECKH HEBO3MOXKHO) MOTYT NPHBOJHUTh
K BeCcbMa, CyLIeCTBEHHbIM H3MEHEHHSIM Xapakrepa OOTEeKaHHs IpH
HaJIMYMH CPbIBA MOTOKA.

Onpenenenne NeACTBYIOIKX HAa MOJAEAb a3POJIHHAMHYECKHX CHJI
1 MOMEHTOB W OLleHKa 3((eKTHBHOCTH OPraHOB ympaBJ/ieHHs B IIH-
POKOM [HamasoHe YIVIOB aTaKH MPOHU3BOASTCH B a3POAMHAMHUYECKHX
Tpyb6ax KaK CTaTHYECKHMH, TaK M NMHaMHYeCKNMH Merojpamu. [1pu
3TOM HaxoasiTcsi K03G(PUIHEHTH a’POAMHAMHYECKHX CHJ H MOMEH-
TOB, HX NMPOHM3BOJHBIE, TapaMeTpPhl, ONpee/sIOUe XapaKTEPHUCTHKH
mronopa (B 4YaCTHOCTH, NapaMeTp AeMNGHPOBAHHUSA pLICKAHHS

m;’y—mg cos ﬁ) u T. 1. Bbonbmoe 3HaueHHe AJif aHa/aM3a IUTONOpA

HUMeeT 3KCIEepPHMEHTAJbHOE ONpefe/]eHHe BpalllaTeJbHHIX a3pOauHa-
MHYECKHX NMPOHM3BOIHBIX Ha 3aKPHTHYECKHX yIJax aTaku. Ilpu stom
HIMPOKO MpPHUMEHSIeTCS METOJ, OCHOBAHHLIA HAa HCIOJb30BAaHHU Bpa-
malomerocss npuGopa, MeTo], BbIHYKAEHHBIX KoJeGaHui u T. n. 3Ha-
YHUTEJbHOE BHHMAaHHE yJe/sieTcs HCNOJb30BAHMIO Pa3JHYHBIX MeTO-
JIOB BH3yaJH3alUH NMOTOKa (C NOMOILIbIO FeHepaTopa JbiMa, MeTo-
JIOM Mac/sHOH MJIEHKH H Ap.).

C nomomibio Bpamiaouuxcsi NpuéopoB B a3poJHHaAMHYECKOH TPY-
6e MOXXHO ONpeJesiTh a3pOJHHAMHYECKHEe MOMEHTH H HX NPOHU3BOA-
HBle, IeHCTBYyIOLIHE B ITONOPE KaK Ha BCIO, TaK H HAa PAacCYJEHEHHYIO
monenb. HMcnbiTaus pacujieHeHHBIX Monejefl (OTHeNbHBIX HX Ya-
crell — ¢lo3ensizka, Kpbljla U T. I.) JalOT BO3MOXKHOCTb ONpPeNe]ATh
BJIMSIHME PA3JHYHBIX JEMEHTOB MOJEJNH B OTAEJbHOCTH H HMX B3aH-
MonelicTBHE B I1leioM. Takue HCHBITAHHS MOKasbIBAlOT, 4YTO Ha 3a-
KDUTHYECKHX yTJaX aTaKH BO3LeHCTBHe Ha oOTeKaHHe U B3aHMO-
BJIMSIHHE OTJEJbHBIX 3J€MEHTOB CaMoJieTa MOTYT OKa3aTbCs CYIIECT-
REHHO OTJIMYHBIMH OT TOro, 4TO HabJIiofaeTcsi Ha HTOKPHTHYECKHX
yriax ataku. Tak, B YacTHOCTH, OBLJIO YCTAaHOBJEHO, YTO y COBpe-
MEHHBIX CBEPX3BYKOBBIX CaMOJIETOB HA INOJIOXKHTEJbHBLIX 3aKpHTHUE-
CKHX yrylax aTakKH a3pOJHHAMHYECKHH MOMEHT PbICKAHHUS CO3JaeTcs
B OCHOBHOM (Io3essikeM (B 3HAYHTENbHOH CTENEHH — HOCOBOHl ero
yactbio). DPbdeKTHBHOCTh BEPTHKAJBLHOTO OMNEPEHHd 3HAYHTENLHO
cHuxkaercsi. CosaBaeMblii KpPbLJIOM NpPH HEHTPaJbHBIX 3J€poHaX
a3poJMHAMHYECKHA MOMEHT PBICKaHHS, KaK NpaBHJO, NpeHeGpexH-

MO MaJ. 3aTO0 BEJIHYHHBI BpallaTeJabHbIX MPOHU3BOJHbLIX m‘;x H mﬁy

ONpefe/siIoTCS B OCHOBHOM KpbliioM. Onpesie/sieHne cneKTposB o6TeKa-
HHsI MojeJell Ha 3aKDHTHYECKHX YIJax aTakKH, M3yyeHHe BO3HHKa-
IOLIUX TPH 3TOM BHXPEBBIX CHCTEM C LIMDOKHM HCNOJIb30BaHHEM
METOJO0B BH3yaJH3alHH MOTOKA NPOM3BOAHUTCS KaK B a3POAMHAMH-
YeCKHX, TaK U B THAPOJHHAMUYECKHUX TPY6ax.

CxeMaTHuecKasl yCTAaHOBKa [J51 HCIbITAHUH MOJeJIH B a3pOJUHA-
Muyeckoit Tpybe Ha BpamalouieMcss npubope, obecneynBaolleM Be
creneHu cBo6Gonbl, MOKa3aHa Ha puc. 8. 2. Ilpu Takux HCnbITaHHAX
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MOJ€JIb, YCTAHOBJIEHHYIO MO 3aJaHHBIMU YIVIAMH aTaKH U CKOJIbXKe-
Hus B HaGeraiouleM mnoTtoke (V=const), NpUHyAUTEJIbHO BpaIlaOT
C 3afaHHBIMH VIJIOBBHIMH CKOPOCTSIMH (OGBIUHO @==const). 1o no-
3BOJISeT HAXOMHTh 3aBHCHMOCTH A9pOJHUHAMHYECKHUX CHJI H MOMEHTOB
OT YIJIOBOH CKOPOCTH, @ CJI€10BATeNbHO, ¥ BpallaTe/lbHble POH3BOL-
Hble TIPH PA3JHYHbIX 3HAueHHAX a u B. [lis ompenesenns Cuil ¥ MO-
MEHTOB, JEACTBYIOLIMX Ha BPAI3IOILYIOCS MOJAEeIb, MPUMEHSIOTCA
0OBLIYHO TEH30MeTpUUeCKHe BecCHl.

C moMolibi0 YKa3aHHOTO Bpallalo-
merocs mpu6éopa HMHTHPYIOTCA  yCJIO-
BHfl, COOTBETCTBYIOLIHE (CXeMaTHUeCKO-
My ITONOPY (pPaanyC IUTONOPA Fmr=
=0). Bosee TOouHasA HMHTALMSA DEXKHU-
Ma C y4eToM HEeHyJ/JeBOro paluyca
wronopa (rmr0) Tpebyer 3Hauu-
TeJbHOTO KOHCTPYKTHBHOTO YC/IOXKHe-
Hus npuGopa. CymecTByIOT pacueTHbIE
METOILbl, MO3BOJSIOLIYE NPHOJHKEHHO
oTpeIensTh BeIHUHHY Pajnyca WTOIO-
pa W YUATBIBATb BJIHSHHE HEHYJEBOTO
pagMyca Ha XapakKTepHUCTHKH IITOIO-
pa. OTO CPaBHHUTEJbHO CJIOXKHLIE METO-
IBI pacueTa, Tpebyloliue, B YaCTHOCTH,
yuyera BJIUSHHS KPHBH3HBI TPAEKTOPUH
noJera Ha adpoJMHAMHUECKHe CHJIb H
MOMEHTBI, AeHCTBYIOIIHE Ha CaMOJIeT B
mronope. Takolt pacuer AOJMXKeH MPO-
H3BOJUTBLCA O NOJHOH CHCTeMe yPaBHEHHH IBHIKEHHS caMoJera C
CYIIEeCTBEHHO HeJIMHEHHBIMH 4JIeHaMH, ¢ y4yeTOM BCeX BHAOB B3aHMO-
JefiCTBUSL NIPOJOJbHOrO U 0OKOBOro NBHXKeHHH camosera. Pemenue
TAKUX CHCTEM HeJHHeHHBIX 1uddepeHLHANbHBIX YypaBHeHHH B 006-
meM caydyae TpedyeT MpUMEHEHHS BBIUHCAUTENbHBIX MamuH. Ilep-
BbI€¢ TIONBITKH AHAJHUTHYECKOTO DEUIeHHS CJAOXKHOH 3ajayd O IITOMO-
pe Tpu YCAOBHH Fur70 Obl1M OCyllecTB/deHHl 3a pybGexoM mpodec-
copom X. I'maysptom [54], a B8 Coserckom Coiose — npodeccopom
A. H. )XypaBuenko {6]. dkcnepuMeHThl MNOKa3biBalOT, 4TO K03 du-
IHEHTH a3pOAMHAMHYECKHX CHJI W MOMEHTOB B yCTaHOBHBIIEMCS
LITONOpPE, ONpefedeHHble U3 YCAOBHH rur=0 U rmr=0, 06bIYHO He3-
HaYHTENIBHO Pa3/ivyaloTcs Mex1y cobodl. [lostomy anst usyuenus yc-
TAHOBMBIIErocs: (KBa3WyCTaHOBHBILETOCs) IITOMOpPA HelleJecoobpas-
HO NPOBOJHMTb HONBITAHHA MOJENH Ha Bpamiawollemcs npubope npu
rur70. JlAs aHanu3a CyunieCTBEHHO HEYCTAHOBHBUIMXCS pPEXHUMOB
ITONOpa Heo0X01uMO MOJyuaTth JTaHHbIe, ONpelesaseMble HAa Bpalla-
1olteMcsl MpUGOpe NPH YCIOBUH Imur 7= 0.

Teopernueckuit pacuer mwronopa u Tem 6ojiee — BHIXO[A caMoJIe-
Ta M3 IITONOpPA, SIBJISIETCS] UpPe3BBIYAHHO CHOXKHBIM U HEBO3MOXKEH
6e3 HCIOJb30BAHHSI HCXONHBIX SKCIEPUMEHTANbHHIX AaHHBIX. [Ipu
pacueTe yCTaHOBHBLIEroCs pexHMa LITOMOpPa pacCMaTpPUBAETCS PaB-
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HOBeCHe a3pOJMHAMHYECKAX W MHEPUHOHHBIX MOMEHTOB (CM. IVI. 3).
Pacuer BeIXOZa camoJjieTa M3 IITOMOpAa B MPHHIUNE MOXKHO MPOBO-
IMTb [BOSKO. IlepBHIl MOAXOJ — H3yYeHHe YCJOBH, NPH KOTOPBIX
LITONOP CaMoJieTa C PacCMaTPHUBAaEMbIMH MOJIOXKEHUMH pyJeill BOo6-
e HeBO3MOXKeH. BTOpoil moaxox — ompesneseHHe TaKUX YCJIOBHH,
NpH KOTOpPBIX HHTEHCHBHOCTb BpallleHHsI caMoJjieTa ¢ paccMaTpHBae-
MBIMH TIOJIOKEHHSIMH pYJiell CHHXKAeTCs HacTOJbKO, YTO B HEKOTOPHIH
MOMEHT BpEMEHH CaMoJIeT MOXKeT BHIXOAUTb Ha JOKPHUTHUYECKHE YTJIbI
aTakH, KOrl1a BO3HHKaeT HMHTEHCHBHOE a3pOJMHAMHUYecKoe neMmndu-
poBaHHe KpeHa. JIeTHble HCC/I€NOBAHHS IITONOPA MOKAa3bIBAIOT, UTO
B MefCTBHTENbHOCTH OOBIYHO TaK M INPOHUCXOIUT: NPH OTKJIOHEHUH
pyJell Ha BBIBOJ K HCXONHOMY ABHIKEHHIO caMoJieTa B IITONOpe
n06aBJAIOTCS Bo3pacTaloliye KoJe6GaHus, 6Jarofapsi KOTOPHIM ca-
MOJIET Yepe3 HEKOTOpPOe BpeMsi BBLIXOLHMT Ha JOKDHTHUECKHE YTJIbI
ataku («BbIGHBaeTcs» M3 Tonopa). I1pomo/KHTeNbHOCTb TAKOrO
IepexoHOro Mpollecca — BBIXOJa CaMoJieTa M3 LITONOPAa — 3aBHCHUT
OT YCTOHYHBOCTH ABMIKEHHS caMoJieTa B pexxHMe H 3G (HeKTHBHOCTH
€ro OpraHoB yIpaBJieHHs B IuTonope. 3aJaBIUHCh NpeAeJbHO AOMy-
CTMMBIM 3amasjblBAHHEM BHIXOAAa (Hampumep, 2 BHTKa uiu 12—
15 ¢), MOXKHO OLEHHTb TpebyeMyl0 53h(deKTHBHOCTb pyJeH IJs BhI-
BOJa camoJ/ieTa H3 MITONOpa. 3aBHCHMOCTb TpeGyeMBIX ympaBJsio-
IHUX a3POJHHAMHYECKHX MOMEHTOB OT 3ama3[blBaHHS BLIXOJA fIBJA-
eTCsi CyIeCTBeHHO HesauHeltHON ¢yHkuued. Ilonyuns Takyio 3aBHCH-
MOCTb pacyeTHBIM NyTeM, a 3aTeM CKOPPEeKTHPOBaB ee MO JByM-
TpeM TOYKaM, HafJeHHbIM M3 JIETHOTO 3KCIepHMeHTa, MNOoJayyaioT
JOCTATOYHO HaJIeXXHYIO KPUBYIO IS oNpene/eHus TpebyeMblX OTKJIO-
HeHHH (TpeGyemoit sddeKTUBHOCTH) pyJell 1] BbIBOJA CaMoJeTa
M3 LITONOpA.

8. 1. 3. HcnbiTaHusl CBOOOJHOJETAIOIIHX MOJieei

B nocnennne rojabl IIMPOKOE pacnpoCTpaHEHHE MOJMY-
YHJM METOAB H3yYEHHsS XapaKTEPHCTHK CBa/JIMBaHUs, BXOAA B LITO-
1op, LITONOPA M BBHIXOJA M3 HEro C NMOMOLIbI0 CBOGONHOJETAIOUIUX
mozneneit (CJIM). O6GbiuHO OHM ympaBasgioTCs mo panuo. IIpuMeHe-
HHe KDyNHOMAacCIITaGHBIX JMHAMHYECKH M TeOMEeTPHYECKH NMOJOOHBIX
CJIM 3HauHTEJbHO pacUIHpsSieT BO3MOXKHOCTH = a3DOJIMHAMHYECKHX
HCC/IEeIOBAHUMA, HAaUYHHASL C 3Tana 3CKH3HOTO (M Jaxe Npef3CKH3HO-
ro) NMpOeKTHPOBAHHS CaMOJIeTa JO €ro JieTHhX HcneitaHuii. CBo6on-
HOJIETAIOIHe MOJeJH MO3BOJISIOT MOJENHPOBATh WITONOP (BBIMOJ-
HATb HATYpHOE MOJeNTHPOBAaHHE) N0 3HAUYHTEJbHO OOJNBIIHX UYHCE
Re, M u BBICOT AHHAMHYECKOTO IOJOOHS, YEM 3TO BO3MOKHO B
aspopHHaMHuecKuX Tpybax. DTH Moxesd OGECNEeYHBAIOT BO3MOXK-
HOCTb M3yYeHHs JMHAMMKH CBOOOJHOTO MOJETa B HATYPHBIX YCJO*
BHSIX — B HEOTDAHHUEHHOM HDPOCTPAHCTBE, UTO CYIIECTBEHHO pacIIH:
pser o6sacTb MOJENHPYyeMbIX peXuMoB. OKa3bIBaeTCsi BO3MOXKHbLIM
M3y4yaTh PEXHUMBI C NEPeXOJOM OT MOJOKHTEJIbHBIX 3aKPUTHYECKHX
K OTpHLATe/JbHBIM 3aKPHTHUECKHM YIJaM aTakd, ¢ NpOsiBJIeHHEM
a5pOHHepHHOHHOro BpamleHus u T. n. 3anyck CJIM B cBoGoIHbBIA
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f0/IeT NPOU3BOAUTCS € CaMoJieTa-HOCHTelsl (BepTOJeTa-HOCHUTEJS),
JK160 ¢ Ha3eMHOH CTapTOBOH YCTAHOBKH.

ComnocraBJjieHHe pe3y/bTATOB AHAJMTHUECKHX HCCJAENOBaHHUI, OC-
HOBAHHBIX HAa MaTepHaJ/ax HCNLITAHHH B a3pOJAHHAMHYECKHX Tpybax,
# ucnuitauuit CJIM mokasbiBaeT, 4TO MeXIy HHMH MOTYT ObITb
CyllecTBeHHble pa3/HuHsi, OCOOEHHO B XapaKTePHCTHKAaX BBIXOJA H3
wronopa. O6ycyioBieHo 310 psiiom npuuuH. Kak yxke yKaswiBaJocs,

C
g 2(Re=5-105)
cyma.F

E A>A g, 2\

Cyrmax |
1(Re=05-10%)

|
|
I
|
|
i
6—4
Apr Xnp2 @

Puc 8.3. Biusnue yucaa Re Ha mporekanue KpH-
Boit Cy=f(a)

BecbMa CYILeCTBEHHYIO pPOJib B o0ecrnedyeHnd Noao6usi peXHMOB IITO-
gopa urpaer nogo6He mo BSI3KOCTH, T. €. BeJHYHMHH uucaa Re. Ha
puc. 8.3 mokasaHo BJHsSHHe BSI3KOCTH Ha HeCyIlHe CBOficTBa ca-
mosera. B o6Gaactu skctpemyma kpuBoil Cy=f(a) mpu pasjnuHBIX
3HavyeHUs X yHcjIa Re HMMeeT MeCTO KayeCTBEHHO JPYroil XapaKTep
ee mporekanus. Tak, B 4aCTHOCTH, NpU MeHblleM uucje Re HabJio-
naercsi Gosee paHHHH CPBHIB IOTOKA, CONPOBOXKIAIOUIUACS pE3KUM
najgeHueM NoxbeMHOH cuibl. OGYCHOBJIEHO 3TO TeM, YTO B JaHHOM
cayJae BO3HHKaeT CphIB NOTOKa C nepenHell Kpomku. [Ipu Gosbriem
uHcie Re CpbIB NMOTOKa OKAa3bIBAGTCS 3HAYHTEJIBHO 3aTSHYTHIM
(Gxp2>axp 1), KpuBasg Cy=f(a) HMeeT MOJIOTHH MaKCHUMyM C MocCJe-
AYIOUMM INOCTENEHHBIM MaJeHHeM MOJABEeMHON CHJIB Ha 3aKpHTHUe-
CKHX yryiax aTaku. TaKoil XxapakTep Xona KpHBOA OOGBsCHAETCH Cy-
MIECTBEHHO JPYTHM THIIOM CpPbiBa NOTOKA — CPHIBOM C 3ajHell Kpom-
KM kpbiia (nubdy30pHBIA OTPHIB NOTOKA). 3aMeTHOe BJAHSIHUE MOTYT
TaKXe OKa3bBaTb TYpPOYJEHTHOCTb NOTOKAa B  a3pPOAHHAMHYECKOH
Tpy6e H KauecTBO OTAEJKH NIOBEPXHOCTH MOJEJIH. :

-- -3HauMTEe/IbHOE BJHSIHHE Ha PAacXOXKJeHHe pe3y/]bTaTOB pacueToB
(ocHOBaHHBIX Ha a3POJMHAMHYECKHX KO3(pODHLIHEHTaX, IOJYyYEeHHBIX
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H3 NpPOAYBKH) M JeTHbX ucnbiTanuili CJIM MOXKeT okasbiBaTb, B Ya-
CTHOCTH, pasjiiyve B CO3AaBaeMbIX (lo3ejskeM a3POAHMHAMHUECKHX
MOMEHTax phICKaHus. BennunHa m naxe 3HAK TAKHX MOMEHTOB MO-
TyT 3aBHUCETh OT PAfia cJAyuaHHBIX (aKTOpoB, O0GYCJOBJIUBAIOLIMX
acUMMeTpHIO oOTeKaHus camoJjeta. [laxke npH mpoBeleHWH psla
HCTIBITAHUIA Ha OJHOH M TOH 3Ke MONEeJH B NMPAKTHYECKH ONMHAKOBBLIX
YCJIOBHAX pe3yJbTaThl MOT'YT 3HAYHTENbHO PAa3/JHYATHCI MEXKIY CO-
6oit. AsponHaMH4ECKAe MOMEHTH PhICKaHUs B OOIIEeM CIyyae HeJH-

HeHHO 3aBHCAT OT d, P, Wy H pALa APYrux napamerpoB. OcoGeHHO
6oJibIliMe BEeJHYHMHBl TaKHX MOMEHTOB MOTYT BO3HHKaTh Ha COBpe-
MEHHBIX CBEPX3BYKOBBIX CaMOJIETaX C yIJHHEHHON HOCOBOH 4YaCTbi®
¢rozenska. Kak yxe ykaseiBaJoch, Ha 3aKPHTHYECKHX YIJax aTaku
3TH MOMEHTH! 06bIYHO ObIBalOT aBTOpOTHpYIOIHMH. [lpu onpenenen-
HbIX ¢OopMax HOCOBOH YacTH (ro3essikKa CO31aBaeMble HM adpOAHHA-
MHYECKHEe MOMEHTHI PhICKAHHS C yBeJHUeHHeM uHcjaa Re mMoryr maxe
H3MEHSTb CBOH 3HAK.

[TosToMy aHanuTHYECKOE M3yyYeHHeE IITONOPA COBPEMEHHBIX CaMO-
JIETOB C HCIIOJIb30BaHNEM HHpOpManuyu 06 a9pOAHHAMHYECKHX XapaK-
TEPUCTHKAX CaMOJeTa, MOJYueHHOH MO MaTepHajaM INpPOLYBOK MO-
Iejefl B a3poNMHAMHYECKHX TPy6ax, mpeacTaBJisieTcs lienecooGpas-
HBIM B OCHOBHOM INIpH NpPOBEIEHHH NpelBapHTEJbHHX NapaMeTpHue-
CKHX HCCJENOBAHHM, T. €. IVIaBHBIM 06pas3oM MmJasi KauyeCTBeHHOH
oueHKH siBaeHHH. C 1e/ibl0 NOBBILIEHHs] CXOAHMMOCTH aHAJHTHYECKHX
JNaHHBIX C HATYPHBIMH CJeIyeT MO0Jb30BaTbCs a3POAMHAMHYECKHMH
Ko3(pGdHUIMEeHTaMH H HX IPOHU3BONHBIMH, ONpejessseMbIMU HENOCpen-
CTBEHHO B moJsiere (10 BO3MOXKHOCTH Ha HaTypHom camoJere). Oc-
HOBaHHBIE HAa TAKHX JAHHBIX pacyeThl miTonopa (0COOEHHO ¢ MOMO-
mpio DIIBM) nNo3BOJSIIOT 3HAYHTENBHO MOBHICHTH JOCTOBEPHOCTb
pesynbTaToB. [IpoBoguMble TakuM 00pa3oM napaMmeTpHYecKHe HccJe-
IOBaHUS MO3BOJSIOT HE TOJbKO YBEPEHHO OLIEHHBATh BJHSHHE pas-
JINYHBIX (aKTOPOB B 0GbeMe, 3HAYHTENbHO MPEBBIIAIONIEM BO3MOXK-
HOCTH J1a6OpaTOPHOro WJIH JIETHOFO 3KCIepUMeHTa, HO H Gojee pa-
LVOHA/JbHO NMPOBOJAUThL JIETHBbIE HCNIBITAHUS HATYPHBIX CaMOJIETOB HA
LITOMOP.

OxoHuyaTe/bHOE 3aK/IIOUEHHE O XapaKTepHCTHKax CBAJIMBAHHS H
IITONOpPA MOKeT ObIThb MOJYYEHO TOJBKO MO PEe3yJbTaTaM JETHBIX
HCNBITAHHA caMoJieTa, KOTOphle NOJIKHbI NPOBOAUTHCA B YCJIOBHSAX,
MaKCHMaJbHO NPHOJIMKAIOMMXCA K 3dKcnayatanvoHHeIM. HauuHaTte
JIETHBIE HUCIBITAHUS CJAENyeT C HCNOJIb30BAHHA KJIaCCHYECKHX METO-
IOB BBOZA CaMoOJIeTa B IITONOP. A 3aTeM mepexoauTh K HMHTALHSAM
Hau6oJsiee BEPOATHBIX AJIST JaHHOTO THMA CaMOJETOB CJAy4YaeB HEMpO-
H3BOJILHOTO MOMNafaHHs B IUTONOP: B YCJOBUSIX HMHTHPYEMOrO BO3-'
ILymHOro 60 ¢ MPOM3BOJbHBLIM MOJIOXKEHHEM pyJell Ha BXojae B LITO-
nop (c o6sg3aTeJbHBIM yyeToM ()aKTOpa HEOXHIAHHOCTH H BO3MOXK-'
HBIX MIPH 5TOM OWIHOOK NMHJIOTHPOBAHMS), NPH BHE3aNHOM acCHMMeET-,
PHYHOM OTKa3e KPHUTHUYECKOTO [BHraTesis, B YCAOBHAX 00Je/leHeHHs .
M T. 0. B Takux HCHBITAHMAX NOJKHBI OIEHMBATHCH KaK Xapakre-
PHCTHKHM BHIBOAA CaMOJIeTa M3 CBAJHBaHHUs M IUTONOPA, TAK H CTe-
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NeHb CONPOTHBJIAEMOCTH [JAHHOrO CaMoJieTa HENPOH3BOJbHOMY
fnonajgaHuio B TakHe pexxuMmbl. OneHka 3amaca NMPOTHBOCPHIBHEIX H
MNPOTHBOLUTONOPHBIX BO3MOXKHOCTEH camoJsieTa (CONPOTHBJSIEMOCTH
nonajzaHviio B CBaJHBaHHe W IITONOP) HeoOxoxuMa HAJs ompenelne-
HUsl ypOBHS 6€30macHOCTH NOJIETa, B YACTHOCTH, Ha GOJBIUUX Yriaax
aTaky, MPH MaHEBDHPOBAHHH C NpeNeJbHO BO3MOXKHBIMH  YIVIaMH
CKOJIbXKEHHUS H YIJIOBBIMH CKOPOCTSIMH.

8. 1. 4. OGecneyenune nofoGHs NPH UCIILITAHUAX MOJeJei

Junamuueckue ucnbitanuss CJIM nosBossiloT uccaeno-
BaTb OCOGEHHOCTH MOJIETAa M NMHJIOTHPOBAHHS B YCJIOBHSAX, MaKCH-
MaJbHO NPHOJHMKAIONIHUXCA K HAaTYpHBIM (C y4eTOM MacmTaGHOro
ap¢dekTa), Bo BceM [qMana30He KPHTHUECKHX PEXKHUMOB: OT BX0Ia
B CBaJHBAHHE IO BHIXOJA M3 wWwTOnopa. Jlydime Bcero obecneyHBaer-
cA mogobue Ha TsKeablX KpynHoMacuitabHeix CJIM. OG6bHO 3TO
panuoynpaBJjsieMble MOAEJH MHOTOKPATHOTO HCIOJb30BaHHs, OCHA-
ieHHble perucTpupywollefl n3aMepuTeabHOl annaparypoit. s obec-
neyeHUs: JUHAMHUUeCcKOro noxo6usi, eciu JHHEHHBle pa3Mephl MOIEIH
B k pa3 Membllle JIHHEHHBIX Pa3MepOB HATYPHOrO camoJieTa (31€ecCh
k'— macmita6 JHHEHHBIX pasMepoB), TO MNJAOMIANbL KpblIa MOMAETH
HOJKHa GBITh yKe B k? pa3 MeHbIle IUION[aJH KpblIa caMoJieTa.
Bec momenn poaxken 6biTh B k¥ pa3 MeHblle Beca caMoJseTa, a ee
MOMEHTHl HHepUHH — MeHblie B k5 pa3s. JocTuub Takoro mnomoGus
tpyaHo. s obGecrniedeHus: MOJNHOrO MOA00HUs (NpH HAJHYHUH TEOMET-
pHYeCKOro M JHHAMHuecKoro nomobusi) yucaa Re, M, Fr, Sh u npy-
rHe KpUTepHH NMoNoOHS B MOJEJbHOM 3KCHEDHMEHTE NOJIXKHH OBITh
TaKMMH e, KaK U B HaTypHHIX ycaoBusix. OZHAKO H3BECTHO, YTO,
HanpuMmep, ob6ecneynBasi noxobue mo yuciaMm Re (BJausiHHe BSI3KOCTH,
mMaciuTabHbl 3¢ ¢dekT) 1 M (BAMSHHE CKHMAEMOCTH), HEBO3MOXKHO
OJHOBPEMEHHO C 3THM obecneynTb U nojpobue mo uucay Fr (BausHue
BecoMocTH). [To3TOMy Ha mpakTHKe AOCTHTaeTCs TOJbKO YaCTHYHOE
(HenoJsiHOe) mono6He.
"* O6Go3HAUMM NapaMeTphl, OTHOCAIIMECS K MOJEIH, HHIEKCOM
«M>», a OTHOcsIIMecs K camoJjeTy Oyldem nucatb 6e3 uHpekca. Ecan
yoenbHass Harpyska Ha KpHUIO y caMoJjieTa paBHa pyz=G/S, T0 s
DOCTHXEHHS NTHHAMHUYECKOro mojnobus yneabHas HAarpyska Ha Kpbl-
710 Y MOZENH N0JKHa ObITh

_ Gy G S _ 1 a
Py = s, = e ks

rae k=Tl- — YNOMHMHABIIMHCA Bhbille Macwitab (KospdHuHEeHT
M
ymeubménnﬁ) JIMHEAHBIX pa3MepoB.

Bespasmepnax CKOROCTb JIBHKEHHS LIEHTPA TAKECTH CaMoJeTa B
wronope V=Vm./V, ocraercs npum MOAeJHPOBAHHH HEH3MEHHOH..
Hauaibiasi, CKOpOCTh JBHKEHHS LEHTPa TsKecTH V, npomnopuuo-
HaJIbHa KOPHIO KBaJpaTHOMY H3 yJeJbHOH HAarpys3ku Ha Kpnijo. Cie-
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A0BaTeNIbHO, pa3MepHasi CKOPOCTb JABHMIKEHHSI MOJEIH B ILITONOpe
JIOJI2KHa OBITh

== wr
Vk

TakKxKe

BespasmepHasi yrioBasi CKOPOCTb BpaleHHsI o=

wmTr
UCTAEeTCsl HEM3MEHHOH, MO3TOMY pa3MepHasi yrJoBasi CKOPOCTb Bpa-
eHHST MOJIeTH Oy PABHA

0, =;) urrM Vk

CaenoBaTesbHO, CKODOCTb IBHXKEHMSI IEHTPA TSKECTH MOJENH B
wronope momxKHa 6uTb B ) Kk pas MeHblue, a yrjoBast CKOpOCTb
Bpamenus B )k pa3 Goublie, ueM y camMosera.

s npubnnKeHusi 3HayeHHH yucaa Re npu HCObITaHUSIX MOJe-
JieH K HaTypHBIM 3HayeHHSM TPeOyeTCs yMeHbUIATb BBICOTHI NpOBe-
IeHUst 3KcnepuMeHTa (o6ecneuuBaTh OOJBIIYIO MacCoOBYIO ILIOT-
HOCTb BO3lyXa Ha BBICOTE MOJIETa MOJENH Qu). OTHOCHTeNbHAs

MOJeJH U CaMoJieTa JOJIKHA ObITh OJHHAKO-

2m
MJAOTHOCTb p=
0Sb

Boi. BeapasMepHbie paguychl HHEPUHUH (Hanpnmep r, =—3— L)
m

TaK¥Ke JOJXKHB OLITH COOTBETCTBEHHO paBHH. Torna macca u Mo-
MEHThl HHEPLHU MOJENH onpenensiorTcss GopMynamu

G,=G- Ly —goul
e k3 e k8

2m
BespasmepHoe BpeMs ‘t’=w Ha MOJeJH U Ha caMoJeTe JOJXK-
e

HO OBbITh OfMHAKOBHIM. CJieoBaTeJNbHO, pasMepHO€ BpeMdA NPH UCHBI-
TaHUSX MOJEJH fy H HaTypHOro camoJiera t CBSI3aHO COOTHOILIECHHEM

t
tu=—ﬁ.

BBOJl€ B IITOIIOD M BbIBOJAE M3 IUTOIIOpA AOJI2KHBI OBLITh CBﬁSdeI 3a-

BucuMoctbio 3,=08k. U3 yc/ioBHil reoMeTpHUYECKOr0 NOAOGUST HAXO-
UM COOTHOLIEHHE JJisl MOTEPb BHICOTHI 32 OJHH BHTOK LITONOpA

AH
k-

S dad
CKOpOCTH OTKJIOHEHHSI OPraHOB yNpaBJIeHHS 8=—d-t— Ha

AH =

¥Yrawl aTaku, CKOJNbXKEHHS, KpeHa H TaHraxa, a TakXe KOJH4yecTBO.
BHTKOB LUTONMOpAa HE 3aBUCAT OT Macmrtaba MOJeJH.
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8.2. YPABHEHHA NBH)XEHHUS CAMOJIETA

8. 2. 1. YpaBHeHus JBUKEHHSA
B 001eM cayyae

YpaBHeHHsl [IBHXKEHHsI caMoseTa KaK TBEpAOro Tesa
MOCTOSIHHOH Macchl B 00LIeM cJiyyae MOTYT GHITh MOJYUYEHBI H3 3aKO-
HOB COXPaHEHHs KOJHYeCTBA M MOMEHTAa KOJHYECTBA JIBHXKEHHS.
Bocnonb30BaBIIKECh 3aKOHOM COXPaHEHHsI KOJHYECTBA ABUMKEHHUS, TO-
JyyaeM ypaBHeHHe [BMKEHHs LIIeHTpa TsxKecTH (LEHTpa Macc) ca-
MOJIeTa, KOTOpOe B BEKTODHOH (OpMe MOXKHO NpEACTaBHUTh B CIeNy-
olieM Bue (YpaBHEHHE CHJI):

mZstmo, VI=R+G, (8.1)

roe nt— Macca camoJierTa,

-

V—BeKTop CKODOCTH [ABHUXKEHHS LIEHTPA TSAXKECTH CaMOJIETAa,;

->

® — BEKTOD YIVIOBOH CKODOCTH BpallleHHs NPHHSATOH CHCTEMBb
ocedl KOOpAMHAT (C HAyaJoOM B LIEHTPE TAXKECTH CaMoJe-
Ta) OTHOCHTEJbHO 3€MHOH CHCTEMBl OCEH KOOpAH-

HaT;

->

R — rnaBHBI BeKTOp HEHCTBYIOLIMX HAa CaMOJIET BHELIHHX
cu1 (KpoMe CHJI TSIXKeCTH M MHEPIHH);

G — BEKTOp CHJIBI TSKECTH.

W3 3akoHa coxpaHeHHS MOMEHTa KOJHYECTBa JBHKEHHS HaXO-
IUM ypaBHEHHE IBHXKEHHS caMoJjieTa OTHOCHTEJbHO €ro LeHTpa TH-
)KecTH (ueHTpa Macc). DTo ypaBHEHHE MOMEHTOB, KOTOPOE€ B BeK-
TOpHOH (hopMe MOXKeT ObITh 3alIHCAHO B BULE

dz - - ->
(6, D=, 8.2)

-

rne L — raaBHBII BEKTOP MOMEHTAa KOJHYECTBA [BHXKEHHS CaMo-
Jera;

-

M — rnaBHHII BEKTOD MOMEHTOB HeHCTBYIOIIHX Ha  CaMoJieT
BHEIIHHX CHJI OTHOCHTEJbHO IEHTPAa THAKECTH caMosera. BeKTopHbie
ypaBHeHus: (8.1) m (8.2) B oflmeM cayyae NpeaCTaBJASIOT coGOH
CHCTeMY HeJMHeHHbIX nHuddepeHIHaNbHBIX YpPaBHeHHH C nepeMeH-
HeME K03 duunenTamu. [IpoekTupys BXoasiue B 3Ty CHCTEMY BeK-
TOpHl Ha OCH NPHHATOM CHCTEMBI KOOPAMHAT, MJOCKOCTb xOy KOTO-
pofi coBmnamaer .C MJIOCKOCTbIO CHMMETDHH CaMoJeTa, MoJyyaeMm CH-
CTeMy YPaBHEHHH B IPOEKIHUAX HA 3TH OCH:
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m ( dv,
dt

FogVe—0Vy)=R,+0y

av

m( it V‘)=R”+Gy;
av, _ . .

m( dt +“’xvy wyvx)_Rz+Gz’ (8. 3
do,

A o O ——)

J!I li:;y _I_(Jx—Jz)“’xwz_ny (mywz_"' )
D (ST ) os0y—J oy (0T —a2)=

3nech

V t,4,-— TIPOEKLIHH CKOPOCTH J(BHXXEHHs II€HTPa TAXKECTH CaMo-
JeTa Ha OCH NPHHATOH CHCTEMBI KOODJAHHAT;
®,,y, ;— NPOEKIHH YIVIOBOH CKOPOCTH BpallleHHsl caMoJjieTa Ha
OCH NPHHATOH CHCTeMBbl KOOpPAMHAT;
R, y,,— NPOEKIHH pe3y/]bTHPYIOLeH AeHCTBYIOIIUX Ha CaMo-
JIeT BHELIHHX CHJI;
M,,, ., —TpOEKUHH pe3yJbTHPYIOLIEr0 MOMEHTa AeHCTBYIOIIHX
Ha CaMOJIeT BHEIHHX CHII;
G,.y,,— TMPOEKLUHH CHJIB TSAXKECTH;
Jy Jy, J,— MOMEHTH MHEPIHH CaMOJIeTa OTHOCHTEJIbHO OCeH IpH-
HATOH CHCTEMBI KOOpAMHAT;
J yy— LEHTPOOEKHBIH MOMEHT HHEPUHH CaMOJIeTa.

8.2.2. Cucrembl ypaBHeHH#H
JJsi MOJeJMPOBaHUS

Jna momenaupoBanus wronopa Ha DABM B kauecTBe
fIpHHATOR CHCTEMBI Ocell KOOpAMHAT ynoOHO 6paTh CBS3aHHYIO CH-
cremy (X1, Y1, 21), moJaras, 4To ee OCH COBNAfAalOT ¢ IVIaBHLIMH OCHl-
MH HHepuuu camoJjera. Ilas o6seryeHusi 3ajaud NpH NPOBEIEHHH
fnapaMeTPUUYEeCKHX HCCIEeJOBAHHA MOXKHO NPEANOJOXKHTb, 4YTO YIVIHI
CKOJIbXKEeHHs1 OyLyT OTHOCHTEJbHO HEBEJNHKH, TaK 4To Sinf=f H
cosf~1, a BausgHueM u3MeHeHHs uuceqs M u Re MOXKHO mpeHe-
Gpeub. IlpenmonoxuM Takike, YTO paccMaTpHUBaeTCs ABHIKEHHEe C
Hepaboratomum apuratenem (P=0), a cBi3aHHbIM C 3THM H3MeHe-
HHEM adpOfNMHAMHUYECKHX XapaKTePHCTHK CaMoOJieTa MOXKHO INpeHe-
Opeub.

Bocrnonb3yeMcsi H3BECTHBIMH KHHEMATHU€CKHMH COOTHOIIEHHS-
MH, KOTOpbI€ NIPH MPHHATHIX JOMYIIEHHAX MPHOOPETAIOT BHL,

$ =0, sin Y40, cos ¥;
‘Y.=<»x1+((ozl sin y— oy, cos y)tg ¥; (8. 4)
H=V cosasin ®—V sin acosycos ¥ — VBsin ycos 3.
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Ilpu choenaHHBIX HONMyLeHUsiX U3 BulpaxkeHui (8.3) u (8.4) mo-
ryT ObITb HaHAeHB! CJefylollHe JBe NPHOGJIHKEHHbIE CHCTEMBI ypaB-

HEeHHH:

I cucrema, nosyueHHast B IPEAIOJNOXKEHHH O MOCTOSTHCTBE BBICOTHI
n ckopoctu nosnera (H=const, V=qonst), B nanbHeiiluem Ha3bI-

BaeMas yIpOILIEeHHOH CHCTEMO#H ypaBHEeHHUH;

IT cucrema, mosyyeHHasi C y4eTOM M3M@HEHHsI BBICOTHI H CKOpPOCTH
nojera B pexume (H=Var, V=Var), B naapHefimem Ha3biBaeMas

IJIst KpAaTKOCTH GoJiee TMOJTHOHM CHCTeMO# ypaBHEHHH.

I cucrema ypaBHeHuil (ynpoLieHHas)

. 1 wa cos $cos y
a=a (2373 (2270 Qg —1+a
S +a5. o ‘I‘ 139211 @1q cos @ + a5

B =y B+ aoy, cos a—|— Qog 1y SIN A~ @y COS B SiN Y F-ayg;

© 1 == By1030,1 - Bgof - B30 1 Ay yy + Bgg + Asgs

Oy =0 10,1+ Bgof - Bga0 1+ Bggoyy + Tgs0 1+ Bgg Ay
0,1 =510 10y + g | B| +Bgg0y1 +Bsy0z1 + Bss + @ €1,
¥=ag 0, sin Y4 ago,,; COSY;

Y =050+ Aoy cOsYg Yt a0, sin yigd.

(8.5)

Bxonsiuiue B cucremy ypaBHeHu# (8.5) kosdduuueHTH aj; onpe-

AeJAITCA CACAYIOLIUMH BEIDAXKECHUAMH: .

an = —SQQZV Cyi (@), ap=—1, ay=1, al4=.‘§‘ )

ars = — 221t @) a1 0, o =22 Y (@),

agp=1, apz=1I, 024=‘§—’ 025~SQH c’ o1 (@) A3 (8),

as =L;;.J—z, a32=-Sl§T,:w-mgl (a), a33-_—-%!zv—-mxl (o),
= T @), = o @) 83, (0),

a3 = ‘% misl (@) 43, (t), aqy= 'JLJ:&'.

agp = %”‘21 (@), ag3= S_IS:,F’!/E' m:fl (@),

wm S o g D

s = T i (@ 0 0, 2 =L s @) 80, 1.
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Je— 1y

as) = 7 ’
r4
SbpoyV? Ip0p
="y, mh @), e =

Sba0uV? o SbaeuV?

s == mefl (@) e =0 — ma(a),
SbaouV2 SbpoyV2 &

asg = Tz my (@), as7 = 2, mzl; (a) A%; (2),

dsl=],‘ 062=l, a71=1, a7y = —-1, a73=1.

Il cucrema ypaBHenu#t (6oJiee rnoJHasi)

onV o B cos & cosy Viga
a= bn 2 ‘l‘b A +b13“’z1+b14 Veosa + b5 5

QV.
+ by —2—;

Ccos @

f= 5105V B+ bgs0yy COS @+ bygoy sin @
+ by B by SR b0V

(;)xl = b3,04,0,1 0330 V2B — by305V %0 1 +-
+ 03405V 0y, + bg50p V2 - by V'

“”yl =041 10,1 4 04005 VB - b0y V20, + b44QHV2‘”y1 +
+ b450,1 + b4g0p V2 4 0405V

‘.‘)zl =510 10y + 0520 V? | B | 4 053041 - b5a05V 20,1 +-

+ b5s0sV -+ bge0rsV 20+ b0y V%

9 = b0, sin Y 4 bgy0,, cOS y;.

Y= b,lm,,1+ b,zw,,l cos Y tg & - bogo,, sin yig ¥;

V —b 22 —|—b82Va tg @t bggVogy tg o |- by, Lo01E 1

cos @

sin & onV2?,
+ bgs + bgg—2

cos a cos ’
H =b,V cos a sin # by, sin a cos § cos v+
- bV B cos & sin .

Koapduunentrr cucremb ypaBuenust (8. 7) paBHb:

+

(8.6)

[ (8.7)

271



S .
by = "‘2_"';0.!/1(‘1)’ big= —1, biz=1, by=g,

S S
bis= —1, bjg= — gclj (a) A%, (), b2l=2—m C.gl (@),
bp=1, bz =1, byy=g,

_ S sy Jy—1,
bos= —1, bog= —Qm Czl (@) A3, (2), bs1= 7,
Si ®
b3o =‘Im£1 (@), bz3= 2l . mx';l (@),
St N
by =-27m:’i‘”(a), bas = T'ﬂ;{ (@) Ad4 (2),
X
Si 3 Jo— T,
bsg =meal (@) A3 (1), bu ="
St St
L =—m"
byy = or, my; (@), bgz= 2, my{”(a),
N Iyop
by =——m ¥ (), b= —
44 211] myl (a) b45 -’y ’
Sl p St s
bag =%, m (@) Aby (8), by = 21, ™ () A8 (1),
Te—1 Sb ol
bsg =2t p oA B (4), by = ,
s=""7, 2="gy, MA@ b=
SbA ® SbA
bsa =Tmzlzl (@), b55=—21—- mz (@),
z z
Sby Sba s
bsg = mz (@), by =—mm 2 (@) Ad, (1),
2/, 21, =1
be1=1, bgp=1, bpn=1, b= —1,
S
b;3=1, ba]=—"'3"'n-cxl(a)’ bgy =1,
b83=—-1, b84=_19 b85=—g’
S 3
bgg = — -27Cx'; (@) A¥5 (), bor=1,

bgg = —1, bg3= —1.

8.3. MOAEJIHPOBAHHE UHITOIIOPA

(8.8)

MogenupoBanue siBJsieTcss Haubosiee NepPCMEeKTHBHBIM
MEeTOIOM MpEeNBAPHTEJbHOrO ONpeNe/eHHs] XapaKTEPUCTHK CaMoJera
IO HauaJja JIETHBIX HCnbITaHuil. DPU3HYeCKOe MOMAEIHPOBaHHE NpH
HaJUYUH BKJIOYEHHOrO B KOHTYp YyIpaBJeHHs caMoJjieTa JEeTYHKa
(ues0Beka-onepaTopa) MO3BOJISAET NOJyYaTh IEHHYIO
HHopManHuio 06 0COGEHHOCTAX MOBENEHHS, YCTOHYMBOCTH H yNpaR-
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JIIEMOCTH caMoJjleTa NpH cBanuBaHWK H B wronope. OTpa6oTka H
yTOYHEHHEe NMPOrpaMM JIETHbIX HMCIBITAHUH MOTYT H JOJIXKHbI [POHU3-
BOJHTbCA C HCIOJNb30BAaHHEM MOJIENHPYIOUIHX YCTAHOBOK. DTO IO-
3BOJIUT, B YaCTHOCTH, 1aTh OLEHKY pasJHYHbBIX METOJOB BBIBOJAA
caMoJleTa M3 CBAJIMBaHHS H IITONOPA B CAMOM IIMPOKOM AHanasoHe
Haya/bHBIX YCJIOBHI, NPOBECTH COOTBETCTBYIOILYIO NOArOTOBKY JIeT-
YHKOB-HCNBITaTeNell. MoJeTHPOBAHHE YCJIOBUI [0JIeTa, NPOBOJHMOE
B IIpollecce W INOCJe 3aBepLIeHHs JETHBIX HCNBITAHHH (C KOPPEKTH-
POBKO¥ HCXOAHBIX NAHHBIX IO Pe3yJabTaTaM 3THX HCIBITAHHI) HOCTa-
TOYHO NPaBHJIbHO OTPaxKaeT KaPTHHY ABHXKEHHsI CaMoJieTa M MO3BO-
JsieT choesath 60siee MOJHBIE BBIBOABI MO Pe3yJbTaTaM JETHBIX HC-
noiTanui. CJI0XKHbBle 3aJlauydl PeIaloTcs, KaK NPaBUJIO, C IOMOLIbIO
DILIBM, omHako mpu (pU3HYECKOM MOAEJHPOBAHHH NpPEJNOYTEHHE OT-
naercs o6eiyHo DABM. HauGosee cioxHble 3a1ayu 1eecoo6pasHo
pewats, conpsirasi DABM u 3SIIBM, coueras Meroabl MaTeMma-
THYECKOTO H (PU3HUECKOrO MOJCTHPOBAHHUSA.

8. 3. 1. MeTroauka MOAEIHPOBaAHHSA

PaccmoTpuM MeTo pH3MIECKOr0 MOJENTHPOBAHHS ITO-
nopa, Mo3BOJSIOMIME NMPOBOIUTh NapaMeTpHUecKHe HCCIAeNO0BaHHs C
BapbHPOBAaHHEM MapaMeTpPOB caMoJeTa B LIMPOKHX Ipefeaax H Co-
NOCTaBJIEHHEM Pa3JIHYHBIX METOJOB MHJIOTHPOBaHMA. YCTaHOBKA AJs
TAKOr0 MOJENHPOBaHHsI OGBIYHO IpejcTaBjseT coOOH CTeHI-TpeHa-
XKep B BHIe KaGuHB caMosera, coeguHeHHb# ¢ S3ABM. Onepartop
(MeTYnK) «MHJIOTHPYET» caMoJieT Ha CTeHJe, BBOAS ero B ILITONOP,
BLINOJIHSAS PEXHM LUTONOpPA M NPOHM3BOJS BBHIBOJ M3 IUTONOpa B pas-
JIMYHBIX 3alaHHBIX YCJAOBHAX. DTOT XK€ CTeHI MOXeT ObITb HCMOJb-
30BaH M KaK TpeHaxep IJs JeTHOro cocraBa. KabuHa TpeHaxepa
6biBaeT  HEMOABUXKHOH M moABHXKHOH. Hawmbosee  mouaHo
MOXKHO HMMHTHPOBATb LITONOP MPH MOJIEJHPOBAHHH H TPEHHDPOBKE
JIeTYHKOB HAa CTEeHAax C MOJABHMXKHON KaOuHO#. Takas kKabGuHa cO
BCeM HEOGXOAMMBIM NPHOOPHBIM 060pyJOBaHHEM YCTaHABJIMBAETCS
Ha ueHTpudyre, cayxame Aas co3gaHHd TpeOyeMBIX YIJIOBBIX CKO-
pocreil 1 yckopeHHi. [To OT3bIBaM JIETUHKOB, HMHTAIMs CBATHBAHUS
¥ IITONOpa Ha TAaKHX CTEHJax AOCTAaTOYHO XOPOIIO OTpaxkaeT yCJo-
BUsI HaTypHOTO mnosera. las oGecrneueHHuss BO3MOXKHOCTH HMHTALHH
HENpPOU3BOJbHOIO CBAJHBAHHSl H MONAJaHUA B LITONOp, Hampumep
MCTpeGHTeJsI B PeasbHBIX yCJAOBHSX BO3LYIIHOro 605 (MaHeBpEHHBIH
Goii AByXx HcTpeOHTeseH), HCIONb3YIOTCS CJOXKHBIE NHJIOTaXKHbIE
CTeHbI-TPeHaXephl, COCTosIMMe U3 [BYX KaGuH. Takue cTeHab 060-
DYAyIOTCS CHCTEMOH HHIMKanMH o6CTaHOBKM BO3AymHOro Gos. Ha
HHX MOXHO BOCIPOM3BOJHUTb yCJOBHSI CBAaJHBAaHHS H BXOJAa B LITO-
nop, Hanbosee 6JH3KHEe K HATYPHBIM NPH HENPOH3BOJLHOM IOmNana-
HHH caMoJieTa Ha 3TH PeXHMbl B peajbHBIX YCJOBHSAX.
PaccMOTpHM HEKOTOpBbIe pe3ysabTaThl MOJENHPOBAHHS LITONOPA
csepx3Bykosoro camoJgera CIIA co cTpesoBMAHBIM KpHLIOM (x=
=55°), npu ymeNbHOH Harpyske Ha KphlIo pyp=300 krc/m?, ¢ coor-
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HOIIeHHeM MOMeHTOB uHepuuu J.:J, mopaaxka 1:13. B kauectse
HCXOIHBIX a3pPOAMHAMHYECKHX NAaHHBIX OBbIIM NMPHHSATH a3POJHHAMH-
yeCKHe KO3pGHUHEHTH M HX TPOU3BOJAHLIE, ONpENeNeHHble U3 MpPOo-
AYBOK MOJeNu camojera B aspoiuHamuyeckoil tTpy6e. Ha puc. 8.4

H, kM
125
71 Mg
170
V,m/c H[
H=12xm=Const [ T17] 200 }
Werpadfc v=1some=Const iy 100 v
7 T @xnpads
= 4 r
0 /N X N Wy 0 SN B !
- S 4 u \ N L N ¥ A} 4 . .
Wy aﬁ/’(’, = W, Wy, P aa/? = / 4 n;;
4 0
- —
a,2pad o a,2pad
40 AT Y 4 | A C -~y flt
2 20 ,
Wepad o, 207 i
£l SErS i = :
-60 ™ \ ! N N - 60 - N -
Bepad 11 3, 2pad ’
10 ) 0 ; 5
\WANT A\ AL
4 1 X l, 0 \ ” T\ {
-10 Y N -10 ; i 1
a s 70 15 20¢tc 0 5 10 15 20tc
a )

Puc. 8.4. Tpaduk pexnMa JeBOro HOPMaJbHOTO LITONOPA, CMOJEJHPOBAHHOTO
no Gojee mosHOH (@) H ynpouieHHOR (6) cHcTeMaM ypaBHEHHH JBHIKEHHS ca-
MoJieTa

NpuBeieHB! JBa peXHMa IITONOpa, CMOAENHPOBAHHBIE MO YHPOLIEH-
HO#l cucteMe ypaBHeHu#i (8.5) u Gosee mosnHoii cucreme (8.7). I'pa-
(GHKH TOATBEPIKAAIOT, YTO NMPH CPABHHUTENIbHO HENPOLOJKHUTENbHBIX
pexumax mronopa (nopsaka 20<-30 ¢) Ha cpegHUX BBICOTAX OJs
NpoBeleHUs] MapaMeTPHYECKHX HCCIELOBAHHA MOMYCTHMO paccMmart-
pUBaTb IUITONOP KaK [JBUXKEHHE caMoJeTa C NMOCTOSIHHOH CKOPOCTbIO
B cpefie nocrostHHON miaotHoctH (V=const, pg=const), uto 3Hauu-
TeJIbHO YNpollaeT 3afauvy.

8. 3. 2. AHaqu3 pe3yJbTaTOB MOJAENHPOBAHHUS
IITONOPA THNA NMafeHHS JHCTOM

PexXHMBI HOpMAJILHOTO IITONOpA THHA MaJeHHs JIH-
CTOM N0 CNHpaJEeBHAHOA TpaeKTOpPHH OBUIM NOJY4YeHbl NPH MOZe-
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JupoBannu Ha DABM, B KOTOPOM NPHHHUMAJHCh 3aBHCHMOCTH KO3(-
¢uuKeHTa MOMEHTa TaHraxa OT yria aTaku H Ko3dduuuenra mo-
MEHTa DBICKaHHs OT yIjla CKOJbXEHHs, NpHuBeleHHbe Ha puc. 6. 13
4 6. 14 (cnnomnas Kpusas). s Gosee ray6oKoro mOHHMaHUS
¢u3nyecKoi KapTHHE B3aUMOCBSI3H CHJI H MOMEHTOB, AEACTBYIOLIHX
Ha caMoJIeT B TAaKOM LITONOpE, NPOBEeNEeM aHaJH3 COOTHOLUEHHS Be-
JIMYMH OT[eJNbHBIX Y/JEHOB yPaBHEHHH JBHXKEHHS, MO KOTOPHIM GbLI
CMOJIeIHPOBAH YKa3aHHLIA peXuM. DTO GBI CPaBHHTENBHO HeNpo-
JOJIKHTEJbHBIH HTOMNOP C OTHOCHTENbHO HEGOJIBIION CKOPOCTLIO CHH-
JEHHsl caMoJjleTa, MO3TOMY OKa3ajoCh BO3MOXKHBIM MOIENHPOBATb
€ro 10 yNpoILeHHON cucTeMe ypaBHeHu# (8. 5).

Jlns aHann3a COOTHOIIEHHs BEJHYHMH OTHEJbHEIX YJIEHOB ypaB-
HeHuH cucteMn (8.5) 00603HayuM BCe YJIEHBI MPAaBBIX YacTedl 3THX
ypaBHeHHil 6ykBaMH A ¢ COOTBETCTBYIOIUUMH YHCJIOBHIMH HHIEKCA-
vu. Hanpumep, nepBbl ujleH NpaBOM YacCTH NEepPBOro ypaBHEHHS
o6osnaunm A;;=a, — nepBblfl YJeH NPaBOH YacTH BTPOro
ypaBHeHHS Axy=auP u T. A.

Jlnsi OLeHKH COOTHOIUEHHSI aGCOMIOTHBIX BeJNHYHH YJIEHOB ypaB-
HEHUH NpPeJCTAaBUM HX B OTHOCHTEJNLHOM BHIE:

A=A 1009, A, =12l 10096 u 7. 2.

2 1Al > 1Ay

) im1

3nech Ay; — anre6paunyeckast BeJIHUHHA {-TO YjeHa NPABOH YacTH
mepBOro ypaBHeHus cucreMnl (8. 5).

OTHocHTe/IbHBIE H a6COMIOTHbIE BEJIHYHHBI Aj; (MHIEKC j 0603Ha-
YaeT HOMep ypaBHEHHS paccMaTpHBaeMOH CHCTEMBI), MOJydYeHHBIE
IJI yKa3aHHOro Bhbille peXHMa IUTONOpa Ha €ro yyacTke NMpomoJ-
KUTeNbHOCTBIO B 6 ¢ (HauWHas ¢ MOMeHTa {=22 ¢, T. e. yepe3 22 ¢
rnocjie HayaJja ILITONOpa), MOKa3aHbl Ha AuMarpamMmax, NpHUBeAEeHHBIX
Ha puc. 8.5u 8. 6. ‘

U3 nuarpammer (puc. 8.6) BHIHO, YTO 4O MOMeHTa f=~22,25 c
{0=0max="78°) NPOHCXOAUT HapacTaHHe yIjla aTaKu — B OCHOBHOM
nox HeHcTBHeM uieHOB A3 (BausHHE w,>0) u Ay (Bnusiue >0
U 0x<<0) nepBoro ypaBHeHus cucremsl (8.5). Ilocnre momeHnTa
1=~22,25 c uieH A2 MeHsIeT CBOi 3HAK — CTAHOBHTCS OTpHIaTeb-
HBIM, a ero a6coJIoTHAsl BeJHYHHA HAaUHHAET HHTEHCHBHO HapacrarTh,
yTo 06YCJOBJEHO MOSIBJ€HHEM H ObICTPHIM Pa3BUTHEM 3HAYHTENbHO-
TO JIEBOTO CKOJIbXKeHHus. B cBoio ouepesnb, HapacTaHHe JIEBOTO CKOJIb-
JKEeHHs] BBI3BAHO YyBeJHUYeHHeM ab6COJIIOTHOH BEJIHYHMHBI OTPHIATE]b-
HOro usieHa A,3 BTOPOro ypaBHEeHHsI cHcTeMbl (8.5) moa BaIUSHHEM
yBeJIMYEHHsl yriia aTaKH H HEKOTOPOro BO3PacCTaHHS |wy|, 06yc/I0B-
JIEHHOI'O NeACTBHEM MOMEHTa IoNepeyHOH CTaTHYeCKOH YCTOHYHBO-
ctu camosera (uleH Azp<<0 npu B>0). Ilpu stom yriaoBas cko-
POCTb PHICKAaHHS YMEHbIIAeTCs B OCHOBHOM IOJ JefiCTBHEM OTpHLA-
TeNbHbLIX WHEPUHOHHOrO (useH Au) H a3poaHHAMHUYECKOro aectaGu-
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Puc. 8.5. IunarpaMMma, HIIOCTPUPYIO-
Was COOTHOIIEHHE OTHOCHTEJbHHIX Be-
JHYHH WIEHOB YpPaBHEHHIl IBUIKEHHS
caMoJsieTa, MO KOTOPHIM GBI CMOZEJH-
POBaH WITONOP THMAa MajfeHHs JHCTOM
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Puc. 8.6. JnarpaMma, HINIOCTPUDYIOILAsE COOTHOLIEHHS aGCOMIOTHBIX BEJHUHH 4Je-

Apg Az Ais Ajy Ajs

0

HOB ypanneunﬁ ABHXEHHA caMoJieTa, M0 KOTOPHIM GbiJ CMOJEJHPOBAaH WITONOp TH-

03 UaJeHHs JHCTOM
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ausupylomero (uieH Ap) MoMeHTOB phicKaHus, |Ai| Bo3pacrael
13-32 YBeJHUYEHHS |wq|, @ |Aw| yBennunBaercs ¢ yBeauueHuem |f|.
Fpu npepbimenun |B|=19° BequuHHA My MEHSIET CBOH 3HAK H CTa-
HOBUTCHA OTpHLATeabHOH (cM. puc. 6. 14, cniomHas KpuBas), T. €.
HOSABJISIETCS] BOCCTAHABJHUBAOIMHUNA a3pOAMHAMHYECKHH MOMEHT pBIC-
KaHusl (c MOMeHTa =2225 ¢ ujeH A, CTAHOBHUTCS MOJIOXKHUTENb-
HBIM), 6Jaromaps KOTOPOMY JaJjbHeHIlee NaJeHHe oy NPaKTHYECKH
npexpaliaercs. . :

H3-3a GoJabuioro 3amaca NPONOJbHONH CTAaTHYECKOH YCTOHYHBO-
CTH caMoJsieTa IpH BecbMa OGosbmMX yriax artaku (a>59° cM.
puc. 6. 13) Bo3HHKAOT GOJbIIHE BOCCTAHABJAUBAIOUIHE 3apOJHHAMH-
yeckue MOMeHTH My (a) (uneH As;), NpUBOASIIIHE K HHTEHCHBHOMY
YMEHbILIEHHIO ;] U NOSBJEHHIO 3aTeM (C MOMeHTa [=22,8 c) wx<<
<<0. B pesyabrare yroa aTaku OLICTPO yMeHbIIaeTCsl H HOCTHraeT
CBOEro MHHHMAJIbHOTO 3HAyYeHHs Ha pacCMaTpUBAeMOM HHTepBaJe
amin=11° (cpaBHUTENbHO MaJbli JNOKPHUTHYECKHH yroJ arTaku).
IMocne {=22,8 ¢ B OCHOBHOM IOJ AEHCTBHEM BOCCTaHAaBJHBAIOLIETO
MOMEHTa TONepeyHoli cTaTHuecKol ycToiunBocT camotera (M8 B)

Ha4YMHAeTCS HHTEHCHBHOE yMeHbllleHHe abGCOMI0THON BeJIHYHHBI OTPH-
uaTesJbHOR YrJIOBOH CKODOCTH KpeHa, KoTopasi HauuHas ¢ {=23,2 ¢
CTAHOBHTCSl AaxKe NOJIOXKHTeNbHOH. [M1aBHBEIM o6pa3om H3-3a 3TOrO
H HauHHaercss ObICTpOe yMeHbIIeHHe abCOMIOTHOH BEJNHYHHBI OTPH-
LLaTeJbHOTO yIJa CKOJIbXKeHHs: 10 t= 24,15 c (mox nefictBueM uJe-
Ha A;>0), a 3aTeM JIeBOe CKOJbXKEHHE H3-32 NOSBJIEHHS ©y1<<0
HayMHAeT CHOBA HapacTaTb (4JeH Az CTAHOBHTCS OTPHIIATEJbHBIM).

YrnoBasi CKOPOCTb pHICKAHHSI ©y>0 HauyWHAeT HHTEHCHBHO
yMeHbIIaTbes ¢ [~ 23,3 ¢ nox AeHCTBHEM OTPHLATEJIbHBIX HHEpIH-
oHHOro (uieH A4 ) H [ecTaGHIH3HUDYIOIEr0 a3pPOJHMHAMHYECKOTO
(unen Ay orpuuaTenbHBIA H3-3a My, <0 npu B<0, xorma |B|<19°)
MOMeHTOB phicKaHus. [Tox ux BiausiHMeM ¢ MoMeHTa [=23,9 ¢ BO3-
HHKaeT 0y;<<0, T. e. H3MeHseTcsl HanpaBJeHHe BpalleHHs U caMoJieT
CaMONpPOH3BOJIbHO NMEPEeXOJUT M3 JIEBOI'O B IpAaBbli IITONOP NpH He-
H3MEHHO OTKJOHEHHBIX IO JeBOMy wmTonopy pyasx. Hapacranue
a6GCOJIIOTHON BENHUHHBL 0y <0 MPOHUCXOAMT HmpHMepHO n0 =25 c,
nocJie yero moj AeHCTBHEM OTKJIOHEHHOTrO IO JIEBOMY IUTONODY pyJs
HanpaBJieHUs: (3 QeKTHBHOCTb KOTOPOro BO3pacTaeT Ha MaJbiX yrI-
JaX aTaKH) ¥ MOJOXKHTEJbHOIO HHEPIHOHHOTO MOMEHTa pLICKaHHS
(0x1>0 1 @,1>0) |wy| Haunnaer ymenbwatbesi. C yBelHueHHEM
yria ataku 3G QexTHBHOCTb PyJ/s Hanpas/eHHs NMafaeT, HO HHEPIH-
OHHBII MOMEHT PHICKaHHSI Bo3pacraeT 1o = 25,8 ¢, T. e. 10 MOMEHTa
HayaJa YMeHbIIECHUS Wy. [locae 31oro uieH A, >0 HauHHAET yMeHb-
IIaThCSsl, OJHAKO IOSIBJASETCS IOJOXHTEJNbHBIH a3pOJHHAMHUYECKHH
mMoMeHT pbickawusi My, (B)>0 (0<P<<19°) u HecKo/JbKO Bo3pacTaeTr
#DPEKTUBHOCTb PyJ/sl HapaBJeHHs (HM3-3a BHIXOZA Ha yIJIbl aTakH
nopszaka 60° u Bble, TAe Py/Ib HanpaBJ/eHHS BLIXOJIHT H3 3aTeHEH-
HOH KpPBIJIOM 30HBI), YTO B pe3yJbTaTe NPHBOAHT K IOSIBJICHHIO
®y1>0, T. e. K BOCCTAHOBJIEHHIO HCXOJHOr0 HamnpasJ/eHHs BpalleHHs
camo;era B mrTomope. 3aTeM HauMHaeTCs MHTEHCHBHOE YBEJHUYEHHE
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©y1, OGYC/IOBJIEHHOE BJAHAHHEM uiaeHOB Ap (myu u p>0) u Ay
(021 H ©z1) OXHOrO 3HAKAa.

Bospacranue a moc/e BHIXOZA caMmoJsieTa Ha Omin==11° npoucxo-
IUT B OCHOBHOM MOJ AEACTBHEM MOJOXKHTEIbHOH YrJIOBOH CKOPOCTH
TaHraxa @, H NMPOJOJIKAETCH N0 BHIXOJA CaMoOJeTa Ha Omax= 72"
[Tocne atoro w,; M3MeHsieT CBOi 3HAK, a 3aTeM a6COJIOTHAS BeJH-
yuHa ujeHa A;3<<0 HaunHaeT GHICTPO BospactaTh. HaumHaercs cie-
ILyiolllee YMeHbIIeHHe yria atakd. [losiBleHne, a 3aTeM M HHTEHCHB-
HOe YBeJHYeHHe ;>0 NIpPH MaJblX XOKPHTHYECKHX YIJaX aTakH
NPOHCXOAHUT IVIaBHBIM 00pa3oM NOJ BJHSHHEM OTKJIOHEHHOTO IO
IUTOTIOPY PYJIsl BBICOTH, 3 )EeKTHBHOCTb KOTOPOTO PE3KO BO3PacTaeT C
BBIXOZIOM caMoJieTa Ha 3TH yrasl atakH. C BBIXOJIOM camoJjeTa Ha
6oibIIMEe 3aKPHTHYECKHE YIJbl aTakd 3Q(eKTHBHOCTb PyJisi BHICOTH
pe3Ko majaeT M HaJibHEHIee yBeJNHYeHHE ®n (mpd a>40°% T. e.
npu £>25,6 ¢ 10 {26 c) NPOUCXOAHUT yKe B OCHOBHOM IOJ HEHCT-
BHEM HHEDLHOHHOTO Kabpupyiouiero momenTa: uiaeH As >0, Tak Kak
Ox1 H @y Pa3HblXx 3HakoB. [Ipu a>59° Bo3HMKalOT BecbMa GoJiblune
MoMmeHTH M, (a) <0, GbICTPO mapHpyloillHe BO3pacTaHHe ®, 4 3a-
TeM BBI3bIBAIOIHE €€ HHTEHCHBHOE YMEHBIIEHHE H NOSIBJEHHE 0,1 <<O0.

YBesnnueHue 1€BOro CKOJbXKEHHs Nociae [~ 24,15 ¢ o6ycoBieHo
B OCHOBHOM YBeJHYEHHEM aGCOIOTHOH BEJHUYHMHBI OTPHIIATENbHOrO
uyneHa Az H3-32 yMEHbLIEHHs . lIpogonkaercs OHO n0 (=
225,25 c. [Tocsie 310r0 HauHHAETCST HHTEHCHBHOE yBeJHYEHHE IOJIO-
XKHTeJbHOTO ujeHa Ag; (6arogapsi yBeJHYEHHIO @ M x1) H yMEHb-
meHHe a6GCoOMIOTHOH BeMuuHHbl A (YMeHblLIEHHE COS@, a 3aTeM H
|@y1]), 4TO MpHBOAMT K GHICTPOMY YMEHBIIEHHIO OTPHILATEJBLHOTO,
a 3aTeM K yBeJHYEHHIO MOJOXKHTENbHOTO yria CKoJbxXKeHus. B manb-
HeHwem (mocie {26 c) BenuunHa Ap; GbicTpo yOGbBIBaeT H3-3a
YMEHbIUEHHUS ®x1, @ MPH MOSIBJEHHH ®x1<<0 useH A3 CTAaHOBHTCS OT-
punatesbHeIM. B pesysnbTaTe yBenMueHHe B 3aMenssieTcss H BOBCe
npekpamaercst npu (26,55 ¢ (Bmax=18°). ITocnenylomee ymeHb-
IeHHe B BBI3BAHO yBeJHUeHHEM aGCOMIOTHOH BeMYMHBI OTPHUATEb-
HOro usieHa Ag; (Bo3pacTtaHueMm |w«|).

VMeHbIieHHe a6COMIOTHON BEJHUYHHBI 0y IOCAE 22,2 ¢ BHI3BA-
HO TJIaBHBIM 06pa3oM nosiBJAeHHeM OOJBbIIHX MOJOXKHTENIbHBIX a’3po-
IuHaMHYecKHX MoMeHTOB ME8 npu cosmaHHH JI€BOrO CKOJIbXKEHHS

(uneH Asz), NMPUBOASILIMX 3aTeM na)Ke K U3MEHEHHIO 3HAKA Ox1 —
K MOSIBJICHHIO (51 >0. JlanbHeliee yBeJHYeHHE x4 NPOHCXOAHT NPH
yMeHbllIalomeMcst 3HaueHHH uieHa Az (yMeHblLIEHHe CKOJIbKEHHS)
M Bo3pacraiollell BeJHuYHHe ujeHa Ag;, CTABIIEr0 MNOJOXKHTEJIbHBIM
npu @y <0 (mocne t=23,9 c). ITocae 3Toro u3-3a yBeanueHus: ab-
COJIIOTHOH BeJTMYHHBI OTPHLATEJIbHOTO ujeHa As; (MOMEHT aBTOpOTa-
[IUH) yBeJHYeHHe NOJOXHTENbHOH YrJOBOH CKOPOCTH KpeHa Ipe-
Kpawaercs (1=24,2 c), a 3ateM CHOBa MpPOJOJIKAETCS B OCHOBHOM
u3-3a Bo3pacTaHds ujneHa As (HapacTaHdWe JI€BOTO CKOJbXKEHHS).
Ilanee, B pesyJbTaTe YMEHbIUEHHsI JIEBOrO CKOJbXeHHs (1oc.e
t~25,25 c) uneH Az Pe3KO yMeHbLIAETCS], a MOTOM CTAaHOBHTCS I10-
JoxutenpHuM (npu $>0, T. e. nocae ¥=25,7 c). Pe3skoe Hapacra-
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HHe abCOJIOTHOH BeJHUYHMHB OTPHIATENbHOrO MOMEHTA NONepeyHoi
CTaTHYECKOH YCTOHYMBOCTH 1IPHBOAUT K WHTEHCHBHOMY yMEHbIUIEHHIO

ox1>0, a 3aTeM K MOSBJIEHHI0O wx<<0. U3 muarpammul aas XAy
(cM. puc. 8. 6) BHEHO, uTO Ha GOJbILEH YacCTH pexkKHMa HHEPLHOHHBIH
MOMEHT KpeHa (ujeH Aj) HMeeT CpaBHHTEeNBbHO MaJjioe 3HAuYeHHe.
OO6bsicHsIeTcs: 3TO TeM, YTO pa3Huila MOMeHTOB HHepuuu J, —J, or-
HOCHTe/IbHO HeBeJIHKa.

Takum o6pasoM, B3aHMOXEHCTBHE adPOAHHAMUYECKHX H TI/1aB-
HBIM 06pPa30M HHEPLHOHHbIX MOMEHTOB H CHJ NPH NPHHSTHIX 3/echb
HeJIHHeHHBIX 3aBHCHMOCTSIX H3MEHEeHHs] a9POIMHAMHYECKHX K0o3((dH-
IHEHTOB MO yrjaM aTakKu H CKOJIbXKEHHs NPUBOJIHT K BecbMa pe3-
KHM HM3MeHeHHSIM NapaMeTpOB [BHXKEHHS caMoJieTa, K HepHojHye-
CKHM BHIXOJAM CaMoJieTa Ha OoJbliMe 3aKpHTHYeCKHe H CPaBHH-
TeJIbHO MaJible JOKPHTHUECKHe YIJIbl aTakKH C MNepHOJHYECKHUMH
CaMOINpPOH3BO/IbHBIMH OCTAHOBKAMH BpAIleHHSI H Jaxe MepexofaMH
caMoJsieTa H3 LITONOpAa OQHOTO HAampaBJeHHs B LITONOP APYroro Ha-
npaBJjieHusi. DTO U €CThb TOT BecbMa HECTAGUJbLHBINA PEXHUM IITOMOpa
¢ HepaBHOMEPHBIM BpalleHHeM CaMoJieTa, IBHXKeHHe KOTOPOro Haro-
MHHaeT najeHHe JHCTA, B Ipoliecce KOTOPOrO IEHTP TAKEeCTH caMo-
JeTa ABHKeTCs IO CHHPAaJIeBHIHO!N TPaeKTOPHH.

AHanu3 moka3biBaeT, YTO MaTepHaJbl MOJENHPOBaHHS IUTONOPA
NO3BOJISIIOT TI1y6xKe MOHATb (H3HUECKYI0 KapTHHY sIBJEHHH, HMelo-
OIMX MECTO B 9TOM CJIOXKHOM, CYHIeCTBEHHO HeyCTaHOBHBIUIEMCS pe-
XKuMe nosnetra. Kak yxe yKasnlBaJjoch Bbllle, AJs MOBHIIIEHHs] HOCTO-
BEPHOCTH PEe3yJbTaTOB MOJEeJHPOBAHHS 1e1ec006pa3HO MOJb30BaTh-
€1 a3pOAMHAMHYECKHMH KO3(D(HUIHEHTAaMH H HX NPOH3BOIHBIMH,
onpefie/sieMbIMH HEMOCPEACTBEHHO B MOJIeTe Ha J10-, OKOJIO- U 3aKpH-
THUYECKHX YIJ1axX aTakH.

Takum o6pasom, npH H3yUeHHH HiTONopa TpeGyeTcsl pelmiaTbh Kak
npsiMylo Tak u o6paTHyI0 3aflayd AMHAMHKH IIOJIeTa, OCHOBBIBASICh
Ha JaHHBIX HAaTyPHOTO JIETHOrO 3KclepuMeHTa. llpsmas 3ajgaua —
3Has NeHCTBYIOIIME HA CAMOJET CHJBl M MOMEHTHI, ONpele/siTh Xa-
paktep ero aBuxkeHus. O6paTHas 3ajaya — MO H3BeCTHHIM mNapa-
MeTpaM JABHIKEHHs caMoJjieTa Onpeje/saTh JeHCTBYIOIHe Ha Hero CH-
Jibl H MOMEHTHI.



I'JIABA 9
PACYET TPAEKTOPHHU HITONMOPA

BBuny Ttoro, uto mromop mpeacrasisieT co6oi BecbMa
CJIOXKHOe HeyCTaHOBHBIIeeCs IPOCTPAHCTBEHHOe ABHIKEHHE caMoJe-
Ta, TOYHBIH AaHAJUTHYECKHH pacyeT ero B HacTosillee BpPeMs He Mpej-
cTaBjsgercs Bo3MOXHbIM. OnHaKo B Ipoliecce HCCAENOBAHHUM INTO-
nopa 1oCpeACTBOM CPABHEHMsS] PAcYeTHBIX NAHHBIX C pe3yJbTaTaMHu
MOJEeJHPOBAHUSI HA BHIYHC/HTENbHBIX MallHHAX H JIETHOTO 3KCIIEpH-
MeHTa ObLJIM MOJyYeHbl MPHONHKEeHHbIe aHAJIHTHYECKHE METOIbI pac-
4YeTa TPAeKTOPHH ABHXKEHHs caMoJieTa B 3TOM pexume. Takue pac-
YeThl MO3BOJSIOT, B YaCTHOCTH, NPOH3BOAHTb NPHOGJIHKEHHYIO OIEH-
Ky BJIHSIHHSI OTAEJNbHBIX (DAaKTOPOB HA XapaKTePHCTHKH TPAaeKTOPHH
uTonopa. DTo MOXKeT GHITh MOJIE3HO NMPH NpeJBapHUTEIbHON OLEHKe
XapaKTepHUCTHK ILITONOPA HOBBIX H MOAMGHUHPOBAHHBIX CaMQJETOB,
NpPOBEJEHHH MapaMeTPHYECKHX HCCJENOBAHHN BJIHSHHS Pa3/HYHBIX
KOHCTPYKTHBHBIX, 23pOJHMHAMHUYECKHX H JKCIJIyaTalHOHHBIX (Ha-
4aJbHOM BBICOTBI, CKOPOCTH IOJIeTa M T. I.) (akTOPOB Ha XapakrTe-
PHUCTHKH IITOmMOpa, yriayGJeHHOM aHa/jii3e pe3y/bTaTOB JIETHBIX HC-
CJIe/IOBAaHUH caMOJIeTOB Ha wTonop u Ap. KpaTkoe omucaHue 3THX
OpUOIHKEHHBIX aHAJHTHYECKHX METOJO0B pacyeTa XapaKTEpPHCTHK
TPaeKTOPHH [BHKEHHS] caMoJ/eTa B IITONOpPE NPHBOILHUTCS B HACTOSI-
weit raaBe. BrepBrle aHA/MTHYECKHH METOX pacueTra TPaeKTOPHH
wironopa 6ui1 ony6aukoBaH B 1964 r. [18].

9.1. TPAEKTOPHS NEPEXOAHOI'O YYACTKA

9. 1. 1. CRaanBaHue ¢ MaJoii CKOPOCTH

Brime 6bl0 MOKa3aHO, YTO NpPH CPaBHUTENbHO 6OJb-
IIHX YIVIOBBIX CKOPOCTSIX BpalleHHsI caMoJeTa IocJe CBaJHBaHUS CO
CKOpocTeH, PaBHBIX HJH OJH3KHX K MHHHMAJIbHOH, 10N BJHSHHEM
a¢pdekTa caMOHEHTpaIN3aLHH TONBEMHON CHJBI TPAEKTOPUS IBHKe-
HUS [EHTpPa TSAXKECTH caMoJjeTa mpH HepaOOTaIOIIMX ABHTAaTeNsIX Ha
MPOTSIXKEHHH BCEro NepexoJHOro yyacTka mromopa 6/H3Ka K Tpaek-
TOPHH ABHIKEHHS CBOOOIHO JeTsulero Tesa (6aslIMCTHUECKON Tpa-
exktropun). VIHBIMH C/10BaMH, NpUOJHKEHHO B 3TOM CJyiae MOXKHO
CYHTAThb OCb IUTONOpA COBMAJAIOMIEH C TPAEKTOpHeH NBHIKEHHS Ma-
TepHaabHOH TOUKH (Bec KOTOPO#l paBeH Becy caMmoJera), uMmeloleh
Ty K€ HayaJbHYyI0 CKOPOCTb, YTO U camoJeT. [IBuxkenue Takoi TOUKH
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MPOHCXOAHT B BePTHKAaJbHOM IVIOCKOCTH NOJ AEeHCTBHEM Beca H JiO-
6oBoro compoTHBJeHHsl. PaccMoTpuM NoJpoGHee XapaKTePHCTHKH
IBH2KEHHS 3TOH TOUKH B Pa3JIHYHBIX CAYyYasiX.

B HavaJie 111 mpOCTOTHI PacCyKIEHHH NPENIOJOXKHUM, 4TO JBH-
KEHHe NPOUCXOINHUT B Cpejie HOCTOSIHHOH IJIOTHOCTH (gg=const).
B pajapHefileM nokakeM, Kak M Korjga cijeiyeT BHOCHTb B pe3yJlb-
TaThl pPacyeTOB MONPAaBKH, YUYHTHBAIOLNIHE H3MEHEHHEe IJIOTHOCTH 3a
CYeT MOTEPH BLICOTHl Ha NEPEXOAHOM yuacTke mronopa. Koadou-
L{eHT JM060BOro CONPOTHBJEHHS NPHOJHKeHHO OyIeM CYMTaTh IO-
CTOSIHHBIM (HOMYylLIeHHe O MOCTOSIHCTBE CPeJHero yria aTakdH caMo-
JleTa Ha 1mepexoJHOM yyacTKe LiTonopa). BausHuem BI3KOCTH H CXKH-
xKaeMocTH Ha BejauuuHy C, mpeHeGpexeM. Ilpennmosnoxum BHauame,
YTO JABHIKEHHE CaMOJIETa B IUTONOPE MPOHCXOAHUT NMPH HepaGoTaoMHuX
(aBTOpoTHpylomHKx) nBurarensix (P=0), a uameHeHHe Koadpduuu-
eHTa J1060BOro CONpPOTHBJIEHHS] CaMOJIeTa 3a CYET ABTOPOTHPYICIIUX
IBUTaTeNel paBHO HYJIIO.

[1pu NpHHATHIX NOMYIIEHHSX NMoJydyaeM u3 ypaBHeHHsa (8. 1) cae-
Ayolllee BEKTODHOe ypaBHEHHE IBHKEHHSI caMoJeTa (MaTepHaJb-
HOil TOUKH) Ha NepPeXOofHOM yJacTKe WITonopa:

@ =z
m— =+,
roe
Eg=_cxs-2£'—" V.

DTo ypaBHeHHE MOXKeT GLITb NIepentcaHo B BULE

->

S ——nV+g, (9. 1)
rape
n= xS 9.2)
2m

B kKauecTBe Hauya/AbHBIX yCcaOBHH npumeM (mpHu f{=Z=0):
H=H, L=Ly=0, V=V, =160, n,=n,=2 1.

Cnpoektupyem ypaBHeHHe (9.1) Ha ocb abcuuce 3eMHOH cHcTe-
Mbl KOODAMHAT, OpJHHATBl KOTOpPOH 0603HaunM uepe3 H (BEICOTa
nosera), a abcuuccel — yepe3 L (ropu3oHTaslbHast AAJbHOCTb MOJe-
ta). LleHTp TsAXKecTH caMoJeTa pacnosoXuM B miaockoctn HOL
(puc. 9. 1). ITonyuaem ckaJaspHOe ypaBHeHHE

[=—nVL. (9. 3)
CKopocTb noJsieTa MOXKeT ObITh IIPecTaBJeHa KaK
V=5, 9. 4)
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rle o — KPHUBOJIMHEAHAsl KOODAMHATa, M3MepsieMasi MO TPaeKTOPUH
fosieta OT HayaabHOH TOukH (Ho, Loy=0).

_ Ilpencrasus L B Bugne i;—Ll A TOJCTaBJsAsl BMecTo V BhIpaxe-
Hue (9. 4), Haxoaum U3 popmyas (9. 3)
20— —nds. 9.5)

HHTerpupyeM mpaByio H JIEBYIO YaCTH NOJYYE€HHOTO ypaBHEHHs

S&)—= —'nSdc—I—cl,

L
T.©
InL=—ms+tc, (9. 6)
ds
|
dL
6
AL

Puc. 9.1. Tpaektopusi IBHXKeHHs caMoJeTa H pac-
CMaTpuBaeMble CHCTEMBl KOODIHHAT

M3 puc. 9. 1 BuaHO, uto dL=do cos 0,
HJIH

L=3ccos8=V cos®. 9.7)

ITocTosiHHYIO ¢4 Ompene]uM, MOACTaBHB B BbipaxeHue (9.6) Ha-
YaJibHble YCJOBHS:

c,=In L-It—0= In V, cos 6,.

[ToxcraBisia nojiyueHHoe 3HayeHHe €3 B BbipaxeHue (9.6) u mo-
TeHIUPYs, HAXOLHM

L=V,cosfe™, (9.8)
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OTKy[a, MCTIOJb3Ys Bhipaxkenue (9. 7), nonyyaem
V cos 6=V cos 6, e—1°. (9.9)

Jna ynpouieHHs pellleHHsl 3aJlayd BTOpOe CKaJsipHOe ypaBHEHHe
IBHXKEHHS] CaMoJIeTa MOJYYHM, INPOEKTHPYS] BEKTOPHOE BhIpaXKeHHe
(9. 1) Ha oce Oy CKOPOCTHOH CHCTEMBI KOOpIHHAT, HA4yaJo KOTOPOH
HaXONHTCSl B LIEHTPE TsKeCTH caMmoJera (cM. puc. 9.1):

Ve
m —=@ cosf. (9. 10)
r
3nech r— paauyc KPHBH3HBI TPAeKTODHH [BHXKEHHs caMoJera, Jie-
xamie# B nockoctd HOL (cM. puc. 9. 1).

W3 nuddepeHunanbHOll reoMeTpuH H3BECTHO BBHIpaXKeHHe O/

KPHBH3HBI IJIOCKO KPHBOH
Ld

M
[ 72132
[+ (#2)"]"
(3mech ¥ B nanpHeHIIeM MHAEKCOM IITPHX 0603HAUAIOTCS MPOU3BOA-
Hble 110 He3aBHCHMbIM NEPEMEHHBIM, YKa3bIBAeMbIM HHXKHHM HHIEK-

p dH
com, Hanpumep /1) =7L—).

U3 puc. 9. 1 BugHoO, uTO

S |-

H,=1g®. (9.11)
Hcnoab3ys  u3BecTHOe M3  TPUTOHOMETPHH  COOTHOILIEHHE
COS 6 =-————=, NpPHBOJHM DaBEHCTBO LIS ONpEeNeJeHHs KpH-

(1 + tg20)%
BH3HbI TPaE€KTOPHH IOJIETA K BULY

%:H 7 cos3 6.

IToacrasasia 1o Beipaxenue B popmyay (9. 10), momyuaem
V2H' cos® = —g.

3amenus V cos 0 Beipaxkenuem (9. 9), Haxoaum

Hy= ——£ e, (9. 12)
Vi cos2 8y

U3 puc. 9. 1 umeem
(dsl=(dH )P+ (dL} nn

(3,)2=(H})*+1, (9. 13)
OTKyJIa

Hy=+ )/ (o —1. (9. 14)
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3HaK IJIIOC mepel PajHKajOM COOTBETCTBYET YCJOBHSIM IOJIETa
¢ 6>0, a sHak muHyc — noJery ¢ 6<<0.

Huddepenurpyem nousenno pasencrso (9. 13)
20}, =2H | H},.

[Moncrasass snauenue /7, us opmynw (9.14), naxoxum

HY = V(OLOL - 9. 15)
°L —

Bocnosnb3oBaBmnck ypaBHeHueM (9. 12) nnis ompenesneHus mpo-
u3BojHOH /1], monyuaem u3 Bripaxenus (9. 15)

UL _ & g 9. 16)

l/ (42)2_ 1 Vg cos? B

HafineHHoe BbIpakeHHe sIBJsieTCS HeJIMHEHHBIM nupdepeHnasb-
HHIM ypaBHeHHEeM BTODOTO NMOPsJKa C MepeMeHHBIMH KO3 (HIHeHTa~
mH. [ToHH3MM NOPSANOK 3TOrO ypaBHEHHS Ha €MHHUILY, AJS Yero BHa-
yajie NIPaBYIO H JIEBYIO ero YaCTH YMHOXHM Ha O

("',IL)2 02 — $ £ e2nc 02

V(°2)2_1 V2 cos2 by

’

ds
YuuTbiBas, yTo 9= dlL. , TpEeICTaBHM 3TO BHIpaXKeHHE B BUJIE

’\2
L F—£— e,

V(,Z)? 1 V3 cos2f

3aTeM HHTerpHpyeM NpaBYyIO H JIEBYIO YacTH MOJYYEHHOTO ypaB-
HeHHs:

-H

S—(C’Ld ’ ——xemdo—{-cz

VW_—I L= V2 cos? b,
WA
—-V( )2—1—|——ln[ol_—|-‘/ P =1]=

=F — & et c,. (9. 17)
2V§'q cos? by
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B kauecTBe HauaJbHbIX ycAOBHi npumeM: Lo=0, 0o=0,
[MoncraBuB HauajbHBIE YCJAOBHS B BbipaXKeHHE

o)y = —
( L)O cos fly ’
(9. 17), HaxOAMM MOCTOSIHHYIO HHTErPHPOBAHHS

1 + sin 8y 1 )
co=—1In F
2 2 cos by 2 cos Oy ( g cos 6y )’
Tae
kV = g2
Vol

IMoxncrasasia 3nayenue ¢z B (9. 17) u jorapupmMupys nojsydeHHoe
BbIpaXKEHHE, HAXOUM O

1 - nVocos [
gy ¥ S T

+In (c'L—[— 1/(5;)2— 1)+k]}, (9. 18)
rie
E:ln Ccos 60 - sin 00 :I: kV (9. 19)
1 + sin 6 sin28,

B cooTBeTCTBHH C H3JIOXKEHHBIM BBIIIE 3HAK Mepej YJeHOM, CTOS-
wuM B GHUrypHo#l ckob6ke B ypaBHeHuu (9. 18), BriGupaercs cieny-
omum o6pasoM: npu 80 Gepercs 3HaK MJIIOC, a Ipu >0 — muHyC.

3Hak nepen ky B BhipaxeHuu (9.19) Takxke ompepensieTcss Ha-
KJOHOM TpaekTopuu moJerta. [Ipu 6p<<0 Ha BceM mpOTSKEHHH Tpa-
eKTODHH INOJIeTa He MOTYT CYIIECTBOBaThb y4yacTkKH ¢ >0 (B cooT-
BETCTBHH C NpPEJNOJIOXKEeHHeM O CAMOHeATpaJN3alMH NOJbeMHOH CH-
JIbl) U k Ha BCeM NPOTSIKEHHH TPAEKTOPHH GepeTcst MOCTOSIHHBIM.

B srom caydae nepen Ry ocraercss 3Hak MHHYC M BeJHYHHa R
OKa3blBaeTcs GoJblle HyJs, TaK Kak sinBp<C0 u, Takum oGpasom,
HH OJMH M3 4jIeHOB B BhIpaxkeHHH (9.19) He MoxeT GHITb OTpHLA-
TEJNbHBIM. _

Ecan 0,>0, To BeqnuuHa k ompejensieTcs IJIs JIBYX YYacTKOB
TpaeKTopuu no-pasHomy. Ha yuacTke Tpaektopun ot 60=0, 1o

9=0 naxoauM k u3 Beipaxenus (9.19), moacrasisis 3agaHHyIO Be-
JHYkHy Op M ocTaBasif nepex ky 3Hak miaoc. Touka =0 Bcerna
MMeeT MeCTO Ha TPaeKTOPHSX CeMeHCTBa, Ompene/sieMOro ycJIOBHEM
00>0, Tak KaK NMpH OTCYTCTBHH MOLBEMHOM CHJIBI 3TH TPaEKTOPHH
Hen36exKHO OTKJOHSIIOTCS BHH3 M B KOHIIE KOHIIOB 3HaK 0 H3MeHseT-
¢ ¢ moca Ha MuHyc. Ha yuyactke Tpaektopuu ¢ 0<<0 mepen Ay
ocTaeTcsl 3HaK MHHYC, a B KayecTBe HayaJbHOrO yrja HaKJOHa Tpa-
€KTOPHH TNPHHHMAETCs KOHEYHBIH YroJ HaKJIOHA MepBOrO ydyacTKa
Tpaekropuy, T. e. §=0. B 3ToM ciyuae, KaK BHIHO H3 BBIPaXKEHHS

(9.19), Benuunna k=*ky.
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BepreMmcs k ypaBHeHuo (9.18). D10 neaumnennoe nuddepeHuu-
a/JibHOe ypaBHEHHE NEPBOro NMOPSAKAa, paspellleHHOe OTHOCHTEbHO
HCKOMOH (yHKUHH. Ero TpynHO paspeumuTb OTHOCHTE/NBHO IPOH3-
BogHoi o, IlosTomy pemenne ypaBHenusi (9.18) menecooGpasHo
NpOM3BOJHUTL NapaMeTPHYECKHM cnocob6oM. BBenem mapamerp t Ta-
KM 06pasom, uTo6bl 3aMeHHTb ypaBHeHHe (9.18) nByms ypaBHe-

HUAMH:
o=f1(7) u o= fa(7).

Tak kak ypaBHenue (9.18) paspemieHO OTHOCHTEJNbHO O, TO B
KauecTBe napamerpa ya06HO B3fITb ;, T.e. IPHHATb

.1
=g = (9. 20}
Tenepb nonyuaem us Boipaxenus (9. 18)
1 _ 'qu cos? fy
= — ln +— . 9. 21
? 2n ( g q)) ( )
rae
Y= (7, k)="L(7)}&, (9.22)
a

t)=tYP—=14In(x+ V=1
Huddepennupyem Beipaxenue (9. 21)

©2dv
ds= i W . (9. 23)
U3 Beipaxkenus (9.20) umeem
dL =2
-

ITopcrasasis do u3 popmyan (9. 23), Haxonum

Tdv
=t .24y
=1 ¢ V2—1 8.2
Hnrerpupys Boipaxenue (9. 24), nonyuaem
L L3
. v2dt
3 dL=L=+ n S V=T (9. 25)

0 To

Bricora noseta onpenensieTcss H3 BhIpaKeHHs
H L
f dH=H—H0=§ HdL.
Ho o
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IMoncrasnaa /1, u3 dopmyan (9.14), 3ameHuB B Hell npesBa-
puTeJqbHO o, Ha T, H dL u3 Bhipaxenus (9.24), nomyyaem
1 - Tdv
— Hy=+— . .2
H—Hy=+— S ; (9. 26)

To
CkopocTb moJsiera onpegenum mo gopmysae (9.9), saMeHuB B Hell 6
BeipaxkeHueM (9.21) u cos 6 Ha7

V=t l/ii. (9.27)
4|

Bennuuna Vo B siBHOM BHne B hopmyay (9. 27) He Bxomut. Baus-
Hue V, Ha ckopocTh mosieta V mposiBasieTcs yepe3 mapaMmerp k, BXO-
IALAH B .

Hasa ompeneneHus 3aBHCHMOCTH BpeMeHH IoJeTa { OT nmapamer-
pa T npeacraBuM BhipaxeHue (9. 8) B Bune

dL
dt—m————
e~ Vg cos By

(9.28)

IToncraBnsis B Bhipaxenue (9.28) dL u3  cdopmyan (9. 24),
o u3 popmyansl (9.21) u HHTErpuUpysl HOJydYeHHOe BHIpaXKeHWe, Ha-
XOJIHM

t T
1 dT

dt=t=+4+ —— _—, 9.29

S ~ Ven S VE(@-1DY ( )

to To
HuTterpasnsl, BXoasiie B Bblpa)KeHHﬂ (9. 25), (9.26) u (9.29), MmoxK-
HO NPeNCTaBHThb B BHJE 5' 5 ‘Y

OHpE‘,lIeJIﬂ}OTCH 3TH PIHTeraJIbl yHCcAeHHBIMU MeTogaMu. O603HAUYHM

=~ ; tdt .
Fl(r’k)ziSW———T)T’ (9.30)
1
Fy(v, )=\ —2&%__. (9. 31)
o
Fy(s, B)=\ "’f . (9. 32)

Bennuunbl Fi—,, 3 3 MOXHO OomnpefensaTb M0 mapaMeTpaMm tv 4 &
U3 rpaduKoB, NpuUBefeHHBIX HAa pHuC. 9.2, 9.3 u 9. 4, uaun no tabau-
uam, npuBeieHHBIM B pabore [18].
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[Tpu6aukeHHBI!I pacyeT TPAaeKTOPHUH MOJeTa CaMoJieTa Ha mepe-
XO[HOM y4YaCTKe LITONOPa B pacCMaTpPHBaeMOM CJydae MOXKeT OHTb
BBHINOJIHEH CJeylomuM o6pasom. Buauasne pasGepem cxemy pacuera
TPaeKTOPHH BXOJAa B WITONOP npu 0,<<O0.

1. Tlo 3ajaHHBIM HayaJbHBIM YCJIOBHSM HaXOAUM

1 B— In —5°8 B _ sinBp—ky

To= " -
cos fy 14 sin 6 cos2 fy

a 3atem Ha puc. 9.2 naxomum F (1o, k).

F(5K)
T N T _‘

5 || et
45 o E //// :1#_?:
4 l e [ RaR

2 T 52 L4 16 18 T
sl |/ A% K T :
; W/ 274 .
3 AI/A . B\ ?
w7 AN '

74 4 | RN
2 L UAAN
15 ' _\ k=-’\ \_|
’ _0’3}"*0'5\ N \\
1 ! N
05 R | Y iy Koo
7 N I f

i ] ] { 12 i kh{_

0 20 40 W9 a0 T

Puc. 9. 2. 3aBucHMOCTb Beanunubl Fy OT mapaMeTpos T u £
2. 3apaemcs BpemeHeM mosieTa f, O KOTOPOMY HAaXOXHM (YHK-
uuio Fi(t, R):
Fy(t,k)=tV gn+F1(To, k).

ITo F(x, k) u3 puc. 9.2 onpenenessm napameTp .
3. 3Hasi BEJIMYMHY T, HaXOAHM YyroJl HaKJIOHa TPAaeKTOPHH IO-
Jera

1
= —arc cos—.
T

4. Tlo © u k onpenensem £(t), a 3ateM u $(t, k) mo dopmyie
(9.22). ITocae 3TOro HaxoAuM CKOPOCTb IOJIETA

vezy/ £
tl/qm
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5. 3Has T u k, HaxoguM Fa(t, k) u Fa(to, k) mo puc. 9.3, mocie
4ero onpefessieM ropH3OHTANBLHYIO 1aJbHOCTb TOJIETa

L=1M[Fy(v,k)— F3 (%, k).

6. U3 rpacdukos, npeacrasiJeHHHX Ha puc. 9.4, noayydaem 3Ha-

uyenuss Fs(t, k) u F3(vo, k),c mOMOMLIbIO KOTOPHIX BBIYHCJSIEM BHICO-
Ty noJieta

H=Ho—'%'[Fs("je)—Fa(To’z’)]-

[Ipu cpaBHuTeabHO Gosbuioit moTepe BhicoTHl AH=H,—H
MOXKHO 3aTeM YTOYHHTb PacueT, BHINOJHHB €ro BO BTOPOM NpPHOJIH-
EeHHH TPH YTOUHEHHOM 3HAYeHMH 1), ONMpPeJeIeHHOM MJIsl BeJMYMHBI
O, COOTBETCTBYIOILEH Cpe/iHel BLICOTE NoJeTa:

H‘ _ Hy+ H
cp 2 ¢
Bennuuny 6 yTOYHATH BO BTOpOM NPUOJNHKEHHH OOBIYHO He Tpe-
Oyercs. I yTOUHEHHsI BeIU4YHHB V B cOOTBeTCTBYyIOLLyI0 popmy.ay
NOJICTABJSIETCS YTOUHEHHOe 3HauyeHHe 1). XapaKTepHCTHKH TPaeKTo-
pun H u L yTOYHSIIOTCS BO BTOPOM NPHOJIHMKEHHH CJEAYIOLUM 00-
pasom. OnpenensioTcsi yTouHeHHbie 3HaueHus: Fo/n U F3/v, 3aTeMm Ha-
XOJATCS MOJNYCYMMbl (B MPHBOAMMBIX HHKe BbIpaXKeHHSX HH(POBHIE
HHAEKCH 32 KPYIJIBIMH CKOGKaMH 0603HayaloT: HHAEKC 1, 2 —yTou-

HeHHBble 3HAYEHMs; HHJEKC | — 3HaueHHs nepBoro MNpHOJHIKEHHS,;
HHJIeKC 2 — BTOPOTO NMPUOGIHIKEHHUS ) :

(Fafhg = [(Fymh+(Fo/ml

(FaMha= [(Fy/M+(Fymil,

N0 KOTOPHIM NMPOHM3BOJHUTCSI 3aTeM pacueT 3HaueHuit H u L Bo BTO-
pPOM NpUOIHIKEHHH YKa3aHHBIM BhIIIE CIIOCOG0M.

MoxHO, eCTeCTBEHHO, IPOH3BOJAUTL pPacueT, 3aJaBasich B KaiecT-
Be M3BECTHOH BEJHYHHB He BpeMeHeM [, a JIOObIM nmapaMeTpoM Tpa-
€KTOpHH TI0JIeTa, HalpUMep, FOPU3OHTAJBHOM COCTABISIOLEH CKOPO-
ctH mnoJsera camonera L=V,. Jlas storo cayuyass Hu3 BHIpaxXeHH:
(9. 8), moncraBuB B Hero ¢ u3 ¢opmyan (9.21), noryyaem

L(r)= V{‘ —k
X

Haitins {(v), onpenensieM mo He# T U T. .
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ITpu 6,>0 pacueT TpaeKTOpHH BXOAA caMmoJjeTa B IUTONOp LeJe-
coo6pa3Ho BeCTH CJeAyOIUM o6pa3oM. [1o 3ajaHHBIM HauaJbHBIM
yCJOBHAM MOACYHTATD

1

To= H
0 cos fy
= cosly  sinfy4 Ay
1 4 sin 6 cos? By

a satem mo puc. 9.2 Haiitu F)(to, k). Idasee cilenyer onpemenutb
BpeMd fg, 3a KOTOpPOe yroJ HAaKJOHA TPAEKTOPHH INOJeTa yMeHblla-
etcs ot B 1o 6=0
Fl (1’0, z)

Van
ITocne sroro 3amaercst Bpemsi mosera f. 31ecb BO3MOXKHBI TPH Ba-
puanra: £<ty, t=1ty u t >1¢;. BHauane pasGepeM mepBHI U3 HHUX:

t<ty, T. €. yroJ HakK/JOHA TPAEKTOPHH IOJETa elle MOJOXKUTEJIeH
(6>0). B srom cayuae:

1. To 3aganHoi Benuunne ¢ onpeneasem Fi (v, k):
Fy(v, k)=t VE;]—'"FI (T, &).

3nas 3Hauenus F(t, k), u3 puc. 9.2 HaxoauM napaMerp T.
2. 3Has BeJMUYUHY T, HAXOJUM YroJ HaKJOHA TPAEKTODUH IOJIEeTa

6=arc cosL.
T

l‘a=—-

3. TTo v u k onpenensiem §(t), a 3ateM u (7, k) mo dopmye
(9. 22). ITocJsie 3TOrO0 HAXOAUM CKOPOCTH MOJIETa

V=1 —-£
¥

4. 3Hasi T 4 k, HAXOAUM Fy(x, E) u Fo (7o, 75) no puc. 9.3, nocie
Yero noJlyuaeM ropH30HTAJNbHYIO 1AJbHOCTD I0JIETA

=_;_ [Fa (v, B)— Fy(Ty, k)]

5. U3 npencraBiaeHHbx Ha puc. 9.4 rpadukoB HaxOnuUM 3Haue-

Hust Fs(v, 2) u F3(to, k), C MOMOIIbIO KOTOPHIX BHIUHC/SIEM BBHICOTY
noJsiera

H = Hyb— [Fy (5, )~ Fa (5, B}

Ecnu ¢=¢, (BTOpoit Bapuant), 10 v=1 1 6=0. CkopocTb, AaJb-
HOCTb M BBICOTY MOJIETa B 3TOM CJIydae OMpejesioT mo popmynaam,
NpUBENEeHHbIM Bhile B M. 3, 4 u 5 cxeMbl pacuera anasi ¢ < £, mpH-

uumas Fy(t, k) u Fa(r, k) paBHBLIMH HYJIO.
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Ilpn ¢>>¢, (Tperuii BapHaHT) pacueT NMPoU3BOLHTCA No opmy-
JaM, NPUBEJEHHBEIM BHIIIEe NPH PACCMOTPEHHH CeMelCTBA TpaeKTOpHH
¢ 80<<0, Tak KaK B JlaHHOM cJIyuae yroJ HaKJOHa TPAeKTOPHH yxkKe
3aBeIOMO MeHbIlle HyJs. B KayecTBe HauaJbHBIX YCJIOBHH B 3TOM
pacueTe npuHHMaloTca BelmuuHbl V, H u L, HafifieHHble npu t=1 1

¢y=1,25.

8, zpad wWe=15 padfc

0
-20 ‘
—40 N
—60 N

8 =T A
l S S S S it B
v, M/c

150
130
110 |

4

-
Wb ||

P11

LUT,C o I I
14 \
12 , -

10 ~
L,xM

2 r,_-r— l

0 70 20 30 40 50 t,.

Puc. 9.5. CpaBHeHHe pPe3yJbTaTOB pacuyeTa TPaeKTOPHH

IBHXKEHHS caMoJjleTa Ha TepexXOoJHOM ydacTke LITOMOPa

npeaJaraeMelM MPHOJMMKEHHHIM MeTOJOM H  METOLOM
YHCJIEHHOTO HHTETPHPOBAHHSA

0=0 (o603HauuM HX HHAEKCOM 0, OHH COOTBETCTBYIOT JaHHBIM BTO-
poro BaphaHTa pacueta — npu t=*£.). Bernuuna k 3meck paBHa

E p—vg k — g v
D V:"le
Cx'Sey
rae "=

a Qg — MJIOTHOCTb BO3RyXa Ha Bhicote . '
Takum o6pasom, npH ¢>># pacueTHbIMH dopmynamu GyRyT

= 1
F,(%, kg)=tV gy, 0=—arccos -



F2 (7’73 )
V=1: —g_—’ L=L _—0 ,
‘/4' (v,ky) mq ot My

F3 (’B’Eg)
M

H=Ho-—

Ilpy pacyerax xapakTepHCTHK CeMeHCTBA TPAaeKTOPHH IoOJeTa C
0p>0 1J51 yTOUHEHHsI Pe3yJbTaTOB TaKXKe MOXKHO MPOM3BOIUTH pac-
YeThl BTOPOTO MPUO/IHKEHHUS, KaK 3T0 OblI0 PEKOMEHOBAHO BHIIIE B
cayuae 6,<<0.

Ha puc. 9.5 npuBeeHs pe3ysabTaThl PacyeToB TPAEKTOPHH BXO-
Ja camoJjieTa B IUTONOP, BHIMOJHEHHBIX METOXOM YHCJIEHHOTO HHTE-
TPHPOBAHHUS NMOJIHBIX YDaBHEHHH JBHIKEHHsI CAMOJIETA H IO MOJy4YeH-
HbIM BbIIE NPUOMHKEHHBIM ¢opMy/aaMm. PacueTHble TOUKH IepPBOTrO
npub/mxKeHnsi 0003HaYeHH Ha rpadukax KpyXKaMH, BTOPOrO IpH-
OnuKeHus: — TpeyronpHukamu. CpaBHeHHe C pe3yJbTaTaMu GoJee
TOYHBIX PacuyeToB, a TaKXKe C MaTepHasJaMH JIETHBIX MCIBITAHHUHA MO-
Ka3bIBaeT, YTO YKa3aHHble NPUOJMKeHHble (OPMYJH MO3BOJSIOT
onpenensiTh Beanuunsl [, V, 8 u L ¢ moctaTouHoi AJjs MpUG/IMIKEH-
HOH OLIEHKH XapakTepa pacCMaTpHUBAaeMOro IBHXKEeHHs CTeNEHbIO TOY-
HOCTH.

9. 1. 2. CpaauBaHHe ¢ GOJbIIOH CKOPOCTH

IIpn paccMOTpeHHH TPaeKTOPHH IBHKEHHS CaMoJieTa
fmocJie CBaJIMBAHHSI CO CPaBHUTENBHO GOJbLIOH MPHOOPHOH CKOPOCTH
(Vap>Vmin, fy>>1) BiausiHUEM NONABEMHOH CHJB mpeHeGperartsb
yxe Heab3si. B 3TOM ciyuae BeKTOpHOe ypaBHEHHE IBMIKEHHS ca-
smosera (8. 1) npuHuMaeT BuJ

ITpoektupys ero Ha ocb Oy (cm. puc. 9.1), noryuaem

2 2
m!—=CyS ;14
r

cosy.— G cos 8, (9.33)
rae

t
Vo= S' 0, dt=0t (npu ©,=const),
0

PaccmoTpuM cBasuBaHHe caMmoJjieTa ¢ MCXOJHOTO peXHMa Ipfi-
MOJIHHEHHOr0 rOPH30HTAJBHOTO noJera. B 3ToM ciayuae B KayecTBe
HayaJbHBIX YCJIOBHH NpUMEM

H=H,, L=Ly=0, V=V,, 6=0,=0, n,=n,> 1.

ByneM cuuTaTth, 4TO BHIXOJ CaMOJieTa HAa DEXHUM CBaJHMBaHHA
NPOHCXOAUT JOCTATOYHO GBICTPO, TAaK YTO NeperpysKa CBaJMBaHHs
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ny c="nyo nocruraercs npu 8 ~0p=0. MaMeHeHnem BJUSIHUA BS3-
KOCTH M CKHMAaeMOCTH Bo3nyXxa Ha Koapduuuent C, u C, npenebpe-
KeM.

IIpoussoas npeoGpasoBanusi ypaBHeHus (9.33), aHaJOTHUHBIE
ONHCAHHBIM Bhille NPH BbIBOAe ypaBHeHHsi (9. 12), moayuaem

Hj=~coso,t— ?‘% ez, (9. 34)
rae
'x,.—_-'%:kan; (9. 35)
2m

ka -— aspogMHaMHyYeCKOe KauyecTBO caMoJieTa Ha paccMarpuBae-
MOM pexXHMe MoJeTa.

[TpoeKkTHpys HCXOLHOE BEKTOPHOE ypaBHEHHE IBHMEHHS Ha OCb
OL (cwm. puc. 9. 1), HaxouM CKaJIsipHOe ypaBHEHHE

.

L=xVLicoswt—nVL. (9. 36)

Ha navasnbHOM 3Tame mepexofHOro yyacTka ImpH BXoJe camoJera
B IITONOpP C HCXOMHOTO PeXHMa NPSMOJHHEHHOI0 FOPH3OHTAJIbHOIO
noJjieTa MOXKHO C JOCTATOYHOH IJ151 MPAKTHYECKHX Liesiell TOYHOCTBIO
cuutath cosO~1 u o~ L. [Ipu arom ypaBHeHue (9.36) moxer
6EITb NMpenCcTaBJeHO B BULe

A\ 4

— T pe— 2 -
= — Vn(k, cos o, t—1), (9.37)
OTKyJa
av
o ="k, cos 0 t—1)dt. (9. 38)

HuterpupyeM mpaByio H JieBYI0 yacTH ypaBHeHus (9.38)

1 1 Ka .
- - sin —t].
% + Vo 1 ( Oy th )
CJaenoBaTebHO,
V= Yo . (9. 39)
14+ 22 (0, — kg sin wyd)
Oy

Ynpoctum Beipaxkenue (9.39), nas 4yero pacCMOTPHUM ClIeayio-
IIMe Ba BapHaHTA.

1. A6comoTHass BelMYHHA ©;f HOCTATOYHO BEJNHKa, TaK HYTO
| @xt| >Kka|sin w.f|. Torga uneHom ¢ sin w./ MOXKHO mpeHe6peub u
tdopmyaa (9.39) npuobpereT Buj

__ Y
1-|- Vo'l]t )

2. AGcommoTHAs BEJIMYHHA @i CPAaBHHUTEJNbHO Maja, TaK 4ToO

sin 0.t = w4l
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Vo

Torpa V= .
14+ Vot (1—k,)

(9. 41)

Onpenennm xapakTepHCTHKH Ha4asJbHOTO 3Tana TPAEKTOPHH S
nepBoro BapuaHrta. [loacrasnss B BhipaxeHue (9.40) V=d—L

dt
M HHTErpupys NOJIY4CHHOE BbipaxKeHHne, HaxoAuM
L=—111- In (14 V), (9.42)
OTKy1a
1
t= el —1). 9.43
o (9.43)

[Toncrasnss ypasuenue (9.43) B (9.34) u 3amenss ¢ Ha L, no-
Jyyaem

a(Hy) L & oL 14
—-——dL =% COS [(P (e" 1)] —‘/'g‘ e N (9. )
rue
=% 9.45
=, (9-49)

[To n3BecTHO! U3 TPUIOHOMETpUH (hOpMyJie JJs1 KOCHHyCa Pa3HO-
CTH IBYX YIJIOB HM€eM
cos [p (et — 1)] =—cos (pe%) cos ¢+ sin (¢e%) sin ¢.
IMoxcraBasis 3TO Bhlpa)KeHHe B ypaBHeHHe (9.44) M uHTerpH-
pysi oJlyueHHOe PaBEeHCTBO, HAXOAHM
H] L
| d(H,)=H =tgb=xcosy [ cos (ger)d L+
0 0
L L
+sing S sin (cpenL)dL—_V% g exnldl]. (9. 46)
0 0
[TomcranoBkoi
u=qent (9. 47)
NpHBOJAMM HHTErpaJsl Cos (¢er) u sin (¢em) « Bupy
L

1 o cos u 1 . 1 . .
WydL=— =—|Ci(u)*=— [Ci(u)— Ci(9)],
by cos (ge) dL=— § —[Ci () =—[Ci(2)~Ci(e)

(9. 48)
L
{ sin (gent) dL:% | By =— ISi(u)I$=% [Si (#)— Si(o)],

u
0 ?

(9. 49)
11 4184 297



rae Ci(u) u Si(4) — COOTBETCTBEHHO MHTErpPAJbHBIN KOCHHYC M HH-
TerpajbHbii CHHyC aprymeHTa u. 3HaueHHMs 3THX QYHKUHHE ompeie-
JISII0TCA MO Ta6JIMIaM, IPUBEeHHEIM B pa6ore [36].

BasB ocranbHble HHTErpasbl B BhipaxeHuu (9.46) u momcraBuB
B HUX ypaBHeHHus (9. 48) u (9. 49), HaxoauMm

tg 6=k, {cos ¢ [Ci (#)— Ci ()] 4
+sin ¢ [S1 (1) — Si(g)]) — % (4~ ¢?). (9. 50)

Hns onpeneneHusi BHICOTH 1OJIETa HHTErpupyeM paseHcTBo (9. 50)
H 110CJIe COOTBETCTBYIONIHX NMOACTAHOBOK II0Jy4aeM

u

H=H,+k, [cos<p[LSC du— LCi((p)]-l—

1
4

u

+sino [%5 -S‘fl—”)du— LSi (cp):l}—-i—: [n(V—L)+2].  (9.51)
?

[MpencraBum Bxoasimue B ypaBHeHue (9.51) uHTerpajnl B BHIE

=

O

O603nauum
/3 u
\ C'%du=®c,(u) u §iii)du=®s,(u).
0

OTH HHTErpaJbl onpene.nmoTca YyHCNeHHBIMH Meroxamu. Haii-
neHHble TakuM nyTem BenuuuHbl ®g (#) ¥ Og(#) npuBeneHH Ha
puc. 9.6. Mx taGynupoBaHHble 3HayeHUs AaHb B pabore [18].

Paccmorpum Tenepp BTOpoi BapuaHt pacuera. Iloxcrasass B
ypaBHeHue (9.41) Bmecto V npousBonHyio L u HHTErpupys mo.sy-
YyeHHOe BbIpajKeHHe, HaX0JuM

_— — .52
= (l—ka) In[14+V(1—k,)4. (9.52)

IMorenuupys, onpenensiem ¢:

1 (1—k,)
= e a’ —1]. 9.53
Von (1—ka) [ ] ( )
O6o3Hauum
=, M= (1= k)N 1 ut—greT

Vion (1 —ka)
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HOCTyl'laﬂ aHaJoOTrH4YHO mpeabiayleMy, HaxoouM q)OpMYJIbI oJs on-
peneieHus yrJjia Hak/JioHa TPAa€CKTOPDHHU M BBICOTHI IIOJIETa

tg 0K, {cos ¢* [C1 (1*) — Ci (¢*)] -+ sin ¢* [Si (&) — Si (*)]} —
— (et —1) (9. 54)

G5 (v

0 50 100 150 u

R

25 50 75

!
!
i
1
1

H
|

(danee @;(u)=const)

Puc. 9.6. 3aBucuMOcTH dyHKUMI ®s, u ®c; or aprymenra u

u

H=Hy+k, ‘COScp [‘ &C‘(“) du— LCi(o )]+
™
u*
. 1 Si (v) k
+ sin (p* [? 5‘ —u——a’u— L si (cp*)]}— I‘:;—(e”"—?.’fl[,— 1). (9 55)

P*

PaeccMoTpuM Tenepb cxeMy NepBOro BapHaHTa pacyeTa mapaMer-
POB HauaJbHOrO 5Tana TPAaeKTOPHH NMEPEeXOAHOro yuacTKa LITOMOPa
(BTOpOI1 BapHAHT pacyeTa BHIOJIHAETCA aHANOTHYHO).
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1. 3anaemcsa BpemeneéMm f. Ilo Bennuuse ¢ u3 ¢opmyant (9. 40)
onpejessieM CKOPOCTb noJsera V.

2. Haxoaum panabHocTh mosera L mo ¢opmyae (9.42).

3. ITo dopmyane (9.50) naxonum tg 6, a mo tg8 — yrosn HakioHa
TPaeKTODHHU NOJIETA.

4. OnpenensieM BLICOTY MOJeTa
H=Hq+k,[cos [ Ou @ - a® _ ;i @]+

[(bSi (ll) - (bsl((?) .
n

+sing LSi(cp)]}—%[Qﬂ(Vot—L)—[—ﬂ].

OnpenenuB TakuM 06pa3oM napamMeTpsl Haya/lbHOIO YydacTKa
TPaekTOpUH Bxoja camoJgeta B mronop (o 0<C0), MOXKHO 3aTeM
NPOJOJIKHTb pacyeT MO METONLYy, ONMHCAHHOMY B NpPEABIAYILEM pas-
nenae (masi 0<<0), Tak Kak Ha OCTaBUIEHCS YaCTH TPAeKTOPHH BXO-
Jla B LITONOpP OMNSITb YK€ CTAHOBHUTCS MPHEMJEMOH THIOTe3a O CaMo-
HeATpanu3aluyu MOABLEMHOH cuabl. B 3TOM ciyyae B KayecTBe Ha-
YyasJbHBIX YCIOBHH TIpH pacueTe OCTaBIUeHCH 4YacTH TPaeKTOPHH
NPUHUMAIOTCS MapaMeTpbl KOHIA HauyaJbHOTO ee 3Tama.

Ha puc. 9.7 nnsi cpaBHeHHS NpPUBEIEHH XaPAaKTEPHCTHKH Ha-
YaJIbHOrO y4acTKa TPAeKTOPHM BXOAa B LITONMOP, NMOJy4YeHHbIE YHC-
JICHHBIM HHTErpHPOBAHHEM yDaBHEHHH ABHXKeHHsS camoJieTa (CrJoml-
Hble JMHHUK), H pe3yJabTaThl pacyeTa (OTHAe/NbHbIe TOYKH) MO MPHOJIH-
XeHHbIM  GQopmysaam  (9.40), (9.42), (9.50) wu  (9.51).
TpeyrosbHHKaMH TOKa3aHbl JaHHbIE JETHOTO 3KCIEepPHMEHTa.

PaccMOTpHM 3aBHCHMOCTb NTPOJOJIKHTENbHOCTH H JJHHBI HayaJib-
HOTO 3Tana MmepexojHOr0 yyacTKa IITONOpa OT BBICOTHI moJera. Jlas
aToro ompeneauM BpeMsi (fgs) M AAAbHOCTL TnoJera (Lgs) mpH BbI-
Xome camoJsiera Ha 6= —85° (T. e. MpaKTHYECKH A0 HayaJa BepTH-
KaJbHOTO IITONOpPA) C HCXOJHOrO pexXHMa NpPSIMOJIHHEHHOro ropH-
30HTaJIbHOTO MoseTa (0 o=0).

[Moxcrasass B Gopmyast (9.29) u (9. 25) 3HaueHuss To=1 4 7=

=11,5, noay4aem

ty—-1ALSA e (115 F) 1/_2’”_

~ cos 85°

Ven gCxSey’
Fo (11,5; k) .7y 2m
L.=120L0k) g o115 7)) =" .
86 . 2 )CxSQH

W3 sToro BHIHO, UTO NMpH TNOCTOSTHHOM k NPOAOJIZKUTECJIBbHOCTD
HayaJbHOIoO 3Tana BO3pacTaeT C yBeJHUYEHHEM BBICOTHI IoJeTa IIpo-

1
MOpLIHOHAJIBHO T , @ €ro NPOTAXKEHHOCTb — MPONOPUHOHAJNDbHO
H
1

QH.
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AHajOrMYHO MOJIyyaeM H BeJHUYHHY CKOPOCTH MOJieTa caMmoJeTra
(Vss) B moMeHT fg5. F13 dopmyanl (9.27) Haxoxum

_ __£___115 s
V35 11,5 I/‘P (11,5; k) ’ $( 1195;—’3) Cion

Cxopoctb nosieta Vgs npu k=const Bo3pacraer ¢ yseJHYeHHEM BHI-
COTHI NOJIETA TTO 3aKOHY AT

2 t
w=05padfc _z
260} —%: Myg=3 -1t
1 6. =2t =
220 % o- rpbmensd 5 ¢ -
7 A TemHbid —4t
200 T AN IKCnep _%l 2 P
=0t
180 % AN 7 /
\ g 81
160 Y\: Ny l ' /
&
740
\f’g — Va.s
720 A B 4

100 ‘ A
H,km , /
15 —-’_"‘.‘9&\ . 3 V4
14 o~ /

‘ H

= N 2 7
"I RN v

| . ' =

12 g —— I 1
L.k Py } 85 5

? ! 4 7

v ,

1 G [ | 3 -

Yl :

0 s 10 15 20 25 30 te 5 70 75 20 H kM
Puc. 9.7. PesyabraThl pacuera Hadalb- Puc. 9. 8. 3aBucHMOCTb Be-
HOTO 3Tana MEPeXOQHOro y4acTka LITO- Auaul fgs, Les H Vas OT

nopa HayaJbHOM BBLICOTH MOJeTa

Ha puc. 9.8 B KauecTBe nmpumepa NPUBENEHHl . OTHOCHTEJbHBIE
BEJIMYHHDI g5, Lss, Vg5 (OTHeCeHHBlE K 3HAYEHHAM B 3THX lapaMer-
poB Ha BbICOTE 7 KM), OJNyYeHHbIE PacueToM 1Mo ¢Gopmynam

285=(t85)ﬂz(t85)ﬂ-7’ Z85=(L85)H  (Lgs)prmns V85=(V85)H t(Ves)as

Pacuer npousBopmics nna sHauenuit Cy,==1,25, pyz=250 xkrc/m? H
Vo=150 m/c=const.
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9. 1. 3. HavaabHblil BocxoasLuii yuacrok

OnpenesnnM ycJOBHS CYIIECTBOBAHHS H XapaKTEPHCTH-
KH HayaJIbHOrO BOCXOASMIIEr0o y4acTKa pexHMa — HayaJja mepexon-
HOro yyacTka wmronopa (puc. 6.22) nocie cBaJHBaHHS C HCXOLHOTO
pexXHMa NpsIMOJHHEHHOro TOPH30HTAJIbHOTO TIOJIeTa MNPH fyo> 1.
YcaoBHSL CYIECTBOBAHHS HAYaJbHOTO BOCXOISILIErO yyacTKa Tpaek-
TOpPHH onpenensitorcsi dopmydoi . (9. 50): Ha BocXomsimieM yyacTKe
TpaeKkropuu nosera 9 >0. Ilpoananusupyem sty ¢popmyay. [Tepsoe
caaraemoe B He#l (B (HrypHBIX CKOOKAax) OTpax<aeT BJHSIHHE MNOLB-
eMHOH CHJIB caMoJieTa. DTO cjaraeMoe NpH BpallleHHH caMoJieTa
MOXeT GHTb KaK NOJIOXKHTEeNbHBIM, TaK M OTpHLATeJbHbIM. BTopoe
cillaraeMoe XxapaKTepH3yeT BJHsiHHe Beca camoJsera. OHO Bcerga oT-
pHLATeNbHO, TaK KaK CHJa TSXKECTH BCerja CTPeMHTCS OTKJOHHTH
TpaekTopHio moJseTa BHH3. Cief0BaTesIbHO, BOCXOASIIIHMA  y4acToOK
TPAaeKTODHH BXOXa B IITONMOP MOXKET CYIIeCTBOBATb TOJbKO B TOM
cayyae, ecau nepBoe caaraeMmoe B ¢opmyse (9.50) MOSOKHTENHHO
1 TpeBbilllaeT aGCOMIOTHYIO BEJHYHHY BTOPOro cjaraeMmoro. To oue-
BHJHOE YCJIOBHE H SIBJSIETCS HEOOXONUMBIM H JOCTAaTOUYHBLIM YCJOBH-
€M CYIIeCTBOBAHHS HAuyaJbHOTO BOCXOJSIIEro y4acTKa TPaeKTODHH.
ITpoTsizkeHHOCTb HAYaJbHOTO BOCXOHSIEro y4yacTKa TPaeKTOpHH
B NPHHIHIE MOXHO Gbl10 Obl onpenenasith U3 ypaBHenu# (9.50) uan
(9.54), pewas ux oTHocuTeabHO L mpu ycaosun 6=0 (or6pachiBas,
€cTeCTBEeHHO, TpHUBHaJbHOE pewenne L=0). OxHako aHaJIHTHYECKOE
pelleHNe 3THX ypaBHEHHH OKa3biBAeTCSl BeCbMa CJOXKHBIM, a YHCJEH-
Hoe WJH rpaduueckoe HX pelleHHe He OyAeT JOCTaTOYHO HATVIAHBIM.
[TosToMy BHauaJjie MPOBeIeM YNpPOILLEHHBI aHAJH3 JJf ompeje-
JIEHHSI KOODJHHAT Haxojslleficds Ha HayaJbHOM BOCXOAAIIEM yya-
CTKE TPAeKTOPHH TOYKH, B KOTOPOH BeJHYHHA O OyZeT MakcHMaJjb-
HOM (Omax). B aTOM cayuae npu £=0:

H=H0’ L=L0=O’ 6=9°=O; H'L=(H}‘)0=tg90=0,
HY,=(H?)y>0.

[Tocnennee ycioBHe CTAaHOBHTCS OUYEBHAHBIM, €CIH PacCMOTpeTb
ypaBHeHnue (9. 44), u3 xotoporo npu L=0 nonyyaem

. " g nyo& g I4
(Hpy=r— == "2 — ==y — 1). (9. 56)
2 2 2
£} Va Vi Vi
CuaenoBaTeabHO,

(H7)y=0 npu no=1u (H7),>0 npu ny,>1.

JIerko mokasaTh, YTO NpPH MPHHATHIX NOMyLIEHHAX TOJNBKO B CJY-
yae fyo>1 BO3MOXKHO CyILIeCTBOBAHHe HAya/JbHOTO BOCXOASIHIETO
y4acTKa TPaeKTOpPHH.

Bripaxenue (9. 56) MOXKHO paccMaTpHBATh He TOJBKO npu L=0,
HO ¥ mpH 3HaueHusix L>0, HO BecbMa OJM3KHX K HyJI0 (Hadajo
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TPaeKToOpHH), Korna €= 1 u, cienoBarenbuo, cos [p(er—1)|=1.
Torna ns gopmyubl (9.56) HemocpeaCTBEHHO BHITEKAeT, 4TO BO3pa-
CTaHHe YyIrJa HaKJIOHa TpPaeKTOPHH (H2=ddt—fe> 0) BO3MOKHO
JIHIUb NIPYU Ny o>1, T. €. npu Vo> Vigin.
Ha BceM npoTsXeHMH HayaJbHOTO Y4YacTKa TPAEKTOPHH NpH
L]
80<<0<<Omax BrOpas mpoussoanas /17 >0, a npu 0=0p,x 3Ta
MpOH3BOJHAs CTAHOBUTCS PaBHOH HYJIO, TaK KAaK B 3TOH TOYKe HMe-
eT MecTo MakcuMym KpuBo#t Hp'=f(L). Takum oGpasom, Heo6xo-
JUMBIM M JOCTaTOYHBIM YCJIOBHEM CYIIECTBOBAHMsI HavyaJbHOrO BOC-
XOAsLIEero YyyacTKa TPaeKTODHH, Ha KOTOpOM 0 Bospacraer, B
n
paccmaTpuBaeMoM ciayyae Gyaer ycaosue /1, >0. Ilpu stom us
dopmyanl (9.44) nonyuyaem HepaBeHCTBO

% cos [p(enr —1)] >—£ e, (9.57)
Vo

Ilpn Bcex 3HaueHHsiXx L, yNOBJETBOPSIIOIUHX HEPABEHCTBY
(9. 57), Tpaekropus noJera OyaeT BOCXOJIsIleH M yros ee HaKJOHA
Oyner HenpepulBHO yBeauuuBaTbcs. Halimem sHaueHue L, mpH KoTo-
pOM YroJl HaKJIOHA TPaeKTOPHH OKa3biBaeTCs MAaKCHMAaJIbHBIM (Lgmax)-
HOns sroro Tpebyercsi pewmnth ypaBHeHue (9.44) orHocuTredbHO L
npu /7;=0. Pemnum ero npHGIHKEHHO, PA3JOKHB KOCHHYC B DSif

M OCTaBHB TOJbKO [BA NEPBBHIX UjeHA PA3JIOXKEHHS, T. €. NPHMeM

L
cos [p (et — 1) = 1-—33-@7;—_—1—)2 .

B srom cayuae mosnyuaem u3 ypaBHeHHs (9.44) moJgHoe KBan-

DATHOE ypaBHEHHE OTHOCHTEILHO € omax
2 2\ a21l9max 2aML
—_— — 2% omax | 42 Oy —().

Pemas ero u JJorapuMUPysi NOJyYeHHOE PELICHHE, HAXOAUM
1. Voe+ VoV 2vZazer 1 2g% (1— ¢2)
Lomax=—1n 5

2g + Vet

Jns npoBeneHHs] YNPOIIEHHOTO KAayeCTBEHHOI'O aHAJ/H3a IpeHe-
OpexeM uleHOM 2¢ B 3HaMeHaTese BhipaxeHus (9.58). Torna, 3a-

(0]
MEHHB NpeJBapUTEJIbHO % HA kK,M U ¢ Ha V—", nosaydaem
on

. (9.38)

Lime~—In |14/ opy3 2Tyn_ 20 )
ki Or kawi ka

M3 sTOro BHIpaXKeHHsl, B YaCTHOCTH, BHIHO, 4TO Lgmax BO3pacra-

€T C yBeJHYEHHEM HayaJbHOM CKOPOCTH MoJieTa M NafaeT C yBeJH-

YeHHeM ox. IIpH @,—~00 BennunHa Lgmax—0, T. e. mpu pocrartou-

HO O6O/bIIOH YIJIOBOM CKODOCTH KpeHa CTAaHOBHTCS CIpAaBeIIHBON

FUMOTe3a O CaMOHeATPaJM3alld¥ MOABEMHOH CHJBI, KOTJa CpelHHH
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3 dexT ee nelicTBHS OKa3BIBAETCS paBHbIM HyJi0. B 3ToM cayuae,
€CTECTBEHHO, HAa4aJbHbI# BOCXONSINUN yU4aCTOK TPAEKTOPHUH NMPAaKTH-
YECKH OTCYTCTByeT. B mpuseneHHOM Bbimie (cM. puc. 9.7) mpumepe
IJIMHA HAyaJbHOTO BOCXOASILEro y4acTKa TPAaeKTODHUH, Ha KOTOPOM
6 Bospacraer oT 8p=0 10 Omax, cocTaBasieT npuMepHO 455 M. IToay-
YeHHas N0 yKa3aHHOH NpHO/IHKEeHHOH popMmyse BelnuHHA Lgmax NMpn
TexX Xe HayaJbHBIX YCJOBHUSIX OKa3ajach paBHOH 464 m.

Onpenenus Lgmax, MOXHO 10" dbopmyse (9.50) HAHTH BeJHUHHY
Omax, MOACTaBUB B Hee L=Lgmax. [To ¢opmyse (9.51) maxogum co-
OTBETCTBYIOLLYIO BHICOTY I0JIETA, ONPENENHB IpPEIBADHTENbHO Bpe-
Msi BBIXOJA caMosieTa Ha 0 . (femax) U3 ypaBHeHus (9.43), a no
dopmyne (9.40) — ckopocTh ToseTa camosieTa npH 0 =0max.

3Hasi XapaKTepUCTHKH TPAeKTOPHH MojeTa NPH 0=~0max U Be-
JHUYHHY Omax, MOXKEM TENEepPb DacyeT OCTABHIETrOCs ydYacTKa Tpaek-
TODHH 110JIETa IPOH3BOAHTD IO NMPHBEJEHHbIM Bhbille GopMyJaaM, NpH-
HAB B HHX B KauecTBe HayaJbHBIX YCJOBHMH NOJyYeHHble TaKUM 00-
pasoM xapaKTepUCTHKH. B uacTtHocTH, TakuMm o6pasoM, MOXKHO
ONpeNe/HTh NapaMeTphl BTOPOH IOJOBHHBL BOCXOASIETO yyacTKa
TPaeKTopHH (0T Omax A0 0=0): yBeauueHHe AaJdbHOCTH ALg_o ¥
BpeMs ToJieTa Afg—o NPH H3MeHEHHH 0 OT Omax Zo 0 u ap. Has
3TOT0 B COOTBETCTBYIOIIHe (GOPMYJbl TOACTABIAEM 3HAUYEHHUS
1‘0=——-1 Hrt=1.
€0s Omax

HOauna (Lsocx) H TPONOKHTENBHOCTb (fsocx) BOCXOASLIErO
yuyacTka TPaeKTOpPHHM BXOJa CaMoJieTa B ILITONOP HAXORATCHA TakK:

Lyocx=Lomax+ ALgm0; fyocx ="tomax + Afpmo. (9.59)
AnajsorHyHbIM 06pa3oM MOTYT GbITb HaWJeHBl H OCTaJbHble Xa-
PaKTEepPHCTHKH TpaekTopuu nosera. OQHaKo, KaK ObUVIO MOKa3aHO
BhILIe, (OPMYJIaAMH IIepBOTO pasjiesia NaHHOH TJIaBhl MOKHO IOJb-
30BaThCsl TOJNBKO NPU CPABHHUTENBHO OOJIbIIHX 3HAUEHHAX ®x. ECIH
JKe BEeNHYHHA ©, BecbMa MaJa, TO ONpEeNeasiTh BeNHYHHH Lgocx,
tsocx M ApyrHe TpebGyercst caenylomuM oGpasoM. Brauade HyXHO
npuGJaHKEeHHO HaUTH AlLp—o 0o 3TUM ¢opMyJiaM, ONpenesauTh BeJH-
YHHY Lgpocx mepBoro npubauxKeHus: (Lgocx.1) M3 BeipaxeHnusa (9.59),
a 3arteM rpapuyecku pematb ypaBHeHue (9.50) mpuyciaoBun tg@=
=0, pasbicKuBasi ero penieHue B OKPECTHOCTH TOUKH L=~Lgocx. 1.
OmnpenennB TakdM 06pa3oM BeJHUHHY Lgocx, 3aTEM MOKHO ompee-
JUTb H OCTaJIbHble XapaKTePHCTHKH TPAEKTOPHH, KaK 3TO YKa3aHO B
pasz. 9.1.2.

9.2. TPAEKTOPHUSA BEPTHKAJIbBHOI'O LITOMOPA

9. 2. 1. CKOpOCTh CHHIKEHHS caMoJieTa
Ha BbicoTax Goaee 11 km

PaccMOTpHM CHHXKEHHE caMojieTa B peXHMe BepTH-
KaJIbHOTO LITONOpa NpH HepaGoTalolieM [ABHrateje. bymnem cuutaTb
YroJl aTak# NMOCTOSIHHBIM, a CKOJIbXKEHHe JOCTaTOYHO MalHM, TaK
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410 cosf~1. B stom ciayyae ypaBHeHHe paBHOBecHs CHJ B Ha-

npasjeHud ocd Ox CKOPOCTHOM CHCTeMBI KOODIHHAT MpHOGpeTaer
BH]

dV ngQH .
—_— -—-—‘/2 9= . .
5 + 2o -+ g sin6=0 (9. 60)
B BeprukanbHOM wmrTonope 8~ —90°% T. e. sin@~—1 u
H="_Vsing=—V.
dt

[1pu 3THX yca0BUsX MoNyyaeM U3 Beipaxenus (9. 60)

H+9(H)(H)?4g=0, (9.61)
rjge
¢(H)=—&%’y:ﬂ. (9. 62)

Sro HenuHelHOe nuddepeHnnaNbHOE YypaBHEHHE BTOPOro MOpsifika ¢
nepeMeHHbBIMH KO3 (HUIHEeHTaMH MOXKeT ObITb CBeIeHO K ypaBHe-

aulo Bepnynaum nopcranoBkoit v(H)=H(f) u, cJeroBaTesbHO,
U (H)H () =H (1).

Bocno/ab3oBaBIINCh 3TOH NOACTAHOBKOH, MOJydaeM H3 ypaBHe-
Hus (9. 61)

Vo0 (H) v+ g=0,
T. €. IPHXOAUM K ypaBHeHHI0 BepHynau
vy -+ (H) v+ go1=0.
Canenywomweit noacranoskoit # (H)=[v(H)]> u, Takum o6pasom,

uy (H)=2v (H)vy (H) npuBoauM ypasHeHHe Be.pﬂy.rum K JIHHeH-
HOMY nudbepeHnnasbHOMY YPaBHEHHIO NIepBOro MOpsiiKa ¢ MepeMeH-
HBIMH K03 PuLHeHTaMH

ug+2y(H)u+2g=0,
pelienneM KOTOpOro BJSETCs

u=e-F (uo-—Qg lf eFdH), (9. 63)
rae e
H
F=F(H)=2 5‘¢(H)dH. (9. 64)
Ho

BosBpamasicb K HCXOZHbBIM 0003HayeHUsiM, MOJyyaeM H3 BhIpa-
xKenus (9. 63)

_F H
V=e ? ‘/vﬁ_Qg 5 efdH. (9. 65)
H,o
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Hna Beicor mosera 11000 Mm<<H<<30000 M 3aBHCHMOCTb MJOT-
HOCTH BO3/lyXa OT BBLICOTHI MOXKET OBITb NMpeNCTaBJeHa B BHUIE

oy (H)=0,0371 @(11.000—F)/6318

B 310M cnyuae us Boipaxkenus (9. 64) Haxogum

F=F(H)=Ky—K,, (9. 66)
rie
K =K (H)=13100 ;Cie—ﬂfﬁsls (9. 67)
ya
H
K,=K (H,)=13100 f—x e—Hol6318, (9. 68)
ya

Hafiném uuTerpas, cTosiliuii mojy panuKajJoM B ypaBHEHHU
(9. 65)

a " K —K, 1 "
éoe'” dH =>1°e H™gH = = éoe KudH.

IIpousBeneM 3aMeHy IepeMeHHBIX B IOJABIHTErpaJbHOl (YHKUUH,
npunsiB y(H) =Ky, otkyna dH= —6318 dy/y. Torna

H K

6318 ( 7 e¥ 6318
\ e"dH = —==\ ‘I*Tdyz—-eE [E:(Kp)—E; (Ko, (9. 69)
H. Ko

rne E;(K) — uHTerpaJsbHas nokasartesabHasi QyHKIHs aprymenta K.
3H?'-139]HHH ee ompelessiloTcs IO TabaHIaM, NPHBEIEHHBIM B paGo-
te [13].

ITopcraBasis Beipaxenus (9.66) u (9.69) B ypaBHenue (9. 65),
HaxXOMUM CJenyIoulylo NpUOIHKEeHHYI0 (HOopMyJy AJasl onpefeseHus
CKODOCTH CHHIKEHHSI CaMOJIeTa B BEPTHKAJbHOM IITONOpE Ha BHICO-
tax 11000--30000 m:

V=eKul VeKoy2 1L 124. 103 [E, (K ) — E, (Ko (9.705

9. 2. 2. CKOpOCTb CHHXKEHHS camMoJieTa
Ha BhicOTax MeHee 11 KM

Ha Bbicotax H<<11000 M nJ0THOCTb BO3AYyXa MOXKeET
65ITh BBIpaxKeHa popMynoh

Qi (H)=0,125 (1 — H/44308)"*°.
[MoncraBasis 3To 3naueHHe oy () B Bripaxenue (9.62) u coor-
BeTcTByMollee 3HaueHue P (H) B ypaBHenne (9.64), Haxonum

F=F (H)=—2(by+by2), (9.71)
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rae
by=—>5150C /p,,(1— H/44308)"**

bo=10300C .,/ p, (1 — H /44308)"**,
H

OnpenennM BXoAasiuiuii B ypaBHenHe (9.63) unterpan S eFdH,
H,
ig[y(2)]

|

Puc. 9.9. ~3aBucuMOCTb
Ig[y(2)] or napamerpa 2 2

/|

_J/
70 7
/|

g 20 40 60 80 z

NOJICTaBJisAsl B Hero 3HaueHue F u3 ypaBHenus (9.71). C stoit uennio
TIpOH3BeJleM 3aMeHy IlepeMeHHOH B NOABIHTErpaJbHOM  (PYHKIHH

2(H)=—2bg u, cneposaTenbHo, HaNAEM
aH———_ 180
( x ) 0,81
Pynr
Tlonyuaem
¢ 1810 “(" er
geFdH=—— S eom z.
C, \0.19 b Fadd
Hy — € z (Ho)
Pyn

IToacrasasia 37O 3HaueHHe HHTerpaja B ypaBHeHue (9.65), Ha-
xonuM (opMyJsy IJsi ONpefeseHHsi CKODOCTH CHHXKEHHsl caMoJsieTa B
uTonope Ha BeicotTax H<C11000 m:

b
P ) I —
V=e( n*y) VVIiyF (2),
TIe
35500
Xv= (&)0,19 ot ’
Pyxn
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z (H) 2
e
F(Z)z' S Z()sz.
Z (Ho)

DToT uHTerpaJ onpeneasieTcs YHCAEHHBIMH MeToaaMH. Bxoas-
LK B HErO MapaMeTp 2, Kak OblJIO YKa3aHO BhILIE

2=10300 ;CL (1~ H 44308575,
yI

Has yno6cTBa moJib30BaHHS NMPENCTaBUM MOJYYEHHBIH HHTErpast
B BHIE:
)  z(H) z(Ho)

o) 1 1

3HaueHHUs1 HHTerpaJa dz=Y(z) B 3aBHCHMOCTH OT ma-

20,81
pameTpa z MOryT GHITH MOJy4eHH ¢ moMouipio rpaduka (puc. 9.9),
a TouyHee — no Ta6/uIaM, MpUBeJeHHbIM B pa6ote [18].

9. 2. 3. CKOpOCTb CHHIKEHHS CaMOJieTa
npu paboraiouem ABUrarese

OmnpenesnM CKOpPOCTb moJieTa (CHHXKEHHsI) camoJe-
Ta B BePTHKaJbHOM ILITONMOpe NpH paboTaiollleM IBHraTtene, CYHTas
npHOJIHKEHHO TATY ero nocrosiHHoH: P=const. B 3ToM cayuae BMme-
cTo ypaBHeHHs (9. 60) nonyuaem

av  Cx80y .. 5 .
— —— — e= . 2
7 2o V2—gP cosa- g sin 6=0, (9.72)

rie P=P/G — TArOBOOPYKEHHOCTb CAMOJIETA.

AnaslorvyHo mpexbIIyIEMY HAaX0OZuM chaexpyioumue GopMyJbl 115
onpejesneHHss CKOPOCTH IOJIeTa:

st BeicoT H>11 xkm

K
Ve T VeXorE4124-103(P cos a+ 1) [E; (K ) — E, (Ko);

s BeicoT H<<11 km

be
V=e(bH+ 7) VV3+(Pcosa+t 1)y, F (2).

Hcnoabsyemble B 3THX pacuerax HayaJbHble ycaoBusi (Vo u Hg)
ONpEneNIIOTCd MO pe3yJbTaTaM ONHCAaHHOTO B BhipaxeHHH (9. 1)
pacyeTa TpaeKTOPHH BXOJa caMoJieTa B LITONOP — B KOHEYHOH TOuKe
atoro yuyactka npu 0~—90°. Eciu Tsira asurateneit P=%=const,
a P=P(V, H) u naiinensoe npu H=H, u V=V, 3Hauenne P 3a-
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MeTHO OTJIHYaeTcsl OT TOro, KOTOpOe HMEeT MeCTO NpH HaHIeHHBIX
N0 NpHBeJeHHBIM Bbllle (GOpMyJaaM 3HayeHHsX V Ha COOTBETCTBYIO-
e BHICOTe 10JIeTa, TO PacyeT MOXKHO YTOUHHTb, IPOU3BEAs [IOBTOP-
HOe oInpejesieHHe CKOPOCTH IO YKa3aHHbIM (OpMyJiaM H IOACTaB/ss
B HHX HOBOe (OCpellHeHHOe) 3HaueHHe
_p _PWyH)+PV, H)

cp 2 M

Ecan nmepenaj BHICOT NPH CHHXKEHHH CaMOJIeTa B IITONOPE CPaB-

HHUTEJbHO HEBEJHK (WTONnop B 2—3 BHTKA), TO MOXKHO NpHGJIHKEH-
HO cyuTaTth gm=const. B sTom ciyuae ypasHeHHe (9.72) oKkasml-
BaeTcsl HeJHHEHHBIM AH(depeHLHaNbHBIM ypaBHEHHEM IIEDPBOrO IO-
psAlKa C TOCTOSIHHBIMH Ko3(duIHeHTaMH U pa3leisoMUMUCH
nepemeHHbIMHU. [Tosmyuaem u3 (9.72) npu 6= —90°:

av

ol

dt=

CXgQH

V2
217y1

g(Pcosat1)—

HuTerpupys 370 BhIpaxKeHHe, HaxoauM popmynay njs ompenese-
HUSI CKOPOCTH CHHKEHHSI CaMOJIeTa B TAKOM BepTHKAJbHOM LITOMOpeE:

__Ae¥ —B
Ae¥ + B
rae
P V Vv
c— Q(Pcosa—{—l)[’yn; A=1-|——0-, B=1-20;
CXQH € €
y— 2¢ (Pcosa + 1)
€
Mpunumasi dH =—Vdt, noacraBass nojydeHHOe Bblllle 3HaUCHHE

V ¥ uHTErpupysi, HAXOAUM MOTEPIO BHICOTHI B LITONOPE

t
_( Ae¥*—B
AHZHO—‘H—E 3 mdi.
0

C mnoMouwbl0o MOACTAaHOBKH X (f)=e¥! mNpUBOJMM  HMHTErpan
t

Ae*'— B
S B dt K TabJMUYHOMY HHTErpay
€
S
X
— 2
% Ax—B | (Ax+BR
Ax+ B A+Bex

Orciona 1oJay1vaeMm

% , Ae*t +- B —%
A —=—"InZ=—T"e *.
n 2
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Halinennoe TakuM oGpasom 3HaueHue AH MOXHO TaKXKe yTOY-
HTb METOJIOM TOC/IEN0BATeNbHbIX NPHOJIMKEHHH, HCIOJb3YS C ITOH
1lesIblo OCpeIHEHHbIe 3HaueHUsI P U gx:

A/ CpelHell BLICOTHI Hcp=ﬂ;‘_ﬂ
M CpelHell CKOpOCTH ch=ﬁi2'_v_,

Ecau n3BecTHa notepst BHICOTHI B IUTOMOpe W TpeGyeTcss HAWTH
BpeMsl, 3@ KOTOpOe CaMOJIeT CHH3WJCA B pexuMe Ha AH, TO U3 BH-
paxenuss a4 AH nosayuaem ¢opmyay NJs ONpeeseHHsT NMPOROJ-
JXXHTEJbHOCTH PeXHMa LITOonopa

2 c+Vc;—AB '

tin=

rae
AHY

2
{=e .
3Haﬂ CKOpOCTb noJsieta camoJieTa Ha IlaHHOﬁ BBICOTE€ H CUHTAdA

€€ MpaKTHYECKH MOCTOSIHHON Ha NPOTAXKEHHH ONHOTrO0 BHTKa LUTONO-
pa, Jerko HaNTH NOTEpIO BBICOTHI 3@ BUTOK:

AH,=—V{,

2n
raie  f{,=—— —BpeMsl BHUTKa WITONODA;
(0]
® —YIJIOBasg CKOPOCTb BpAllleHHsi caMoJieTa B LITONOpe,
npubaIHIKeHHO ompelensemasi IO MaTepHaJaM HCNBITAHHH JHHAMH-
yecKH nojoOHOH MOJeJH caMoO/]eTa B LITONODHOH a’pOAHHAMHUe-
CKOH TpyGe.

9.3. BBIXOZ U3 ITONMOPA

9. 3. 1. lloTeps BbHICOTDI
Ha BbIXOJie M3 WTONnopa

OmnpenenuM NOTepio BHICOTHI HA BHIXOHE CaMoJieTa H3
wronopa AHgux, MOHMMAas NOA 3THM TEDMHHOM DAa3HOCTb MeEXAY
BBICOTOH Hauaja BBIBOJA caMo.eTa M3 IUToNopa (Hauala OTKJOHe-
HHS EePBOTO DyJ/si HAa BHIBOL) M BHICOTOH BBIXOZA €ro W3 MHUKHPOBA-
HHUS B DeXHM TOPH3OHTaJbHOro mosera (cMm. puc. 6.1). Bynem pac-
CMaTpHBaTb BeJHYHHY AHp,x KaK CyMMy Tpex claraemblx:

1) moTepu BBHICOTHI 3a CYET 3ama3]blBaHUs BbIXOHAA AHaan;

2) moTepu BBLICOTBHI NPH MUKHPOBAHHH IOCJE NPEKpAlleHHs1 CaMo-
BpalleHus AHy;

3) moTtepu BHICOTH Ha BHIXOJE caMoJieTa U3 NUKHPOBaHHA AHy g
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[Toreps BHICOTHI 3a cueT 3ama3iblBaHMs BbIXO#a OGBIYHO GbIBAeT
CPaBHHTEJNbHO HeBeanKa. [IpHOIHKEHHO ee MOXKHO ONpeessiTh IO
dopmyae

dH
A]_[sau= tsam (9 73)
dt
H
TAe ——  — CKOPOCTb CHHXKGHWS CAMOJIETA B WITONOPE (B MOMEHT

HayaJsia BbIBOJA);
lsan — 3amasjbiBaHHe BHIXOAA (B CEKyHAAax), KOTOPOE MpH-
G/IMKEHHO MOXKeT GhITb ONpe/e/ieHo 0 MaTepuaJdaM HCIbLITaHHH MO-
JleJIH B IITOMOPHOM a3poJHHAMHYEeCKOl TpyObe.

Jlorepio BBICOTHI NpH MHUKHPOBAHUM NOCJE NPEKPAaIEHHS CaMo-
BpallleHuss caMoJieTa ONpelNeJuM AJIS CJaydas NPSIMOJNHHEHHOro MH-
kupoBanus (0=const) ¢ nocrosHHeIM yriaoM aTaku. IIpeHeGperas
H3MEHEeHHEM BJIHSHHS CXKHUMaeMOCTH, Oyiem cuHtath C,=const H
C,=const. ITnoTHOCTL BO3AYyXa M TATY IBUraTess NpHMeM TaKke
HOCTOSTHHBIMH.

U3 Bripaxkenus (9. 72) Haxonum

di— dav
-— CXgQH )
g (P cosa — sin §) ———— V2
Pyx

BocnoJsb3oBaBIINMCh H3BECTHBIM KHHEMAaTHYECKHM COOTHOLIEHHEM
dH=Vsin0d{ u uuTErpupys 3aTeM 3TO BhIpaxKeHHe, NOJCTABHB B
Hero HalJleHHOe BbIpaxKeHHe AJs dif, noayyaeMm

H \ 4

K K
. Vav
SdH=HK—HH=sm0 a ot . (9.74)
« —_— X
H, VHg(Pcosa——sinﬁ)——-—H 1%
2pyx
3nece Hy u Vy — COOTBETCTBEHHO BHICOTAa M CKOPOCTb HayaJa IH-
KHpOBaHHS;
Hy n Vi — COOTBETCTBEHHO BHICOTA M CKOPOCTb KOHLA MHKH-
pOBaHHS.
3amensis Hy — Hy Ha AHy v o603Hauas
CxSe, Vi C.Se,V?
H— T o~ nl(= I
2G 2G

nojqyyaeMm u3 Bhipaxenus (9.74) dopMmyay Ajs onpeneseHHs NOTe-
DY BHICOTHI IPH NUKHPOBAHHUH:

2 - ,
Va Smeln ny +f cos @ — sin 0 ' (9’75)
2gny ng + P cosa— sin

AH =

Bennuyuna yrna nukupoBaHusi 0 BeIOHMpaercss B KaX[IOM KOH-
KDETHOM cJlyyae B 3aBHCHMOCTH OT IOJIOXKEHHSI camoJieTa IocJe npe-
KpallleHHsl CaMOBpallleHHs, YCJOBHH NoJjera (3amaca BBICOTH B Ha-
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yaje BHIXOJA, METEOPOJOTHYECKHX YCJAOBHH H XpP.) H ZAaHHBIX CaMo-
ro camoJjera (NpefeJbHO NONYCTHMBIX CKOpOCTeHl IHKHPOBaHHS,
neperpy3ok, XapakTeDHCTHK ero ynpaBJ/sieMOCTH M Ap.). ¥ cOBpe-
MEHHBIX CaMOJIeTOB-HCTpeOuTeell BEJHYHHBl yrJa NMUKUPOBAHUSA Ha
BbIXOJe U3 IITONOPa OGBIYHO JeXaT B mpenenax 6 or —50° no —20°.
Onnako, Kak y»Xe yKas3blBaJoCh, B 3aBHCHUMOCTH OT KOHKPETHOH 06-
CTAHOBKH 3TH 3HAYEHHS MOTYT MEHSTbCA.

Ecaun Bxoxsmas B dopmyay- (9.75) BeauunHa P 3aMeTHO Me-
HSETCS1 B 3aBHCHMOCTH OT CKOPOCTH M BBICOTHI NOJIETa, TO IPH CpPaB-
HHUTebHO Gosbmoll AHy Henecoo6pa3Ho yTOUHATh €e 3HAYEHHE pac-
yeToM BTOporo npuGJuxkeHus. B stom ciayuae B pacuere nepBoro
npu6/NKEeHHsS HCNOJb3yeTCcsl BelHuHHA P, onpeleneHHas Ha BHICOTE

. V4 Vi
Hy npu cpenHeil CKOpPOCTH ch=—2— ,
B nepBoM npuG/mxKeHHH Ay, a 3aTeM NPOU3BOAUTCH pacyeT BTO-

poro npnéamxeﬂm, B KOTOPOM HCIOJIb3YIOTCA 3HAUCHHS P U ng,

o H. — Hy+ Hy
onpene/eHHble yKe nJ4g CpeaIHeHd BbICOTHI p= T‘ .

Bxonsiune B dopmyay (9.75) Benuuunst Vy u Vi BrGHpaioTcs
crenyoouuM o6pasomM. CKOpoCTb IloJieTa caMoJjeTa B MOMEHT IIpeKpa-
LeHHs] aBTOPOTALMH MPHOGJIHKEHHO MOMKHO CUHTATh DAaBHOH CKOpO-
CTH CBaJIMBaHHSl HA JaHHON BhicoTe My C NaHHBIM NOJIETHBIM BeCOM
npu ny .=~ 1, 1. e. npu Va= V.. Ecau wronop mpoucxozur ¢ pabo-
TAOLIUM [BHraTesNeM M Ha BbIBOAe M3 LUTONOpA JBUTaTes]b He OCTa-
HaBJWBAaeTCs, TO BeJHYHHA Vy BhIGHpaeTcss oObBIYHO M3 YCJIOBHS He-
06X0MMOCTH HeIOMNyIleHHsT MOBTOPHOTO CBa/JHBaHUs caMoJsera. Kak
npaBuJo, AJs 3TOr0 GHIBaeT NOCTATOYHO pa3orHaTh CaMoJeT B Ipo-
mecce MHKHPOBaHUA (IO Hayajia BBIBOJA W3 NMUKHPOBAHHA) A0 INpPH-
GOpHO# CKOPOCTH, TIpeBbllIaolleidl NPUOOPHYI0O CKOPOCTb CBAJIHBAHHSA
Ha JIaHHOI BBHICOTE MPHUMEPHO B /Ba pasa. Takum obpasom, mosarag
npuGOPHYIO CKOPOCTb NMPUG/IHKEHHO PaBHOH WHIMKAaTOpHOH (0603Ha-
yaeMoOW HHIEKCOM i), mosayyaeM ycjoBue V;x=x~2V;..

Ias pacuera mnepBoro mnpubiauxeHus npuHumMaeM V=2V y
(Ven — CKOpOCTb CcBasMBaHMs Ha BnicoTe Hy). B pacuere BTOpoOro
npubJHKeHHsT MOXKHO YTOUHHTb BeJHUHHY Vi, OnmpesesuB ee M3 yc-

JIOBUA
Q
V=2V, \/ .
[

rfie Qu — IIOTHOCTb BO3/yXa Ha BeicOTe Hy;
Qx — IJIOTHOCTb BO3/lyXa Ha BhicoTe H.
¥ camousieroB ¢ TPl npu Bxoje B IUTONOD HJH B pPeXHMe IITO-
1opa JBUraTe/b MOXKET OCTaHaBJHBATbCS («TVIOXHYTb»), JHOO JeT-
YHK MOXET HaMEepeHHO BBIK/IIOYaTh ABUraTeab (HANPHUMED, BO H3-
6exxaHue BO3MOXKHOrO ero meperpesa B pesdysabraTe nmomnaxa). B ra-
KOM cJyyae MHKHDOBaHHe Ha BBLIXOJE H3 IUTONOpa MPOM3BOAUTCS C
HepaGorawomum nsurateneM (P=0). IIpu 3TOM BO3MOXKHHI JBa
BapHaHTa BbI6Opa BEJHYHHH V.
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1. Ecan y neTunka HET OCHOBAHHH TODONMTBLCS C 3aMyCKOM JBHU-
ratejss (CpaBHHTENbHO GOJbINOH 3amac BHICOTHI), TO BeaHuHHA Vi
onpesensieTcsi, KaK 370 ObUIO yKa3aHO BHINE JJs CAydas MHKHPO-
BaHHUs ¢ paboTalomuM asuratesnem (P=0).

2. Eciu B COOTBETCTBHH CO CJOXKUBIIEHCH OGCTAHOBKOH JIETUHMK
OJIKEH KaK MOXHO ObICTpee 3amyCTHTb ABHraTesb, T. €. KaK MOX-
HO OBbICTpee JOCTHYb CKOPOCTH HaJ€XHOLO 3alyCKa [ABUraTefsi, TO
NHKHPOBAHHE NMPOU3BOAHTCA JO CKOPOCTH V;yx=V;aam rae V;asan—
HHIMKAaTOPDHAsl CKOPOCTb HANEXKHOTO 3amlycKa JBHraTesisi Ha BBICOTE
Hy. B takoMm cilydae nJisi pacuera IepBOro NpHG/VKEHHS NPHHH-
Maercs CKopocTb Vy==Vaan, rlie Vaan — HCTHHHAS CKOPOCTb HaJeX-
HOro 3amycKa paBurartessi Ha BbicoTe Hy. A pna pacuera BTOpPOro

npubGanKeHNs BelHuHHA Vi HAXOAUTCS H3 YCJOBHS VK>—i:=”" s
K
rae Ax — OTHOCHTE/bHAsI MJIOTHOCTb BO31yXa Ha BhicoTe Hy.

@®opmyay nas onpeneseHHs NOTePH BHICOTHL Ha BBIXOJe caMmoJie-
Ta U3 NUKHPOBAHMS HallleM B NpPEANMOJIOXEHHH O IOCTOSIHCTBe HOP-
MaJIbHOH meperpy3kKu B IIpoliecce BbIXOAa M3 NMHUKHPOBAHMA (fy=
=const), 4TO 4O0CTATOYHO XOPOLIO COIVIACYyeTCsl C JeTHOH NIpaKTH-
koil. [Tpu 3TOM TakkKe pacCMOTDPHM JBa CJayyas:

1. Boixon M3 NMKHPOBAHHUS C MOCTOSHHOH CKOPOCTHIO MOJIeTa,
YTO MPAKTHYECKH COOTBETCTBYeT BHIBOLY H3 NMHKHPOBAHMSA NpPH Hepa-
6oraroiieM ABHrarede.

2. Brixon W3 MUKUPOBAHHS C YBeJHUEHHEM CKODOCTH IoJeTa B
npoliecce BBIBOJA [0 3BOJIOTHBHOH CKOpocTH V5, Mo3BOJSAIONIEH JeT-
YHKY cpasy e IocJe BbIX0Ja CaMoJieTa B FOPH3OHTAJbHBIH moJjeT
BHINOJIHATh BCE HEOOGXON¥Mble MaHEBPhl. DTO COOTBETCTBYET MOJIETY
¢ paboTaIlluM ABHrATENEM.

PaccmoTpuM nepBblf caydail. IIpy mocTOSTHHOH CKOPOCTH IoJieTa
KMHeTHuecKasi dHeprus caMoJjera ocraercsi HeusmeHHol. Cuenosa-
TeJbHO, paboTa Bcex AeACTBYIOIMX Ha caMoJeT BHEMIHHX CHJ Ha
NpPOHJEHHOM MM NYyTH ¢ OyleT paBHa IO BeJHuYHHe H3MEHEHHIO 3a
3TO BpeMsi HOTEHIUAIbHON SHEPTHH CaMoJIeTa, T. €.

Hl‘.l'l
G Y dH = Qdo, (9.76)
H K

K

rae Hp p— BbICOTA, HAa KOTOPOH CaMOJIeT BBIXOAHT B PEXHM TOpH-
30HTAJIbHOTO TMOJIeTa 10 BHIXOJle U3 MHKHPOBAHHS.

BeanunHy do MOXKHO HpeNCTaBHTb KaK AJHHY OeCKOHEYHO Ma-
JIoit IyTH pajauyca r

ds=rd®. (9.77)

-dv 5
Tak kax B JaHHOM cJayuae ;=P=O, TO M3 BbIPAXKEHHUSA

(9. 72) noayuaem
Q=Gsin 6. (9.78)
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Bocrnosib3yeMcsi M3BECTHBIM BbhIpaXKeHHEeM [1J1s1 HOpMaJIbHOH mepe-
rPY3KH B CKOPOCTHOM CHCTeMe ocell KOOpAHHAT

ny=2> 4 cos 6, (9.79)
gr
OTKyIa HaXOoHM
R L — (9. 80)
g (ny — cos 0)

[Moncrasnsss ¢dopmyawn (9.77), (9.78) u (9.80) B ypaBHeHue
(9. 76), moayuyaem ¢opMyay IJs onpejejeHHs NOTEePH BHICOTH Ha
BEIXOJle CaMOJ/ieTa U3 NMHKHPOBAHHS B NEPBOM PacCMOTPEHHOM CJay-
yae

K v 840 Ve ny—cos 8
AH, = S dH=_K§ _sinfdb _ Tk jp fu=—cosh o 9.81)
: H g ) ny— cos 8 g ny—1

r.au

I1st BTOpPOro cjydasi BOCHOJNBb3YeMCsl M3BECTHHIMH (OpMyJaaMH
nasi AHg x 1 V,, TNONyYeHHHIMH B NpEANOJNOXKEHHH, YTO Ha BhIXOJE
M3 MHKHPOBAHHS TAra ABHraTess ypaBHOBEIUHBAaeT JI060BOe compo-
THBJIEHHE CAMOJIETAa:

AH, "___ﬁ 2ny (1 — cos 0) — sin2 6 ) (9. 82)
2% (ny—1)2
—cos 8
V.=V fyg—cos?
] K ng— 1

CyMMapHaﬂ MoTepss BBICOTBI HA BBIXOAE CaMoJieTa H3 LITOmoOpa
AHsux= AHsan"l' AHn"" AHB.I]'

9. 3. 2. [IpomoMKUTEALHOCTD BbIXOJA
#3 WTONOpa

ITo anaJyioruu ¢ noTepeill BEICOTH Ha BHIXOJE BPEMS Bbi-
Xola caMoJieTa M3 IITONOPA Afgyx TaKKe MOXKET OHITh MpelrcTaBJie-
HO B BHJI€ CYMMBI TPeX CJaraeMbIx:

Atnux =lgan 'l' ty + by (9 83)

BeaunuuHa f3n MoXeT O6bITH MPHOJIMIKEHHO ONpelesieHa MO Mare-
pvanaM HCHBITAHHH Ha INTONMOpP NHHAMHYECKH NONOGHOA MOuenH B
BEPTHKAaJbHOH a3pOAHHaMHUecKol Tpy6e.

®opmyay Ang onpeneseHus f; HAXOOMM H3 BhIpaxeHusa (9. 72)
aHAJIOTHYHO TOMY, KakK Oblla BhiBeneHa dopMmyna Aisl fur.
[Tonyuaem:

t,.—k,In €_+‘1§i:_“_ (9. 84)
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rae

5 AH,
kn—_:_l- l/ _ Pyn i t=—e KApsimo;
g Cx@py (P cos a— sin 0)

e T, s,
CxQH

p—1—Yo

n

Bpems Bmixona camoJsiera M3 NUKHPOBaHHs OyIeM paccMaTpH-
BaTh JJi TeX Xe JBYyX CJIydYaeB, JJIS KOTOPBHIX ONpeleJsach MoTe-
ps BBHICOTHI Ha BBIXOJe W3 NMHKHPOBaHHsA. PaccMOTpHM BHauaJe mep-
BbIH cayyai.

Bocno/sb30BaBIIHCh BBIKIaJKaMH, NPOBEIEHHBIMH IIPH BHIBOJE
¢opmyasl (9.81), monyuaem

9 i
dH — — V2sin8

g (ny— cos 0)
[Toncrasasis BeIpaxkeHHe 1is dH B KHHeMaTHYeCKOE COOTHOLLe-
uune dH =1V sin 0 d¢, Haxonum
Vdo
df———2
g (ny— cos 6)
HHTerpupys: 3To paBeHCTBO, ompeje/sieM BpeMsl BhIXOAAa H3 IH-

KHPOBaHHUS
t

0
B.TI
tm=‘ di—e — Y g @
g ny — cos 6
0 n

1
Dtg—06
= L4 arctg mrDe 2
—_ T —_— ,
g an/—- 1 V-nf{— 1
rae Op — yroJg Hak/JOHAa TPAeKTODHH NOJeTa NPH NHKHPOBAHHH.
OnpenennM BeJHUHHY Ly g 1/ BTOPOTO Caydas.
C yyeTOM yKa3aHHbIX BhIlle NONYIIEHHH, CAGNAHHBX NIPH BHIBOLE
dopmyant (9.82), monyuaem u3 (9.72):

dtm — -V (9. 86)

~gsin6

(9. 85)

st onpenesieHHsi BEeJHUYHHBl fz ; BO BTOPOM CJyyae NpPHOJIH-
JKEHHO NpPHMeM 3aBHCHMOCTb V=f(0) Ha BbIXOme camoJjieTa M3 IH-
KHpoBaHus JquHelHOH (pHuc. 9. 10). Torma Besnunna dV mMoxer ObITh
npeicTaBJeHa B BHIe
Vi—V
dV =-£""2 g5,
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[ToncraBasia ato 3Hauenue dV-8 (9. 86), Haxonum

dt=Yo=Vx
g0, sin @’
%
\J’f(e) & Puc. 9.10. T'paduyeckas
3aBHCHMOCTb  H3MeEHEHHs
v, CKOPOCTH IO YIJIy HakKJIO-
k Ha TPaeKTOPHH  IOJIETa
NpH BHIBOJAE M3 NHKHUPO-
BAaHHSA
b, 0 6

HHTerpupys mosyueHHoe BbIpaXKeHHe, HaxoauM GopMmy.ay IS
ompejesneHust NPOJOJKHUTEJbHOCTH BbIXOZAa CaMoJieTa H3 MHKHPO- -
BaHHUSI BO BTOPOM CJIyyae

o f=—1°
toa=\ dtm~ Ye=Vx { 49
Pt S g0, sinf °

0 [

OTKyZAa

A

Vy— Vi In 0,0175
&0y |tg 65/2]

9.4. ONPEIAEJIEHHE YIJIOB
H PAIHYCA IITONMOPA B NOJIETE

9.4. 1. Yrasl aTakd H CKOJIbIKEHHS

Yrabl aTakKd M CKOJIbXXEHHS caMoJsieTa B LITONOpe siB-
JISIIOTCSl OJ(HUMH H3 OCHOBHBIX XapaKTepHUCTHK pexxuma. OmHako He-
NOCpeNCTBEHHOE HM3MepeHHe HX B IITONOPe OKa3bBaeTcs, KakK mpa-
BUJIO, HeJOCTAaTOYHO TouyHEIM. [losToMy vamie Bcero B JIETHBIX
HCIIHITAHHAX HX ONpeflesisfioT HA OCHOBAHHWH 3amucedl Npu6opoB-camo-
I'HCIHEB YIVIOBBIX CKOpPOCTell HJH meperpy3ok. Paccmorpum BHauase
MeTOZ OmpelesieHHs o M  HO YIJIOBBIM CKOPOCTSIM BpalleHHs ca-
MoJleTa B DeXHMe YCTAaHOBMBIIErocs BepTHKaJ/JbHOIo mromopa. M3
npuBeJeHHbIX B M. 3 cooTHomeHu#t (3.9) u (3. 10) mosayuaeM usBe-
CTHOE BhIpaXKeHHe NJIs ONpelesieHHs yria aTakd caMoJsieTa B LITO-
nope:
tga=—24 | (9.87)
Wx1
U3 3Toro BHIpaxkeHHs MOXKHO JIerKO HaHTH M H3BecTHyI0 dopmyay
IJIs1 CpelHero yrya aTaky camoJieTa B IITOmope:

wy
a., = arctg (— s ) ,

Wy cp
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[JIe Wy cp U Wx cp — OCPEJIHEHHbIE 3HAUEHHs] COOTBETCTBEHHO YIJIOBBIX
CKODOCTEH PLICKAHHSI U KpeHa B IITOMOPE.

M3 (3.11) u (3. 10) HaxonuMm GopMynay mJsi onpeipesieHus yriaa
CKOJIbXKEeHHS:

tgf= ——2Llsina,
wy1
HJIH, 1n36aBJAACh OT a, nNoJyyaem:
th=i—2L2—~=-_l: .3 . (9.88)
V“’xl + oy Oxy

-
31ech wyy — NMPOEKIHS BeKTOpa o Ha mIockocTb X;0y;.

3Hak nepen npaso#l uactbio popmyan (9. 88) BeGupaercs B co-
oTBeTcTBHH ¢ ypaBHeHueM (3.11). Tak, HampuMmep, npu npaBoMm
HOpMaJibHOM mTOonope (w>0) ciaexyeT OCTaBJATL 3HAK IJIOC (3HA-
KH ©,; H [} COBNamamoT), NpH JEeBOM HOPMaJbHOM IITOmOpE . (0 <<
<<0) — 3HaK MuHyC.

Ilpu HeycTaHOBHBLIEMCS LITONOpPE, KOTAa HampaBJIeHHS BEKTO-

-> -

poB @ ¥ V He coBmajaioT, WJIH IPH OTCYTCTBHH mpubGOpa-caMomuc-
Ila YIVIOBHIX CKOPOCTEH YIJIBI aTakH M CKOJIbXKEHHS MOXKHO ompeje-
JATb 1O MOJIETHBIM 3amucsiM npubopa-camonucua neperpysok. O6o-
3HAYUM Yepe3 My, Mys U N, NPOEKIHH DPe3yJbTHPYIOIIEro BeKTopa
Neperpy3kH B LEHTPE TAXKeCTH caMojeTa COOTBETCTBEHHO Ha OCH
Ox;, Oy, u Oz, CBI3aHHOH C CAMOJIETOM CHCTEMbI KOOPIHMHAT.

[TpoeKkTHpPysl COCTaBJAIOLINE BEKTOPA NEPErpy3KH figy, My H Ny
Ha ocb Ox CKODOCTHOH CHCTEMBI KOODAMHAT, NMOJyd4aeM

1, cosacosB—n, sinacosf-tn, sin f=n,. (9. 89)

Bocnosnib3oBaBIUKCh M3BECTHBIM BhIpaXKeHHeM [J/151 NPOJOJbHOM
neperpy3kyu B CKOPOCTHOH CHCTeMe OCeHl KOOpAHHAT

1 av . 1 av
n,=——4sint~———1,
g dt g dt
MOXKeM npuBecTH ypaBHenue (9. 89) K Buny
n,cosa=n, sin a—§,
rae

Ca2d

1 . 1 av
— —_ 2 ). 9.90
cosﬂ (”’zl sin p g dt H 1) ( )

Bo3Boasi mpaByl0 H JIeBYIO YacCTH IOJNYYEHHOTO BBIPAXKEHHS B
KBajapaT, TMoJydaeM MOJHOe KBaJpaTHOe ypaBHEHHE OTHOCHTE/bHO
sin

2 2 \ain? ¢ : 2 a2
(73 +n2,)sin? a—2n,, ¢ sin a 4-£—n2,=0,
OTKyZla HaXOAUM
§ny1 + ny -l/”?/l + nil_ §2
2 2
nyl + Nyl

sin a=
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OG6bIuHO BeJIMYMHA 7,y B IITOMOpPE OBIBAET CPABHUTENBHO HEBEJIH-
Ka, Tak 4TO KBaJpaToM ee MOXKHO npeHebpeub. B stom cayuae

2 __ g2
sin a=—tl *"*‘2'/””‘ < 9.91)

nyl

ITepen panuxkamom B dopmyse (9.91) npuHuMaercss B HopMaJb-
HOM ILUTONOpE 3HAaK INIIOC HPH M. <<0 U MHHYC HPH 1. >0, B nepe-
BEDHYTOM HITOnOpe — Haobopor. Pacuer nmpou3BOAUTCS ClAEAYIOMIHM
o6pasom. [Tonaraem B=0, T. e. cosp=1 u sinp=0. Ecau mronop
NpOTeKaeT C MOCTOSTHHOH HJIM MeJJIeHHO M3MeHsolelcss N0 BpeMeH:
ckopocTelo, To ¥ dV/dt=0. I1pu 3TuX ycjaoBusx noayyaem u3 (9.91)

ny1 & nxy V"il"‘l

sina= 3 (9.92)

nyl

OnpenennB BEeJTHUYHHY yIJia aTakd B MEPBOM NPHGJIHKEHHH (ar)
o ¢opmyae (9.92), HaxoguM 3aTeM BeJHUYHHY yIya CKOJIbXKEHHS —
Takxe B nepsoM npubamxkenuu (Pr). M3 (9.89) monyuaem:

1 av s 2 (L&}
T e A

2 2
na + nxy

. (9.93)

sin f=

rie
Ryy=MN, COSO—n, sin a.
2 9 av
[Ipene6peras unenamu cni, u n?, a rakke ecmu u — =<0,
dt
1noJay4aeM

sin B= —nyn* + V1= n*, (9.94)
Tae
n*=n2; sin?oa— Ryl Sin 2a.

3necy nepen paguKaJoOM INPH #,;>0 HOMKEH CTOATb 3HAK MHHYC,
a NpH n,4<<0 — 3HaK NJIoC.

3Hasa oy, HAXOAUM Tenepb 3HaueHHe Py no popmyne (9.94), mox-
CTaBJjisis qr B BRIpaXKeHHe 1Jis n*, a 3ateM no opmyae (9.91), moxn-
CTaBJ/sif B BeIpa)KeHWe IJs § BeJHUMHY Py, HAXOAWM BEJHYHHY «
BToporo npubamxenus (am). ITo amr u3 ¢popmyast (9.94) Haxomum
YroJl CKOJIbXKEHHsI BO BTOpPOM NpHG/mKkeHnd. O6bIUHO 115 Onpenese-
HHSl yIJIOB aTaKH H CKOJIbXKEHHs caMoJeTa B IUTOMOPE YKa3aHHBIM
06pa3oM JOCTAaTOYHO GhIBAET BTOPOro NpHOIHKeHHs (06 3TOM MOXK-
HO CYZMTb IO COBIIa€HHIO BEJHUHH O U 01j) .

Ecau nogkopenHoe BripaxeHnue (9. 94) okasbiBaercsl OTPHILATEb-

d
HbIM, TO 3HAyuT VF=const u ;>O. B stom cayuae pacuer cie-

ayeT nmpoBoxuTh no ¢gopmynam (9.91) u (9.93) Bmecto (9.92)
u (9.94).
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9. 4. 2. YrJabl HakJiOHa camoJieTa
H paauyc mTonopa

Yrael KpeHa M TaHraxa camoJieTa B IUTONOPE MOXKHO
OnpeAeasTb MO MOJIETHBIM 3aNUCSIM NPpUOOpa-caMOMKCIa MepPerpy3oK.
Insi moayyeHHs] COOTBETCTBYIOIIMX dopmysr crpoeKTHpyeM COCTaB-
JSIOIHE BEKTOPa Meperpy3kH B 3eMHOH cHCTeMe ocefl KOOpAHHAT
(Nxg, Nyg M nyg) Ha OCH CBSI3aHHOH C CaMOJIETOM CHCTEMBI KOOp-
aunat. Haxonum cienyromue cooTHOLeHHs: (paccMaTpuBaeM BEKTOD
neperpy3kH B LEHTPe TAXKECTH caMoJsera):

Mg cosbcosd4nysind—n, sindcosd=n,; (9.95)
n,g(sin Y sin y—cos ¢ sin & cos y)4-n,, cos y cos ¥ |-
+ 1, (cos$sin Y4 cosysin ¢sin ¥)=n,,; (9. 96)
1 4 (cos ¥ sin ¥ sin ¥ -1-sin ¢ cos y)—n,, cos ¥ sin y+-
+n,,(cos$ cos y— sin ysin ¥ sin ¢)=n,,. (9.97)

OmnpenenuM Tenepb BXOHSLIME B 3TH YPAaBHEHHS BEJHUHHBI Myg,
Nyg U Nzg. B BEPTUKAJbHOM ILITONOPE MOXKHO NPHHATb Nyg~ 1. IIpo-
eKIHUsl NeNCTBYIOLeH Ha caMOJIeT pe3y.bTHPYIOIleH a3poiuHaMHuue-
CKO¥ CHJIbI Ha TOPH3OHTAJILHYIO IJI0CKOCTH (Rr) paBHa no peauYHHe
LEHTPOCTPEMHTENbHOH cune F=mo?r .. CocraBisoline mnepe-
TPY3KH flxg H Nz MOrYT OBITH npencmanenm B BHIE

Ry cos 4/ @27y cos ¢
Reg=— p
n
_ Rysing 027y, sin ¢
PTG T g
OTKyJla MoJyyaeM
2 .
-“’;&cos 84-sin d=n; (9.98)
_ Y% wr gin § cosy-cosy cos d=n,,; (9.99)
2 3
7w gin y sin 9 —cos ¥ sin y=n_,. (9. 100)

W3 Boipaxenuit (9. 99) u (9. 100) naxonum
tgy=—22L . (9.101)

ny1
M3 (9.98) u (9.99), npenebperass uneHaMH, copepXamumMu n2
HoJiyyaem

sin 9 ~ Mx1c0s?y cos2 Y., l/ 1— cos2‘y (9. 102)
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ITpu cpaBHHTEJNbHO OGO/BIINX 3HAUEHHSIX My H y GopMyay
(9. 102) MoxHO erie 6osee YIPOCTUTD:

sind~+q/ 1= (9. 103)
ny

B atux dopMynax mepen pagMKagoM OCTaeTcsl 3HaK MHHYC AJs
HOPMAJbHOTO WITONOPA M 3HAK ILIIOC [JIs NEepPeBePHYTOro.

W3 Broipaxkenus (9.98) moayuaeMm ¢opmysay AJas onpeneseHHs
paznuyca mronopa

—(ta—sinYe (9. 104)

r
wur w2 cos &

rne

0?=wy oy Foir.
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