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~ [MPEIUCJIOBHE

Hacrositasi MoHorpadust HanucaHna cnetagnctamu LleHTpaJbHOro
asporuapoauHamuueckoro uHcTHTYTa(LIAI'M) M 0OXBATbIBA€T OCHOBHbIE
acnekTbl aPOJAMHAMHKH MAruCTpajbHblX CAMOJETOB: A3POAMHAMHKY
npoduied, KpbLIbEB, ABHraTeJbHbIX YCTAHOBOK, OPTaHOB YMNpPaBJeHHs,
BOMPOCbl yCTOMYMBOCTH M YMPABJAAEMOCTH, CHCTEM YNDABJICHHA H Jp.
3a nocjejHHe TOAbl HA OCHOBE PACYETHBIX H SKCIEPUMEHTAbHBIX
HCCJEA0BaHHA  JOCTUTHYT 3HAuMTEJbHBIH MNporpecc, obecnevwuBILIMiA
yJyullleHHe TOMJMBHOM 3(heKTHBHOCTM M NOBblilieHHe 6e30MacHOCTH
nosera. Cneunamuctsl [IAI'M B 3THX HanpaBJeHHsIX BHECJH 6OJBLLIOH
BKkJal. Ham npeicraBisieTcsi, YTO H3JOKEHHbIA B 3TOH MOHOrpadwu
Matephas OyAeT MoJe3eH MNPH CO3JaHMM M Pa3paGoTKe MAarHCTpPaJbHbIX
CamoJIeTOB.

M3zanne MoHorpaguu oCyllleCTBJIE€HO B paMKax HayuHO-
TeXHH4yeckoro cotpyanuyectsa Poccun uw KHP. QOdHo BwIX0oauT
NPaKTHYECKH OJHOBPEMEHHO Ha PYCCKOM H KHTAlCKOM f3blkaX 6.arojaps
cneunamcram Chinese Aeronautical Establishment (CAE). Mui
HajeeMcsl, YTO Haille COTPYAHHYECTBO NPH WU3JaHWH MOHOrpaduu Oy et
NMOJIE3HbIM A 00EHX CTODOH.

Hayutble mMartepuasbl paszaeqoB MoHorpaduM MOATOTOBUJH:
BBeseHe—I". C. Biourenc,
raasa  1—TI". A. TaBsosew, B. [I. Bokcep, C. B. JIAnyHoB,
raasa  2—TI". A. HOmm, B. A. Bapuno, C. Y. CkoMopoxos,

raasa  3—I". A. KOy,
raasa  4—B. B. KaasbkHos, B. ®. Kypuubis,
riaBa  5—B. I'. Mukesanse,
rqmaBa  6—C. 9. Haymos,
F rmasa 7—B. 9. boyapos,

rMaBa  8—I10. . llemoxuy,
rmaBa  9—I". B. AJsexcanapos, 10. I". XKusos, A. C. Y cruHoB,



rpapa 10—A. B. Kmmmn, K. 10. KocmuHkos,

raasa  11—TI". A. TlaBaoBell.
B 3akMioueHHe BCe Y4YaCTHHKH paboThl Hal MOHOrpadHuelt CYHUTAOT

CBOMM MPHSITHBIM J0JIOM BbIPA3HTh GObLIYIO 6.1aroAapHOCTb aKaAEMHKY
KHP 'y CyHdeH 1 coTpyIHHKaM CAE 3a noMolLLb B H3/JaHHH 3TO# KHHTH.

HayuHblii peJaKTop
akazemuk PAH
r. YyxoBckuii, 1999r.

I". C. browredc




BBEOEHWE

Pa3BUTHE PEAKTHBHOH TPAHCMOPTHON aBHalIMH 6bLI0 HAYATO LUIMPOKOH
sKcnayarauMed Ha JHHHAX naccaxupckoro camodera Ty-104 B 1956
roay.

[IpeanpuHsiTble  GoJee  paHHME [ONBITKH OblIM  HEyJauHbIMH,a
HeKoTopble JaXe TpaI‘W{eCKHMH.TaK,COSAaHHblﬁ g nHauajte 50-x roaos
dupmoii [le XaBH/IEHA naccaxupckuii camoser “Komera” norepred psia
katacTpod,TaK Kak [MpH €ro CO3AaHuH He ObLIM YuTeHbl MPOGJEMBI
YCTaJOCTH KOHCTPYKIMH TaKHX caMOJETOB C MHOTOKPATHO MEHSHOUIMMHUCH
Harpy3kKamHu.

Taxum 00pa30M,peaKTHBHAA MaCCaXHPCKas aBHAllM HACUMTHIBAET
yKe OfbIT OKOJIO 40 get. EcJM yyecTb, UTO Ha CO3]aHHE MarucTpaJbHOro
camojeTa OT MOMEHTa Hayaja MpeABapHTEIbHbIX npopaboTOK 10
SKCIJyaTalyu 3aTpauuBaeTca oT 8 1o 10 Jer, a cama 3KCILTyaTallus
mresi 6oaee 20 JeT, TO MOXHO FOBOPHTb O CO3/1aHHH BCETO JHIlb 2-3-X
[IOKOJIEHHH TaKHX CaMOJETOB.

Kak BWHO M3 phuc.l, B Hayaje LMH HHTEHCHBHbIE paboThl MO
CO3aHHI0 MaruCTPaJbHbIX CaMOJEeTOB ABYX THIOB = ¢ apuratesamu TBIL
u ¢ gsurateqamu TPI. M B TOM, M B JADYroM KJacce ILIMPOKO
HCTIOJb30BAJICA OMbIT BOEHHBIX CaMOJIETOB.

PeakTHBUbIE MarkHCTpabHble CaMoJeThbl,KaK TPAHCTOPTHOE CpeJCTBO,
061a1al0T OrPOMHBIM TPEHMYILIECTBOM 10 CPABHEHHIO C JApYTMMH BHAaMH
TpaHcnmopTa 3a CYET GoablUMX ckopocTed. DBoJabilMe  CKOPOCTH,
npueMJaeMble JaJbHOCTH M0JeTa,NoNeT Ha BbicoTe 10 KM, rae BO3MYLLIEHHA
aTMochepbl BCTPEYalOTCst JOCTATOYHO PEAKO, HAJIMYHE repMeTUYHOro
drozessbka € JaBJIEHHEM  TIODFAKA 0,6—0,7 3emMHOro—BC€ 3TO
obecrieunBaeT BbICOKHI KoMdopT naccaxupaMm H HX ObICTPYIO A0CTaBKY.

OjHaKo, peaKkTHBHasi aBuallMs NoTpedoBajta MHTEHCHBHOTO pa3BUTHS
a3pOJPOMOB M BCEX HA3EMHbIX CPEICTB obecrneyeHust KCILTyaTalHH.

Pa3pHTHe peakTHBHOIH TPAHCMOPTHOH aBHAIMH LLLIO O9€HD ObICTPbIMH
4 temnamy. Ha puc.l npuBeieHa oflias KapTHHa 3TOrO pa3BUTHST H
OTMEYeHbl TOAbKO BaxKHefilMe o0paslibl.

Tocie 1956—60r.r. Hayajachb WHTEHCHBHAs KOHKYDEHLHA H
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1950 1960 1970 1980 1990 2000 Toam
O Hauano paapaboTkn; b 1—# suaer,
[0 Ha4yano CEepUNOre NPOMIBOACTEA U IKCHAYATALMMN
Puc.l1 Pa3sButHe MarucTpajbHbiX CaMOJETOB
COpEBHOBaHHE B CO3[aHWM PA3JHMYHbIX KJACCOB  MarHCTpaJbHbIX
CaMoJIeTOB.
BbISIBUJIOCH TPH OCHOBHBIX THIA MaruCTpa/bHbIX CaMOJETOB:
a)6JkHMe ¢ AadbHOCTbIO mopsiaka 1500—2500 kwm;
6)cpeHHe ¢ AaMbHOCTbIO Mopsitka 2500—4500 ku;
B)AaJbHHe ¢ AafbHOCThbIO Mopsiaka 7000—10000 kM, a B paJbHekHieM
H boJee.
KpoMe yka3aHHbIX KJA4aCCOB MAaruCTpaldbHbIX CaMOJETOB, CJEAyeT
YKa3aTh Ha LLUMPOKHI KJacC CamoJeTOB MECTHBIX BO3LYLLUHbIX JHMHHHA.
CoBpeMeHHY10 XH3Hb Heab3sl MPEACTAaBUTL 6€3 aBHalliH, OJHOro
M3 TJAaBHLIX CPEACTB MepeBO3KH MaccaxupoB.Pe3koe yseJndeHHe nepe-
BO30K HayaJjochb ¢ 1962—1963r.r., kaxaple 10 Jer uucao nacca-
YKHPOB,TIEPEBE3EHHBIX B T0f, yBeauuuBatoch Ha 350—400 muammornos. B
1987—1988r.r. obuiee 4UCJAO MEepeBe3€eHHbIX 3a TOA MaccaXXHpoB
BIIEpBbIE MPEBBICHIO 1 MHLIMAPA. BOJbIIMHCTBO aBTOPOB MPOrHO3UPYeT Ha
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9000—2010 r.r. TaKod Xe TeMN NepeBO30K, T.C. K 9TOMY BDEMEHH
caelyeT OXHAaTb HX YIBOEHHS. BepositHo, Tako# NpOTHO3 060CHOBAH,
NOCKOJbKY NMPOrHO3MPYETCsi POCT HaceIeHHH 3eMHOro wapa ¢ 4,4 MJpA. B
1980r. 10 5,5—5,8 mapa. k 2000r.

Kpome TOTO, COBpEMEHHad MOJMTHYECKas cUTyaluss B  MHpE
CIOCOBCTBYET YCHJEHHIO CBSI3EH MEX Y HACEJEHHEM PA3JMIHbIX cTpaH. B
5TOM )€ HarpasJieHun 6y 1eT AeHCTBOBATH H dakTop pocTa HalMOHAJIBHOTO
10X0Aa. DTa TEHAEHIKs NMOATBEPKAAETCHA 3HAUMTENbHBIM POCTOM cBsi3ei
Ha OCHOBE TYpH3Ma, B MOCJEIHHE TOAbi, HAMPUMED,YHC]O TYPHCTOB B
Sananyto Espony npesbickio 350 MJH. B TOL

OueHka MnOrpe6HOro napka MaructpajbHbiX —CaMmOJETOB
NpeACTaBAAETCs! OueHb BaKHOA. 110 JaHHbIM MKAO, x Hauasy 90-X rojoB
oflLIee YMCJO MArucTpajbHbIX CaMOJETOB COCTABJAJO0 OKOJO 6500, u3
KOTOPbIX OKOJO 8096 —O6mwKHKE 1 CPeHHE MAruCTpalbHble CaMOJETDI, a
B HEKOTOPbIX CTpPaHaX Jaxe OKOJAO 909. MoxHO 0XHAaTh U3MEHEHHUA B
CTPYKType Napka B HanpaBJeHHH YBEJIM4CHHA HHC/A JaJbHUX
MarucTpaJbHbIX CaMOJETOB.

B nocJenHue roibl Cpeiy MarucTpaJjbHbiX CaMOJETOB npeobaasaloT
caModeThl ¢ TypOOPEaKTHBHBIMH JBHIaTEJsMH(OKOIO 809 ) HexoTOpOE
KOJMUECTBO  DKCILIyaTHPYeTCsi ¢  TypPOOBHHTOBbIMH  ABHraTEJbHbIMU
yeranoBkamu (17—18%) 1 coBceM HeGObILIOE KOMMYECTBO (okos0 3+
5%) ¢ MOPILHEBbIMH JABUTATEJSAMH.

TTporHO3upyeMblil poCcT NepeBO30K GoJee 4YeM B JBa pasa K 2000r.
npuBeser (M yXe MPUBOAMT) K HEKOTOPOMY H3MEHEHHIO tpeboBaHUH K
MAarucTpaJbHbiM CaMOJETaM.

Bo-nepBbiX, YyXe OlLyTHMasi Teperpy3ka asponopToB notpedyer
JaJibHeMlero BO3pacTaHusi MacCaXXMPOBMECTHMOCTH, TaK Kak TPYAHO
OXKHAATh 3MAUHTEJbHOrO paCIUMpEHHs CETH a3pOAPOMOB M YBEJIMYEHHA
ygesaa  ToJoc. Yxke MosBJAIOTCS  MoaudHKalUMM  CYUIECTBYHOLLHX
MarucTpaJbHbIX CAMOJETOB C YBEJIMUYEHHOH NacCXHPOBMECTHMOCTbIO 10
500 mect. PaccmaTpuBaloTCA MPOEKThbI € YBEJMYEHHEM MECT [0 600~
800 n naxe 1000 (dupmbi dpbac Muzactpu u ap.).

Bo-BTOpBbIX, HHTEHCHBHOE SKOHOMHYECKOE M MOJUTHYECKOE Pa3BHTHE
“ynaJennbix” crpan(Sinonnst, KHP,Kopesi, Tannana,Cunranyp 1 ap. B
A3nn, ABctpagwsi, HoBas 3esaHausi) NPUBOIMT K HEOOXOAUMOCTH
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YBEJHMYEHHST JAJbHOCTH MOJETa AAaJbHUX MAarucTpaJbHbiX CamMoAeToB [0
12000—15000 km. Ilpn 3TOM npOSIBASIETCH TEHACHUMA YBeJUYEHHUst
Kpe#icepckoi CKOpoCTH noJeTa.

IlIpy paccmoTpeHur HanpaBJeHWil DPa3BUTHS MarucCTPaJbHbIX
CaMoJIETOB OJHUM M3 BaXHbIX (DaKTOPOB fBJSETCSH HX TOIMJMBHAS
abdexTHBHOCTb. OrpaHHyeHHe pecypcoB YTJIeBOOPOAHOIO TOIJMBA B
KaXJA0M nocaelytouleM JecatuieTdd OyJdeT MOBbILIATL TPeOOBaHUA K

. CHIXKEHHI0 pacxoja TonavBa. KOHBIOHKTYpa MO LieHe TOMNJuBa
uaMensiercs: B 1973—1976r.r. oHa Oblia Kpu3HCHOH, K 80-M rozam
HabJoJaJCsl Pe3KMH POCT LieH, a B TMOCJELYIOUIHE TOAbl KPU3UCHASA
CHUTyauust ocJabujacb, Ha OJKakiMe Trogbl HEKOTOpble dBTOpHI
NMPOrHO3MPYIOT HOBOE NOBbIiIEHHE LieH. Tak UM uHaye, o6LIAs TEHACHLMS,
TaK cKa3aTb, rJobasbHas,Ha nepuoa 20—30 Jger TpefyeT Bce GoJbLLei
9KOHOMHMHM TOIJMBA, TaK KaK ero pecypchl orpanuyeHol.C 3TOH TOYKM
3peHHst BaXHO pAcCMOTPETb BO3MOXHOE TIOBBILLICHHE  TOMJUBHOM
50dEKTUBHOCTH  MarucTpajbHbiX camoJdeToB. OHa onpeedsieTcs
BEJMYMHOH ¢ T Kak oOTHowleHHe pacxoiza TonamBa Gtk
NPOM3BOAUTENBHOCTH #° L 1ex, rae #—uucio mnaccaxupoB, L rex
—TeXH1YecKasi AaJbHOCTb MOJeTa.

Hauunas ¢ 1960r. 3a 25—30 Jer pacxold TOMJMBA CHU3MJCS
npu6bJm3uTegbHo Ha 50%, rJiaBHbIM 06pasoMm 6.1aroaaps

—nepexoay Ha TP/l ¢ MoBBILIEHHOH CTENEHbIO ABYXKOHTYPHOCTH
(m=5);

—YBEJANYEHHUIO MAaCCaXX HPOBMECTHMOCTH; ﬁ

—YyBeJWYeHHIO B nocJdeguune roanl  (1980—1988r.r.)
aspojuHamuueckoro kavectBa Ha 20+ 30% BCJEACTBHE NPUMEHEHHUst
CBEDXKPHTHYECKHX KPblIbeB C yLIMHeHHeM A ~9—10 (Ty-204, Ua-96,

A-310, 320, 340 u ap.).

OuiennBas JaJbHedILMe BO3MOXHOCTH Ha nocJenytoue 20—30 Jer,
MOXHO OXHJAaTb AJAS MarucTpaJbHbIX CamoJeTOB YMEHbilIeHHsI pacxoaa
TOMJMBA ellle B JBa pa3a MyTeMm:

—INpHUMEHEHHsT ABHMrateJed co cBepxO60JblLIOH CTeNeHbio
ABYXKOHTYPHOCTH( 72 = 15—20) uau, MOXeT 6biTh, npumenennst TBBL; f

—TOBLILLIEHUST a3POAVHAMHYECKOT0 KayecTBa 34 CYET BBeJCHMSA
€CTECTBEHHOH JIAMHMHAPH3ALIMH, YMeHbILIeHHsT TypOYJEHTHONO TPEHHS.

e el
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Jns jaJbHMX MAarvCTpPajbHbIX CamOJeTOB Ha MOCJELYIOUIHE TOjbl
MOXHO OXHMIaThb YMEHbILIEHUsi pacxoja TOIJMBA, KPOME TOro, 3a Cyer
yBeJIMYEHHsT NacCaKHMPOBMECTUMOCTH, TPUMEHEHHST CHUCTEM YNpaBJEeHUst
NorpaHuyHbIM cJ0eM(MCKYCCTBEHHOH JNaMHHAPU3ALMH),HCTIONb30BAHUs A
caMoJIETOB C OuYeHb GOJbLIOH NaccaXX pOBMECTHMOCTbIO KOMIIOHOBKH 6e3
bro3esDKa, T.e. Nepexol K cxeMe“JeTaroliee KpbLio”.

CJesyeT OTMETHTb O4YeHb BaXXHble HOBble CBOWCTBA NEPCNEKTUBHbIX
MarucTpaJjbHbiX CaMoJeTOB.

Bo-nepBbix, BCJEACTBHE 3HAYMTEJALHOrO YJYYLIECHUsT a3POJAMHaAMHKH
(noBbIILIEHHE a3POJMHAMUYECKOrO0 KayecTBa), AaJbHEHILIEr0 yMeHbLIEHHsE
pacxoja TOMJYBA HOBbIMH ABHraTeJsMH, 60Jblliasi JaJbHOCTb noJeTta Oy et
JOCTHraThCst NMPH CYLIECTBEHHO MeHbllleld B3JETHOH Macce camoJeTOB.
TeMn yBeJMueHHsi B3JeTHOH MaccChl AJs1 CaMOJIETOB HOBOIO MOKOJIEHHUS TIPH
VBeJHYEHHH JaJbHOCTH MoJeTa Pe3KO yMEHbILIAeTC .

Bo-BTOpbIX, AJS1 MEepCrneKTHBHbIX AdJbHUX CaMOJeTOB TOIJIYBHAS
3(hheKTHBHOCTh (MOMHMO YMEHbLLEHHs ee 06LIEro YPOBHS) NPH H3MEHEHHH
JaJbHOCTH ToJeTa u3MeHsieTcsi Bcero Ha 109, 3T0  mnosBoJsieT
9KCIJAYyaTHPOBaTh 3TH caMoJeThl 60Jee rMOKO Ha MapllpyTax pPa3JH4yHON -
JaJbHOCTH.

M3 nepeuncaeHHbiX (aKToOpoB, CNOCOOCTBOBABILMX  Pa3BUTHIO
MarucTpaJjbHbIX camoJ/eToB B nocJeidne 10—15 JeT, ocobyto poJb HrpaJo
COBepLIEHCTBOBaHHe MX a3poauHaMuku. [ JaBHble pe3dyJbTathl B CCCP
OblIM TOJy4YeHbl 3a cyeT BbinosHeHHbIX B IIAI'M ¢yHaameHTasbHbIX
uceaeoBaHuit  npoduJel, AaBLIMX BO3MOXHOCTb MMPUMEHSITb MNPOHJIH
Gosbiied Ha 25—30% OTHOCHMTEJBbHOM  TOJLIMHBLYTO MO3BOJUJO
yBeJaW4YUTb,06e3 yBeJuYeHus Beca Kpbija, ero yaJuHenve c¢ 7 g0 10 u
3MaYUTEbHO MOBLICUTL a3POJAMHAMHYECKOE KayecTBO.

BropbiM BaXHbIM BKJIaAOM B YBeJHUEHHE a3dpOJMHAMHUUYECKOrO
KayecTBa Obla MnpoBedeHHbli 1o wHMuMatuBe IIAI'M  kommaekc
KOHCTPYKTHBHBIX M TEXHOJOTMYECKUX MEPONpHSTHH, HampaBJeHHbIX Ha
pe3koe yMeHblleHHe BPEAHOr0 COMPOTHBJIEHHS HAILMX MarucTpaJbHbIX
camoJieTOB. YJyullleHHe OTAeJKH TMOBEePXHOCTH, YCTpaHeHHe JHMILIHHX
HaACTPOEK, YCTYNOB M liedel MO3BOJMJM YMEHbILIHTb BpeJHOe
conpotuBienne ¢ 10—15%(or Gio)io 3—59%, 4TO AaJ0 yBeJMueHHe
MaKCHMAJILHOIO a3pOJMHaMHUYECKOro kayectsa Ha 5—10%.




TpeTbiM HaKTOPOM YBEJMUEHHsT a3pOMHaMHYEcKOro  KauecTsa
MarMcTpaJbHbIX CaMOJETOB HOBOIO MOKOJEHUs SIBUJIOCH SHAUHTENBHOE
yMeHbILIEHHE  3aMacoB NPOAOJBLHON  CTATHYECKOH yCTOMYUBOCTH H
BCJEICTBHE 3TOTO YMeHbLIEHHE NoTepb Ha GaJaHCHPOBKY Ha KpeficepcKoM
pexume. IlocieaHee Meponpusithe CTaj0 BO3MOXHLIM  TpH BBEICHHH
CleLMaJbHOM  aBTOMATHYecKOi CHCTeMbl  YAYqlICHHsA YCTOHYUBOCTH H
yTpaB.iseMocTr™.

HakoHel|, ONTHMU3AL1Ksi TapaMeTPOB CaMOJETA, palMoHaIbHast obulas
a3p0/MHAMUYECKasi KOMIOHOBKA TaKkKe SBHIMCH BaKHBLIM BKJaJOM B
yBeJMYEHHE  a3POAUHAMHUYECKOTO kayecTBa.BceM 3THUM BONpOCaM
NOCBSILLEHb TiaBbl 1—5,10,11 HacTosALIeH MOHOrpadu.

PaspaboTanHble HOBble MArucTpaJbHbIE CaMOAETbI Na-96 u Ty-204
(cM. prc. 2u3)u peaiu3aliusi MaTepHaJion npopaborox OKB no passuTHio
MarucTpaJbHbiX CaMOJETOB B gmpkaidie 10-15 aet obecreyuT MpU HX
UHTEHCHBHOM  CEpHiHOM NDOM3BOACTBE  3HAUMTEJbHOE  YBEJUYCHHUE
naccaXHUpCKUX NepeBo30K B Poccuy 6e3 3aMETHOr0 yBeJHueHHsi 00LIero
notpeG.eHusi Tonunea.OpHeHTHPOBOYHO,3aMeHa T1apka CaMoJIeTOB MOXET
JaTh YABOEHHE NEepPeBO30K.

BoJblilyl0 pPOJb B Pa3BUTHM HOBbIX MarvcTpajbHbIX CaMoJIeTOB
urparoT (akTopbl,CBSI3aHHbIE C ce6ecTOMMOCTbIO NepeBO30K,Ha KOTOPY!O
KpoMe CTOMMOCTH TOILIMBA OKa3bIBAOT BJMAHUE CTOMMOCTb CaMmoJIeTa,
CTOMMOCTb paboT Mo ero sKcnayaTanui.[103ToMy MOBbILLIEHHE  JETHO-
TEXHHUECKUX KA4yeCTB,J0CTHraeMoe MyTeM YCJOXKHEHHsT camoeTa,B psilc
cJay4yaeB MOXeT He JaTh YMEHbILCHHHA ce6eCcTOMMOCTH NEepPEeBO30K.

BecbMa MHTEPECHb! NMPOTHO3bl M0 MPOM3BOACTBY MAaruCTpaibHbIX
camosieToB 3a pybexom. Tak, dupma “BoMHr” CUMTAET, YTO B OJKAMALLINE
15 Jet (c 1988—1990r.r. 10 2005r.)noTpedyeTcst U 6yLyT H3rOTOBJEHDI
7600 camoieTos. O61ast CTOMMOCTb MOTPEOHBIX CaMOJETOB OLEHABACTCS
B 340—510 MJpA. 10JAaPOB B 3aBUCHMOCTH OT CPEIHET0 eXeroJHoro
npupocTa 00beMa MepeBo30K, KOTOPBIH, KaK CYMTaloT (GUPMbI, MOXET
kosebaThest oT 3 10 6%.

ChelyeT  NOAYEPKHYTb,  UYTO  TNPOM3BOACTBO  H npojaxa

* Jra Ke cHCTEMA MO3BOJAET HCTIOAb30BATH KPblIbs 60JbLLIOr0 YAJMHEHHS C
JOKAJbHOH CTATHYECKO# HeyCTOHYMBOCTbIO NpH Cy > Cyxpeic.
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Puc.2 CoBpeMeHHbil MarucTpaJbHbli camoJeT 60JbLUOH JaNbHOCTH C CBEPXKPHTHYECKHM KPbLIOM Ha-96-300
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Puc.3 CoBpeMeHHblit MaruCTPabHblil camoJeT cpelHedl AaIbHOCTH C CBEPXKPHTHYECKHM KDbLIOM Ty-204



MArvcTpalbHblX CaMOJETOB fBJSETCA OAHOM M3 CaMblX JOXOAHbIX
oTpacJiel NpoMbiiilieHHOCTH. Tak, Hanpumep,pupMa“ BouHr” U3roToBUIa B
1986r. 341 MarucTpa/bHblii caMoJeT Ha cymmy 19 MJpa. Zoal. , a B
1988r. yxe 636—Ha cymMmmy 29,6 MJPA . JOJIL CJelyeT uMeThb B BHAY,
yTo cBbille 50% CAMOJETOB SKCIOPTHUPYIOTCS M MPUHOCAT (upMaM H
CTPaHaM—H3rOTOBUTEJAM OTPOMHbIE JOXOZBI.

[o namueiM HMKAO, k Hadany 90-x roaoB 00beM Tpy30BbIX
nepeBo3ok Joctur 50 MJpA. t/km (310 npumepno 25% Bcex
aBuanepeBo3ok). 3a mnocaeanre 20 JeT HabJI0JaeTCsT  HelpepbiBHOE
yBeJHyeHHe 00beMa 3THX NepeBo30K. MHTEHCMBHOCTb POCT4, KOHEYHO,
CIEPKHBACTCA OTHOCHTEJbHO BbICOKOA LEHOH 3THX MEPEBO3OK. Kak
NpaBuo, K HUM NpuOeralwT B cJayvasx, Koria OOJIbLLIYH POJb HrpaeT
($aKTOp BPEMEHH.

115t MHOTMX CTpaH 6GOJibliIoe 3HAYEHHE UMEET NepeBO3Ka YHHKaJbHbIX
rpy30B GOJblLMX ra0apuTOB U TOHHAXA. Heo6xoauMoCcTb B UX NEePEBO3Ke
BO3HHMKJA B pe3yJ/bTaTe HOBOH TEXHOJOrMM COGOPKM M M3rOTOBJEHHS psild
YHHKAJbHbIX arperaros MAILIMHOCTDPOEHHA( TYPOHHBI GOJILLIOR MOILIHOCTH,
XHMHYECKHE PeaKTopbl U Ap.). B psile cJayuyaeB 3TH YHUKAJbHbIE IPY3bl,
Macca KOTOPbIX AOCTHraeT HECKOAbKMX COTEH TOHH,TPeGYHOT CPOYHOH
JOCTaBKH 3a4acTyio (ocobeHHo B Poccun) B TPYAHOAOCTYTHbIE paiionbl.l1o
JAHHBbIM Dsila BEJOMCTB, CJelyeT OXHAAaTb JaJbHEHIEro YyBeJH4eHHst
NoTpeOHOCTH B CPEACTBAX JIOCTABKHM TAKMX IPY30B HA PACCTOAHHUA NMOPSAKA
3000—5000 kM.

B CHI' passuBaeTcs NpPOM3BOACTBO TPAHCIOPTHbIX CaMOJIETOB
GOJBLLION Tpy30MoAbLEMHOCTH. Ha puc. 4 Moka3aHbl BO3MOXHOCTH YyXe
co3aanHbix rpy3oBblx camodetoB OKB uMm. AntonoBa u OKDB um.
Wibtoumsa. Ha camosere Av-225 “Mpus”’, paspaboTaHHOM MOA
PYKOBOACTBOM TeHepaibHoro KoHctpykrtopa I1. B. DBanaGyeBa, MOXHO
nepeBO3uTb I'py3bl Maccor nopsiaka 250T.

[TpopaboTKH MOKa3bIBAIOT, YTO B MEPCNeKTHBE NpH B3JETHOH Macce
1000—1200T. MOXHO CO34aTb TPAHCIOPTHbIA CaMoJeT, CIOCOOHbIA
fepeBo3uTh rpy3bl Maccoil 500—600T. Ha pacctostre 3000—5000 kM., -
Npd 3TOM C YY4eTOM HayuHo-TexHuyeckoro yposust 2000—2010 r.r.
yAeJbHbIi pacxod TomauBa OyAeT COCTABJSITh 120r/T. kM. B kauectse
npuMepa nepeBo3Ky rpy3a G0JbILIMX rabapuToB(Maccoii 100T)Ha HapYXHO¥l
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noJBecKe Ha puc.5 nokasana ¢ororpadus An-225 “Mpust”, NepeBO3ALLIETO
MHOIOpa30Bblil OpOHTa/bHbIH camoeT “Bypan”.

NEPEBOBKA [MPY30B
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Puc.5 TpaHCNOPTHPOBKA OPOMTAJbHOMO CaMoJeTa “Bypai” Ha TpaHCMOPTHOM
camosiete AH-225“Mpus”
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Takum o06pa3oM, pPa3BUTUE TPAHCMOPTHOH  aBHalWK  LLUMPOKOro
Ha3HAueHWsi OTKpbIBAeT GOJbLLME BO3MOXHOCTH N0 NEPEBO3KE pa3IHUHbIX
rpy30oB. B 3TOM HanpaBJeHWW MPEACTaBJAACT GOJbLLIOH  HHTEPEC
MEX IyHapOHOE COTPYIHMYECTBO B BHAE OpraHM3alua crnenrasbHbIX
KOMIIaHKH NPH yYacTHU psija 3aHHTEPECOBAHHBIX CTPaH AJ 00cayXKUBaHus
Beex norpeduteneil. OTKPbIBAIOLIMECS YHUKAJbHbIE BO3MOXHOCTH YXKE
cefiuac Ha 6a3e TPAHCTIOPTHbIX camoJeToB AH-124 AH-225 6yayT
CII0COBCTBOBATh Pa3BUTHIO IKOHOMUKH.

Oxu1aeMoe 3HAUMTEIbHOE pacilipeHue NacCaxupCkuX NEpeBo3ok B
nauase XXI Beka, a Taioke BO3HHKLIAA NOTPeBHOCTb B JaJbHUX JMHUAX
BHOBb [DUBJEKAIOT BHWMaHue K [poGjeMe YBEJHUYCHHA  CKOPOCTH
MArMCTPaJbHBIX CaMOJETOB. B psize cTpaH yxke HaKONJeH OMbIT CO31aHuA
CaMOJIETOB  PA3JMYHOTO HA3HAYEHMsT IS AJMTEJbHOr0  INoJeTa  Ha
CBEPX3BYKOBbIX CKOPOCTSIX.

Co3janue ¥ dKCIJAyaTauusl nepBblX CBEPX3BYKOBbIX MACCAXHPCKUX
camosietoB Ty-144 u “KoHkopa” MO3BOJMU/M HAKOMUTH HeHHeHIIMA ONbIT
LIS AajbHEHLero MpOJBWXEHHS B 3TOM  HaNpaBJjeHHH. Pa6orbl 10
camosnery Ty-144, HauyaTbhie B Ha4aje 60-x roaoB (mepBbii moJeT
31 aexaGpsi 1968r.) 3aBepLIMIMCh AOCTATOYHO YCNELIHO. ATOT caMoJieT
c03/aBaJics B ABYX BapuaHTax: ¢ (OpCa)<HbIM JBUTATE/IEM HK-144 H. IL.
KysuenoBa u ¢ 6echOpcaXHbIM JABUraTeJEM IT.A. KonecoBa. CamoseT
Ty-144 ¢ ¢opcaxHbIM ABUraTe/ieM NpoLle/ HauHOHAIbHYO cepTUdHKALIKIO
1 Bech HEOBXOAMMBIH O0bEM JETHbIX W Ha3eMHbIX ucnbiTanud. B 1977r.
6bL1 OpOpMJEH cepTHPHUKAT HA TOT CaMOJeT.

Camoser Ty-144 ¢ 6ecdopcaxHbIM ABMrareseM MNpoulea JETHbIe
ucrnbiTauust B koHue 1981r., o Mor nepeBosuTh 100 naccaxupoB Ha
pacctosinie 6500 KM Npd HOPMHPYEMOM a3pOHABHralMOHHOM  3amace
ronsuBa. B 1982r. camosetbl Ty-144 Oblii NOArOTOBJEHbI  AJs
SKCIJAYaTaUKOHHBIX WcbiTaHui. OaHaxo paboThl N0 BBEAECHUIO camoJeTa B
skcniyarauuto B MICA 6blin npekpatiledbl. MOXHO NPEANOJIOKHUTb, YTO
Toraamke pykoomureqn MDA He 3axoreqn OOpEMEHATDb cebst
JONOJHATEIbHBIMA TPYAHOCTSIMM 10 OCBOEHHIO 3TOH HOBOH W CJIOXHOH
TEeXHHKH.

“KoHkopa”, HauaB NepBble MOJeThl HECKOJbKO M03aHee (21 mapra
1969r.), npoLLe LMK JETHbIX UCTIbITaH|A 1 Obl NPUHAT B 3KCILIyaTallHto
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B siuBape 1976r. aBraxomnanusimi “iip dpanc” u “Bputri Aspogaiinc”.
YpoeHb TonumsHOM 3¢dekTuBHocTH “Konkopaa”,Tak ke kak Ty-144,
coctaBasier~ 100r/ nacc.xu.

TpyAHOCTH, BO3HMKAWOUIME TPH  YBEJHYEHHH YHCJA M ipeic.,
COOTBETCTBYIOLIEro Kpelicepckold cKopocTH,cBbille 2—2,3,CBsi3aHbl C
HeoOX0AUMOCTBIO MEepexoJa OT  TPAAULMOHHBIX  KOHCTPYKTHBHbIX
MaTepHaJoB Ha OCHOBE aJIOMHHHMS K THTaHy M CTaJH.

["JiaBHOE TNpPEHMYLIECTBO, KOTOpOe MOJAydYaeTcsl INpH YBEeJWYEHHH
CKOPOCTH—POCT YaCOBOH NPOU3BOAMTEJBHOCTH CaMOJETa,onpeeseMol
npousBeaeHneM Giu. * Vipeic, KOTOpbIA TNPHBOAMT K  YMEHbLLIEHHIO
ce6eCcTOMMOCTH NepeBo30K. BeJeacTsye 3TOro B MPHHLMNE A0MYCTHMO, C
TOUKM 3DEHHsT SKOHOMHKHM, HEKOTOpOe yBeJHuyeHHe pacxoja ToIlHMBa.
OaHaKo, ecJd YuYHThIBaTh NpOYME 3aTpaThl M OCOOEHHO 3aTpaThl Ha
paspabotky CIIC-2, koropble MOryT ObiTb 3HaYHTEJIbHbLIMH,
SKOHOMHueckasi neJqecoobpasHocth co3aanus CIIC-2  6Gyzer B
3HAUKUTEJLHON CTENeHH ONMpeAeJsThbCA YMCJOM 3aKa3aHHbIX CaMOJETOB.

B cBfi3W ¢ 3THM C LEJAbl0 pacnpejeJeHusi 3aTpaT Ha pa3paboTKy
[eiecooGpa3Ho  paccMOTpeTh OObElMHeHHe YCHIMA psiza CTpaH. 3T
BAXKHO M MOTOMY, 4To MHorue Bompocbl akcryarauuu CIIC-2 ao/mkHbI
6bITh COMJIACOBaHbI HA IPaBHTEJbCTBEHHOM YDOBHE, K HHM B MEPBYIO
ouepe/ib OTHOCSTCS BONPOCHI BO3AEHCTBHSA Ha OKPYXatolilyo cpedy. 3Aech
HanGoJee CJA0XKHOH Npob.ieMoli fBJsieTCs 3ByKOBOH yAap, BTOPbIM B&XHbIM
BOMPOCOM SAIBJISIETCS LUYM, CO31aBaeMblii CBEPX3BYKOBbIM CaMOJETOM MNpH
B3JeTe C a’poapoma.

3 M3J0XEHHOrO0 BHAHO, YTO Pa3BUTHE CBEPX3BYKOBLIX CaMOJETOB
HAXOAMTCS B HAUaJbHOH CcTajauy, UX co3aanne—aeso 2000 roaos, NO3TOMY
B Hauweil MoHorpaduu OrpaHMuMMcsi npobJeMamu  a3pOAMHAMMKH
J03BYKOBbIX MarucTpajbHbiX camogeToB. OnbIT  3KCIIYyaTauHH
MAarucTpaJbHbIX NACCAKUPCKUX camoaeToB B Teuenre 30-40 JeT nokasad,
YTO A1 HUX ONTHMAJbHbIM SIBJSETCS IMANa30H CKOPOCTEH 10 uuced M=
0,8—0,9.

[Ipt paccMOTPEHHH COBEpLIEHCTBA MarkCTpaJbHbIX — CamoJeTOoB
kpuTepusMH  3GdEKTHBHOCTH  SIBJSIOTCST  €r0  NPOM3BOAMTELHOCTD,
ce6ecToMMOCTh NEpeBO30K, DPAacXol TOIMJMBA, YCJOBHS 06a3vpoBaHus,
cTenelb HeOJarofpHATHONO BO3ACHCTBMSA HA OKDYXarollyto Cpely,
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ypoBeHb KomdopTa MMA NACCAXHPOB H ap. Bce 3T nokasare/u
B32MMOCBSI3aHbl, ¥ MK NPOEKTHPOBAHHK CaMoJeTa yJyullieHue OAHUX M3
HMX MHOrIa OrpaHHYMBAaeT BO3MOXHOCTH COBEpIICHCTBOBAHWS ADYTHX.
TonbiTkH BbIPAGOTaTh BCEOGHEMJIOLIMH kputepuii  3pdEeKTHBHOCTH
naccaXMpcKoro camojera TOKa OKa3bliBaOTCA Oe3ycCheilHbIMHU.
MHOroJeTHsIsl TIPaKTHKa CaMOJIeTOCTPOeHUs! CBHAETE/bCTBYET O TOM,HTO
KOMIWIEKCHbIE KpUTepud B OOJbLIMHCTBE CJYy4YaeB HEeJ0AroBedHbl H
adpeKTHBHbl JHIIL A OLEHKH MNOCTPOEHHbIX CaMOJETOB H oOLieH
KOHBIOHKTYPbI.

I onpeeenusi 06/uKa ¥ NapaMeTpoB HOBOTO CaMoJieTa, NOMHUMO
GOJILILIOTO OObeMa HCcJAelOoBaHMA 1O  adpoAvHaMuke, MPOYHOCTH,
KOHCTPYKLIMH, HEOOXOMMMbl J€Ta/bHble HCCJEeJI0BaHUA DPA3BHTHS obLiiei
KOHBIOHKTYPBI M BO3MOXHOCTel aBuacTpoenyst. [Ipu oLieHKe TeXHH4ecKoro
COBEpLUIEHCTBA COBPEMEHHOTO caMoJeTa B KayecTBe ONpeleJstOLIMX
0BbIYHO PACCMAaTPHBAIOTCA CJeAylolilie napaMeTpbl:

—Kpelicepckne CKOPOCTb M BbICOTa MOJETE;

—noTpeOHasA AJMHA B3JETHO-N0CaAQYHOH MOJIOChI;

—TexXHUYeCcKHid pecypc; )

—CKOpOCTb 3ax0/Ja Ha MOCaJKy,

—IIIyM camoJeTa Ha MECTHOCTH;

K-V Kpe#c.
—IapaMeTp AaJbHOCTH MM0JeTa C
R

—OQTHOCHTeJ/IbHAaA Macca CHapsmKeHHOro camoJera nin ero

0

M

NoJiHast BecoBaa oTJla4ya , TAe M, —B3JeTHasA Macca caMoJieTa,

mm—Macca rnoJie3HOoH Harpy3Ku;

—Macca CHapsDKeHHOr0 camoJjeTa, MNPUXOAAUIaAcs Ha  OJHO
naccaxupcKkoe MecTo;

—Y4acoBas MPOU3BOAUTEILHOCTh, OTHECEHHAsA K MaccCe CHapsLKEHHOr o
caMmoJiera.

K 0cHOBHbIM MapameTpaM 2KOHOMHYECKOTO COBepLLIeHCTBa caMoJeTa
MOXHO OTHECTH cJelyHoLlHe:

—Ppacxo] TOMAMBA HA €JMHHLY TPaHCMOPTHOM paboThbl, T.e. Pacxol
TOMJIMBA 33 TOJEeT, OTHECeHHbI# K peicoBOH MNPOU3BOANTEAbHOCTH
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CaMOJIeTa,BbIPAXEHHOM B TOHHO-KMIOMETPAX HJH NMAacCaXHpO-KHIOMeTpaX,

o o m x
—_MacCy OTHOCHTEJBLHOM KOMMepUecKoil Harpy3KH mo" ;

—4acoBYIO NPHObLIbL WK CE6ECTONMOCTb NEPEBO30K.

AHaJM3 TOKa3biBaeT HA OTYETJMBBIA POCT napameTpa 1ajbHOCTH C
yBeJMYeHHeM NPOTDKEHHOCTH aBHaJMHHH. Kpome Toro, ucnoJn30Batue Ha
LLIMPOKOMIO3ENSDKHBIX — caMoJieTax apurateseil ¢ 60JbLIOH CTENEHbo
JBYXKOHTYPHOCTH 3aMETHO YBEJHMUH/IO apaMeTp AaJbHOCTH MO CPaBHEHHIO
¢ ero 3HayeuusMH AJdg caMmoJaeToB C o6biybiMu TP
[1Iupokodro3eshKHbIE CaMOJIeTbl HMEIOT GOABLLIYI0 OTHOCHTEJbHYH0 Maccy
CHapSDKEHHOr0 camoJerd H, CJel0BATeNbHO, MEHbLIYIO OTHOCHTEJIbHY 10
OTJauy MO MOJHOM NO/Ie3HOH HArpy3Ke (m wt+m Tona.). DTO OO bACHAETCH
SHAYMTEJbHbIM CHIKEHHEM OTHOCHTEIbHOH MaCChl paCX0LyeMOoro TONMBAa,
06Cy IOBJEHHBIM POCTOM TapameTpa AaJbHOCTH. BMmecTe ¢ TeM, Hapaly C
yMeHbllieHHeM MOJHOW OTAayd 1o noJe3Hoil Harpy3ke, Ha
WMpOKOdI03easdKHbBIX  camoJeTax HabJawonaeTcss yBeJaHyeHHe
OTHOCHUTEJLHOH KOMMepUecKod Harpy3ku—Iapamerpa, 6JaronpUsATHO
BAMSIIOLLIEr0 HA TOMAMBHYIO 3(QQEKTHBHOCTb H peHTabeJbHOCTh
NACCAXUPCKUX CaMOJIETOB. ¥ BEJHUCHHE OTHOCHTEJLHOM KOMMepYecKoH
HArpy3KH H HCINOJb30BaHHWE 3KOHOMHYHBIX JBuraresel ¢ 60JbLLIOH
cTeleHblo JABYXKOHTYDHOCTH MNO3BOJHJO KOMIEHCHPOBATH
HeGJaronpusATHbii 3ddexT ymeHbllieHns 0TAa4M MO noJie3HOH Harpy3ke W
ofecneudTb XOpOlLMe MoKas3aTeJH TOMJMBHOH 3 EKTHBHOCTH. 3A€Ch
YMECTHO OTMETHTb, YTO C POCTOM Li€H Ha TOMHBO BO3pOCau TpeOGOBaHHs
K YBeJHYeHHIO NapameTpa AaIbHOCTH H BO3pOC/A OTHOCHTeJbHasA Macca
CHAPSDKEHHOTO CamoJeTa.

VBeJuyeHHe 1l€H Ha TOMMBO elle OGoJbllie TOBBILIAET POJb
a3pOJMHAMMYECKOr0 COBEPILIEHCTBA W 3KOHOMUYHOCTH JBHratejeid B
peHTabe/bHOCTH MArHCTPalbHbIX CaMOJCTOB. CoBpeMeHHbId YpoBetb LeH
Ha TOMJMBO TpUBEJ] K TOMY, YTO JOJf 9KCILIyaTallHOHHbIX PacXoloB Ha
ropioye-cMa3oyHble MaTephalbl 3HAYHTEbHO BO3POC/A.

Tlpi OrpaHWYEHHOCTH MHPOBbIX, KaK Yke YyKasblBaloch Bblile,
3anacoB HedTH ¥ HEYKJOHHOM pOCTe noTpe6HOCTel HAPOJHOr0 X03AHCTBA
B HedTenpoayKTax TONJMBHAS 5dEKTHBHOCTL CTAHOBHTCH OIHUM W3
OCHOBHBIX TOKa3aTeJeil, OnpeAeasiolLuX XapaKkTepHCTHKH NPOEKTHPY EMbIX
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camoqeroB. B 3THX YCJIOBUAX obecrieyeHre KOHKYPEHTOCNOCOGHOCTH
camosieToB TpebyeT COKpallleHHst pacX0ia TOMMBA HACTO Jaxe 3a cyet
HEKOTOpOro YXYZlLieHusi TaKuX NapameTpos, Kax Kpeiicepckas CKOpOCTb,
Macca CHapsDKEHHOrO camoJjieTa, Macca M CTOMMOCTH Jpuratess. B pane
CJIy4aeB KpUTEPHi TOMMBHOH 3(EKTUBHOCTH H3MEHAET YCTaHOBUBLLIMECH
npeACTaBAeHHst O MOKA3ATEMAX TeXHUYECKOro CoBepLIeHCTBa camodera. B
KayecTRe NpHMepa MOXHO PacCcMOTPETb TaKoi TPaAHLMOHHBIA NOKa3aTe b,
KaKk BecoBas OTJaya MO TMOJE3HOH Harpys3ke. M3 aByX €amoJeToB,
MMEIOLLIMX OJMHAKOBbIE OCHOBHbIE NApaMETphl, 6oJee CcOBeplieHHbIH 110
TOIUIMBHOH 3(GdEKTUBHOCTH CaMOJIET MOXET OKa3aTbCid C MeHbLLIEH
oTzauelt NO NOJHOIA MONE3HOH Harpys3kKe.

KpoMe 3KOHOMHUECKHX (aKTOPOB, M/ COBPEMEHHBIX MarumcTpaJibHbiX
caMoJIeTOB BaxkHelilliell npo6aeMOd  ABJAAETCA obecrneyeHue BbICOKOrO
ypoBHsi 6e30MmacHoCTd  NoJeTa. Boabillas  NaccaXX HpOBMECTUMOCTD,
HE06X0AMMOCTb  ObecriedeHuss  PEryJspHOCTH  NOJETOB B JAH00bIX
MEeTEeOPOJOrHUECKHX YCJOBUSIX, A€JaeT 3Ty npobaeMy OCOGEHHO BaXHOH.

CTaTHCTHKA TMOKa3biBaeT, uTO OoJbliias YacTb aBMAUOHHBIX
npovciiecTsuil 1 Karactpod (okoso 70%6) cB3aHa ¢ “uesOBEYECKUM
daxtopom” —OLLMOKAMH W  HEAA3KBATHbIMH JeHCTBUAMM  3KUIIAXa W
Ha3eMHOro nepcoHaja. B cBi3u ¢ 3TMM B MOCJAEAHWE TOZbI 60JIbILIoe
BHUMaHHE YEIAeTCsl Pa3BUTHIO ABTOMATU3AlMH YNPaBJEHU CaMOJETOM
HA BceX OCHOBHbIX peXHMax NoJeTa,BBejeHHI0 CPEACTB KOHTDOJ,
BBeJCHHE “NOACKA3KM” SKMNaXy (IKCIEPTHBIX CHCTEM YIpaBJicHHA)
NPaBUJbHBIX AEHCTBHH, OCOGEHHO B 3IKCTPEMAJbHbIX YCJOBUAX, W ID.
CpeACTB, NPH3BaHHLIX NMPH BLICOKOM YPOBHE WX HAJEXHOCTH NOBBICHTDH
6e3onacHocTh noseta. CTaTUCTHKA NOKa3bliBaeT Takxke, YTO HauboJblliee
KOJMYECTBO TNPOMCILIECTBUIl CBA3aHO C DEXWMOM B3jeTa M nocaikd. B
CBSI3W C S5THM, BONMpPOCAM YCTOHYMBOCTH W YINPABJSEMOCTH HA ITHX
peXuMax, WX aBTOMAaTu3aluu YyjaeasdeTcd Ha COBPEMEHHbIX
MarMcTpajbHbiX camoderax 60abilloe BHAMaHHE.

OcHOBa aBTOMATU3alMM YMpaBjeHWs MAarucTpajbHbiX CamoJ€TOB
6blia 33/0)KECHA BBEEHWEM HEOOPAaTMMOr0 6yCTepHOro ynpasaeHus. B
pe3yJbTare ero jJajbHedlllero pa3BUTUA BO3HHUKJAW NPaKTHYECKH
HeorpaHWyeHHble BO3MOXHOCTH aBTOMATW3auuu YNpaBJeHWA HA BCEX
pekuMax noJeta. Bueapehne 6OpTOBbIX LMGPOBBIX —BblUKCJUTEJNEH
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ofecrieurBaeT NPaKTHUECKOe peliieHre NMpoG/ieM aBTOMATH3ALMA. Caenyet
HANOMHMTb, 4YTO BBEJEHWE CHCTeM Y.JyulleHHs YCTOMUMBOCTH H
YNpaBASeMOCTH, OCOGEHHO C 1IMGPOBLIMK  BBIUNCIMTENAMH, TO3BOJHI0
TaKKe 3HAUMTEIbHO YJAYUILIMTb W SKOHOMHYECKMe MOKa3aTeJH
MarucTpaibHbiX —camoJeToB. Tak, BBeleHHE CVY¥Y,no3BoJjstoLiee
CIIOJb30BaTh  a3DOJMHAMHMYECKUE KOMMOHOBKM C MalbiMi 3allacaMu
CTATHYECKOH YCTOHUMBOCTH MW C 30HAMH MECTHOH CTaTHYeCKOH
HEYCTOHYMBOCTH B MNPOJOJBHOM KaHaae, cnocobcTByeT  MOBLILLIEHHIO
a3pOMHAMMYECKOro  KayecTBa. AKTHBHBIE CHCTeMbl YMNpaBJ/eHHU:,
yMeHbLLA0IMe HAarpy3kn Ha KOHCTPYKLHIO, obecneunBarOT Heo0X0aMMble
3anachl N0 dJaTTepy,yBelMUHBalOT N0/Ie3HYI0 BECOBYIO OTAAtY.

KoMiiekcy BOMPOCOB yCTOAYMBOCTH W YNPaBJsAEMOCTH, cHcTeM
VIpaB/eHHs,, CHCTEM YJy4LIEHHs YCTOHYMBOCTH M YNPaBAAEMOCTH B
HacTosieil MOHOrpaduy NMOCBSALLIEHbI I'ViaBbl 6,8,7,9.

Takum o06pa3oM, cyllecTByeT ABa TJaBHbIX ¢daxTopa,
onpeiesioliMX NpOrpecc MarMCTpabHbIX CaMOJieTOB—3TO yJyullieHue
3KOHOMMUYECKMX IoKa3aTesedl W MOBbILLIEHHE He30macHOCTH NoJjeTa.

dakTopoM, ONpeie/sIoIIUM  Pa3BUTHE rpaXKJaHCKOW aBHallMK H
CepXKHBAIOILIMM Pa3paboTKy HOBbIX MPOrpaMM, fBASICTCS 3HAUMTEJAbHOE
yBeJMUeHHe 3aTpaT Ha peau3aluio HOBbIX nporpamMM. JTO 3acTaB/sIeET
uckaTh (OpMBI  MEXIYHAPOAHOH KOOmepauwuH IpH pa3pab0oTKe HOBbIX
npoekToB. [lo olleHKaM 3apyGeXHbIX ~ CIELHMaMMCTOB, CTOMMOCTDb
pa3paboTKW HOBOMO MaruCTpajbHOro CamoJeTa COCTaBJsieT HECKOJbKO
MUAIMApAOB JoaaapoB. Hauaso pa3paboTK{ TaKOH MPOrpamMbl BO3MOXHO
JUIIL TIpY FapaHTHPOBAHHOH BbLICOKOI CEepHIHOCTH TMPOM3BOACTBA HOBOIO
camoJieTa. [105TOMY 3aMETHO DAacCLMPAETCH TAKKE 06'beM HM3bICKaHHH,
HaNpaBJeHHbIX Ha MOAMQUKAUMi0  CYLICCTBYIOLINX CcaMoJieTOB, H
CTAHOBHTCSl aKTyaJbHbIM pe3epBHPOBAHUE MoaubuKauuid  caMoaeTs,
3aK/iaplBaeMbIX yXKe Ha CTajud MPOEKTHPOBAHHA.
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COKPALLEHWA

AJIT —aspoavHamuieckas Tpyba

AH3 —a3pOHaBHrallMOHHbIH 3anac TomiuBa

ATT-25 —aBuaimoHHbIE NPaABUIA, poccHiickie HOPMb! JETHOH TOIHOCTH
rpaX JaHCKHX CaMOJETOB

APTT—aBToHOMHBIi py.ieBOi NPHBOA

ACJ1Y —anasnoroBasi cucTeMa AMCTaHLMOHHOIO yTpaBJicHHs

BUHC —60pToBasi uHepumanbHas HaBuraiuuoHHasi cuctema

BYK—6.0K ynpaB.eHusi 1 KOHTPOJisl NIPUBOAA

BILIBM—GopToBas uudpoBast BblMUCMTEbHAS MallMHa

B3—B031yx03a60pHHK

BI T—BcrnomoraTebHbId PHBOL

BI I T—B3aeTHo-nocaf04yHas noJjoca

BCY —BcnoMorartebHasi CHJI0Bas yCTaHOBKA

" MPIT—ruapomexasnyeckuii py.1eBoil NpHBOL

["C—ruapocuctema

JIK—zemndep kpena

JIJTY —natuuk JuHedAHbIX yCKOpeHHH

JIP—zaemndep pbickanHst

NI T—aemndep TaHraxa

J1Y C—natuuk yr.ioBoit cKOpOCTH

3Y —3arpy30uHoe YCTPOHCTBO PhbiyaroB yNpaBJieHus

UK AO—MemﬂyHa_lpozmaﬂ OpraHu3alys rpax 1aHcKol aBuailvu

KI'IB—«koHueBble No0chl 6e30MacHOCTH

KIT/1—«ko3dduimeHT nojesHoro AeHcCTBus

JI[ T—aeTHas noJoca

MCY —Mexanuyeckast cuicTeMa yIpaBJieHust

MP3—Mexanu3m peryJvMpoBKH 3arpy3ku




HBY —Heo6patimoe GycTepHoe yNpaBJeHue

HI YK —Heroprouasi riipaBJniecKas XHAKOCTb

HJIT C—HopMbl JeTHOI FOAHOCTH IPak AHCKUX CaMOJETOB

HPY —HenocpeACTBEHHOE Py4HOe YNpaBJjeHue

HYTIC—Henocpe cTBeHHOe yNpaBJeHHe NMOAHEMHON CHJIOH

OITP—orpasnumTeb NpejebHbIX PeXHMOB NoJeTa

OCT—ortpac/ieBoil cTaHaapT

[ISP—npsaMble 3KCILTyaTalUUOHHbIE PACXObI

P JIP—pacnosaraemas AHCTaHUHA pa3bera

PJID—pyKOBOACTBO N0 JETHOH KCILIYaTalHH

PI1—pyaeBoil npuBOA

CA3—cucTeMa aBTOMATHYeCKOH 3arpy3Ku pbiaros yIpaBJaeHus

CBC—cucrema BO3AYILHbIX CHIHA/I0B

CAY —cuctemMa aBTOMAaTHIECKOrO YMPaBJCHHS

CJ1Y —cucrema UCTAHLIMOHHOTO 3/1eKTPHUECKOr0 YIpaBJieHus

CIT—cepBonpuBoza

CI'TC —cBepx3BYKOBOH naccaxupckuit camoseT

CYMEK—cucTema ynpaJiets MexaHu3auuel Kpblia

CYY—cucTema yayulliehus yCTOHYHBOCTH W YNIPABASEMOCTH

CVYY B—cucrema yyuienus yCTOHUMBOCTH H yTIpaB,isieMocTH GOKOBOr0
JBWX €HUs

CVY —cuaoBas yCcTaHOBKA

CY Yy Il—asromar NPOAOALHON YCTOHYMBOCTH M YNIPABJsIEMOCTH
CI_I__Iy-——Cl/ICTeMa LLITYPBaJIbHOrO YNpaBJeHus

TBB 11—Typ6OBnHTOBeHTm1ﬂT0pr1l?l JBurareJib

TB ﬂ—Typ6OBnHTOBoﬁ JBUrareJib

TP ﬂ—Typ6opeaKTnBHbm JBUrare/ib
TPﬂﬂ——Typ60peaKTnBHbm JBYXKOHTYDHbIH ABUrare/ib

TP CB—Typ6opeakTHBHbIi JBY XKOHTYDHbIH JBHraTe/b
CBEPXBbICOKOH CTeleHd ABYXKOHTYPHOCTH
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Y B/I—ynpasJetne BO3YILHbIM JBHXEHHEM
[CAY— —1upoBasi cCUCTEMA JMCTAHLMOHHOrO YMNPaBJAEHHA

SrpH—SJIQKTDOI‘HllpaBJIH‘leCKHl/l pyJieBOi NPHBOA f
SMPH—aﬂeKTpomexaanecxnu pyJieBOil MPHBOL
D(C—>J/1eKTpocHCTEMA
F A R-25—avepuxaickue HOpMbI JETHO! FOHOCTH rpax 1aHCKHX
CaMOJETOB :
JAR-25—esponeiickie  HOPMBI JeTHOH TOJHOCTH TPaXJAaHCKHX
CaMoJIeTOB

OCHOBHbIE OBO3HAYEHNA o

X, ¥, R __ocH TpaBoii  MPSIMOYTOJbHOM CKOPOCTHOH  CHCTEMbI C
‘ KOOpAMHAT, OCb X — MO HanpaBJeHUIo HaberaroLLero
I0TOKa, OCb Y — MO HAMpaBJEHHIO NOABHEMHOHN CHJbI, OCb
Z — BJOJb pa3Maxa Kpbiia
}
2
S, I, A —nJolaAb W pasMax Kpblia, /\=-§ — OTHOCHTEJbHOE
yAJMHEHHEe KDbiaa
X —yToA CTPEJOBHAHOCTH Kpblia MEXAY ocbi0 2 H, Kak
MpaBuIo, JMHHEH 1/4 xopa kpbina
—_XOpAa Kpblla Ha paccTosHMM Z OT OCH CHMMETDHH
caMmoJieTa
‘A\ = / —6e3pa3MepHoe paccTostHHe BIOAb XOPAbl H BAOL pa3maxa
2

o

/s

1 bA:—§' éuz p2dz —CPemH a3pO/MHAMHYEecKas XOpJa kpbiaa(CAX)

H

C, Cmax — MAKCHMAJbHAA OTHOCHTEJbHAS TOMLLNHA NPOPHAS CeYeHHs
\ Kpblia
| Doo, o0, Voo, Qoo, Mo —CTaTHUECKOE  AEBJCHHE, MAOTHOCTb, CKOpOCTb,
i

sz
CKOPOCTHOH Harmnop 2‘” s YUCJO Maxa naberatolero

NnoToKa

C —_ qfs ,Cy Y . MZ — Mx _ My
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—xko3dduLmesTbl  A060BOTO  CONPOTUBAEHHS, NOAbEMHON
CHAbl, MOMEeHTa TaHraxa(npoAoJbHOTO MOMEHTa),
MOMEHTa KpeHa M pbiCKaHu B CKOPOCTHOH CHCTeMe
KOOPAMHAT

—a3poAMHaMHUecKoe KayecTBo, Kmax — MaKcHMaibHoe
3HaYeHUe a3pOJMHAMUUYECKOr0 KauecTBa

—uyncao Maxa

—uyucao M kpeiicepckoro noseta

—KPHTHYECKOe Ynca0 Maxa, PH KOTOPOM BIepPBbie 110 Mepe
yBeJqWYeHWs uucaa M B 1ofe TeuyeHus AOCTHraeTcs
3BYKOBAs CKOPOCTb

—KpuTHYECKoe uncao Maxa, npu kotopom dCx/dM=0,1

—yroa aTaku MexAy HanpaBJeHHEeM CKOPOCTH
Haberatroliero noToka U Xopaod npoduaei, a Ans Kpbiaa -
XOpJOH KOHTPOJbLHOrO CeYeHHsi Kpbina, Kaxk MpaBuJo,
coBnajatouleit ¢ 60pTOBbIM CeueHueM Kpbljaa

—YroJ CKOJbXEHHWs1 MexXJAy HanpaBjeHueM CKOpPOCTH
Haberatouiero TMNOTOKA W MJAOCKOCTbIO CHMMETPUH
caMoaeTa

—KO3(PdHLUHKEHT CTATHYECKOro AaBJEHHSA

—KO3pPHIHEHTbl CTAaTHYECKOTO JaBJAeHUS B TOYKe
MaKCHMaJbHOH CKOPOCTH TeYeHus W B TOUKe, I'ie MeCTHOe
uncao M=1

—KOOp/MHATA TOJOXeHnst oKyca camoJeTa OTHOCHTENBHO
Hocka D a,B noasix b a

—KOOpJIMHATa TOJOXEHUsT LIeHTPa TSDKECTH camoJaeTa
OTHOCHTe/IbHO Hocka b a, B joasx b a

—6e3pa3MepHblif  cTaTHYecKHH MOMEHT OJOLLAAH
rOPU30HTaAbHOTO onepeHusi, L r.o—naeuo
FOPU30HTAJLHOrO  OfNepeHusi,u3MepsieTcd OT  LieHTpa
TsokecTH camoseta 10 1/4 b a  TOPH3OHTAIBHOrO
onepeHust

—6e3pa3MepHbiff CcTaTHYeCKHH MOMEHT ILOLAJH
BePTHKAAbHOTrO onepennsi, Les.o — MAEYO BEPTHKANLHOTO
oriepeHHsi, U3MepsieTCs OT LIeHTpa TSHKECTH caMojeTa [0
1/4 b a BepTMKAAbHOTO OnepeHHst
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Frnasal ASPOANHAMUKA KPbIJIOBbIX
MPO®UINIEN

1. 1. AspoauHamu4eckue XapaKTepuCTUKU KPbINOBbLIX
npocpuen

O6TekaHue LeHTpaJbHbiX cedyeHuit  cTpeJOBUAHBIX  KPbLIbEB
JO3BYKOBbIX ~ [ACCAXUPCKUX U TPAHCIOPTHLIX — CaMOJETOB,  Xa-
PAKTEPU3Y FOLIUXCS OTHOCHTE/ILHO GOJbLLIMMY Y IMHHEHUAMH (A=8-+12),
6M3KO K MAOCKOMY OOTEKaHHIO a3pOAMHaMHUUECKuX npoduJiei (kpblabeB
6eCcKOHEUHOro pasmaxa). B cBsi3d € 3THM BO3MOXHO uceJeoBanme
npoduaedl M MX [POEKTHpOBaHue ¢ BbICOKUMU  a3POAUHAMHIECKUMH
XapaKkTepucTUKaMi B YCJOBUAX [JAOCKOrO obTeKaHusl. ¥ AauHbid BbIGOP
npoduMPOBKH Kpbljia B apauuTe bHON cTenetn o0y cC/IaBIMBAET NOJAYYCHUE
BBICOKMX XapaKTepHUCTHK BCero Kpbija M camosera B UEJOM. Bbibop
npodUIMPOBKH Kpblia CBsi3at C yIOBJETBOPEHHEM pa3/MuHbiX TpeOoBaHHi,
npe AbSABASEeMbIX K CaMOJETY (o6ecnedetive TpebGyeMOl AaJbHOCTH NOAETS,
BLICOKOH TOMMBHON 3(hdeKTUBHOCTH, KpeHcepeKod cKOPOCTH, obecrnedeHue
fe3onacHbiX YCJA0BUH B3JeTa U MOCAIKH U ap.). Heobxoaumo TaKxe
VUYUTBIBATH KOHCTPYKTHRHblE OCOOEHHOCTH CaMo.eTa, BECOBble JiaHHble U
Jpyrue GaxKTopbl. ‘

[Mpoduib Kpbiia [03BYKOBOTO CaMmo.era (puc. 1.1)
XxapakTepusyercd  CcjAefylUMMd  OCHOBHbIMHU reoMeTpuiyeCcKUMH
napameTpamu:

_ MaKCHMAJbHOH OTHOCHTEJbHON TOLIMHOH C :—g“ (c=8-+20%)n
ee nojoxetem no xopae X (X ¢=20+509%);

— MaKCHMAaJbHOH OTHOCHTENbHOW BOTHYTOCTHIO fmax: mgx

(fmax=2 6% )1 ee N0J0KEHHEM 110 XOPAE % (%=15+60%),

— OTHOCHTEJbHbIM paAMyCcoOM HOCKa ﬁﬂz%ﬁ, HepeaKo

XapaKTepu3yeMoro napaMmeTpoM JZ_—%: 0,5+1,5;




—(OpMOA CHMMETDHUHOI YacTH  F ey, = M =() 5 X ( Y Bepx.-
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CPELHAN AvHUg
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Pruc.1.1. OcHoBhuble FEOMETPHUIECKHE XaPAKTEPUCTUKY MPOGUIS

Kpome Toro, BaHbIMHU FeOMeTPUYECKUMH  XapaKTepPUCTUKAMU
NpOdHAs FABASIOTCH YroJ HAKJIOHA MOBEPXHOCTH B XBOCTOBOH 4acTu
NPOMKJIS W TOMLMHA 3aHEH KPOMKH.

Hwxe paceMoTperbl 0CHOBHble a3pouHaMUuECKHe XapaKTepUCTUKHU
npoduiell U WX 3aBHCHMOCTb OT psila reOMeTpUYecKHX MapameTpoB.
BaxHoit xapakTepucTukoii npodu/isi ABJAETCH BeWYMHA Ko3dduLmenTa
nPoduIbHOro conpotupaehus Cop, KOTOpasi 06bIYHO U306PaKAeTCS B BHje
NOAAPLI (3aBHCUMOCTH KOSOOULMEHTA TI0XDEMHON CHJIbY Cy or Cyp). Ipu
AOKPHTHYECKUX yncaax Maxa npodusbhoe conpoTuB/eHue ckjaibiBaeTcs
W3 CONpOTWBJEHWA TPeHust (pe3yJbTaT jeficTBus KacaTeJbHbIX K
[IOBEPXHOCTH MPOQHU.IA CUJI TPEHWS) U CONPOTUBJCHUS 1ABJEHUS] (pesyabrart
AEHCTBUS HOPMAJIbHBIX K [IOBEPXHOCTH CH. AaBnennst). B ycioBusx nosera,
THIMYHBIX 1S IACCAKMPCKMX 1 TPAHCIOPTHBIX CAMOJETOB, NPObUALHOE
CONPOTUB/ICHNE MOXET COCTaBJATh CBbILE NOAOBHHBI OBLLErO JOGOBOIO
CONPOTHB/ICHUS KpblIa W  YMeHblUEHHe NPOPUJLHOTO CONPOTUB/CHHS
NO3BOAAET MOBBICHTL a3poiuHamuyeckoe kavectso K =C,,/ C,.

BesmyvHa npoduibHOro conpotuBaeHusi B 3HAYUTEAbHOH CTeleHu
ONpENessieTCst  COCTOSHUEM MOTPAHUYHOrO  Cjios, B YaCTHOCTH,
POTAKEHHOCTBIO Y4ACTKOB JAMAHAPHOIO NOMPAHMYHOTO C,I0fL. Y BeJMueHie
3TOH NPOTSDKEHHOCT CHINKAET NPOPUALHOE COMPOTUBJEHHE 3d CYET TOrO,
4TO KO3PQUUKEHT TPeHHsi B IAMMHADHOM NOrPAHHYHOM CJi0e CYLLIECTBEHHO
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HWXe, yeM B TypOyJeHTHOM caoe. Ilpu uncaax PeiiHoabiaca BOJAOTHL 10
Re=(15-10°+-20-10%, xak npaBuio, na yuacTkax OTPHULIATENLHOrO
rpajMeHTa JaB/iCHWA TeyeHWe HABJAEeTCH JaMMHApHbIM, a [epexoj
NMOrPaHUYHOTO CJOS M3 JAMHHApHOrO B TYPOYJEHTHbI MPOUCXOAUT IIPH
NOJMOXKHTEAbHOM TpajueHTe JaBjeHusi. [IpoTskeHHble yyacTKu
JAaMUHAPHOrO MOFPAaHMYHOrO CJ0A AOCTHUralOTCs MyTeM CMELUEHUS] BHU3 10
MOTOKY MNOJOXEHHA TOUKM MaKCHMaJbHOW CKODOCTH W MOHOTOHHOMO
yCKOpeHuss T1oToKa A0 3Tod Touku. [lopo6Hasi smopa  jaBJeHus
peaqu3yeTcsl 3a cyeT chieluatbHOM (OpMbl NPOGUAA CO CMELLIEHHbIM I10
MOTOKY MOJOXEHHEM MAaKCHMAaJbHOH TOMLLMHBI W BOTHYTOCTH TNPOQHAS
(1aMuHapu3upoBaHHble npoduaM). [Ipd 5TOM BaXHYH DOJib Wrpaet
1LIepOX0BATOCTb NOBEPXHOCTHU. [IOBbILLIEHHE CTeNeHH LLiepOX0BaTOCTH
MOX €T BbI3BaTh NPEX ACBPEMEHHbIN NepeXxoj NOrpaHMyHOro CJost AaXe MpH
6J1aronpusiTHOM  (OTPHLIATEABHOM) TDajueHTe JaBJECHHs. Kpome ToOro,
yBeavyeHHe UIepOXOBATOCTH INOBEPXHOCTH MPUBOAMT K  DPOCTY
CONPOTHBJICHUS TPEHHA B MOTPAHHYHOM CJ0e.

B cBfi3u ¢ nepecTpoiikoil 3MoOpb! AaBJeHHUs NPY U3MEHEHUH BeJIMUYHHbI
Cy, naxe AMf JaMUHAPM3UPOBAHHBIX npobuaeit, a06UTLCA Maaoro
NPOQHALHOTO CONPOTHBJEHHS MOXHO JHIb B OFPAHMYEHHOM AMANa30He
3nauennii  C,. XapaKTepHbll MpUMeD MOJSPbl  JaMUHAPH3UPOBAHHOMO
npopuist NpuBeseH Ha puc. 1.2, e XOpOO BHaHa 06AACTb MAJbIX
3HAYEHWI CONPOTHBJEHNUS, CBA3aHHast ¢ a¢dexTom namunapuzaimu (C, =
0--0,4). Hamuue wiepoxoBaToCTH NPMBOIMT K JMKBHALWH sdpdekTa
JlaMuHapu3alny, TypOysM3alud NOTPaHMYHOrO CJOS Ha npoduie W K
3HAYUTENBbHOMY YBEJUUYEHHIO CONPOTHUBJAECHHS.

MutnmasbHoe 3HaveHre K0sdduLMeHTa NPOGHALHONO CONPOTHBJIEHUS
Ha noApe (Cx= Cxmin) 0BBIYHO yBEMUHBACTCH ¢ POCTOM MAKCHMATLHON
OTHOCHTEJIbHOH TOMIMHBI Npoduas € (cm. puc. 1.3). C BO3pacTaHveMm
Beqmunnbl  C, conpoTuB.ieHne yBesmuMBaercs Bce Gosee MHTEHCHBHO,
4YTO CBA3HO ¢ (OPMHUPOBAHMEM W DA3BMTHEM OTPbIBA MOTPAHUYHOrO
1011,

Hecywme cBoiictBa npoduaeil  XapakTepusyloTcsi  BeqMYMHAMM
Cymax u Cy 1on, cMblca KOTOpbIX nosicHsAeTcd Huwke. Koadduuuent
NMOABLEMHOM CUJbl PACTET C yBeJUYEHHEM YIJia aTaku @ 0 KPHTHYECKOro
YI/ia arakd Qxpur., MPH KOTODOM JAOCTHIAETCH MAKCUMadbHOE 3HAYEHHE
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Re = 6-10° € = 13%

16 T Cy

12 +

04 +

12 4

Puc.1.2. Tlloaspsl a5 raajkoii M 1LIEpOXOBATOH MOBEPXHOCTH Mpoduad ¢
o o o A — — 6
MaKCHMabHOM OTHOCHTEBbHOH TouawwHol € =159 npu uucae Re=6 - 10

——8—— [ Nankas nosBepxHOCTb
—=—— lllepoxoBarana noBepxHOCTb
( Cxmin (h/b = C00046 no x = 008)

0008 1 A____A__AFA_——A/A/’A
0004 + B,,-a——e—a—"‘&‘_g/a

c.%

0 T ' v $ T 4 r : r — 1
4 8 12 16 20 24

0012

Puc.1.3. HW3meHenve kosdduiiveHTa MHHHUMAALHOrO COMNPOTUBJAEHUS MO
MaKCHMaJbHOH OTHOCHTEJbHOH TOJILMHE AAS JaJKOH M 111epOXOBATOH MOBEPXHOCTH
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Cy=Cymax. C fatbHeiiuM yBequueHwemM o BegwunHa Coy
ymetbinaercsiprc.1.4). Takoe nosesenye 3asuckmocth Cy(a)csizano c
OTPbIBOM MOTOKA HA BEpXHEH MOBEPXHOCTH NPOGKAS NMPH GOJBLIMX YrJax
araky. O6TekaHHe TPH Q= Q kpur. COOTBETCTBYET HAJIMYHIO PA3BHTOrO
OTPbIBA (X orp=0.5). JJO HEKOTOPOrO 3HAYEHHA YrJa aTaku 3aBHCHMOCTD
Cy(a), xak npaBuao, 6JM3Ka K JMHeHHOW. TaHreHc yrJa HaxJoHa 3TOH

dC,
3aBHUCHMOCTH da KOJHYECTBEHHO €JAab0 3aBHCHT OT CbOprl ﬂpOCbPIJlﬂ H

€r0 MaKCHMAJbHOH OTHOCHTEJbHOH ToamHbl C  (puc.1.5). Tlpu
HACTYTJIEHHH OTpbIBA OMpeeeHHOH HHTEHCHBHOCTH OObIYHO HabJroaeTcst

Puc.1.4. Hecyliide ¥ MOMEHTHBIE XapakTepHCTHKH npoduas € =1594 npu uucae
Re=6 - 10°
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otiaonerne 3asucumoctd Cy(a)or JunueitHoil. CoOTBETCTBYOLIEE ITOMY
yrJay arakd 3HauyeHue C, HasbiBaeTcsl JONMYCTHMbIM 3HayeHHeM
koabduupenta noxbemHoi cubl Cyon. (prc.1.4).Beanunnbl Cymax u
Cyaon yBequuuBaioTcsi ¢ poctoM uMcaa PefiHoabica B CBA3H ¢
3aTITMBaHKeM OTPBIBHBIX SIBJAEHHH A0 GOJbILMX 3HAYEHWH yraa araxu(puc.
1.6).

Snauennss Cymax 3aBHCAT OT TIeOMETpPUYECKMX NapameTpoB
npoduaeil. TH 3aBUCHMOCTH HE MOTYT ObiTb BbID@KEHbI aHAIMTHYECKH,
OJHaKo o6o6lleHHe 6O0JbLIOTO KOJHYeCTBa  IKCNEPHMEHTaIbHbIX
pe3yJbTaToB MO3BOJSET YyKa3arh TEHAHUMH H3MEHEeHHS Cymax B
3aBHCHMOCTH OT Pa3JHYHbIX reoMeTprieckyx nepametpo. Tax, HanpuMep,
3aBrchmMocTb Cymax OT MaKCHMAJbHOM OTHOCHTENLHON TOJLLMHbI NPOQHUIS
umeer MaxcumyM npu € —=12-+15%(puc.1.6). YBeauuende B
onpefieJeHHbIX MpefieJax MAaKCHMalbHOH BOrHYTOCTH npoduast frnax
NPHBOAMT K YBEJHYEHHIO Cymax. Tlpu 3TOM pacTeT H BeJH4HHA
|ao|—yro.11 aTaKy, COOTBETCTBYIOLLHMIA HyJeBOH MOABLEMHOM CHie (yroa
HyJIeBOH MOABHEMHOM cuabl). Pocty 3HaueHus Cymax cnoco6eTByeT

— (Q H ___
yBeJIMueHe Painiyca HoCKa Ou B Npefeax H3MeHeHHs 1apaMeTpoB =2 —

1-+1,3. 1 BbiGop GOpMbI HOCOBOI YACTH NPODHIS.

68 + ~
Cy Re = 6-106

62 T

i I

6 ¥ T } v ¥ T T T Y T : v T T
6 g 12 15 18 2

Puc.1.5. Viavenenne npoussomsoii C§ no € npu uncae Re=6-10°
BakHOH a3p0MHAMHYECKOA XapaKTepUCTHKOH NpoQuiei sBJseTcs
— BeJMYHHA Mizo-K03DOHULKEHT NPOAOJILHOrO MOMEHTA TPH Hy.1€BOH
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NOAbEMHOM crae. 3aBUCHMOCTb K03 dHLKeHTa MPOAOILHOTO MOMEHTA 7z
ot Cy 06b14HO 6.13Ka K JHHEHAHOH 10 Cy= Cyyon. ¥ TAHT€HC yraa HaKJIOHA

dm.
9TO/l  3aBUCHMOCTH "4 CZ =m$” (npd onpele]eHHH BeJWYHHbl Mg
y

OTHOCHTEJbHO TepeaHed KpOMKH npocbu.nﬂ) orsmyaercaHa(,02—0,05 no
a6COMOTHOH BeJMYHHE OT TeOpPeTHYeCKOro 3Ha4yeHHd OTHOCHTEJbHOrO
rosoxk eHrst Gokyca Ads TOHKOro npoduas Xr = |mS¥|=0,25 (puc.1.4) u
cJ]a60 3aBHCHT OT OCHOBHbIX TeOMeTpHYeCKHX NapameTpoB npoduas( <,
f max). BeauunHa zo, C OJHOH CTOPOHBI, OMpeleAieT MPOAOJBHbIH
MOMEHT Kpblia M TOTpebHble NOTepH MOAbEMHOH CHJbl HA 0a/1aHCHPOBKY
camoeTa, a ¢ Apyroil CTOPOHMbl, B HEKOTODOH CTENeHH ONpeAe/seT
Tpe6oBaHMsi K TPOYHOCTH KOHCTPYKLHMH  KpblJaa. Beanunny | 20|
W eaaTeqbHO MO BO3MOXHOCTH YMEHbIIMTb, YTO AOCTHraeTcs H3MEHEHHEM
dopMbl  cpeaHell JMHHM  TDOQHJS. BeanyrHa |mzo l Bo3pacraer ¢
yBeJHYeHHeM MAaKCHMaJbHOH OTHOCHTE/IbHOH BOTHYTOCTH npoduast fmax
(puc. 1.7), mpHyeM 3Ta 3aBHCHMOCTb Mlzo (fmax) 6JM3KA K JHHEHAHO.
BeanynHa Imzol Bo3pacTaeT TaKke ¢ PocToM X,—T0J0XeHHd
MAKCHMAaJbHOH BOTHYTOCTH. BeJuudHa #2zo OOLIYHO MPOMOPLHOHAJbHA
BEJHUHHE Qo—YTJy aTaKd HyJaeBoi NMOAbeMHON CHJbI.

I 16 1

" Cymax
Y Res
g-10 \
6 -10°
12T 3.10°
l
A
i
q
C.%
84+
8 3 2 15 8 - 21

Puc.1.6. Usmenende ko3pduLMeHTa MakcMMabHOH MOABHEMHOR CHabl Mo € AJs
pasHblx yucea Re

Bce ckazaHHoe Bblilie OTHOCHTCS K 00TeKaHuto npoduJedi npu MaJbix
yucaax Maxa. C poctoM uKcaa Maxa HacTynaet MOMEHT, NPH KOTOPOM Ha
MOBEPXHOCTH NpoPHAA BO3HHKAeT 3BYKOBaA CKOPOCTb.
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CootBercTBytolllee uucio Maxa HaGeratoulero MOTOKa Ha3bIBAeTCS
KpUTHUecKHM uKcioM Maxa, M k.. Tlpn fadbHelillieM yBelMueHHH urcia
Maxa Haberaimouiero MOTOKa YBEJWYMBAIOTCH pPa3Mepbl  MECTHON
CBEPX3BYKOBOH 30Hbl W HHTEHCHMBHOCTb CKAauKa YIJOTHEHHS,
3aMbIKaoLIero 3Ty 30Hy. Haiuude ckauka ymioTHEHMS] NPUBOAMT K
BO3HHKHOBEHHIO  JOMOJHHUTEJBHOI'0 COMNPOTHBJACHHA, Ha3bIBAEMOro
BOJHOBBIM ~ COMpOTHBJeHHEM. KpoMme Toro, ckayox ymJIOTHeHHs,
NMpeJCTaB/sHOILMH  cOO0A 061acTb Pe3KOro pocTa JAaBJEHHs, TP
JOCTATOYHOX HMATEHCHMBHOCTH CKayKa MPHBOAMT K OTPbIBY NOIPAHMYHOIO
ca0f, K JajbHefillieMy YBEIWYEHHIO CONMPOTHBJCHHS, H3MEHEeHHIO
MPOAOJBHOIO MOMEHTa U MOAbEeMHOH cHJbl, KoMiieke He6aaronpUsiTHbIX

Re = 6.10° T = 159

Q
-+ -
N
[N]

011 Mz

Puc.1.7. VaMeHetne koadduLMeHTa NPOJOALHONO MOMEHTA NPH Hy.1eBOM MOABHEMHOI
= — — 6
CHJE MO0 MaKCHMaJALHOM BOMHYTOCTH Aasi npoduasi € =15% npu uncae Re=6 + 10

c -
*P T - 2% Cy- 05

looz +

40 1

00t T+

20 +

0 ds 065

) ; ; 4
06 085 07 07

Puc.1.8. Vametienne xoadduiinedta npodPHILHOrO CONPOTHBJECHHSI M BeJUYHHBI
a3p0oAMHaMHuYecKoro Kadectna no ukcaam M aas npoduas € =129 npu Cy=0,5
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SIBJIEHU, CBA3AHHbIX C (OPMHPOBAHHEM CKAYKOB YIUIOTHEHHS], MOJYUH
Ha3BaHKe" BOJHOBOH KPH3HC .

B COOTBETCTBHH C H3JOXKEHHbIM, 3aBHCHMOCTb KO03(dHLKEHTA
conpotkB.eHKst Mpoduast oT yvcaa Maxa naGeratoLero noToka npu Cy=
const uveeT BH, NpeACTaBJeHHbl Ha puc. 1.8. ConpoTyBJeHHe npodust
TpH JOKPHTHYECKHX uHcaax Maxa cgabo 3aBUCHT OT ywcJa M. Poct
COMPOTUBJIEHHS NPH 3aKpUTHYECKHX uhcaax Maxa o0ycJoBJieH BOJHOBbIM
CONPOTUBJEHHEM H BO3MOXHBIM OTPbIBOM MOrPAHHYHOrO C.i0sl. 3aMETHbIA
POCT COMPOTHBJEHHS HAYMHAETCS HE TpH M=M ., a npu yncsie Maxa,
HeckoJbkO TpeBbitiatoiiiM M xp.. Ha mpakTike Hayajo peskoro pocra
COMPOTHBJEHHs! TIPHHATO XapaKTepu30BaTh BEJIHUMHOA ukcaa Maxa M.

QQXL=O, 1.

NpH KOTOPOM BbINOJHACTCS yCJOBHE dM

Ha camogetax MaJbiX JAO03BYKOBbIX CKOPOCTEH HCMOJIb30BaJHCh
NpoduH ¢ GOJbILMMH MECTHBIMH BO3MYLLIEHHAMK H& BEPXHEH NOBEPXHOCTH
H, COOTBETCTBEHHO, ¢ HEOOJbLINMH 3HAUEHHSIMU KPHTHYECKOro yncaa Maxa
(M%). C yBejnuenueM CKOPOCTH MoJeTa MNepBbiM 3TanoM MOBbILIEHHs
BequnHbl M. SBHJIOCH yMEHbIlIeHHe BO3MYLLEeHHH MyTeM ocJal.ieHusi
HEepaBHOMEPHOCTH MX pachpejeseHHsi BA0b XOPAbl. DTO AOCTHrajoch 3a
CYET CMeLEHHUST MOJOXEHHS MaKCHMaJbHOH TOJILMHBI M BOTHYTOCTH K
cepeiMHE XOpAbl, @ TAKXe HEKOTOPOro YMEHBIIEHHs MAaKCHMaJbHOH
BOTHYTOCTH. IIpHMeHeHHe TakuX Mpoduaed, Ha3BaHHbIX BMOCJEACTBHH
“KIACCHYECKUMH” HAN“00bIUHbIMA” CKOPOCTHBIMH  MPOHUASAMH,  TO3BOJMJIO
yBeJHUHTL  Kpeiicepckylo ckopocTh nogera Ha 90 —100 km/ vac.
Paspa6oranibie B IIAI'M npoduan 3TOro KJaacca CPaBHUTEJBHO
HEBOBILIMX OTHOCHTEbHBIX ToJMH (C< 129) wucnoab3oBagnch Ha
6OJIbLLIMHCTBE MOCJAEBOECHHBIX OTEYECTBEHHbIX CaMOJETOB.

1. 2. AspoavHaMuKa CBEPXKPUTUUYECKUX KPbINOBLIX Npodunen

Ha camoseTax MaJgbiX J03BYKOBBIX CKOPOCTEH HCIOJb30BaJHMCh
NpodHAM ¢ AOCTATOYHO GOJBbILIAMH MECTHbIMKY BO3MYILICHHAMH HA BEpXHeH
MOBEPXHOCTH M, COOTBETCTBEHHO, C HeOOJbLUMMH 3HAYEHHIMH
kputnyeckoro uncaa Maxa(M «p.).

AKTVBHBI# TOKMCK MyTel MOBbILEHUST KPeHCcepCKoi CKOPOCTH MOJETa
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6e3 yBeJWYEHHs] COMPOTHMBJEHHMS caMoJeTa MNpuBel K HEe0OXOAMMOCTH
M3bICKAThb CMocoObl JaJbHEHLIEero MoBbILUEHHST BEJHYHHDI M. 10
CPABHEHHIO C KJACCHYECKHMH CKOPOCTHbIMH npoduasiM4. TakuM Croco6oM
noBbiiueHkst M kp.  Oka3agnoch JAaJbHEHIlEE TOHKKEHUE BO3MYILICHHH,
BHOCHMBIX B TOTOK BEpXHeil MOBEPXHOCTbIO, 3a CUeT YMEHbLICHHA €€
KPHBH3HbI. DTO NOC.TYXUJIO HAYy4HOH OCHOBO#i CO3/aHHsI MEPBOro MOKOAECHHUS
HOBBIX TNpOQuJel, HA3bIBAEMbIX B JajbHElleM CBEPXKPUTHIECKUMH
npodHAsMH.

[lpy MaJoil HCKPHBJEHHOCTH BepXHel MOBEPXHOCTH CBEPX-
KPUTHYECKOr0 Npotdusi yMEHbLIAETCs 105 c03JaBaeMoii et MoXbEMHOH
cuJbl. JlAA KOMMEHCAUMH 3TOro NPOH3BOAMTCH “noape3ka”XBOCTOBOrO
yyacTka HHXHEH NOBEpXHOCTH (puc.1.9), uto sBAsETCA XapaKTepHOH
0COGEHHOCTbIO CBEPXKPHTHUECKHX MpodHIei.

KOJHUECTBEHHO OCOBGEHHOCTH OOTEKaHHsl ~CBEPXKPUTHYECKOro
npodusi N0 CPABHEHUIO C OGTEKAHHEM CKOPOCTHOrO npoduasi OTPaXKEHbI HA
puc.1.9. Ha mpumepe TOHKMX mnpodued (c¢=9%) BumHo, Kaxk mpH
JOKDUTHUECKOM ~ OOTEKaHHHU (M=0,6) yMeHbleHHE HCKPHBJIEHHOCTH
BepxHeil MOBEPXHOCTH CBEPXKPUTHYECKOro npoduist NPUBOAMT K
3aMETHOMY CHWKEHHIO BO3MYLUEHUH (paspexxenuil) Ha 3HAYMTEJLHOH ee
yacTd. Ha HWKHel NOBEpXHOCTH CBEPXKPHTHYECKOrO npoduiss 3a cuert
6oJbiLIeH e HCKPUBJEHHOCTH N0 CPABHEHUIO C OObIYHbIM npodusem 3mopa
JABJEHHH MMeeT APKO BbIpaXeHHbIA HepaBHOMEpHbIH XapakTep ¢ 6oaee
BLICOKHM YPOBHEM CKOpOCTe# B cpeaHeil yacTH W 3HAYMTEJBLHO 6oaee
HM3KMM MX ypOBHEM B 00JacTH “noxpe3ku”. VMeHHo 3a cueT GoJblued
3arpy3Kd XBOCTOBOrO y4acTka HIDKHEH MOBEpXHOCTH CBEPXKPUTHYECKOro
npoduast (NoBbILLIEHKHE JaBJIEHUs1) TIPOMCXOJUT KOMIEHCaLust NOAHEMHOH
CHJbl, TepsieMOii HAa CpelHed YacTH BepxHeil MOBEPXHOCTH (“adpdexT
3aKpblJKa”).

Huskuil ypoBeHb CKOpOCTed Ha BepxHeili MOBEPXHOCTH
CBEPXKPUTHYECKOTO NMPOGKJST NPHBOAUT MPH OKOJIO3BYKOBOM OOTEKaHHH K
[OSBACHUI0O MECTHOl CBEpPX3BYKOBOH 30HbI C MEHbUIMM yCKODEHHEM
[I0TOKA, 60Jee 3aHHM PACTIONOXK EHHEM 3aMBIKAIOLLIET0 CKaKa VIO THEHUS
U OCJAa6JEHHbIM OTPbIBOM H3-IOJ CKauka MO CPaBHEHHIO C 00bIYHbIM
npoduaeM (Hampumep, M=0,85 Cy=0,55, puc.1.10). O6 sTOM XK€
CBUZETENbCTBYIOT U ONTHYECKHE CHUMKH OKOJI03BYKOBOrO 00TEKaHUA ITHX
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npoduaeii Ha AaHHOM DeXHMeE (puc.1.11). Ha HMX OTYETJMBO BHIHO
0C1a0/eHHe HHTEHCHBHOCTH CKauKa YIJIOTHEHHSI  BbI3BGHHOTO UM OTpbIBa
MOrpaHM4YHOro cJ0si. B WTOre Ha CBEPXKPUTHYECKOM npopuse MOXKHO
peau30BaTh [JajbHelilliee NPOABKXKEHHWE MO  CKOPOCTH nojera, T.e.
yBEJMUUTb 3HaYeHHe M%. npu 3ajaHHON MaKCHMaJbHOM OTHOCHTEJIbHO
TOJLLIMHE.

OObIUIIbIL PO b e
Caepyrpi tiuechitii  npodu b —

M=0.6 @ =03 «=9%

Puc.1.9. Ueprexxh 0ObIMHOrO H  CBEPXKPHTHYECKOrO npoduas c=9%
pacnpejeneHde 1aBJeHHsl BAOAb XOpAbl MPH 4HC/E M=0,6 u 3uavemnn Cy=0,3
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BEPXHAS  NOBEPXHOCTD

Co Cy=0.55 M=085
-1.0
-05 DBbitiHLIA
- - - Crwp
CBEPXKPUT MMECKUIA /\'\\
0 . G
Q 02% )50 075 10 V4

Puc.1.10. Pacnpejesenue jaasjeHusi N0 BepxXHeH MOBEPXHOCTH A1 OOLIYHOTO H
cBepxkputiyeckoro npoduas npu yucae M=0,85 u 3navennn Cy=0,55

JIpyruM HanpaBJeHHEM HCIIOJb30BaHHA CBEPXKPHUTHUECKHX NPOdHIeH,
NMOJYYMBILMM ILIMPOKOE pAclpOCTPaHEHHE B MPAKTHKE COBPEMEHHOrO0 M
NEepCNeKTHBHOMO CaMOJETOCTPOEHHS, ABJSETCH BO3MOMXHOCTb NOBBILLICHHS
OTHOCHTEJIbHOH TOJLMHB! NPO(UISA KpblJa NPH COXPaHEHUH BeauurHbl M.

CBepxkpuTHYeckde npoduad 1O CPABHEHHI0O €  OObIYHBIMH
CKOPOCTHBIMH NPOGUIAMH NO3BOJAIOT NOBBICUTL BearunHy M. npumepHo
Ha 0,05+ 0,12 pm noBbICHTb MAKCHMAJbHYI0 OTHOCHTEJBHYIO TOJILIHHY
Ha 2+5%xopabl. IlpumeHenHe  yTouaeHHbIX npoduaeil no3BoJser
YBEJIHUHTL YAJauHeHHe kpblaa Ha A A=2,5+3,0 wiM yMeHblLuTD

CTPEJOBHAHOCTbL Kpblia npuMepHo Ha O° =+ 10°mpu coxpaHennd 3HayeHus

*
kp .

Hcnoab30BaHHe  CBEpPXKpUTHYECKMX TNpoduaedl B KOMIIOHOBKE
CTPEJIOBHAHBIX KDbLIbLEB SBJASETCH OJHHM M3 OCHOBHbIX HalpaBJeHHH
COBEpILIEHCTBOBAHUSI  a3DOJMHAMHMKM MACCaXHPCKHX W TPAHCMNOPTHLIX
caMoJieToB. BoJblLLOH BKJaA B pa3paboTKy NMPUHLUKMNOB NMPOEKTHPOBAHHA H
co3jaHde cBepxkpuTHyecknx npoduaein B LIAI'M BHeceH npodeccopom
9. M. CepebpHiicKUM.
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C =9% .
Cy=035> M=085

OGBIYHBIH npoguis

CBEPXKPHUTHYECKH H npoduns

PHe.1.11. Ontuyeckue cHUMKH OGTeKaHHs 06bIYHONO H CBEPXKPUTHYECKOT O Npodust
€ =9% npu wcae M=0,85 u snauenn C,=0,55

MpUHUMNBE NpPOEeKTUPOBAHWUA CBEPXKPUTUYECKUX

npo®unen. TIlepBuiM 3Tanom pa3paboTKK HOBBbIX CKOPOCTHbIX
npoduseii (puc.1.12)  sBHIOCD,
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CO3/laHKke CBepPXKPHTHYECKHX Mpoduieil co caabbiM yCKOPEHHEM NOTOKA B
MECTHO CBEPX3BYKOBOH 30HE W MOHMXEHHOH, N0 CPaBHEHHIO ¢ OObIYHBIMH
CKOPOCTHbIMH  NPO(UASAMH, HHTEHCHBHOCTbIO 3aMbIKAIOLLLEr0  CKauKa,
KoTopasi onpeeasercs BeaunHoi uncaa M nepen ckaukoM YMJIOTHEHHS,
(puc.1.13).9tn  npoduad B jajbHeiilleM MOJYYAAM Ha3BaHHe
CBEPXKPHUTHYECKHX Npodu.aell NepBoro NOKONEHHS.

c=12%

[lpodune Kuaccmqecr(oro mna

—

J Yeum %%
8

CBeQXKDMTMHeCKMIZ npoduns | noxoneHua

I -

+ +

Ceenggnmqecunﬁ npogwuns |l NoKoseHUA

~

—=o

Puc.1.12. Ueprext 1 GopMbl CHMMETPUUHOR YaCTH W CPEJHEH JHHHH 06bIYHOTO U
ceepxkputueckux npopuseir I u II nokosenus

IHTeHCHBHOE NPOABHXEHHE NMACCAXHUPCKON W TPAHCIOPTHOH aBHaLIMHK
B 061aCcTb OOJbLUMX JAO3BYKOBBIX CKOPOCTEH CTHMYJAHPOBAJO
COBEPILICHCTBOBAHHE ~ CBEPXKPHTHUECKHX npoduaei. Pe3yJbTaToM
aKTHBHOrO IOMCKa NyTed JajbHEHLlero MOBbILLEHHA M sBHIOCH
CO3/aHHE BTOPOr0 MOKOJIEHHS CBEPXKDHTHUECKHX KPbIIOBbIX NMpOdHaed ¢
YACTHYHBIM H3DHTPONMUYECKHM CXKATHEM TOTOKA B MECTHOMH CBEPX3BYKOBOH
30He, MpPHMBOISILIMM K 3aMETHOMY OCJAa0AeHHI0 HHTEHCHBHOCTH
3aMBbIKAIOLIEr0 CKauka YIJOTHeHHA. OCOGEHHOCTHIO TaKMX MNpoduJei
ABASIETCS YILIOLIEHHAs BEPXHsisl MOBEPXHOCTb B COYETAHWH C OOJbLLEH
BeJMYMHOM MOAPE3KH XBOCTOBOIO YYacTKa HHXHEH MOBEPXHOCTH MO
CPABHEHHIO CO CBEPXKPHTHYECKHMH NPOQUsSMH TNEPBOro  MOKOJEHHS
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B cBA3M C OSTHM  CPeIHsl  JHMHMA CBEPXKDHTHYECKHX npoduseil
BTOpOrO MNOKOJEHHA HMEET XapaKTepHbll S-06pa3Hbiii BHA. OHAM K3
BO3MOXHBIX MyTeH COXpaHeHHWs MOXbEMHOH CHJAbl Ha 3THX NPOPHJIIX
ABRJSIETCS TaKXKe MJAaBHbIA OTTHO BHHM3 XBOCTOBOIO y4yacTKa, YTO MOXET
PMBECTH K OTPbIBY TOTPAHHYHOrO CJOS H TPeOyeT KOHTPOJBHBIX
UCCJeIOBAHHH, B YACTHOCTH MNpU GOJbLLMX 3HAYEHHAX uxces PeiHoabica.

£=12%,Cy=05 C BEPXHAA NOBEPXHOCTL M :;M,',

oburuHbi(M = 0,68)

CBepXKPHTHYECKHI

1 noxonenue |

11 noxoneune
0,025

OO K YH LI
0,015

0,005 T Mg,
0,60 0.70 080 M

[) 0,5 No X

Puc.1.13. Hamenenve xoadduumenTa npoduabHOFO CONPOTUBJEHUS MO Yucaam M u
pacnpejeJeHHe AaBJeHHit N0 BepxHeili rnoBepxHocTH mpu uucae MM o
o6bluHoMy U cBepxkpuTrueckum npoduasm 1 u I nokonenns paBHo# MakcumadbHo#
OTHOCHTebHOH ToJumHbl € =129 npu 3uauenmt Cy=0,5

Ha puc. 1.13 Ha nprMepe npodu.aell ¢ MakCHMAaJAbHOM OTHOCHTEALHOM
TomHol € =12%npu kpeiicepckom 3Hauennn Cy=0,5 HarasaHO BUAHO
3aTACMBaHke N0 CKOPOCTH MOMEHTa pe3KOr0 YBeJHYEHHS COMNPOTHBJAEHHS
(XapaxTepr3yeMoro BeMUKHO M%) no Mepe nepexoza OT OGbIMHOTO
NpoduAst K CBEPXKPUTHYECKHM NPOPUAAM NEepBOrO W BTOPOrO MOKOJEHHH.
ITO NMPOUCXOMUT MO CASAYIOLLIHM [PUUHHAM.

I'lpn nepexoae OT 0OLIYHOTO K CBEPXKPHTHUECKOMY NPODHJIO NEPBOrO
MOKOJIEHHS] HKMEeT MecTo yBejuuende 3Hauenus M (A M&=0,07) 3a
CYeT pPEe3KOro YMEHbLIEHHS TeMNa YCKOPeHHs IM0TOKA B  MeCTHO#
CBEPX3BYKOBOM 30HE B COYETaHHH C CYLIECTBEHHbIM YBEJHYEHHEM ee
MPOTSDKEHHOCTH BAOAL XOpIbl(AX mi>1=0,32+0,55). 3xech unc.o
M,—mectHoe uwncio M Ha nopepxHoctd npoduas. Ilepexon or
CBEPXKPUTHYECKOr0 Npoduas NMepBoro MOKOAEHHS K NPOQHA0 BTOPOro
NMOKOJEHHA COCOOCTBYET AaJjbHelllieMy MPOJBHKEHHIO MO CKOPOCTH Ha
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gesrunty 2 M= 0,03. D10 06y CI0BAEHO YACTHYHBIM H3HTPONHUECKHM
oKaTHeM IOTOKA B MECTHOH CBEpX3BYKOBOW 30HE, MNPUBOISLIMM K
ocJa0JeHHI0 HMHTEHCHBHOCTH CKauka YILIOTHEHHA B COYCTaHuH C
JaJbHEHILIMM  YBeJMUEHHEM  TPOTSK €HHOCTH MECTHOI CBEpX3BYKOBOH
30ubl(A X M, >1 =0,67). O BO3MOXHOCTH peajn3aiuH apdexTa
YACTHYHOrO M3HTPONMYECKOro CKATUS NOTOKA B MECTHOH CBEPX3BYKOBOMH
30He HA YILIOLEHHOH TMOBEPXHOCTH NpoduJAs BrepBbie OblIO YKA3aHO B
paboTe [1]. VMeHblileHHe WHTEHCHBHOCTH CKAUKOB YIVIOTHEHHS TpH
OKOJIO3ByKOBOM OOTEKaHHH CBEPXKPHTHUECKHX npoduier CONpOBOXK 1aeTCsA
CHIDK EHHEM BOJHOBOIO COMPOTHBJEHHUS, OLIEHHTb KOTOPOE MOXKHO Ha OCHOBE
pador [2], [3].

CToJb CYIIECTBEHHbIE OTJHYMS B a3POAMHAMUKE OOBIYHBIX M
CBEDXKpHTHYECKHX npoduaeii TpebdyioT 0coObIX TMOAXOAOB K
MPOEKTHPOBAHHIO MocAeaHHX. KaK n3BECTHO, 0ObIYHO CKOPOCTHBIC npoduam
NPOEKTHPYIOT HCXOAs U3 GOPMbI HX CHMMETPUUHON 4acTH Yeum. H CpeAHEH
JHHAA Vep., KOTOPbIE SBASIOTCSA, KaK NPaBHJO, BbIMYKJbIMH KPUBbIMH (puc.
1.12). TlocTpoenne CepHH TaKMX npoduaeii (T.e.rpynnbl  npodued,
06pa30BaHHbIX HAa OCHOBE OJHOrO HJM HECKOJbKHX 6a308bix npodujei
06beMHEHHBIX HEKOTOpoH — obLleH 38KOHOMEPHOCTBIO)  NPOHCXOAUT
CJEAYIOUMMH CTIoco6aMH: 1) u3MEHEHHEM OpAMHAT BEPXHEW H HIDKHEH
MOBEPXHOCTH TPOTIOPLIMOHANBLHO C; 2) U3MeHeHHeM CHMMETPHUHOH YacTH
npoduAs NMPONOPLUOHABHO C TPH COXPAHEHHH cpeaHedl JMHMH 6a30BOrO
npodusi; 3) H3MEHEHHEM BEJHUMHBI MAKCHMAJbHOH BOTHYTOCTH (fmax) ¢
coxpaHendeM GOpMbl cpeHed JMHHM TPH HEM3MEHHbIX OTHOCHTEJ/IbHOM
TOJMIMHE ¥ CHMMETPHUHOM 4acTi 6a30B0ro Mpoduas.

[IpyHLMI NPOEKTHPOBAHHS CBEPXKPHTHYECKOro npobu/isi  3a]1aHHOM
MaKCHMaJbHOH OTHOCHTEABHOHW TOJILIMHbI AJf  33J3aHHOro  3HAYEHHMHA
kodbdHIHeHTa TOAbEMHOH CHJbl 3aKM0YaeTCs B CJAEAYIOLIEM. Ecau
yMeeTcsl OObIYHBIH CKOPOCTHOM NMpoduab C BBHICOKMM 3HAYEHHEM M, 10
18 peaqn3aimn dbdexTa CBEPXKPUTHYHOCTH (ra/bHelllIee TPOABHXKEHHE
Mo CKOpoCTH 6€3 yBeJHUeHHusI COMPOTHBJEHUS) HEOOXOAUMO TMOHHU3UTD
KDMBH3HY €ro BepxHeH nosepxnomﬁ, COOTBETCTBEHHO  YBEJHUYHTD
KPUBH3HY HWXKHEH TOBEPXHOCTH AJA  COXPaHEHHs MaKCHMaJabHOH
OTHOCHTEJbHOH TOMIMHBI M OCYLIECTBHThL“NOAPE3KY €€  XBOCTOBOIO
y4acTKa AJst KOMIEHCALHH TIOTEPH NMOAHEMHOH CHJbl BCAEACTBHE CHHNK EHHA
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BOFHYTOCTH Tpodu.Is (puc.1.14, OObIYHbIA H CBEPXKpUTHYECKHI NpodHIH I
nokoJennst). Takas TpaHcoopMauus 0ObIYHOTO npoduas B
CBEpXKpUTHUECKUi NpoduIb I nokoaenusi CONMPOBOX AAETCS 3HAUHTEJBHBIM
BbIMIPbILLIEM B BEJHYHHE M (sanpumep, npu Cy=0.5 A M{=

0.03).

E = 8%
OhLME W 1] 0Dl

K:% BepxHan nosepxHOCTL

e 08 |

CBepXKPTMECKMN NPODAL | NOKONEHUS:

ud
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—

02 04 uf ] b
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Puc.1.14. GopMbl, pacrnpefeneHHe KPHBH3H BJOJb XOP/bl ¥ H3MEHEHHE BEJUYHHDI

M0 Cy 1151 06BIYHOrO 1 CBEPXKPHTHYECKUX NPOQH.Ieit I u II nokoaenust paBHO#
MaKCUMAJbHOH OTHOCHTEJbHOM ToumuuHbl € =9%

JlaJbHeiilliee  COBEPLIEHCTBOBAHWE —CBEPXKPHTHYECKHX —npodusedd
OCYLIECTBAACTCS MyTeM YIJOLLIEHHST BEDXHEH NOBEPXHOCTH (3HaunTeBLHOE
YMeHbLIEHHe ee KPHBH3HbI) B COYETaHWH C IIABHbIM OTIMOOM BHHM3 ee
XBOCTOBOrO Y4acTKa M C YBeJuyeHneM “noape3ku” XBOCTOBOW YacTH
HiKHEH noBepxHocTH  (puc.1.14,  CBEDXKPHTHUECKHH npobuas 11
nokosenusi). [logo6Has JAedopmaius reoMeTpHd MNPUBOIMT TaKKe K
JOTOJHUTEALHOMY CYLLIECTBEHHOMY BbIMIDbILLY B BEJHYHHE M. Tax,
wanpimep, mpn Cy =0,5 A MH=0,025 npu nepexoze oOT
cBepxkputndeckoro npoduas I noxoseHusi k CBEPXKPHTHIECKOMY npodu-
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mo I noxosemws. O6uw# Bowmrpbit B Bequude M s
paccMaTpHBaeMbiX Mpoduaell ¢ MaKCHMaJbHOH OTHOCUTEAbHOH TOJLLIMHOHA
¢ =99% npu nepexoe OT OOLIUHOTO NMPOPHAT K CBEPXKDUTHUECKOMY
npoduaio 11 nokosenust npu kpeficepckom 3nauennt Cy=0.5 cocrabasier
A Mg =0,055,

[TocKOJIbLKY T'eOMEeTpHA CBEPXKPHTHUYECKHX Tpoduael, O0CO6EHHO
dbopMa HMX HIDKHEH TMOBEPXHOCTH M cpeaxedl Junuu(puc.1.12, 1.14),
CYUIECTBEHHO OTAMYAETCS OT FeOMEeTPHH OObIYHbIX CKOPOCTHBIX Npoduied,
JIOJDKHBI ObITh Pa3JHYHBIMH H CMOCOObI MOCTPOEHHS CEPHH TaKUX Npoduaei.

TIpHHLIMI TOCTPOEHHS CEPHH CBEPXKPHTHUYECKHX Npodwu/iell OCHOBaH Ha
pasauMyHbIX TEeMNax BO3pacTaHWMA OPAWHAT BEpXHEH W  HWXKHEH
NMOBEpXHOCTEH ¢ YBEeAHYEHHEM MAaKCHMAJbHOH OTHOCHTEABLHOH TOJILMHBI
npopuast €. [IpH STOM HCKPUBJAEHHOCTb BepXHed IMOBEPXHOCTH,
XapakTepr3yeMasi MaKkCHMaJIbHOW ee ODAMHATOH, Vemax, NPAKTHUECKH HE
W3MEHAEeTCH HWJAH TeMN YBeJH4YEeHHs] ee ¢ pOCTOM MAaKCHMAaJbHOH
OTHOCHUTEALHOM TOJLLMHLI C 3HAYMTE/IbHO MEHbLLIE N0 CPABHEHHIO C HIKHEH
[IOBEPXHOCTbIO. [lepBbiii  MyThb(Vs 1 Vs max, ~ const)Moxer 6bITb
PEKOMEHIOBAH NpH CPABHUTEJbHO HEGOJBbLLOM H3MEHeHHWH BEJHYHHbl C
cBepxkputHueckoro npoduasa, AT £ (1+1,5%).

[py MOCTPOEHHH CEepHH CBEPXKpHTHYECKHX npoduaedl OT HCXOIHOrO
6a30B0Oro Npodus B ILHPOKOM JHANA30HE MAKCHMAJAbHbIX OTHOCHTEABHbBIX
TOAILMH MNpeANoYTHTEJeH BTOPOH NyTb, Koraa KoddduuueHt
MpONOPLMOHAAbHOCTH  (£B8) TpH  MakCHMaJbHOM OpIMHATE BEpXHeN
MOBEPXHOCTH  (Vemaxe =Ks + Vemaxsas.) 3aMEeTHO OTJMYaeTcss OT
COOTBETCTBYIOLIEr0 Koa(dHimenTa HinkHell (&y) noBepxHocTd (Vumax ¢
=FKy* Vumax 6a3), B TO BpeMs KaKk y OObHbIX npoduieii MpH
MPONOPLIHOHAILHOM C M3MEHEHWH ODIAMHAT BepXHEeH M HHXHEH NOBEPXHOCTH
oHn paBHbl (Rs=Fkw). VamocTpaiueil 3TOMy SBJSHOTCS 3aBHCHMOCTH
ksu(c ) noctpoeHnbie aasi paspa6otanHodt B LIAM onHoil u3 cepuid
cBepxkputnuecknx npooduaeii I1-185 (puc.1.15), Hcnoab3oBaHHOH B
KOMIIOHOBKE Kpblid TpaHCHOpTHOrOo camoJdeta An-124 “Pycaan”.llpu
6aszosoM npodute C=129 Temn HapacTaHusi OpIMHAT HIKHEH
nopepxuoctd (d%u/dT) Gosee uem BTpoe Bbllle, 4eM AAs BepXHell
nosepxHoctu (d%s/dT).

¥V 06b1uHbIX npoduael B pacCcMaTpUBaeMOM CJay4ae TEMHN HapacTaHWs
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OpAMHAT BEpXHEH W HdKHeH MNOBEpXHOCTeH BbIllie, 4YeM AJs BepxHeH
MOBEPXHOCTH CBEPXKPUTHUECKHX NpoduJel 1 MeHbLLe, YeM AJA HX HHXK HeH
nosepxHoctd (puc.1.15). Takum 00pa3om, [pu MNOCTPOGHWH CE€PHH
cBepXKpHTHYecKHX npodujedl yBeJnyeHHe TOJLLKMHbI NPOMCXOMUT B
6oJbLLIeH CTelleHd 33 cueT HHXKHel NMOBepXHOCTH, YTO HarJfAAHO BHAHO Ha

puc.1.15 (€=9% u 15%).

K CEPYA CBEPKKPUTUUECKUX NPOPUAEN [1-185 «
! H

0BbIYHBIE NPOPUAN

Is o i
st / (Ke=Ka= T

Ceas

0| S
’ _ g?, niax
/—/ KP’ Y mux BAD
. K = gn max €
EA30BLIM  NPOPUAD H Yu morBAY
05 _
9 10 i i 13 14 5 16 7 I A

Puc.1.15. 3aKkoHbl NOCTpoeHUs1 cepuu MO C Aas OOBIYHOFO M CBEPXKPUTHUECKUX
npoduaei

B UAT'U pa3spaboran psil Cepuil CBEPXKDUTHUECKHX TNpodHJeH,
Yy IOBJETBOPSIIOLLIMX DA3JHYHBIM a3POAMHAMUYECKHM Tpe6oBaHuAM. OaHuM
M3 TAaKHX BaXHbIX TpeboBaHMH SBAACTCHA BbLICOKOE 3HAUYEHHE M¥% wua
kpeficepckoMm pexcriMe. Ha puc.1.16 npuBeseHbl 3aBHCHMOCTH M5<Z)npu
spauerin Cy=0,5 145 60JBLIONO KOIMYECTBA CBEPXKPHTHYECKHX
npobuJeii NepBOro M BTOPOr0 IOKOJACHHMSI B  COMOCTABJAEHHH C
COOTBETCTBYIOILIMMH  3aBHCHMOCTAMH A OObIYHBIX  CKOPOCTHbIX
npoduJed, HCNOJb30BAHHLIX B  KOMIIOHOBKAX KpblIbE€B H3BECTHBIX
naccaxupckux camoderos (Ty-134, Ty-154 M, HMa-62M u ap.).
Bruzaen, Bo-nepBbiX, CYIlIECTBEHHO 00Jee BbICOKHH YPOBEHb M y
CBEPXKPUTHUECKHX Mpoduiedl N0 CPaBHEHHIO C OObIYHBIMH CKOPOCTHBIMH
npoduasivu. Tak, Hanpumep, npu C=12% cpennee 3uauetue M=

43

p—"




0,7 y o6blunoro npoduas, Mg =0,76 y cepxkputuueckoro npopuas 1
nokosennss ¥ M&=0,8 y ceepxkputrueckoro npoduas 11 nokosnenus.
Bo-BTOpbIX, TeMN CcHWKeHuss 3Hauennit M ¢ yBeqnuenreM
MAaKCHMAaJIbHOM OTHOCHTEbHOM TOJMIMHBLI Y CBEPXKPHTHUYECKHX Mpoduaeit
3HAUHTENbHO HIKE [0 CDaBHEHHIO C OOblyHbIMH npoduAsIMH. DTO
00y CJIOBJIEHO TeM 06CTOATEAbCTBOM, YTO Y CBEPXKpHTHYeCKHX npoduaeit
yBeJHYeHHe OTHOCHTENbHOH TOJLLIMHBI NPOMCXOAMT B 6OJblLIEH CTeleH: 3a
CYeT HIKHeH MOBEPXHOCTH, YTO CHIXKAET BO3MYLLEHHS, BHOCHMbIE B MOTOK
BEepxXHel MOBEpPXHOCTbiO. DTHM OObAcHAeTCH OOJbLIMA BbIMPbIL B

Meo Cy=09
0,89
CBEepPXKPUTHYECKHE
npoduan Il NOKaaeHUA '
o]
0,80 §
¢
E CaepxkpuTryecKue
npodnau ! nOkKonNEHn]
0,75
Q
0,70 T
08biunbie NPodusn
065 ' ' —
T 2 15 8%

Puc.1.16. M3ametienue uucaa M nmo C aaa O6bIYHBIX H CBEPXKDPHTHYECKHX
npoduneii I u I nokosenus npu suavennn Cy=0,5,
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BesmurHe M ¢ yBeaMueHHeM MaKCHMaJbHOH OTHOCHTEAbHOH TOILIMHbI
npopuas. Jlauubld rpaduk HAMOCTPHPYET TaKXKe BO3MOXHOCTb
CYILIECTBEHHOr0 YBEJHYEHHsT MaKCHMAaJAbHON OTHOCHTEAbHOH TOJIIMHBI 6e3
CHWKeHH 3HaueHuss Mg TpH  HCTOAb30BAHHH  CBEPXKPHTHYECKHX
npoduieil, YTO HAXOAMT IUMPOKOE NpHMEHEHHe MNPH adpPOAMHAMHYECKOM
NPOEKTHPOBAHKH KPblJbEB.

MeToabl pacyeTa as3poAMHAMWUYECKUX XapaKTepUCTUK
CBEPXKPUTUYECKUX NPOUNEn. PassuThe 4YHCJAEHHBIX METOAOB
pacyeTa OKOJO3BYKOBOro o6Trekanusi npodused u pa3paborka
COOTBETCTBYIOLLIMX MpOrpaMM pacyeTa Oka3aad O6OJbllioe BJMAHHE HA
NMPOEKTHPOBAHKHE CBEPXKPUTHYECKHX Mnpoduied. DTH METOAbl Hauyau
mpoko ucnoab3oBathes B LIAM ¢ 70-x rozos [4], Brayase 6e3 yuera
BJMAHMS BA3KOCTH, 4 3aTeM H C YyYeTOM €€ BJHAHHA. YUeT BJHAHHA
BA3KOCTH SBJSIETCH HEOOXOJMMbIM 3JEMEHTOM, MNOCKOJbKY, C OAHOH
CTOPOHbI, BSI3KOCTb OKa3biBaeT CYILIECTBEHHOE BJHUAHHE Ha
29pOJAHHAMHYECKHE XapakTepHCTHKH Tnpoduaed, ocobeHHO TNpH
OKOJIO3BYKOBOM OOTEeKaHHH, a C JpPYrod CTODOHbl, CBEDPXKDHTHYECKHE
NpodbHIM  OTJIHYAIOTCS MOBBILLIEHHbIMH HEOJAroNpUATHBIMA TpaliMEHTaAMH
JaBJeHHsT B XBOCTOBOW 4YacTH KaKk Ha BepXHEH, TaKk MW Ha HIKHEH
MOBEPXHOCTAX, YTO YCH/IMBAeT BJHMSHHE BA3KOCTH AJs 3THX Npodued.
Becbma addexTnBHON Mozeablo, onuchbiBalollel obTekaHue npoduas npu
6o/blLMX uyMcAax PeiHosbiaca, sBAsSETCS MOJeJb MNOrpaHHYHOro CJOs,
npeajoxenHas IIpanataem. I'lpu aTom 06.acTb TeueHusi pa3dbusaeTcs Ha
ABe 06JaCTH: BHELLHIOW 064aCTh HEBA3KOrO TeyeHHs (KOTopoe ¢ Xopoluek
TOYHOCTBIO MOXHO CYHTaTb MNOTEHLHAAbHbIM TMPH HE  CJHLIKOM
HHTEHCHBHBIX CKAYKaX YIIOTHEHHS) W 06JacTb BSI3KOMO TEYeHHs] BOAM3H
MOBEPXHOCTH 06TeKaeMoro Npodu.ist U B ¢ieae 3a HYM (NOrpaHHYHbIi CI0#).
CpailyBanue peleHdd B 9THX ABYX 004acTAX OCYLLIECTBJSETCH MyTem
“HapailBanuA” TOJILIMHB! BbITECHEHHST NOrPAHHYHONO CJ0S 10 HOPMAJH K
KOHTYpY 06TexaeMoro npodu/isi ¥ 0CeBOH JHHHK CJela ¥ MOCJAeAYIOLIero
pacyeta OOTeKaHHsl TMOAYYEHHOTO MOJAYyOEeCKOHeYHOro TeJa MNOTOKOM
HEBA3KOro rasa. /{aHHbld NMpHeM NMOBTOPSIETCS HTEPALMOHHO A0 MOJYYeHHsT
HE00X0AMMOH TOYHOCTH.

Paspa6orannbie B IJAI'M Ha 6a3e 1aHHOH METOMMKH
BbIYHCJHTEJbHbIE MPOrpaMMbl  MO3BOJSIOT  pacCykTaTh oOTeKaHue
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npopuied NpH  A0- M OKOJO3BYKOBbIX CKOPOCTfIX, T.€. TMOJY4HTb
paclipefieieHie JaBjeHHs W JApyrve pacnpelejeHHbie MO MOBEPXHOCTH
npoduasi XapaKTepHUCTHKHM, a Takxe OnpelelHTb CyMMapHble
a3pOHHAMUYECKHE XApaKTEPUCTHKH (KO9(OHUIIHEHTbI FOXHEMHOH CHJb,
peaoyasi Cymax [5)], TNpoOZOJBHOrO MOMEHTa, CONPOTUBJEHHS H
PA3/IMUHBIX €ro  COCTaBAsIOUIMX). [Tpu' 9TOM TOJOXEHHe —Tepexosa
AOrPAHUYHOrO CJI0S1 M3 JAaMHHApHOrO B TYpOYJEHTHbIH MOXET ObiTb JHO0
3aJaH0 HA OCHOBAHHH 9KCIEPHMEHTAJbHbIX JAAHHbIX, JAHOO MOJMY4EHO B
pacyeTax C y4eTOM HayaJbHOW cTeleHd TYPOYJEHTHOCTH Haberaiouiero
MOTOKA M 1LepoX0oBaTOCTH 06TeKaeMOi MOBEPXHOCTH.

Ha puc. 1.17 B xauecTBe NpuMepa NprUBeJEHO CPABHEHHE PACYETHOrO
¥ SKCIEepHMEHTAAbHOTO pacnpene]eH’i 1aBJeHUsT A5 CBEPXKPUTHUECKOro
npoduasi nepeoro nokoaenns(C=12%). Ha puc. 1.18 naHo cpasHeHwe
DACUETHbIX H 3KCIEDHMEHTAJbHbIX TOAAp AMA IBYX uncea Maxa.
[TpuBeeHHbIE pe3yabTaThl CBUAETEILCTBYIOT O XOPOILIEM COr/iacOBaHHH
pacuyeTa ¥ KCIepUMEHTa.

M 075 C) 0542 Remd 10° M L6 M =075
Pacuer
1 - 1+
[ Cy Cy
[o]
(o3
c c
[o] c
05 T 05 + L
o]
o]
o] o CXP
———— Pacuer 0 5 + + r -
s 3 09 002 0 oct sc2  0b3 T obs
-3 o © DIXCNEPHMEHT Dacqe}'
o O O 3KcnepumenT
Monoxexue nepexoaa

Puc.1.17. CpaBHenne pacuetHblx 4 Puc.1.18. CpaBHeHue pacyeTHbIX H
SKCMIEPUMEHTAMbHBIX  3MIOP  AdBJEHUs]  3KCNEepUMEHTAJbHbIX MOJAp  AJA
aas cepxkputnueckoto npoduas (M= cBepXKpUTHUECKOrO npopuas npu

0,75, Cy=0,542, Re=4'106) yneqax M=0,70u4 0,76
COBpEMEHHbIe DPAcyeTHble METOAbl MO3BOJSAOT IDPEKTHBHO H
JOCTATOYHO HAJEXKHO NMPOBOJMTb CPABHUTE/bHbIH aHAJIM3 XAPAKTEPHCTHK
pasanyHbix npodused. Maatoctpauueid TOMy ABJAETCH puc.1.19, rae
MpHBEJICHO CPaBHEHWe 3aBHCHMOCTeH KO3ddHLHEHTa CONPOTHBJACHUA OT
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yncaa M, NOJyYeHHbIX PACUETHBIM K SKCIEePHMEHTAMbHBIM MyTeM, AJs
JBYX CBEPXKPHTHYeCKHX npoduJjed. BuaHo, 4To pacyeTHbie 3aBHCHMOCTH
NPAaBHJBLHO OTPAX AT pe3y.JbTaTbl IKCHEPHMEHTAa MO MPOABHXEHHIO MO
yncaaM M 1 B3aMMHOMY pacroJiOXeHHIO KPHBBIX.

¢y 05 Re & 0F
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003 1 Cxp KENELAMEHT Cxe
002 + ./4/ 002 +
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0 ['1.} 07 oe 08 oe 07 08 [2]
G ©  CHEPXHPH WMECKUK NPODUT noKONEAn
————a  CBEPXKPMTUNECK.M MPODUNL  MONONEtMA

Puc.1.19. CpaBHdenue ko3dduuueHTa npoduJbHOrO CONPOTUBJEHUSI MO UYUC/IAM M
aasi ceepxkputuueckux npoguaeii I u II nokonenust (pacuer, sKcnepumeHT, Cy=

0,5 Re=4-10%

UycAeHHbIE METOAb! MOTYT ObITb HCIOJb30BaHbl HE TOJBKO AJs
OLICHKH XApaKTepHCTHK npoduieil 3aaaHHON GOPMbI, HO H A IOCTPOEHHUS
HOBbIX GopM mpoduJedl ¢ TEeMH HJAM HHbIMH TpeOyeMbIMH
a5pOJMHAMHYEKHMH XapakTepucTukamu. [1is 3TOro, B YaCTHOCTH, MOXKET
6bITb HMCMOJBL30BAHO pellleHHe O6paTHOM 3ajzaun obTekaHuA NpoduJs.
O6paTHas 3ajaya 3aKjiouyaeTcss B onpeiedeHnd GOpMbl NMpodHas, NPH
06TEKaHHH KOTOPOro peatn3yeTcsl 3a4aHHoe pacipeieeH’e 1aBaeHns. DT0
3ajaHHOe pacnpejeeHne JaBjeHHs MOXET ObITb BbIOpaHO HMCXOAs M3
CJeLYIOLIMX COOOpaX eHHit: 0c1abieHHs CKAaYKOB YILIOTHEHH S, 00ecneueH s
3MIOpbl  AaBJeHHA TpefyemMoro THna (“noiouHas”, “Tpeyro.bHasi),
ocaabieHusi HeOJaroNpUATHbIX TPAJHEHTOB jaBjeHHst B auddy3opHOi
yactd npopuas u ap. Ilpumep npuBeseH Ha puc.1.20, rae nokasasbl
pe3y.bTaThl MPOEKTHPOBaHKA NPoduas C MOJOYHOH 3MOPOM AaBJeHHs C
NMOMOLLBIO pelileHHst 06paTHO# 3ajauk. B KauecTBe HCXOAHOrO KOHTYpa Obli
B3AT KOHTYD, paclpejefeHde JaBJACHHA [AJA KOTOPOro CYLIECTBEHHO
oT/iH4yaeTcst OT TpebyeMoro.

[[I¥pokoe HCnoAL30BaHWE COBPEMEHHBIX YHCJEHHBIX METOA0B pacueTa
LIS TIPOEKTHpoBaHus npoduaed cBHieTeJbCTBYET 00 HX BbICOKO#
9pHEKTHBHOCTH TPH PellieHnH 3a1a4y NpaKTHYECKOH a3pOIMHAMHKH.

AspoanHaMUyECKUe XapaKTEepPUCTUKU CBEPXKPUTUYECKUX
npodunen. CyuiecTseHsble OTAHYHSA B reOMETPUH CBEPXKPHTHUECKHX
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W OObIYHBIX NPODUJEH NPUBOAAT K 3HAYUTEJbHBIM OTJIMYMAM B UX
a3pOIMHAMUYECKUX XapakTepucTvkax [6]. Huxke npusesneH aHams aTux
XapaKTepUCTHK Ha NpuMepe TOHKUX npoduJeii (C=99%, puc.1.9).

M= 07«

-1 Cp

-05 1

05 A

~—— — — 3apantoe Cp

fonyuentoe Cp, KOHTYP

— - — - Pacnpepenenne Cp AnA MCXOOHOrO npoduns,
NCXOOHBI KOHTYP

=

= =

Puc.1.20. Pacnpeaeaenye aaBaennsi no xopie npoduasi(npsimasi u obpartHasi 3a1aua,
M=0,74)

Hecyuine cBoCTBa CBEpXKPHTHUECKOrO NMPOGHU.Isi 3aMETHO BbILLIE 10
CpaBHEHHIO ¢ OObIYHbIM TpoduIeM BCJEACTBHE CHUXEHHSI BO3MYILIEHHA Ha
BepxHeil moBepxHocTd (puc. 1.21) ¥ Ha/muusi “moape3ku” B XBOCTOBOH
YacTH HWXKHEil MOBEPXHOCTH cBepXKpuUTHyeckoro npoduas (puc. 1.9), yrto
NPUMBOJUT K HECKOJbKO 6oJee MOBBILICHHOMY (M0 MOAY.I0) 3HAYeHHIO Y
Hero yrJa HyJeBoH MOALEMHOH cHAbl (@) B MCCJAEJ0BAHHOM AMANA30HE
ynces Maxa (puc. 1.21).

BeanuuHa C yjon, COOTBETCTBYIOLAS MOMEHTY MOSIBJAEHHS
HEJMHEHHOCTH
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y y xapaktepuctuk Cy(e), puc. 1.21,,
Cuon CBEPXKPUTHUYECKOr0o Tpodus

CYIIeCTBEHHO Bbllle, 4YeM Yy
ol o6blunoro npoduas (puc. 1.22). Tak,
. Hanpumep, npH uucae M=0,8
/ Besunia Cyaon=0,44 y 06bIYHOrO
= ?l<\o P S npopuas u  Cywn=0,90 vy

-0

CBEPXKPUTHUYECKOTO TPoduJs.
C TOuKM 3peHMsi MOMEHTHbIX
"oz XapaKTEepPUCTHK BEJMUYMHA NPOU3BOA-
woit m g (mo moayaio) |y
\ e o e cBepXKpHTHYEeCcKOoro npoduJasn
o o Ceepncurmcn HECKOJILKO Bbillie M0 CPaBHEHHIO C
o0biunbIM TipoduaeM (puc. 1.23).
Puc.1.21. Hecylme W MomenTHbie 11apsily ¢ 9TuM BcJaeactBHe GoJee
XapakTEePUCTHKH AAs  06bl4HOrO W BbICOKOro 3HA4YCHUA Cyjlon,
cepxkputnieckoro  mpopuasi (M= pesunefiHocT> B MOMEHTHBIX
0,74) XapakTepUCTHKAX CBepX-
KDUTHYECKOro NpO(HJs TMPOUCXOUT TPHU OOJbILIMX, [0 CPaBHEHHIO C
00b1uHbIM TpodHIeM, 3HAYEHHSIX C,(puc. 1.21.).

OcoGeHHOCTbI) CBEPXKPUTHUECKOr0 TPOHUAS SBJAIOTCA HECKOJbKO
GoJbLIMe OTpHLATEe bHble 3HaueHusi KO3(hULIMEHTA TIPOJI0JbHOr0 MOMEHTa
MpU HYJEeBOH MOAbeMHOR cude (#zo, puc. 1.21), 4T0 06YCJIOBJIEHO
MOBBLILLICHHOH a39pOJAMHAMHYECKOH Harpy3Koil B XBOCTOBOH YacTy NpoduJs.
B To xXe BpeMsi BcJeICTBHE BO3HHKHOBEHHS DAa3BUTOH MECTHOM
CBEPX3BYKOBOH 30HbI Ha HWCKDHBJEHHOH HWXHEH [OBePXHOCTH VY
cBepxxputiueckoro npoduts (mpy C,=0), B oTumuve or 06bIYHOrO,
BeJMUMHA Mz, cJab0 M3MEHseTcsl B LUMPOKOM Jauanasone uuces M
(nampumep M =0,6+0,84, puc. 1.23).

Haubosiee sipko NpenMMylllecTBO CBEPXKPUTHYECKOro MNpodu/iss Ao
CPaBHEHHIO C OObIYHbIM CKOPOCTHBIM MpodHJIeM DaBHON MaKCHUMAaJbHOM
OTHOCHTEJILHOM TOJILIMHBI TPOSIBJSETCS B MPOABHMXKEHHWH N0 CKOPOCTH, T.e.
B Besnurne M. Ha puc. 1.24 ua npumepe ToHkux npoduaeii (C=9%)
HAFJSUIHO  BHMAEH CYILECTBEHHbId Bbrpbili B Beddunme Mo v
CBEpXKpUTHUECKHX Npoduell B KpeficepckoM auanasone 3uaueruit Cy=
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Puc 1 22 H3meHeHne JONYCTHMOrO 3HayeHusi KOS(QOHIMEHTa NOAHLEMHOH CHJbI
(Cynon) no uncaam M anst 06bIYHOrO 1" CBEPXKPUTHUECKOTO NPOQuIs

0,4+0,6. Tax, uanpumep, mpu Cy=0,5 Bemunna MH=0,785 y
o6blutoro mpoduasi w1 Mi&=0,84 ¥ cBepXKpUTHYECKOro Mpoduas.
OTMeTHM KauecTBenHoe ornune 3aBucuMocteilt M (Cy) y 06blutoro u
CcBepXKpUTHYecKoro npoduaei. Haimune mMakcuMyMa B NOCAEHEM cayyae
ABJSIETCH  CJAEACTBMEM BO3HMKHOBEHHSI BOJHOBOrO KpU3HCa Y
CBEPXKPUTHYECKOro NPOodHAsA BHAYALE HA HIDKHEH (MPY MaJblX 3HAUEHUsX
C,), a 3aTem Ha BepxHeil noBepxHocTH (npu Goabumx 3navennsix Cy). ¥
06bIYHOro npoduas, KaK U3BECTHO, BOJIHOBOH KPHU3HC TPH MOJOXKHTEABHBIX
snauennsix C, Bcerja HAYMHAET PAa3BMBATLCA HA BepXHEH NMOBEPXHOCTH
YCHJMBAETCS C POCTOM 3HAYEHHH C, (cumkenne Mi).

Bomrpolli B BevunHe My vy CBEpXKpHUTHYECKOro Npoduas
COMPOBOXAETCA  3HAYMTEJbHbIM  MPUPAILIEHHEM — a3POAMHAMUYECKOrO
KAyecTBA B OKOJO3BYKOBOM JIMANa3oHe CKOPOCTEH MO CPABHEHHIO C
o6bluubiMm  npoduaem (puc.1.25). HekoTopoe cHuXeHHE
a3pOJMHAMMYECKOrO0 KAyecTBa Yy CBEPXKPHTHYECKOro MNpoduas Mo
CPABHEHUIO ¢ OOBIYHBIM MPH MablX J03BYKOBBIX CKOPOCTSIX (Hampumep,
npt M < 0,7, puc.1.25) 00ycJoBaeHO Kak GoJjee BbICOKHM 3HAUCHHEM

50




-CS

-0k

Q6 01 08 M

Oo——c 0BbjUHel | NPIPUAL

&—3 CBEPXKPWUTUUECKMN NPSPUAL

- 010

-00% 4 o -

06 07 03 M

© C
Puc 1 23 M3veletre NPOM3BOAHOM Mz~ W BeJMUMHbl Mizo MO HHCJAM M ans
06bIYHOrO W CBEPXKPHTHUECKOrO Npodu.isi

CONpPOTHBJEHUS  AaBJEHHS (conpoTuBAEHHSA dopMbl)  BCJAEACTBHE
HEPAaBHOMEPHOCTH paclpeieieHusl AaBJCHUS Ha HIDKHEH NMOBEPXHOCTH, TakK
W TIOBBILLIEHHBbIMH HEBAArONPUATHBIMU FPaJMEeHTaMH AaBJECHHS B XBOCTOBOM
YyacTH HA BepXHeH MOBEPXHOCTH. i

CaelyeT OTMETHTb, YTO NDH HECOMHEHHOM MPEMMYLECTBE CBEPX-
KpUTHUECKMX Tpoduied N0 CPaBHEHHIO C OOBbIYHbIMH  HEKOTOPbIMH
HEIOCTATKAMH HMX SBJSIOTCS TOBbILIEHHOE 3HaueHne Mz M TOHKAH
XBOCTOBAsl YacTh.
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Puc.1.24. Vi3MmeHeHne BeaUuHHbI Mffp no Cy A1t 0ObIYHOrO U CBEPXKPHTHUYECKOIO
npodu.ist

BnuaHne macwTtabHoro adekta Ha aspolUHAMUKY
CBEPXKPUTUYECKUX npodunen. Hajnune pasBuTOd  MeCTHOM
CBEPX3BYKOBOM 30HbI CO CKAUKaMU YIJIOTHEHHS1 U BbI3BAHHOTO HMH OTPbIBA
norpauuutoro cjosi Ha pexume Mip[7], a Take TNOBbliLIeHHAst
A9POJMHAMHYECKAsi Harpy3Ka Ha XBOCTOBYI 4acTb M HeO.arONpUsITHbIH
rPajMeHT JaBJeHWs HAa BepxHed [OBepXHOCTH B 3TOH 00.JacTH,
CBOIHCTBEHHblE CBEPXKPUTHYECKHM TMPOGUJISAM, NPUBOAUT K OObllieMy, MO
CpPAaBHEHHIO C OObIUHBIMM NPOPHUJIAMH, BJUAHUIO yuc/a PefiHosbAca Ha KX
paclnpejejedsble  CyMMapHble a3pOAMHAMHYECKHe XapaKTepPHCTHKH.

Ha puc.1.26 npusenenn! 3asucumoctd uncaa Mo (Cy)s  npu
KOTOPOM BO3HHKAET OTPbIB [MOTPAHHUYHOrO CJOSi HA CBEPXKPHTHUECKOM
npodue nepsoro nokodennss € =12% npu ymepenubix (Re %5.10°)u
6ombumx (Re=10°10°+ 2810 ®)uucsax Peitvosbaca. Caeayer
OTMETHTb, YTO H4 AAHHOM TpoduJe MpH yMepeHHbIX (“TpyGHbIX”,
XapaKTepHbIX AJ5 HMCMbITAHWA B MPOMbILLICHHBIX a3DOAMHAMHUYECKHUX
Tpy6ax) uncaax Re=5¢ 10° HMeeT MecTO TpU THNA OTPBIBHOrO 06TEKAHHs!
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(1uddy30pHbIH, 1Mty 30pHO-BOIHOBOH H BOJIHOBOH OTPbIBbI, TPH HHXKHHUX
KpHBbIX), ~TOC/I€10BATEIbHO nepexojsiiie Apyr B Jpyra TpH
(DMKCHDOBAHHOM 3HAYCHHH C, no Mepe yBeJHYEHHs UHMCJA M. Tlpu
GOJBbLLMX YUCIaX Re=10" 10%+28° 106, NPHOJIK CHHBIX K HATYPHbIM, BO
BceM HCCJEJO0BAHHOM JUana3oHe C, y jaauHoro mpodu/si UMEeT MEecCTO

JMILIb BOJHOBOH OTDBIB.
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Puc.l. 25. U3ameHenne a3poAMHAMHYECKOrO KauecTsa Mo 4UCJAam M aas 06b14HOrO
W CBEPXKPHTHUECKOIO NPoduJsi NP1 3HAUCHHH Cy=0,5

VBeJMuenre uhcsa PeiiHobaca B KpeiicepckoM Auana3oHe 3HaueHHi
C,=0,4+0,6 (puc. 1.27) npuUBOMT K CYLUECTBEHHOMY [MOBbILLEHHIO
senunibl M orp. Tax, sanpumep, npi Cy=0,5 u uncaax Re~4, 9-10°
+27,4+10° pemunna M op =0, 730, 79,

VBeqnuenue uucsa PeiiHosbaca npy  (UKCMPOBAHHOM YHCJIE M
naberarolero TMOTOKA CYLIECTBEHHO [OBbILIAET BEJHYHHY Cyom.,
coorBetctByolLyi0 Cynon. (puc. 1.28). Tak, Hanpumep, npH yucIe M=
0,76 yBeJMueHHe yucJa Re or 4,9° 10° Jo 25,8° 10° 3aTsiruBaeT MOMeEHT
BO3HMKHOBEHHS1 OTPbIBHOrO O0TEKaHWsI HA BeJUYHHY ACyorp=10,43. Tlo

Mepe yBeJMueHsi uucaa M BbIMCpbILI B 3HAYEHHH Cyorp yMeHblLIaeTCsl
(puc. 1.28.)
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Puc.1. 26, Viaumenetre 3aBucumocT uncaa M HACTYIJEHHS! OTPbIBA 110 3HAYEHHSIM

Cy ans1 cBepXKpHTHYECKOro NPOPHAST 1 NOKOMEHHS DU YMepeHHbIX (Re=5-10°%
— 6 _« 6 o

6oabumx (Re=10+10°+28+10°% uucaax Pebnoabaca.

Takum 06pa3oM, Ha CBEPXKPUTHYECKMX MNPODUIAX B YCJAOBHSX
TPYOHbIX 3HaueHHiH uuces PefiHoabaca peXuM Hauaia pesKoro pocTa
conpotuBiernsi (M= M ow.) onpeaessietcs, kax NpaBuJo,
BO3HMKHOBEHHEM AH(dY30pHO-BOIHOBOrO OTPbIBA. [lepexoa K HATYpHbIM
3HaueHnsIM ynces PeilHoablca, cylecTBeHHO MoBbILAA BeanunHy My v
CBEPXKDUTHYECKUX Tpoduieli, CONpoBOXKAAETCH KaueCTBEHHbIM
H3MEHEHHeM XapaKTepa OTPbIBA (BOJHOBOIH OTDBIB).

MomeHT BO3HMKHOBEHHS! HENMHEHHOCTH HEeCYLMX XapakTepHCTHK
(Craon= Cyorp.) cBEPXKPUTHYECKUX TIPODUIEH DU TEPEXOIE OT TPYGHbIX
K HAaTYDHbIM 3HauYeHUsAM ukces PeiiHoJbaca cMeniaeTcs Ha CYILECTBEHHO
Gosbime 3xauenuss C, u ompezessieTcss B 06OMX CJAYYasX BOJHOBBIM
OTDbIBOM.

Macuurabiblii 3pdeKT CyuecTBeHHO MpOSBASETCS HE TOMBKO Ha
pacrpeaeseHHbIX, HO  HAa CyMMAapHbIX a3pOJMHAMHUYECKHX
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Puc.1. 27. Hsmenenne uncaa M orp no 3nauennsim Re nmpu €y=0,4<0,6 pas
CBepXKpHTHYecKoro npodupst I nokosenusi
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Pnc.l.. 28. Wiawenenne npupawenns A Cyorp 1o uncaaw Re npu 3HayeHusax M=
0,760,80 aast cBepxkpuTHUECKOrD npoduas I nokosenus
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XapaKTepHCTHKaX cBepxkpuTHueckux mpodused. Tak, nHa puc.1.29 Ha
[pUMepe  a3POJMHAMHYECKOrO KayecTBa CBEPXKPUTHYECKOrO  MPOdHIst
nepBoro nokosenus (¢=129%) Buaen cA0KHbIA HEMOHOTOHHbIH XapaKTep
BAMsIHMS uKcaa Pelitoabica Ha kpelicepckom pexume (M=0,74, C,=
0,5). Buauase (Re=3,8° 10°+10°10°) aspoaunamuueckoe KayecTBO
CYILIECTBEHHO YBEAMYMBAETCS] 38 CYET JMKBHAALIMM OTPbiBA I0TOKA, 3aTeM
(mpr Re=10°10°+19°10%) ero BemuMHa HECKOJBKO CHHKAETCA 32 CYeT
cMellenusi  00JacTH Mepexoia JaMHMHApHOro [OrpaHMyHOro CJosi B
TypOYAeHTHbIA K HOCKY mpoduast (L X2~ —0,3, puc. 1.29). Ilpu ukcaax
Peiinoabaca, 6uuskux Kk HatypueiM (Re = 1910 6+ 925:10°
a’pOJMHAMHYECKOE KAYECTBO BHOBb MOHOTOHHO — YBEJAHYMBAETCS
BCJAEACTBHE CHIDKEHUs! TypPOYJIEHTHOrO TPEHHS.

CREPXKPUTULECKA NPOPUAL | NOKOAEHMS
M=07k4, Cy=05
60 | Xn K
50 106
40 joL

30 {02 Xn

20 |0

5 10 15 20 25 Re {0°

Puc.l. 29. Bumsume uncaa PeiiHoabAca HA  a3pOAMHAMMYECKOE KAuecTBO H
OO EHAE TOUKM NMepexoia JaMHHAPHOrO NOrpaHuyHOro CJ0si B TyPOYJEHTHbIH Adst
cBepXKpuTrueckoro npoduas I nokosennsi npu anauennsix M=0,74, G=0,5

CaeayeT OTMETHTb, YTO [IPH HMCCJACAOBAHWH BJMAHMA UHCJA
PeiiHoabAca HA a3POAMHAMHYECKOE KaYeCTBO CBEPXKPUTHUECKHX Npodu.iei
HEOBXOMMMO YUMTBHIBATH COCTOSHME [IOFPAHAYHOrO CJ0A  (MONOXeHHe
fmepexoaa M OTpbiBa). MccaenoBande CBEDXKPHTHUECKHX —MpodHiei
MOKa3biBAeT CVYILECTBEHHOE BJMsHHUE [OJOXEHUs TOYKM [epexoaad
JAaMHMHAPHOrO MOrPaHHYHOrO CJ0s1 B TYypPOYJAEHTHbIM Ha a83POJUHAMHYECKOE
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KauecTBO, OCOOEHHO TpH HaJIHYHH MecTHOH CBepX3BYKOBOH 30HbI. Tak, Ha
npuMepe  CBEPXKPHTHYECKOro npoduas MepBOro MOKOJEHHA C
MAKCHMAJAbHOH OTHOCHTEJbHON touaimuoil ¢ =12% pacuetamu M0Ka3aHo,
yTo HA KpelicepckoM pexHMe (M=0,756,Cy=0,45,Re=14- 10%)
cOKpallleHde JaMHMHapHoOro y4vactka Ha BepxHedl [0BEPXHOCTH C
[POTSDKEHHOM 00.1aCTbi0 CBEPX3BYKOBBIX ckopocTeil o1 Xn=55% (mpu
bUKCHPOBAHHOM MOJOX CHHH NEPEX0Aa Ha HUXKHel NOBEPXHOCTH Xn=50%)
10 Xn—1% npuBOAMT K YBEJIMYCHHIO COIPOTHBJIEHHA (cHIKEHHIO
23pOAMHAMHUYECKOro KauecTBa) MPUMEPHO Ha 30%. [TopobHoe H3MeHEeHHE
MIOJIOXKEHUs1 TOUKH [lepexoja Ha HUXKHEH MOBEPXHOCTH (or X»=50% 10
Xn=1%) npu (UKCHPOBAHHOM MOJOXKEHHH mepexoaa Ha BepXHe#
[I0BEPXHOCTH, (Xn=55%) nNpPHBOAMT K YBEJMUCHHIO COIPOTHBJACHHS
[IPUMEPHO JHLLIb HA 6% BCJeICTBUE CYLIECTBEHHO OoJiee HM3KOrO YpOBHA
MECTHBIX cKopocTeil (103ByKOBbIE CKOPOCTH), @ CJIeJ0BATEbHO, 1 HU3KOr0
YPOBHA TPEHHSI.

Takum 06pa3oM, H3MEHEHHe TOJOXKEHHA TOUKH MEPEXoAa Ha BepXHei
MOBEPXHOCTH MPH MaJbIX 3HAUECHHFX YUCJA Re=4-10° npumepHo Ha 2%
XOpAbl COOTBETCTBYET M3MEHEHHIO COMPOTHBJCHHA HA 1%. AHaJOorHYHbIA
pe3yJbTaT HMMEET MEeCTO Ha 3TOM Xe npoduie M MPH GE30TPbIBHOM
o6TeKaHnu B yCJ0BHAX GOJbILMX 4Mcea PeiHoabaca. Tak, Hanpumep, 1pH
u3meneunu uncea Re or 10° 16° 10 19° 10° ¥ cMellleHUH TIPH 9TOM Briepell
TOYKH Mepexoaa Ha BeaHYHHy A Xn=(0,30 BeaMUHHA @3POAMHAMHYECKOro
KayecTBa CHM3MAACh Ha BeaunHy AK =~ —9 (nm AK~=— 14%), puc.
1.29. [IlpakTHueckd Bce 3IKCllepHMEHTaJAbHble HCCJAECA0BAHHA
CBepXKpHTHUECKHX npodueii M KpblibeB B a3POAMHAMHYCCKHX Tpy6ax
[IATU  commpoBOXAalOTCSI OAHOBPEMEHHBIM ~ OMPEAEJECHHEM  COCTOSIHHA
[IOrpaHNYHOro CJOsl.

Ha puc. 1.30 Ha mnpumepe CBEPXKPHTHYECKOro MpoduJis BTOPOre
nokosenuss (C=12%) MNOKA3AHO 3HAYMTEJLHOE BJHMSHME MACLITAGHOrO
spdeKkTa Ha MAKCHMAJbHYIO MOABEMHYI0 CHAY B LIMPOKOM JHMAla3oHe

yucea M=0,2+0,6.

06061128 pe3yapTaThl BAMsHUA uyncAa Peiitojdbaca Ha a3pOJAMHAMH-
yecKoe KauecTBO H MAKCHMAJbLHYIO MOABbEMHYIO CHIY CBEPXKPHTHYECKHX
npoduaei, cjelyerT OTMETHTb, UTO HaubOJbliee KOMMYECTBEHHOE BJHAHHAC
dakTtopa yBeanueHusi uucja Peinoibaca OT TpyOHbIX A0 OJHM3KHX K
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HAaTYPHbIM 3HAYEHWH CKa3blBAETCH HA OCJAAGICHWH WIM JMKBHAALMH
OTPLIBHOIO O6TekaHus. B cJayuyae uneTo TypOyJIeHTHOr0 6e30prlBHoro
00TeKaHusi yBeauyeHue ukcaa PefiHobiaca BIJOTL 10 HATYPHBIX 3HAYCHHH
NMPUBOIUT K YMEHDLLIEHHIO CONMPOTHBJIEHHS B OCHOBHOM 334 CUET CHIKEHHSI
YPOBHSI TYPOYJIEHTHOIO TPEHHMS.

CH"““ CREPXKFUTUYECKMA NpoPuAt Il nokoAeHus
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Puc.1. 30. Bausnne uncaa Peitnoabaca ua BeanunHy Cy Max CBEpXKPHTHYECKOrO
npoduas I nokonenus mpu uncaax M=0.2=0.6

Ilpy Ha/IMYMK MPOTSDKEHHBIX Y4ACTKOB JaMHHAPHOr0 MOrPaHHYHOrO
CJI0s1 yBesiMueHHe uncaa PeilHosbaca B ycJoBusX 6€30TpbIBHOr0 06-
TEKaHHs, COMPOBOXKAAIOLLICECH IOCTENEeHHLIM CMELLIeHHeM Blepes 1o xopze
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TOYKH NIepeX0a, BHa4ya e MOXET He NMPUBOAUTb K CHIDKEHHIO CONPOTHBJCHUA
U Jaxe cnoco6cTBOBATbH HEKOTOPOMY €ro MoApacTaHHi0. JIHb HAYMHAS CO
3HayeHHs Yucaa PeiiHobAca, COOTBETCTBYIOILIENO CMELLIEHHIO Nepexoaa B
064acTb HOCKA NMPOdUIS, CONPOTUBJAEHHE er0 CHIKAETCA C POCTOM YUC/A
PeitHosbaca M0 3aKOHaM TypOYJEHTHOr0 TEYCHHS.

Takum 06pa3oM, B CBAI3H C CYILIECTBEHHbIM BJMAHUEM MACILITA6HOrO
abdexkra Ha as3poAMHAMHKY CBEDXKDHTHUECKMX MpOduJaeH, NPOBOIUTb
9KCNMEPUMEHTANLHBIE HCCAEA0BAHUA UX a3POJUHAMHYECKHX XapaKTEPUCTHK
Lesiecoo6pa3Ho npu 6oJbLLMX, 6JM3KUX K HATYPHbIM, ykcAax PeiiHoubica,
0COBEHHO Ha pexHme OTpbIBHOrO 06TekaHus. Hapsity ¢ 3Tum He06x0aumo
pa3BuBaTb MeTOAbl pacyera, MO3BOJSIOLIME JOCTATOYHO HAJEKHO
paccuuTbiBaTh  adpOJMHAMHUYECKHE XapaKTEPUCTHKH TPH  HATYPHBIX
YCJOBUAX AJS1 J0—H OKOJIO3BYKOBBIX CKOPOCTEHA.
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nasa2 ASPOOAUMHAMUKA
MAI’MCTPAJ’IbHL:IX CAMOJIETOB HA
PEXXUMAX KPEUCEPCKOIO NOJIETA

2. 1. AspoanHamuKa KpbibeB A03BYKOBbIX MarucTpanbHbiX
camonetoB. O6LiMe NpUHUUNLI NPOEKTUPOBAHUS

3ajaueit adpoaUHAMHYECKOr0 TMPOEKTHPOBAHMA Kpblia SABJAETCA
onpejeseHre GopMbl B IIaHe M MapameTpoOB €ro a’poaHHaMHYeCKOH
KOMIIOHOBKH, KOTOpbl€ YAOBJETBOPAIOT 3aAaHHbIM TaKTHKO-TEXHHYECKHM
TpeboBaHUAM. | IpuMeHUTENbHO K J03BYKOBbIM MarucTpaibHbIM camoJeTam
TakuMH TpeOOBaHUAMH SIBJSIIOTCS BBICOKHI YpOBeHb a3pOAHHAMHUECKOro
KauecTBa MpH 3a1aHHLIX 3HAYEHHsAX Kpeiicepckoit ckopocT (uncaa M) u
xk03pduiMeHTa MNOALEMHOH CHJbl T'OPH30HTAJbHOrO ToJeTa, MpH
6e3ycJ0BHOM ObecrneyeHuy 6e30macHOCTH NoJAeTa U YCA0BHiT 6a3HpOBaHHs.

CaenyeT OTMETUTh, a3poAHHAMHYECKOe MpPOEKTHPOBaHHE KpblJa
Bcerja lnpeacTaBaseT cob60i c0XKHbIR MHOTOCTYTNEHYaThIi NMpoLiece Moucka
IPHEMJAEMOr0 KOMIIDOMHCCA MEXAY [MOpOi MNPAMO TPOTHBOMOJIOM HbIMH
Tpe6OBAHHAMH, TMpPEeAbSABJSEMbIMH a3pPOAHMHAMHKOH, TEeXHOJOrHEeH,
MPOYHOCTBIO, A3POYMNPYTOCTbIO H APYTUMH JAHUCLMIJIHHAMH.

B TeueHne MHOrUX J€T reOMeTPUsl Kpblia J03BYKOBOMO MarucTpaJb-
HOrO camoJieTa ornpejeasiiach CTpeMJaeHHeM MOJYyYHTb BO3MOXKHO 60Jbliike
CKODOCTH M0J1eTa, NPH 3TOM NapaMeTp TaK Ha3biBaeMOH adpoAHHAMHUECKO
aatbHocTH( K max * M) He a0/mkeH 6bla 6bITb HiDKe AO0CTHIHYTONO YPOBHSL.
B aTOoM cayuyae obecneuyuBafoch noJydeHue TpebyemblX AJS camogeTa
JI@HHOr0 THMA IMPaKTHYECKOH AAJbHOCTH, HO MpH OGOJbILIEH KpeHcepcKoit
CKOPOCTH MOJIeTa U MpHU JyUILMX M0Ka3aTesiXx ce6ecTOMMOCTH NMepeBO30K,
OtM TpeboBaHUsIM, B 4YacTHOCTH, Obljia MOAYMHEeHAa pa3paborka
a’pOJAMHAMHYECKHX KOMIOHOBOK MAarucTpaJbHbIX MaCCaXHPCKUX
camosetoB Ty-154, Ma-86, paccuuTaHHbIX HA CPaBHUTEJBHO OOJbLLIME
JIO3BYKOBbIE Kpeicepckue CKOPOCTH M0JEeTa, COOTBETCTBYIOLIME UHCJAaM
M=0,83+0,85. OaHak0 B nNOCJEJHHE TOAbl OMNpeaesoLLel
XapaKTePUCTUKOR fABJSETCH [0Ka3aTe b TOMJMBHOK 3hdeKTHBHOCTH,
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JOCTHraeMblii Jaxe LIeHOH HEKOTOPOro CHIXEHHS KpeiCepCcKOH CKOPOCTH
nosera. B cCBA3M € 3THM BO3HUKJO HOBOEe HanpasJeHHE B
a’poJMHaMKYECKOM INPOEKTHPOBAHHKH KpblJa—IMOBbILICHHE
napameTpa(Kmax * M) 3a cuer cyl1lecTBEHHOr0 MOBbILLIEHHS Knax.

OcHOBO# AJS1 peaJu3auuy 3Toro Ha.ﬂpaBJIEHHH SIBASIETCS IPUMEHEHHE
cBepxkpuTnuueckux npoduaeid.OcobeHHocTH a3pOAMHAMHUKH
CBEpXKPUTHUECKHX NpoduJieii H3J0KeHbl Bbillie B rJase 1. Menoab3obanue
CBEPXKPHTHUECKHX TNpoduJaedl MO3BOJSIET yBEJHYHTb OTHOCHUTEJbHYHO
TOMLMHY Kpblia 6e3 yMeHbLLIEHHs] KPHTHUECKOro 4uc.ja M, uto aaer
BO3MOXHOCTb MPHMEHSITb KPblibsl OOJBILIONO YAJMHEHHS W TeM CaMbiM
yBeJMYUTL TapaMeTp (Kmax * M) npu Toit xe Kpeiicepckoid CKOPOCTH
noJeta. B anHOH raaBe H3J0XeHbl OCHOBHbIE BOMPOCHI a3pOJMHAMHKH
CTPEeJIOBUAHBIX CBEPXKPUTHYECKHMX KDblIbeB, SBJAIOLUXCSA OCHOBHBIM
THIOM KpbIIbEB COBPEMEHHbIX J03BYKOBBIX MarucTpajbHbIX CamOJETOB.

A3poaMHamMHueckie XapaKTEPHCTHKH KpblIa 3aBUCAT MPH 3a4aHHBIX
pacyeTHbIX YCJOBHAX OT (OPMbI Kpblja B MJaHe W NapaMeTpoB €ro
aspouHaMUUecKoi KoMNoHOBKH. K umcay BaKHEHILIMX IeOMETPHYECKHX
napameTpoB KpblJa OTHOCATCS CJerylolIe:

—ymnenne kpolia A= [ %/S, rae | — pa3max Kpbla, S —
XapaKkTepHasi MJolIafb (B OTEYECTBEHHOH MpaKTHKe OObIMHO MJIOLLAAb
OCHOBHOI! Tpanelm, puc. 2.1),

—yroJ CTPEJOBHAHOCTH Kpblaa(o6bluno no JmHuk 0,25 XOpabl
OCHOBHOI{ TpareLHH), ,

—cyxenune 7= bo/byrre bo—koprepas xopaa Kpblaa, a bx —
KOHLIeBasi X0pJa.

B Teyeuue nocaeaHux 30—40 JeT OCHOBHbIM THIIOM KpblJa AJs
JIO3BYKOBBIX MarucTpaJbHbiX CaMOJeTOB ABIAMCH CTPEJOBHAHBIE KDblIbA
(=30-+35°) ¢ yamnenuem A=7, BbINOJHEHHbIE C CYXEHUEM 7)=
3-+14,

CoBpeMenHble CTPeJIOBUHbIE KPblJbs, KaK NMPaBUJI0, MMEIOT HAIILIBbI
Mo 3ajHeil KpOMKe Kpblia, aocTurawoume 10~ 15% nJouiaad Kpbljaa
pacnpocTpanstolecs 10 40% pasmaxa kpblia. B psize ciyyaeB KpblJbs
MOTYT MMETb TaKXe fepejHHe HamJbiBbl, HANMpPUMEDP, 3TO XapaKTEPHO A
cemeiicTBa camoJieToB bour.

Aspoaunamuyeckasi KOMIOHOBKA KpblJia—3TO Habop COOTBETCTBYIO-
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1M 06pa30M YCTaHOBJEHHBIX Tpoduaeil, KoTopbie GOpMUPYIOT MOBEPX-
HOCTh Kpblia. IlapameTpamy, XapaxkTepusyOLIMMH a3pPOAHHAMHYECKYI0
KOMIIOHOBKY, sIBJsIOTCS ¢opma npoduaeil B codeTaHuy ¢ paclpeleaeHieM
MaKCHMAJbHOH OTHOCHTEIbHOH TOMUMHBI (Cmax) H TEOMETPHYECKO
KpYTKOH ceueHHil Kpblaa Mo pa3Maxy (@ wp), puc.2.1.Kpblio o6pasyercs
no npoduisiM 6a30BbIX ceyeHuil (06bIMHO 3+ 5), MOBEPXHOCTH MEXAY
KOTOpbIMH (OPMHpYETCSl HHTEeprnoJsiideli KOOpAMHAT 6a30BbiX CeyeHHi
MOBEPXHOCTAAMH  OAMHADHOH HWJM JABOHHOH KpuBU3HbL. [locjenHss

HHTEePNOJALHUA NTPUMEHACTCAHA 06bIYHO B [IeHTPOMJaHHbIX CeYEeHHAX KpblJd.

TUIMMUYHAS CXEMA ADPOIMHAMMYECKOH
KOMITIOHOBKHK KPbIJIA

—] N oAb OCHOBHOM Tpaneuuu Stp
4 — —
ad
ONMOpHbBIE CEYECHUA
b KopH ><
N [~
S
>~  HAIUIbIB
C %] 'b KoHu

pacnpencyiCeHue OTHOCHTEJIbHOW TOJIMIMHBI NO
pa3maxy Kpblia

N?

pacnpeseeHie reoMeTpHYeckol
3aKpPYyUYEHHOCTH  KPbl

(pKD

Puc.2.1. Tunuynas cxema a3poAMHAMHYECKOH KOMHOHOBKH KpblJa
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ConpoTuBJeHHe Kpblia KOHEYHOr0 pa3Maxa MOXHO MpeACTaBHTb B

BUAEe CYMMbI JBYX COCTAaBJSIOLUHX COMPOTHBJEHHS:
Co=CxptCy;
rie Cx p—Ko3dduLeHT NpoPUILHOrO CONMPOTHBJEHHA KDbLIa,

Cx .—K03(pPHUHOHT HHAYKTUBHOIO COMPOTHBJEHUA Kpbl/d.

BesnuvHa MHAYKTHBHOMO COMPOTHBJETHA Kpblia Cx . 06ycaoBieHa
HaJMuMeM cKoca MOTOKa, MHLYLIMPOBAHHOMO BUXDEBOH MeJeHOH, cxoasued
¢ KpblJa W TNPOCTHPAIOLIEHCsS BHU3 MO MOTOKY. Kax caeayetr U3 TeopHH
Kpbl1a, MHHAMAJbHbIM HHAYKTHBHbIM COMPOTHBJIEHHEM TpPH 331aHHOM
VAJHHEHHH SIBJSIETCS] KDbLIO, MMeloliee 3JMITHIECKOe Paclpele/ICHHe
LMPKYJSILMM [0 pa3maxy.

J111 103BYKOBBIX MarucTpaJbHbIX CaMOJETOB, MMEOLIMX NOJEeTHbIH
Cy=0,5+0,6, BeJMuMHA HHAYKTHBHOrO CONMPOTHBJEHUS COCTaBJACT
3HAYHTEJbHYIO AOJI0 COMPOTHBJEHUS KDbLIA, MO3TOMY NEPBLIM YCJOBHEM
NPOEKTHPOBAHHS KPblJa ABAAETCS obecneueHne MaKCHMasbHO 6JM3KOro K
9JUMITHYECKOMY — pacrlpeleNeHdst LUMpPKyJduud 10  pasMaxy. Kak
I0Ka3bIBalOT pacyeThbl, AJs CTPEJOBHAHbIX KPbLILEB x=20"+35" 3TOro
MOXHO AOCTHYb, TIPUMEHSS KPblibsi C CYXEeHHeM 77 OKOJO 3,5, UMEIoLLHe
OTpULIATEbHYI0 [eOMETPHYECKYH0 KDYTKy CeueHHd 10 pasmaxy.
[TockoJbKY MHAYKTHBHOE COMPOTHBJAEHHE CJab0 3aBUCHUT OT CHHMAEMOCTH
MoTOKa, A MHHAMHM3ALUMH €ro YCHeIHO HCMO0Jb3YHTCA pacyeTHbIe
MeTO/bl, OCHOBAHHbIe Ha pellieHUd ypaBHeHus Jlamjaca.

[Tpodu.ibHOE CONPOTUBAECHHE Kpbl/a Cy p MOXHO NpeCTaBHTb B BUle
CYMMBI: Cx P Cx Tp+ Cx paea T Cxs »

rae Cx tp —conpoTuBJEHHE TPEHUS TMOBEPXHOCTH KpblJa,
06ycJ0oBJIeHHOe JEeHCTBUEM KacaTeqbHbIX K MOBEPXHOCTH CHJ TPEHHS,
Cx sas1.—CONPOTHBJCHHE  JaBJeHHsl, 06YCJOBJEHHOe AeHCTBHEM
HOPMaJIbHbIX K TOBEPXHOCTH CHJ JaBJEHUSI B pe3y.bTaTe BbITECHAIOLLIETO
JeHCTBHS TIOMPAHMYHOrO CJOSt U OTpbiBa NoToka; Cxs —conpoTuBIeHHe
JaBjieHusi, 00ycCJOBJEHHOe BO3HHKHOBEHMEM Ha MOBEPXHOCTH KpblLia
MECTHBIX CBEPX3BYKOBbIX 30H, 3aKaHUYMBAIOLLIMXCA cKaYyKamH YIJIOTHEHHUA.

Sajzayeli a’pojiMHaMHyeckoro MpOeKTHPOBaHHA sABJSETCH
MHHMMU3ALUA 3THX COCTAaBJSIHOLLIMX COMNPOTHUBJEHHUA.

OCHOBHbIM CPEeACTBOM YMEHbILIEHHSI COMPOTHUBJICHHST TPEHHA Cx ™,
KOTOpOe paccMaTpuBaeTcs B HACTOSLIEE Bpems, ABJSETCS JaMHHApU3aUuus
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TeyeHusl, T.e. YBeJHUEHHE JOJH MOBEPXHOCTH, 3aHATOH JaMHHAPHBIM
MOrpaHMyHbIM cjoeM. PasimyaioT ABa BHAd JaMHHapH3aLHi—ecTecT-
BEHHYI0 M HMCKyCCTBEHHYl0. (OCHOBHBIM Tpe6oBaHHeM NpH pa3paboTke
KpblJIbEB C JaMHHapH3aLued sBJIACTCH  HMCMOJb30BAHHE npoduJed,
UMEIOLLIMX HA BEpXHEil M HibkHel NMOBEepPXHOCTSAX MPOTSKEHHbIE YYacTKH €
6J1aronpUsTHBIM PaAHEHTOM AaBJECHHS, CrOcO6CTBYIOLHE YCTOHYHBOCTH
JAMHHAPHOrO MOFPAHAYHOrO CJI0S1 MO  OTHOLWIEHHIO K  BHEILHAM
Bo3MylieHusiM. CJaexyeT, OIHaKO, OTMETUTb, HTO obecneyeHne
JAMHHADHOTO TeYeHHs! HA MOBEPXHOCTH CTPEJIOBHAHBIX KPblIbEB ABJAETCH
CJIOXHOH 3ajaueil, NMOJHOCTbIO He DELIeHHOA A0 HAcCTOSILEro BPEMEHH,
[OTOMY TPOEKTHPOBaHHe KpblIbeB COBPEMEHHbIX ~MaruCTpaJbHbIX
CaMOJETOB B YCJOBHSIX HaTypHOrO MOJETa (Re =20~ 50MJH) TpOBOAHTCH
JJIST PEXHMA TIOJHOCTBIO TYPOYJIEHTHOrO 06TeKaHusT, B 9TOM cJyuae Cxmw
[PAKTHYECKH HE 3aBHUCHT OT a3p0MHaMHYECKOd KOMIMOHOBKH KpblJa.

CocraBasitolias  MpodHJALHONO  CONPOTHUBJACHHS, 06y cJ0BJECHHAS
BBITECHSIIOLLMM AEHCTBHEM MOrPaHMYHOrO CJOSi M OTPbIBOM [OTOKa—
Crx rasn sBAsiETCS GyHKLMEH pacnpeeeHusi 1aBJeHHA B CEYEHHAX KpblJa.
VceJie 10BaHKst I0Ka3blaakoT, YTO NMPH JOKPHTHYECKHX CKOPOCTSIX, KOrAa Ha
[OBEPXHOCTH Kpblia OTCYTCTBYIOT MECTHbIE CBEPX3BYKOBLIE 30Hbl, B
YCJOBHAX 6E30TPbIBHOrO OOTEKaHHs CONMPOTHBJCHHE JaBJEHUA BecbMa
cna6o 3aBucHT OT GOpMbl npoduaed B CEYEHWAX Kpblia  TIpH
(HKCHPOBAHHOM ~ 3HAY€HHUH Cy, oasako BO3pacTaeT C yBeJHYEHHEM
OTHOCHTEJbHOH ToJiuHbl. [lo3TOMYy A4 yMEHbUIEHHS 3TOH
COCTaBJSIIOLLIEH  COMPOTHBJAEHHA  CJ€AyeT, BO-NEPBbIX, obecrneyuTb
6e30TPbIBHbIA pexXHM 00TEKaHHs Ha DAcHCTHbIX yCJ[OBHHX(M,Cy), BO-
BTOPbIX, YMEHbLIATE MaKCHMAJbHYIO OTHOCHTEJbHYHO TOJLIHHY KpblJa.

O6ecrieueHre 6e30TPbIBHONO OOTEKaHHUs] HAa PEXHME KpeicepcKoro
nojeTa SBJAAETCS OJHOM M3 OCHOBHBIX 3ajay MPOEKTHPOBAHH. Kak
NpaBuJi0, dTO OCVILECTBJACTCS TaKhM noabopoM npoduaer, KOTOpbIe
peaJu3ytoT 6e30TpbIBHOE 0OTEeKaHHe B HEKOTOPOM auanasote 3xavenuit Cy
ceyenuii kpblaa. C 3TOi 11e/bl0 HCMOb3YHTCH METObI PacieTa npoduaeit
U KpblIbEB B MOTOKE BSI3KOro rasa.

VMeHbLLEHHe OTHOCHTEJbHOH TOJIIMHbI Kpblia BCeria fBJACTCH
He6AaronpuATHBIM  GaKkTopoM C  TOYKH  3pEHHA MoJe3Horo 06beMa,
XapaKTEPHCTHK adpOyNpyrocTd M Beca Kpblia, 0COGEHHO S KDbLJbEB
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60JBILIOFO VAJMHEHHS], MCIOJb3YeMbIX H2 MarucTPaJbHbIX CaMOJETax.
[MoSTOMy Ha MpaKTMKE MPUXOJMTCS WMCKATh KOMIPOMHMCC  MEKLY
Tpe6OBaHUAMU NMPOYHOCTH KOHCTPYKLIMM M 23POAHHAMMKM. CoBpeMeHHble
CTpe/oBuAHbIE KPblIbs § < 35" 103BYKOBbIX MarucTpabHbIX CamoJIeTOB,
paCcCUMTaHHbIX Ha Kpe#icepckue CKOpPOCTH M=0,83+0,85, umetor
CPEAHION OTHOCHTEJbHYI0 TOJUIMHY  Kpblla 10+-119%, a
CBEpXKDUTHUECKHE KpbLIbSi €O CTPEJIOBHUAHOCTBIO 28°+-30"  pas
[EPCMEeKTUBHbIX CaMOJETOB OKOJO 11129 u B HacrosiLiee BpeMmsi 3a
cyeT UCTIOJb30BAHMS CBEPXKpUTHUeCKMX —npoduiedl  CylLeCTBYeT
yCTOHuMBas TEHAEHUMS] K €€  pOCTY. CaexyeT OTMETUTb, 4TO
pacnpefe/elie TOJLIMH N0 Pa3vaxy Kpblia ONpeiesAeTcs H3 yCJIOBHI
peaJu3auyi 3a1aHHOr0 MOJE3HOro 0GbeMa W MHHUMAJBHOrO BOJIHOBOIO
COMPOTHBJIEHHA.

Kak M3BECTHO, YBEJWYEHHe CKODOCTH noroka(uncaa M), HaunHas c
Hekotoporo uucaa M, mpuBOIMT K MOSIBJEHHIO HA MOBEPXHOCTH Kpblia
30Hbl CBEDX3BYKOBbIX ~CKOPOCTEH, KOTOpasi —3aMbIKACTCH  CKAUKOM
VIJIOTHEHHA, DTO fBJIEHME HOCHT Ha3BaHMe BOJHOBOrO Kpu3uca |
CONPOBOXAGETC  BO3HMKHOBEHHEM ~ BOJHOBOIO  COMPOTHB.IEHWA— Cxs.
VMeHbLLIeHHE BOJAHOBOIMO CONMPOTHBJEHHS SBJSETCS OCHOBHOH 3ajaueil mpu
POEKTMPOBAHMH KpbLIb€B, DPaCCUMTaHHbIX Ha 60Jblle A03BYKOBbIE
ckopocTH nodera. OGLLENpH3HAHHBIM CPEACTBOM  CHIDKEHHH BOJIHOBOIO
CONPOTUBJEHUS FBJAETCA TPUMEHEHHe CTPEJOBUMHbIX  KPBLILEB, T.C.
KpbLIbEB, PeaIM3YOLIMX y3BecTHbI 3¢deKT ckoJbxeHus. [1pu obTexaHui
CKOJIb3SILMX KPbLIbEB HMMEET 3HayeHue COCTaBJslolIasi —CKOPOCTH,
HOpMaJbHasi K TepelHeii KpOMKe, BCIEICTBME HEro Hauajo BOJHOBOro
Kpu3uca cMell@eTcsi B 064acTb GOJBLIMX “UCEN Maxa (Apr———pr .

1—Co0Ss x
COS X >.pr11HOCTb 3aKJo4aeTcss B TOM, YTO Ha CTPEJOBHAHOM KpblJje

KOHeYHoro pasmaxa Hapsaxy C o6aacTblo, peaimsytoieil bdexT
“CKOJIb3ALLIET0 Kpblia®, umetoTcs 06acTy, rie 3T0T addeKkT NpaKTHUECKH
OTCYTCTBYET; 3TO MMEET MECTO B KOPHE M Ha KOHLE Kpbl1a— “KOpHeBOH”
u “koHueBoii” sddexThl. BeaeacTBue MpOCTPAHCTBEHHOTO oOTeKaHus
Kpblia B OODTOBbIX CEYEHWSX CTPEJOBWAHOTO Kpblid Hab.110 JaeTcs
cMelleHe 06JacTH MaKCMMaJbHOrO Pa3pexeHns K 3a/Heil KpOMKe 110
CPaBHEHWIO C YYaCTKOM CKOJIbXKEHHS, a8 B KOHLEBbIX ceyeHustx HaobopoT,
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K HOCKY Kpblia. [l0o3TomMy JHMHMM paBHbIX JAaBJeHuit  (n306apbli)
pacrnoJaralTcs NnojA MEHbILIMMH YTJaMi K HaberaroiieMy fnoTokKy, YeMm 3TO
66110 Obl NpH NOJHOH peasu3aunu 3ddekTa ckoabxkenus. Obecneyenve
MaKCHMaJbHO BO3MOXHOW peanu3auluu 3pdekTa CKOMbXKEHHs1 SBJAETCH
HeOOXOIMMbIM  yCJ0BHEM pPa3pabOTKH adpOMHAMHYECKOH KOMIIOHOBKH
CTPEJOBHAHOrO Kpbia. C  3TOM wLeJbl0 B GOPTOBBIX  CEUYEHHAX
CTPEJOBUAHbIX KPblILEB MPUMEHSIOT MNpoduId ¢ 6GoJee  MepeHHM
MOJIOXKEHUEM MaKCUMAaJbHON TOJILMHBI [0 CPaBHEHHIO C OCTaNbHOM YaCThiO
KpbLJa.

BaxHoe 3HaueHWe uMeeT paclpejpeJeHHe MaKkCHUMAaJbHOH
OTHOCHTEJILHOM TOJIIMHBI 110 pa3mMaxy Kpblaa. MccaenoBanust okasbiBaiorT,
YTO OTHOCHTEJbHAs TOJILIMHA KPblJa A0DKHA YMEHbIIAThbesl OT GOPTOBBIX
K KOHLIEBbIM ceueHusiM. B HacTosiiiee Bpemsi A1 aHaaM32a  BOJHOBOIQ
CONPOTHBJEHUST KDblI@ [IMPOKO HCNOJB3YIOTCA pacueTHble MeTOAb,
OCHOBaHHbI€ HA pEeILIEHAd YpaBHEHWH AJs1 TMOJHOrO [OTeHluuaJa B
TPaHC3BYKOBOM noToke rasa. CouyeTaHue pacyeTHbIX H
3KCMEPHUMEHTAJBHbIX HUCCACA0BAHMI T03BOJISIET CO03JaBaTh KOMIOHOBKH
CTPEJOBUHBIX KPbLIbEB MarucTpaJbHbIX CaMOJEeTOB, MPAKTHUECKH He
MMEIOLLIMX BOJHOBOIO COMPOTHBJIEHHS HA PACYETHOM peXUMe Kpeiicepekoro
fnoJeTa.

Hapsiny ¢ aocTiKeHHeM MaJbiX BEJHYHH CONPOTHBJEHHA KpblJa,
HCCJie10BaHHUsT 10 BbIGODY a3POAMHAMHYECKOM KOMIOHOBKH Kpbiaa (bopMbl
npoduaei, pacrnpeseseHusi OTHOCHTEJbHBIX TOJLHMH M YIVIOB KPYTKH MO
pa3maxy) HUMelT UeJblo obecneyeHne Heobxoaumoro 3uavetusi Cy pon,
COOTBETCTBYIOLLIEM0 pPacyeTHbIM peXHMmam [oJeTa [acCaX UpcKoro
camoJeTa B  YCJOBUAX HECNOKOMHOH atmocdepbt M 3ajaHHBIM
aKCIyaTauloHHbiM  neperpy3kaM. Beswmunna Cyan  coraacio HJID
pomkHa npesbiaTh Cy wpeite NpUMepHO B 1,5 paza.

He meHee BaxHOH 3ajaueit MPOEKTHPOBAHUS CTPEJOBHIHOIO KpblJia
ABJASETCH 3ajaya obecleyeHus XapakTePUCTHK MPOAOJbHOH YCTOHUYHBOCTH
B JETHOM Juana3oHe yrJoB aTakd. HesuHeiiHbiif XapakTep 3aBUCHMOCTH
mz(a) onpejessieTcs pa3BUTHEM CPbIBHbIX sIBJACHWH Ha Kpblie., B
pe3yJbTaTe HUCCJEA0BaHMH MOKA3aHO, YTO MPH PaCCMOTPEHHH PacuUeTHbIX
3HayeHuH Cy(»_z), onpejessieMbiX (GOpMOH Kpbiia B TJaHe, €ro
a3pOAMHAMHYECKOH KOMIOHOBKOH, M 3aBUCHMOCTH Cymax= f(2)

66



npoduIell, H3 KOTOPBIX CTIPOCKTHPOBAHO KPbLJIO, MOXHO ONPEASIHTH MECTO
pacloioeHHsi 30HbI CPbiBa MIOTOKA Kak 06s1acTh, rae Cy(2) = Cy max,puc.
9.2. Kpblibsi € MAJOHECYLUUM LEHTPOILIAHOM, XapaKTepuaylolecs
pacnoioKeHueM NEPBOHAYANbHOH 30HBI CPblBA B  LIEHTPOIIaHe,
o6eclieuyBaioT NPOAOJbHYI0 CTaTHYECKYI0 YCTOHYMBOCTE B  LLIMPOKOM
JManasoHe YrJoB arakd, puc.2.3. Kpbuibsi ¢ HECYUIMM LEHTPOILIZHOM H C
KOHCOJILHOH 06/12CThI0 TIEPBOHAYAJBHOrO CPbiBa MOTOKA XapaKTepH3yI0TCs
GoJee 3HAUMTEJbHOH HEJMHEHHOCTbI0 3aucuMmocTH M (a), puc.2.4, u
HyX®JaloTca B OObilieii Mepe, uYem Kpblibsi C  MaJIOHECYILHM
LEHTPONIAHOM, B MOAGOpE OMTHMAJbHOH Pa3MEPHOCTH TOPH3OHTAMLHOIO
ornepeHHst.
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PP%7) 06NacTH  yMEHBLUCH HH X CKOPOCTCH
/ TOPMOXKEHHA TOTOKa /
) puxpeobpasopanue

Puc. 2. 2. 3asucumoctd C, cew.y C, max npod=7r(2) a5 Kkpblaa ¢ Masonecyimm(a@)
[
U HecylwM LeHTponiaHom(6)

Takum 06pa3oMm, MOXHO cHOPMYJHPOBATL CJEAYIOLIME OCHOBHbIE
3aJayy a’pOAMHAMHYECKOTO TPOEKTHPOBAHHS CTPEJOBHAHBIX KPbLILEB:

1. O6ecneyeHHe MHHUMAJbHOH BeJHYHWHbl HHAYKTHBHOTO
COMPOTHUBJICHUsT NMpY OJM3KOM K 3JIMITHYECKOMY 3aKOHY paclpeaeJeHust
a3poAMHaMHYecKOl Harpy3kH BAOJb pa3maxa KpblJa.

2. O6ecneyenne Ha pexume kpeitcepckoro nosera(M, C,)munumyma

67




s

0,5

X =025
@, =—4" 50"’

G=f ()

Puc.2.3. 3asuchmoctu Cy, mz= f(adnpy M=0,15, Re=4X10° aas1 camosera
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Puc.2.4. 3asucumoctd Cy, M2= f (@) 119 camoeTa ¢ HECYILMM LIEHTPOMIAHOM C
r.0. ¥ 6e3 r.o. nppy M=0,15, Re=4X10°
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BEJAWYHHbI BOJHOBOIO COMpPOTHBJICHHUS.

3. O6ecrieyeyde 6e30TPbIBHOrO OGTEKaHWsl CeYEHWH KpHJAA MNpH
Cy xpeiic. ¥ TI0 BO3MOXHOCTH OTPbIBOB HEGOJbLLIOH HHTEHCHBHOCTH MpH
Cy = 1,5+1,6 * Cy weic

4. OGecrieyeHue NpHEMJIEMbIX XapaKTEPUCTHK MPOAOJbHOA yCTOH-
YUBOCTH Ha GOJBILMX YTJaxX aTakd, COOTBETCTBYIOLLMX CPbIBY H PEXHMaM
ray6OKOro CBaJIMBaHHsl.

2.2. A3poAvHaMUYECKUE XapPaKTEPUCTHKN KPblibeB 60/bLIONO
YANWHEHUA CO CBEPXKPUTHYECKUMU NPOdunamu

T[IpUMeHeHHe CBEPXKPHTHYECKMX Npoduied A CTPENOBHAHBIX
KPbLIbEB TO3BOJAET 3HAUUTEJbHO YBEJIWYHTH KPEHCEPCKHE CKOpOCTH
nodeTa ¥ AaspoJMHAMMYECKOE KayeCTBO COBPEMEHHBIX MaruCTpajbHbIX
camoJeToB. Huxke npuBeleHbl pe3yJabTaTbl a3pOJAMHAMHUYECKHX
ucenenoBanmii 1IAI'Y, HanpaB/ieHHbIX Ha pellieHHe 3THX 3azad. Kak yxe
OTMEYaJoCh Bblllle, 3ajaya yBeJW4yeHMs] CKOpPOCTH TMoJjera camoJeTa
peiliaeTcsl myTeM HMCIO.1b30BaHNs B 23p0IMHAMHYECKO# KOMIIOHOBKE KpblJia
CBEpPXKpPUTHUCCKHX rnpopuied. B kayecTBe 1pHMepa pacCMOTPUM
a9pOJMHAMHMYECKHE XapaKTEpPUCTHKH caMoJjera €O CTPEJOBUAHBIMH
kpblibsivii 1 1 2(puc.2.5), HMEIOLIMMH OJMHAKOBYIO OTHOCHTEJIbHYIO
TOJIMHY Cmax = 12—9—9% COOTBETCTBEHHO B OOPTOBbIX, LEHTPAJbHbIX H
KOHLIEBbIX CEYEHHSIX M pa3JHYalOLIMMHUCS TOJbKO (HOPMO npodu.eii:
KpbIO 1 CHpOEKTHPOBAHO Ha Ga3e CBEPXKPUTHUECKHX npoduieit, a Kpbuio 2
Ha 6a3e 06biuHbIX mpoduieil. CpaBHeHHe dopM CpeHUX JUHHH Npodu.ei
KpbiibeB 1 ¥ 2 W pacyeTHOro pacnpejefeHysi 1aBJeHHA B MJIOCKOM NOTOKE
no xopae npoduas mnpu M=0 u Cy=0,4 B yCJIOBHSIX HIEAJBHOK
HEeC)K MMaeMoll KHUAKOCTH 10 METOLY BHUXPEBOro CJosl MPUBCACHO Ha DHC.
9.6. B coorBeTcTBUH ¢ ¢OpMOI pacCMaTpHBaEMbiX CBEPXKPHTHUECKHUX
npodu.ieil, pacrioIoKeHHbIX B LEEHTPaMbHbIX M KOHLIEBbIX CEYEHHSX Kpbla,
MPU MaJbIX CKOPOCTSIX B HOCOBO#H YacTH 3THUX npodu.ieii o6pasyercst “nuk”
pa3pexeHuss C TOCAEAYIOLMM  “NOMOYHbIM”  y4ACTKOM JlaBJeHUHA
OTHOCHTEJbHO HeOOJbLLIOK BeaHYMHbl, 06ecrneynBatoLM MEHbLIMe 0
CPABHEHMIO C OObIYHbIMM MPOGUISIME CKOPOCTH HA BEPXHEW NOBEPXHOCTH
KPblIa ¥ NPHBOAAILMM BCJAEACTBHE 3TOrO K MOBbLILIEHHIO M.
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x=J5s°
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Puc.2.5. Cxema aspoauHaMuyecKkoll KOMIIOHOBKH CTPEJOBHAHOMO Kpbljad 1235:,’
A=7,3 ¢ obblunbiMi (kpblao 2D cBepXKpUTHdeckuMu npoduasivi (kpbiao 1)

SxcnepuMeHTaNbHble 1 pacyeTHbIe HCC/IeI0BaHKs a39p0MHAMUYECKHX
XapaKTepUCTHK MOJAEAM C 3TUMM KpbLIbSIMM [OKa3aJH, 4TO MNPUMEHEHHE
CBEPXKPHUTHYECKHX Tmpoduiedl B CeYeHMsIX CTPEJOBHIHOIO  KpblJia
[03BOJSIET CMECTUTb BOJHOBOH KPH3UC B CTOPOHY OGOJBLLIMX YHCEJ M Ha
A M$=0,05 1o cpaBHEHHIO C M, 2451 MOZEJH C KDBIJIOM 2 (puc.2.7),
CYILIECTBEHHO MOBbICHTb MAKCHMMaJbHOE a3pOJHHAMUYECKOE KaYeCTBO TpH
ypeaax M = 0,85 W TeM cambiM DAcClIMpUTb 06JaCTh KpeHcepCeKux
ckopocTell moJera camoJdera. [Ipy JOKpHTHYECKHX 4YHCJAX M u mambix
ypesax Re=(1,5+2,5) * 10° aspojmHamuyeckoe KayecTBO MOAEM
camoJeTa CO CBEePXKPUTHUECKHMHU TpOQuJAsMY HECKOJbKO MeHbille, YeM C
OObIYHBIMH TIPODUJISIMUA. DTO CHIKEHHE Kinax, KaK ¥ Ha ONMCAHHBIX BbIile
npoduAsiX, BbI3BAHO yBeJWYeHHEM MNPOPUABHOTO COMPOTHBACHHA H
COMPOTHUBJICHHS] MOBEPXHOCTHOrO TPEHHs] CBEPXKPUTHYECKOro Kpbljia
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BeJieCTBHE 6oJee NepelHero NMOJOKEHHsT JMHUK Nepexojfa MOrpaHuyHoro
cnod. Tlpn Goubimx uucaax Re conpoTuBienve W a3poiuHamHyeckoe
KaUeCTBO 3THUX KPblbeB MPH JOKPUTHYECKHX YHCJaaxX M c6mxatores.
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Puc.2.6. CpaBHetne hopM cpeiHHX JMHUII KODHEBBIX H KOHLEBbIX OBbIMHBIX(KDbIIO

2)u cBEPXKpHTHYCCKHX NpodHei(kphLio 1); pacipeneentte asBaekus Cp = f (XD 1s
atHX npoduaeit npy M=0y C,=0,4
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Pue.2.7. 3asucuvoctd Kmax= J (M), Cx(Cy=04=f (M) 1 mozem
camoJeTa ¢ Kpblabsivi 1 1 2

[TpuMeHeHHe CBEPXKPUTHUYECKUX npoduieil B CTPENOBUIHBIX KPbLIbSIX
MPUBOUT K YBEJMYEHHIO K03(dHLIMeHTa MObEeMHOH CHJbl TIPH 38aHHOM
yrJe aTaky, yBeJHYeHHto C, 1on, MOBBILIEHHIO B pe3Y.IbTaTe ITOr0 C, mex
npH GOJbLIMX YHCAAX M 1 yBe/MueHHIO Mz HA NMKUPOBAHHE BCJEACTBHE
GoJbLLel “HarpyXeHHOCTH” XBOCTOBOH 4acTH npoduas (puc.2.8).
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¢ Kkpblabsivd 1 1 2
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Takum 00pa3oM, NPUMEHEHHEe CBEPXKPHTHYECKHX npoduieil TOH xe
TOJILIAHBI, YTO Yy O0OblYHbIX Mpoduaedl, B cucTeMe CTPEJNOBHIHONO Kpblia
¥=35", oka3blBaeT TaKoe Je KayeCTBEHHOE BJHAHME HA
a3pOAMHAMHYECKHE XAPAKTEPUCTHKH, KaK B MJOCKOM MOTOKE.

BbiiLie 6b1I0 MOKAa3aHO, YTO NPUMEHEHHE CBEPXKPUTHUYECKUX npoduieit
B CTPEJOBWIHOM Kpblie NPUBOJMT K 3aMETHOMY TMOBBILLICHHIO # 20 HA
MMKMPOBAaHME W CHWXKEHHI0 a3pOJMHAMMYECKOro KayecTBa  [pH
JOKPUTHUECKHX YHCJAaX M. Veeqmuntb Mip He cHWXKas MaKCHMaJbHOIO
a5pOMHAMUYECKOrO0 KayecTBa MpH  JOKPHTHYECKHX HHC/aX M, u
YMEHbILIUTh BeJUUHHY #lzo MOXHO B pe3y.bTare npumeHenust npoduae,
dopMa nepeaHell YacTH KOTOPbIX OJHM3Ka K dopMe JyULIMX KJAACCHYECKHUX
npoduaell WM coBnajaeT ¢ Hell, a XBOCTOBas YacTb CNPOCKTHPOBAHA no
MPUHLIMIY  CBEPXKPUTHYECKOrO npopuass. Takoil CBEPXKPUTHYECKHH
npoQK/b NMpH yBEAMYEHHH YHCAA M o6ecrieynBaeT MEHbLIKE(NO CPaBHEHHIO
¢ OGblYHbIM TNPOdHAEM) MECTHble CKOPOCTH, NO3BOJAET YCTPaHHTh (kak
CBEePXKPUTHYECKHI npodHJb) WM 3aMETHO YMEHbIINTb HHTEHCHBHOCTb
CKayKa YnJAOTHEHHS.

Ha puc.2.9 u 2.10 npuBejietbl pe3yJabTaTbl Wccae I0BaHui aspoauHa-
MHYeCKHX XapaKTepHUCTHK camoJera C  KpblIbiMH x=35";, A(6e3
HamibiBa) = 7; Cmex=13 — 9 — 9%, pas/myaiouMmMucs TOJbKO dopMoii
XxBocToBOM uactd npoduast. Kpbiio 1 3Tof MOJeJH CMPOEKTHPOBAHO Ha
6ase OObIYHbIX npodHAel, a Kpblio 2-Ha 0a3e OMMCaHHbIX BbILLIE
cBepxkpuTHYeckux npodusei. Kak BHAHO W3 PHCYHKA, CBEPXKPHTHYHOCTb
XBOCTOBOH YacTH NMpodUAsl NPUBOIUT K YBEJHMYEHHIO M, ¥ yMEHbILIEHHIO
BOJHOBOIO COMPOTUBJEHUS MpPH 3HAYEHHAX Cy>0,2; HO TpH 3TOM
VBeMuMBaeTCsl Ko3(dHUMeHT J060Boro conpoThBeHnst Cxo mpy Cy=0
BO BceM HcCleloBaHHOM Juanasose uaceds M. B pesyabrate
MaKcHUMaJbHOe a3poJHHaMHyecKoe KayecTBO camoJgeTa C  KpblJIOM 2
npeBblitaeT Kmax 3TOH MOJEMM C KpblioM 1 (cm. puc.2.10) BO BceM
HceJieJoBaHHOM auanasoHe unced M. OJHaKo BbIMIpbILLI B BEJHYHHE M
MOJEAM C KpbLIOM DPacCCMOTPEHHOTO  CBEPXKPUTHYECKOro npodu.st
HECKOMbKO Merbitie (Ha A Mg X0,01+0,015), 4eM y MOJEJH C KPbLIOM,
00pa30BaHHbIM 10 CBEPXKPHTHYECKHM TPODUIAM C MEHbIleH TOJILLIUHOH
XBOCTOBO#H YacTy ¥ GoJbilieil S-06pa3HOCTbIO CpeaHel JHHHU (cM.puc.2.7).

Takum o6pasom, wuccliefoBaHusi NOKa3aid, YTO MPHMEHEHHE
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CBEPXKDUTHUECKHX Tpoduiell A1s CTPENOBUMHBIX KpbLIbEB M03BOJSET
3HAYNTEbHO YBEJIMUHTh KpelcepckHe CKOpPOCTH CaMoJeTOB, HE yMeHbLIast

TOJIMHb! Kpblaa[1],
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Puc.2.9. 3asucumoct Cx=f(Cy) mpu M=0,8 1 0,85 a1 mozem camosera c
OGBIYHBIM CTPEJOBHANBIM KPbLIOM 1 W CBEDXKPHTHYECKHM KDBHLIOM 2
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Puc.2.10. CpaBxene 3aBHcHMOCTEl Kpax=f D), Cx(Cy=0+0,0=fOD

AJSi MOJEMH caMoJeTa ¢ OObIYHBIM CTPEJOBHAHBIM KPbLIOM 1 u cBepxxpuTHUECKUM
KpblIOM 2

Cy11eCTBEHHbIM TIPEUMYILIECTBOM NMPHMEHEHUS HOBbIX npoduiei B
CTPEJAOBUHBIX KpblAbSX ABAAETCS JaJdbHeliliee yBeJUYEHHE
a3pOJAMHAMMYECKOTO KayecTBa [MyTeM MPUMEHEHHS TOJACTHIX
CBEPXKDHTHYECKHX KDbLIbEB YMEPEHHOH CTPEJOBHIHOCTH 6OJBLLIOrO
yaHenus. TIpy kpeficepckoil CKOpOCTH nojeTa Ajs peLICHHs 3TOW 3aj1auu
pa3paboTaHbl CBEPXKPHTHUECKHE npoduad ¢ 6OJbLLIOH OTHOCHTEIbHOM
TOMUMHON. [ HMAMOCTpAllMKM  Ha puc.2.11 TmpUBEJEHO CpaBHEHHE
sasncumocteit K = f(Cy) a5 06biuHOro T0AcTOr0 npodust (Cmax = 15%)
¢ “N0JI0YHbIM” pacrpeleseHieM JaBJeHHs U CBEPXKPUTHYECKOTO npoduast
(Cmax=15%) npu M=0,7. Kak BuaHo 43 puCyHKa, a3pOIHHAMHUECKOE
KAYeCTBO TOJICTOrO CBEPXKPUTHUECKOrO MPOGHIs MpH 3a]aHHOM YHMC/e M
3HAYUTENbHO 60Jbile, YeM OObIYHOrO MpoduJst TOH XK€ TOJLLIMHBL. SKBU-
BaJIEHT“ pa3MEeHa” OTHOCHUTEJbHOM TOJIIIMHBI npouasi Cmax Ha M wp MOX-
HO ompexe/uTh o puc.2.11. M3 npuBeneHHbiX 33aMCUMOCTER CACLYET,4TO
OTHOCHTEJbHYI0 TOJIIUHY pa3pabOTaHHbIX B AT cBepXKpUTHYECKUX
npoduaeii MOXKHO yBeJHUHTb MOYTH B 1,3—1,5 pa3a npH COXPaHEHHH
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~0,05 npu

HensmenHbiM M(nm yBesmuerun ero Ha A M5=0,04
COXPaHEHUH HEU3MEHHOH OTHOCHTEJbHOH TOMIMHBI NPOdUIs). Y BeMUEHHE
TOMLIMHBI MOXHO TpaHCHOPMUPOBATL JMG0 B YMEHbLUCHWE MAcCChl
KOHCTPYKLIMM KpblJda MpY 3aJaHHOM YAJMHEHMM, JM60 B YyBeJUueHHe
MAaKCMMaJbHOrO  a3pOJAMHAMHYECKOrO KayecTBa MyTeM YBEJAHYEHHS
YIJMHEHUS KpblJa ¥ YMEHbILICHUS] €r0 CTPEeJOBUAHOCTH.
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Puc.2.11. Cpasuenne 3asucumocteit K=f(Cyonpy M=0,7 a5 obbiusoro u
CBEPXKPUTHYECKOrO TOACTOrO npoduas Cmax=15%, a taxwe M&=75(T%) wm
3TUX npoduaei

BoamoxdocTu cBepxkputndeckux npoduaeit LHAI'M aasa yBeanuenusi
MaKCHMMaJbHOMO  a3pOJMHAMHYECKOro KayecTBa MCNOJb30BaHbl  IpH
pa3paboTKe a’pOJAMHAMUYECKMX KOMIIOHOBOK CTPEJOBUAHBIX KPblJbEB
GOJBILION0 YAJMHEHUST ¢ Pa3JuyHOil cTpedoBuaHoCThIO( ¥ = 20,25,30,35°).
DT MccAelOBaHUs TNO3BOMMAM  YCTAHOBUTH 3aBMcumocTb Mip  oT
OTHOCHUTEJLHOM TOJMLIMHBI CBEPXKPUTHYECKHX CTPEJNOBHAHBIX KPbLIbEB W
SKBUBAJEHT*pasMena” 3Toil ToJimtbl Ha Mip. B ommune oT npoduas,
YCTaHOBJEHHE KOJMYECTBEHHOrO 3KBMBAJEHTa “pa3MeHa”  TOJILIMHBI
CTPEJOBUAHBIX KpblAbeB Ha Mip yCJIOKHSETCH B CBAI3H € HEJIMHEHHbIM
pacnpeleJeHieM TOJLMHbI, TPH KOTOPOM B GOPTOBBIX  CEYeHHsIX
OTHOCUTEJbHAST TOJMLMHA Npoduis 3HAYUTEJNbHO YBEJUYMBaeTcsl 1o
CDABHEHMIO C TOJILIMHOM npoduast KoHco/w Kpblaa. Ha puc.2.12 npuBeaeHbl
o6o6ientbie  3aBucumoctd M & = f(X;C o) (3zech € o cpeasis
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OTHOCHUTeJbHAs TOJIIIMHA KOHCOJM CTPeJOBUAHBIX KpblJbeB) NPH TOJIIMHE
npoduIst B 6OPTOBLIX CEYEHHsIX Cmax ™= 15%. Yucao M5 onperessiioch
mpu Cy=0,5. TH 3aBUCUMOCTH TO3BOJSIIOT ONpeleTh MPH 3a1aHHOM
My, cTpe/oBUIHOCTb KpblIa M BO3MOXHOe pacrpeledetde TOLIHMHbI
CBepXKpUTHYeCKHX npoduiell BAOJb Kpblid, a AMA NMPAMBIX KPblIbEB H
KPblJIbEB yMEPEHHOI ctpesoBuaHoCTH( ¥ = 20 + 25°)  yCTaHOBHTb
SKBMBAJEHT “pasMena”Tomwibl Ha M. Tak, mpu Mep=0,76 1
CTPEJIOBUAHBIX KPbLIbEB C x=20-+25" nprHMeHeHHe CBEPXKPHTHUECKUX
npodHueil O3BOJSIET YBEINYHTh TOLLMHBI STHX KPblibeB 60Jiee YeM B 1,5
pa3a—BMecTO Cmax =9 < 8% JJs1 06bIYHbIX Npoduaeii IPUMEHHTb Cmax =
15+ 13%aa51 CBepXKPUTUYECKHX npodueii(cM.puc.2.12) coOTBETCTBEHHO
B GODTOBbIX CeueHMsIX W Ha KOHCOM Kpblia. llccaenoBanusi Takke
[0Ka3a/H, YTo yToJieHHble (Cmex= 15+ 16% B GOPTOBbIX CEYHBUSIX M
11-10% Ha KOHCOJH) CTPEJOBUAHbIE KPblibsl C X=30" mo3BOJSIOT
obecrieudTh BbiCOkHe 3HaueHuss Kmax(puc.2.13) mpu MHp=0,8-+0,82
COOTBETCTBEHHO.

.r Kouing + QRIEAA MW
”kp

04

Coepxmpumasecree
apepian, Cy =4S

Dbsrvnsie npoguny

i‘dpr=/f'/0 E‘ﬂpr

| 1 1 ]
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sopr

l
R S
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)

Cep
Puc.2.12. O6o6uientble 3aBucumoctd Mip=f(x» CTcp) (10 KOHCOM) NPy Cmax =
15169 B 60pTOBLIX CEUEHUSIX AJs MOAEJH KpblJO T Qro3e sk
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Puc.2.13. BumsiHMe OTHOCHTENbHON TOALLMHBI NPOQUAS B GOPTOBbIX H LEHTPaJbHbIX
CEYEHUSIX CBEPXKDPUTHIECKOro Kpblaa x =30y A=Y Ha BemuuHy Kumax n(Kmax X M) =
F (VD anst Moaea Kpblao + dro3essik

ONTHMAILHBIMA B OTHOLIeHUH 3HaueHmii Kmax u napamerpa(HKmax *
M) SBJSIHOTCA CBEPXKPHTHYECKHE KPbLIbsi GOJBLLIONO Y AJIMHEHHS (A=9—+
10) u yMepeHHoii cTpesoBuaHocTH (X= 30°), obecneunBaouiue
Kpe#icepckrie CKOPOCTH M0JIeTa, COOTBETCTBYOLLIME YHCIAM M=0,8-+0,82
(cM.puc.2.12 w 2.13). Pe3syabrarbl Hcc/eloBahusl MOKa3a/M  CBSi3b
BeJuumHbl Kmax Kpblaa ¢ Gro3esspkeM 1 ynca M:(kp. ¢ $opMOit U TOJLLIUHOH
npodu.isi, PacloJOXKEHHOrO  [JABHbIM o6pazoM B LIEHTPe Kpblaa:
yBeJIMUEHHE OTHOCHTELHON TOJILLMHBI KPbLIA B 6OPTOBBIX CeueHusx A0 15
-16% He3HAUMTEIbHO CKA3blBaeTcsl Ha a3pPOJUHAMHYECKOM KauyecTse, a
yBeJHuYeHHe ee B LEHTPAJbHbIX CEYEHHsX OT 10 20 12% 3amertto
CHWXaeT
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M{ 4 Bemuny Kmax npH  OKOJOKDHTHYECKHX M  3AKPHTHUCCKHUX
ckopocTsix (cM.puc.2.13).

U3 sasucumocteil Kmax n Kmax © M = f(M), np1Be IeHHbIX Ha DHC.
2.14, caexyeT, 4TO TOJCTOE (Cmax=16—11—9%) CBEPXKPHTHYECKOE
kpbiao(X =30°) ¢ yimHeHHeM 03 HanibiBa A=9,5 yBeanunpaeT Kmax
ua AK.., =2 u na 15% nosbiwaet napavetp (HKmax ° M) npu M=0,8
0 CPABHEHWIO C MX 3HAYEHHSMU y OOLIYHOTO Kpbiaa (x=35", A6s.=T,3),
DUMEHAEMOF0  Ha MACCAKHPCKUX CAMOJETAX, PACCHMTAHHBIX Ha
Kpeiicepckue CKOPOCTH MOJETa, COOTBETCTBYIOLLIME UYHCAaM M=0,83+

0,85.
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Puc.2.14. Cpasuenue 3asucumocTell Kmax u (Kmax * M) = f (M) ana moaem
(bro3e.nﬂ)xa(§¢=10,5%)co CBEPXKPHTHYECKHM KDbLJIOM +=30°, 164.=9,0 u
O6bIYHbIM CTPENOBUAHBIM KPbLJIOM x=35 A6x.=7,8

Takum 06pa3oM, MPUMEHEHHE B a3pOMHAMHYECKOH  KOMIIOHOBKE
Kpbiia OOJBLIOFO YAJIUHEHHSi CBEPXKPHTHYECKHX npoduieii NMO3BOJSAET
YBeJUYUTb €ro OTHOCUTEJbHYH TOJLIHNHY, He BbI3biBasg BO3pacTaHHUA
BOJHOBOrO COMPOTUBJEHMSI MPH KpeicepCcKMX CKOPOCTHX MOJETd. Boaee
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TOJCTOE KPbLIO MO3BOJSET YBEIMYMTb €r0 YAJMHEHWe, 4TO MPUBOAMT K
noBbitiieHH0 Knax.DTO HANOCTPHPYeT puc.2.15, Ha KOTOPOM MpHBEEHbI 1
3aBUCUMOCTH MAKCHMMAJIbHOrO a3POAMHAMHUYECKOr0 Ka4yecTBa MOJEH

1]‘ dro3es0ka €O CBEPXKPUTHYECKUMH KpblibsMH (x =30°) pasJuuHoro

yimHerus ot udeaa M. HccaegoBanusi N0Ka3aqM, 4YTO M3MeHeHMe

VAJIUHEHHS] KPblAa MPAKTHYECKH He OKA3biBAaeT BJMsHMS HA BeJUYHHbI

! koadduiumenta J060Boro conporBienns Cxo u M, HO NpUBOAUT K
CHHXEHHI0 HHAYKTHBHOTO CONPOTHBJEHHS M YBEJUYEHHIO
a9DOJMHAMHYECKOrO KauecTBa. [Ipu  JOKpHTHueckux uucaax MG
3aBUCUMOCTb Kmax(A) 6au3Ka K JMHEHHOH ¢ HAKJOHOM MPOH3BOAHON

dKmax/ dA = 1,0 - 0,8 B HccJeAOBaHHOM Jvana3oHe Y AJMHEHHH.
IMpoussogsble dKmax/dA 3aBUCAT OT TOro, HACKOILKO BeJHKA AOJS
WHIYKTUBHOrO COMPOTHBJEHMST B OOLLEM COMPOTHBJEHMH camojeTa. B

obiem cayyae Beuunna d Kmax/dA 6yger onpesenstbest ypoeM Kmax

u kosbduimentom Jobosoro compotusaeHus Cyo, 3aBHCALMM  OT

‘ CYMMapHOH [MIOLAAM MHAeJeBOro cededusi Gro3easpka W rOHAOA
| JBHrare.eil.
|

-

K max

l | ul

| 19

17 "Cx
151005

| i3t 004

11}-003
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] !
06 0,65 o7 9,75 08 085 M

Puc.2.15. 3asucumoctd Kmax, Cx(Cy=0+0,5 = f (M) pas
CBEPXKPUTHYECKUX KpblibeB x=30" pasmuunoro yAmHenuss(A=8-+10) ¢
dro3easok eM
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Kak yka3biBajoch BbllI€, aspojMHaMHUyecKash KOMIOHOBKA
Kpblla—3T0 HA60p COOTBETCTBYIOUIMM 06pa3oM  yCTaHOBJEHHbIX
npoduaeli, KOTOPbIE $GOpMUPYIOT Hecylilylo MOBEPXHOCTD CTPEJIOBUAHOMO
kpbiia. TPYAHOCTH 3aKOUAIOTCS B TOM, 4TO HA CTPEJOBUIHBIX KPblIbX
KOHEYHOr0 pa3maxa CylUecTBYIOT 06aacTH “KOpHEBOr0”H “KoHLEeBOr0”
spdexra. Jlis  ITUX  CEUEHHI] BLI6Op NPOGHIMPOBKH  MPEACTABJAET
JONOJHUTEbHbIE  TPYAHOCTH M NPOBORWTCH B COOTBETCTBHH C
Tpe6OBAHUSMH, 4TOOBI 1306apbl, JUHHH PABHbIX JiaBJEHHUI, OCTaBaJMChb
NSIMbIMH JMHUSIMH M CJI€J0BAJM FeOMETPHH Kpblaa. Huwxe NpUBOAATCS
HEeKOTOpble Pe3YJbTaThl 3KCcnepuMeHTaaAbHbIX pccae 0BaHuM,
WLTIOCTPUPYIOLLME  BJMSHHE dopMbl mpoduaeii B LEHTPaJbHBIX H
60pTOBb1x(KopHeBblx)cequuﬂx Ha KO3bOHMUMEHT COMPOTHBJEHHS H
49pOAMHAMUUYECKOe KayeCTBO CTPEJIOBHAHBIX KPbLIbEB.

Ha puc.2.16 npuBOAATCA pe3y bTaThbl pccJae 0BaHu
a9pOAMHAMHYECKOr0  KauyecTBa Kumax=f (M), kosdduuuenra
conporupaenns Cx=J (MDmpu C,=0,5, a TaKe 3MOpbl AaBJEHUH
C,=/f(X)na BepxHe#i MOBEPXHOCTH CPABHUTEJNBHO  TOJCTBIX
CBEPXKPHTHUECKHX KDblIbeB =25, A=10, ormuaroummuxcs ¢opmoii
npoduIst B LIEHTPAJbHOM CEYeHHH: KPbLIO 1 (myHKTMp) COCTABJEHO H3
CBepXKpUTHUECKOr0 Npodussi NepBoro MOKOJIEHHS, Kpbl10 2(CTIOLIHbIE
KpHBble)—H3 ~ CBEPXKPHTHYECKOrO npoduass BTOPOrO  MOKOJEHHS.
OTJMUHTELHOH 0COOEHHOCTBIO npoduasi KpblJia 1 sBasiercsi yMepeHHOe
3aJHee HarpyXeHue, JOCTATOYHO MPOTSDKEHHDIE YYacTKH JaMHHAPHOrO
06TeKaHusi MPH MaJblX 4HCJAX Rex2,5 * 10° B ycaoBusix AT -106 u
pa3BUTas CBEPX3BYKOBas 30HA, 3aMbIKAIOLLLASACH CKAuKOM YTJIOTHEHHSI NPH
M=0,75, C,=0,5.3amena npoduas B 6a30B0M CedeHHH, Ha H3JIOME
3ajHell KPOMKM Kpblia, Ha CBepXKpHTHUECKHUiT MPOQH.Ib BTOPOro MOKOJEHHA
NO3BOMAA CYLIECTBEHHO MOHM3UTb yPOBEHD JaBJeHHii Ha BEpXHeH
[OBEPXHOCTH KPblIa M 32 CHeT ITOr0 yBEJMIHTH Mg wa & M&=0.02
pd 3aMETHOM MOBbILLEHHH MapameTpa a3pO/IMHAMHYECKOl  1aJbHOCTH
(Kmax * M) npu uncaax M=0,78-+0,8.

AHaJOTHuHble pe3yJbTaTbl MOJyueHbl MPH  HCIbITaHHH MO e
caMosera ¢ TOJCTbIMM KpbIbsMH X =28 (Tmax=15-11-10%),
CNIPOEKTHPOBAHHbIMH Ha 6a3e CBEPXKPHUTHHECKHX npoduaedi BTOPOro
MOKOJICHHsl, YCTAHOBJEHHbIMH B LEHTPAJIbHbIX H KOHUEBbIX CeyeHusIX.

81




Klmzx 3A’CﬂepUMeﬁm .T-106

muqecrkoe  Kpsiao
Caep xKpu 4 Kpoiao + Qro3enars

X=25 x=/? 00
g #5-12-107 | IT-TT-—=-

15
c) -

Py — \

c
- - 2P Kp 1015 hmx///
-5 \ ////
——— Npogmaas sre newoavums (9 \\ == =

— —-nipeduab (e Moworeiing

5t10
e (1)
006‘ %4 2 M
aMe, =002 _

Puc.2.16. 3aBHCHMOCTH Cx:f(M) NpH Cy:COI'lSt, Kmax,(Kmax‘M) :f(M),
Cp(X) 1o BepxHell NOBEPXHOCTH CBEPXKPHTHYECKOrO NPOdHIS 1ro noxosenus

(nyuktup) # 270 nokoenusi (cnoumasi aunkst) npy M=0,75 B uentpabhom
cevennt kpbiaa x=25°,A=10,Cmax=14,5—12—10%

Ha puc.2.17 npusositest 3aBucumoctd Kmax = f (MDmogemm naasepa
camotera C KpblbamMu x=28’s A=9,6, ommuatommmucs GHopmoii
npoduJeii NEepBOro MOKOJAEHWS M BTOPOrO MOKOJEHUs, a Ha PHC. 2.18
MpUBEJEH pacyeT OKOJ03BYKOBOrO OOTEKaHMsl KpbiJa MPH M=0,75;
0,78 u M=0,8, C,=0,6 ¢ npopuisimu Broporo fokosenusi (@) B
PA3JMYHBLIX CEYeHUsIX M0 pa3Maxy, BbIMOJHEHHbIH M0 pabors [2]. 10T

_Tun npoduaeit npu pacuetHblx uueaax M=0,78 u Cy,=0,6 uMeeT

Ha BepXHeil OBEDXHOCTH JOCTATOMHO pa3BUTbie MepejHMe M0  XOpae
CBEpPX3BYKOBble 30Hbl C HM309HTPONMYECKHM CXaTHEM [MOTOKa,
06ecleunBAaOLIMMH KPbldy NPaKTHYECKH TdKWe Xe BbICOKHE 3HaueHus
Kmax, Kak ¥ A kpbiaa ¢ npoduteM 2 nokosenusi (6), umerolmM Ha
THX peXUMax MOJOuHbIH xapaktep obtexanusi (puc.2.16).
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e TLiancp CaMoJeTa (H=1lgu)

e X=28° 4796
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181

16}
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Tpoguib 2ro TNOKOJICHWA (6)

10 0,70 0.75 0,80 M

Puc.2.17. 3asucumoctd  Kmax=f(M) nianepa camonera (H=11 «xm) co
CBEDXKDUTHYECKHMH  KpblabsiMi X = 28’ 1=9,6, CTmax=14,5—11—9%,
cocTaBeHHbiMy #3 npoduaeit I nokosenust (mynktup) # II nokosenust (cnaoimas,
LITPUXTTYHKTHD)

Buausiave GopMbl M TOJIIMHBI NMpoduasas B GOPTOBbIX (KOpHEBbIX)

ceueHusiX Kpblia npuBoutes Ha puc.2.19 u puc.2.20. Ha obbluHbIX
CTPEJOBUAHBIX KpbLIbAX X =39’ A=T7-+8 Hauum TNpUMEHeHHe B
6opToBbIX cevennsix mpopuan LIAT'ML ¢ mepeitum  MOJOXEHHEM
MaKkCUMaabHoli  ToamuHbl (X max =0,3), MOJOXKHMTENbHOH H
OTpHLIATEJbHO! KPHBU3HbI fuax=119%, Ha puc.2.19 npuBoasrcs
pe3y.bTaThl MCTIbITaHHiA MOJIeM CaMOJIETA C KPbLJIbAMH x=3%, A= 7,3,
OTMUYAIOLLIMMHUCS MeXay coboit Hopmoi 60pTOBOrO CeyeHHusi © Ha Kpblie 1
YCTAHOBJEH CHMMETPHUHBIH Npoduib ¢  nepelHuM  MOJ0KEHHEM
MAKCHMATbHON TOLIMHBL M0 X0pae (Xe max =0, 3) H“TpeyroIbHbIM”"BUAOM
smopsi aas.etns ipp M =0, Cy=0,4, ana kpbise 2-NpodKIb C 3a1HUM
NOJOKEHHEM MAKCHMAJBHOM TOMIMHbI M KPUBU3HBI MO XOPAE,Xc max —
=% max~0,5-+0,6.2710T npoduib ¢ MeHblLiel NOJHOTOH W MEHbLIMM
pajycoM KPHBH3HBI HOCKA MO CPaBHEHMI0 ¢ MpodujeM Kpblia 1, no c
“[UKOBBLIM”,[I0JI0YHbIM O6TeKaHneM. Hamuue npoduist ¢ 3aiHuM N0 XOpAE
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OJIOKEHHEM MAKCHMAJIbHOM TOMIMHBI H KPUBU3HBI B GOPTOBBIX CEHEHHIX
Kpblda 2 BbI3blBaeT CYLIECTBEHHbI MPUPOCT BOJHOBONO CONMpPOTHBJAEHHUS
ACx=fOM mpu M = 0,851 ACx=f O mpu Cy=0,5 w
M > 0,75. B pesy/braTe YMeHbLIWJACh BEJH4HHA Mz, kpblia H

MaKCHMaJbHOE a3POJMHAMHYECKOe KaiyecTBO MOJeJM BO BCEM Juanasoxe
yucea M.

Lp

LacyeT CKONDIBYKOBOO
OB TEKAHYS  KPsIIA

_ M-075
P 078
—— 080

Bl
/—\\\

0 ///'/095 as N
//

Puc.2.18. 3aBHCHMOCTH Cp=f (%) B pa3inuHblX cEYEHUsIX N0 Pa3MAXy Kpbl1a 2=
28°, 1=9,6 npu M=0,75, 0,78, 0,8, u C,=0,6

Ha coBpeMeHHbIX CBEPXKDHTHYECKHX KpblJbfX ¢ =28-30" nauwm
npuMeHeHHe  YTOJLIEHHbIE Cmax= 15169 60proBbie MpodUd C
nepeiHMM MOJOXKEeHHEeM MaKCHMAaJbHOH TOJILIMHbI U KpMBH3HBI(Xe max =
=X max=0, 3).Ha puc.2.20 npuBoaATcs pe3yJbTaTbl HCMbITaHui ABYX
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MLERN

MOJeJell CBEpPXKPHTHYECKHX KpblibeB ¢ Gro3eshkeM, OTJMUYAIOLLUXCS
$opMmoii mpodust B GOPTOBBIX ceveHusix. Ha mozesm co CBEPXKPUTHYECKHM
kpbitom 1(x =30°,A=28,5) ycTaHoB/eH Npodub ¢ MepeHHM MOJ0XK eHHEM
(¢ max =%,=0,3),a Ha kpbite 2(x=30°, A =9)—npoduib ¢ 3aHum
(% oy =X max =0,4) NOJ0KEHHEM MAKCHMAIBHOM TOMLLHMHBI H KDHBH3HBL.
Pe3y. bTaThl UCCEA0BAHUH NOKA3aJH, YTO NpUMeHeHUe Mpodusst ¢ Xcmax
=(),3 oTBevyaeT [NDUHLMNAM KOMIMOHOBKH CTDEJOBUIHBIX
CBEDXKPHTHYECKHX KPbLIbeB ¥ = 25° B GOPTOBbIX CeUeHHsX U N03BOJSET
MAKCUMaJbHO Dpeanu30BaTh 3(Q®deKT CKOIbXKEHHST B 3THX CEYEHHsIX.
CucTeMaTHUECKHE HCCJEJ0BAHHS a3POJMHAMMKH OOBIYHBIX H
CBEPXKPHTHUECKHX KPbLIbEB DAa3/UYHON CTPENOBHAHOCTH ) = 25-+45°
NoKa3aJH, YTO AJSt STHUX KPbIILEB OCTAETCA B CHJE OCHOBHOW NPHHLIMII
[POEKTHPOBAHUS GOPTOBBIX(KOPHEBBIX) Npodueii—puMeHsTh NPoPuH C
6oJiee NepejHuM MONOKEHHEM MAaKCHMAaJbHO!M TOJIMHBI K MaKCHMAJbHOM
NMOJIOKUTEJALHOR WM  OTPULATEbHOM KpMBM3HbI. Kpome Toro, AJs
obecrneuenust 6.1aroNpUsiTHON HHTEpdEpEHLMH CBEPXKPUTHUECKOrO Kpbla H
bro3ess0ka HEOOX0AMMO B KODHEBBIX CEYeHHSIX HCMOAb30BaTh NPOdHIH C

dx KIOGA0 + @uo3esax + 8.0
/s X =35, Xy, 23, Ne3f
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Puc.2.19. 3asucumoctd Kmaxy Cx=F(M)npu Cy=0-0,5 1151 mozeu camoseta
c KpblioM 1 ¢ cuMMETpUYHBIM TPODHIEM MEepejHero MOJOKEHHS MaKCHMaJbHOM
TOJILMHBI ¥ KPbLIOM 2 € BOTHYTbIM MPOdUJEeM 3aJHEro pacnojoKeHusi KpUBU3HbI U
MaKCHMaJbHOH TOJLUMHBI
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YMEHbLIEHHBIM WM  MHUHAMaJbHbIM TPAJMEHTOM JaBJCHHSI C LIeJblo
coXpaHeHHs1 6e30TPbIBHONO OOTEKAHHsl B MecTaxX CONpSDKEHUsl Kpblia ¢
drozeaspxeM.

Hccae10BaHUAMH TaKXKe YCTAHOBJIEHO,4TO A1 MOBBILLIEHUST a3 IUHA-
MUUYECKOr0 KaueCTBA CBEPXKPHTHUYECKUX KPbLIbeB ¢ BHO3eADKAMH KaK B
cxeMe“HU3KOMIaH”,Tak U B CXeMe“BbICOKOMIaH"HeOBX0AMMO MPHMEHSIT
NpSIMOCTEHHbIE 3aJM3bl MAJOro 06beMa C MAABHLIM CONPSLKEHHEM HMX B
HOCKE M XBOCTOBOH YacCTH KpbLAa ¢ GOKOBBIMH MOBEPXHOCTSAMH DHO3e.15Ka.
IpumeneHue Takux (OPM 3aMM30B CHIXKAET YPOBEHb COMPOTHUBJEHHS
camoJeTa, MOBBILIAET a3pOAUHAMHYECKOe KauyecTBo.

IlpuMeHeHrHe CBEPXKPUTHYECKHUX KPbLAbeB GOJBLLIONO YIJIMHEHUST Ha
MaccaXupCKMX camoJerax CBfI3aHO C npeojOJeHHeM psiaa
KOHCTPYKTHBHbIX TpyAHOCcTed. Kaxk ykasbiBaioch Bblille, OfHOH H3
0COOEHHOCTEH CBEPXKPUTHUECKHX Npoduieil sBasieTcsl 60Jbliiee 3HAYEHHE
Ko3bduuMeHTa MOMeHTa TaHraxa Mz, HAa MMKUPOBAHUE IpH HYyJIEeBOH
NOABEMHOH cue. Bearuuny 3toro kosbduienta 7z, 148 Kpblia MOXHO
YMEHBIINTD, NPUMEHAS OTPULIATENLHYIO TeOMeTPHUYECKYI0 3aKPYYEeHHOCTb
CeYeHUH Mo pa3maxy Kpbiaa.OTPHLATENbHYIO TeOMEeTPHYECKYHO KPYTKY
CEYEHUH MO pa3Maxy CBEPXKPUTHYECKHUX KDbLILEB MPUMEHSIOT C LeJbiO
YJy4lIeHHst KPEHCEPCKUX a3pOAMHAMHUYECKHX XapaKTepHUCTHK,“CPbIBHbIX”
XapaKTEPUCTHK HA OOJBLIMX OKOJOKPHTHYECKUX M KPUTHUYECKUX YrJaax
aTakW, a TakXkKe AAS CHIKEHHS] Macchl KpblIbes.

M3BectHble Metoabl pacuera [3] nossossioT onpeje/uTh BJHSIHHE
FEOMETPHYECKOH KDYTKH CBEPXKPUTHYECKOTO KpblAa HA  ero
d3pOMHAMHYeCKHe XapaKTEePUCTHKU NpH AOKpUTHYecKuX udcaax M u
YMEDEHHDBIX YrJax aTakd B AUana3oHe JUHEHHON 3aBUCHMOCTH Cy; m,=
f (a) Hast wamoctpauuu Ha puc. 2.21 u 2.92 IpUBEJCHbl pacyeTHble
33BUCHMOCTH KO3(QQULMEHTOB NOABLEMHON CHJABLI, MOMEHTA TaHraXa H
HHAYKTHBHOrO conpotuBienusi npu M=0,8 a1 maockoro
CBepxkpuTHyeckoro kpvia 1 (¥ =35, A=8,5) u xpbuwes,
FeoMeTpuyeckast KpyTKa KOTOPBIX H3MEHSIETCS 0 3aKOHaM @ xp =0, —3°,
~3"(kpbii0 2), @ i =0, -3°, =6"(kpbl10 3), @ p =0, -3°, -4°(kpbiio
4), cootBerctBenHo B 60pTOBBIX, LeHTpatbHbiX (2=0,4) u KOHLEBbIX
Ceuenusix. Pe3yabraThl pacueTHbIX HCCJeI0BaHMiL MOKa3bIBAlOT, YTO MpU
AOKpuTHYeCKUX uncaax M reomerpuueckast KPYTKa, U3MEHSIIOLLIAsACA Mo
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pACCMOTPEHHbIM 3aKOHaM, MPMBOIMT K  YMEHDLUCHHUIO K03 PHLMEeHTA
MO LEMHOI CHJbI Ha 331aHHOM YTJie 8TaKH BCICACTBHE POCTA (o (HyJ1eBOTO
yrJa aTaKH); 3HAUMTEJbHOMY —YMEHbLIEHHIO ko3ddHLMEHTa MOMEHTa
TaHrAXa HA MMKAPOBAHWE BCJAEACTBHE YMEHBLICHHS HYJEBOTO MOMEHTA

TaHraxa #zo; CHUXKEHHIO u3rubarollero MOMEHTa Kpblja 1 HHAY KTHBHOI'O
COMPOTHUBJICHHS.

Puc.2.21. Pacuernbie 3asucumocti Cyy m,=f(a), Cx=s(Cynpu M=0,8
ISt TIOCKOTO M FeOMETpUYecKH 3aKpYYeHHbIX CBEPXKPHTHYCCKUX KpblabeB X =35
A=8.5

VMenbLiehde ko3dduiMeHTa MOMEHTa TaHraxa H M3ruoaroLLIero
MOMEHTA BbI3RAHO 6JaronpUsATHbIM MNepepacnpeieNeHneM ko3 PHIMenHTa
[OLHEMHOH CHJbI N0 pa3Maxy, NPH KOTOPOM MaKCHMaJbHbIC 3HA1EHHS
Cyces. 3HAUNTEJDHO YMEHBLIAIOTCS B KOHLEBBIX M BO3pACTAlOT B KOPHE-
BbIX CEueHHsIX Kpblia. [IpUMeHeHre CoOTBETCTBY HOLIEr0 3akOHa pacipeiee:
HUSI YIJia FeOMEeTPHIECKOl KPYTKH 0 Pa3Maxy Kpblia NO3BOJSET 6Jaronpy-
STHO M3MEHWTb LIMPKYJSLHI0, NPHOIM3HTD €e K SJLIMITHIECKOMY 3aKOHY
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pacrnpejeneHust (cM. pnc.2.22) u, caAeioBaTeNbHO, YMEHbLIMTD
MHAYKTHBHOE COMPOTHMBJEHHE KpblIA A0 3HAUYEHWH, COOTBETCTBYIOLLIUX
KpblAY MUHAMAJBHOTO COMPOTHUBAECHHA. OTMETHM, YTO pe3yJibTaThbl pacyera
[I0Ka3bIBAOT TEHACHLMIO YMEHbBLICHUS WHAYKTHBHOTO COMPOTHBJECHUA
3aKpYyY€EHHbIX KDPblIbEB (em.puc.2.21).

P M=08; Cy=05
O === Smunc,F(z)=1 V1-71
0.0+
051
) 1 1 3
0 015 0,5 475 z

Puc.2.22. PacuetHoe pacnpenesenie HupkyJsin [ cew.=f(2), Tamn=f(2)
AJSE TIOCKOTO 1 FeOMETPHYECKH 3aKDPYYeHHbIX CBEPXKPUTUUECKHX KPHJbEB ¥ =35°,

A=8.5 nqpu M=0,8 4 Cy=0,5

DKCNEepUMEHTAIbHO  HCCJEJOBaHHbIE KPbLIbSl OblIM  BbINOJHEHbI
VIOCKUMH U TEOMETPMYECKH 3aKPYy4YeHHbIMH M0 Ppa3JUyHOMY 3aKOHY
pacnpenesieHusi yrJa KDYTKH M0 pa3Maxy: JUHEHHOMY C H3JOMOM B
LeHTPOILIaHe, napabondeckoMy d Ap. (puc.2.23 u 2.24).Mccaenosanusi
foKa3aii, 4TO TeoMeTpuueckass KpyTkKa YymeHblliaeT KO3Q(ULHEHT
JOOOBOrO COMPOTUBJEHUS NpH JOKPHTHYeCKMX uncaax M u 3ameTHo
CHWXKAET BOJHOBOE COMPOTHBAEHHE MPH KPHTHUECKUX M 3AKPUTHUECKUX
uiciax M. B pesyJbTaTe 3TOr0 apoAMHAMUYECKOE KAYECTBO
FEOMETPHYEeCKH 3aKPYUEHHOTO Kpblia G6oJblle  a3pOANHAMUYECKOTO
KauecTBa MIOCKOro Kpblia(cMm. puc.2.23, 2.24).0TveTuM, 4TO M3 Beex
UCCJIEJOBAHHbBIX 3aKOHOB PACMPEACJACHHUS YTJia reOMEeTPUYecKold KpYTKH 1o
PazMaxy oOObIYHOrO U CBEPXKPUTHUECKOTO KpblIbeB 6oJee dddexTHBeH
JUHEHHbIH 3aKOH € M3JOMOM B LICHTPOIIAHE, 4 ONTHMAJbHBIM 3HAYCHHEM
YIJa KPDYTKH B OTHOLIEHMH a3POJAMHAMHYECKOTO KAuecTBa SIBJASETCS
P?w.=—4" na koHue Kkpblia (cM. puc.2.23). DKCHEPHMEHTAIbHbIE
UCCAENOBaHUSI MOKa3anM TaKXe, YTO reoMeTpHdeckas KpyTka
CBEPXKDUTHYECKOTO  KPblA MPUBOAMT K  YJYUILCHHIO  CPbIBHBIX
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XapaKTepUCTHK camoJera Ha OOJbLIMX YrJax arakd BCJEACTBHE
COXpaHeHHs1 6e30TPbIBHOrO .00TEKaHUsI KOHUEBBIX CedeHHd 0 GOJbLIMX
VIVIOB aTak, a B Pe3y.IbTaTe 3TOr0—K MOBbILIEHUI) 3HAYEHHUH Cyson, npu
KOTOPbIX BO3HMKAET Tpsicka camoseta(prc.2.25). ["eomeTprueckas KpyTka
yMeHbllaeT ko3hdHUMEHT MOMEHTAa TaHraxa Kpblia Ha MWKMPOBAHUE H
3aMeTHO YJyullaeT XapaKTepuCTUKH MPOLOJbHOH CcTaTHYECKOH
YCTOHUMBOCTH MOJAEJH CamoJieTa NpH GOJbLIMX YrJaX aTaku.
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Puc.2.23. Bausinve pa3JMuHbiX 3aKOHOB pachpejefeHus yraa reoMeTpHIecKon
3aKPYYEHHOCTH MO Pa3Maxy OObIYHOrO W CBEPXKPUTHYECKOrO KPbLIbEB Ha BEAHUHHY

Kuax =1 (@ cp)npu M=0,8

PaccMOTpeHHble  3aKOHOMEPHOCTH  BJIMAHHSA reoMeTpHYeCKOH
3aKPYYEHHOCTH KPbl/la Ha a3pOAMHAMUYECKHE K03 PULIMEHTBl OTHOCHJHMCD
K Kpelicepckoii KDyTKe, KOrja Ha KpblIO JEHCTBYIOT a3pOAMHAMHYECKHE
cuabl. B npOM3BOACTBEHHBIX YCJOBHSIX KDbLIO H3TrOTABJWBAETCS B Tak
Ha3biBaeMOH cTaneJbHOM ¢dopMe, KOrja as3pOAMHAMHYECKHE  CHJIb
OTCYTCTBYIOT. [as TOro, 4ToObl B MOJETe KOHOHrypauus camoJiera
COOTBETCTBOBaJa pa3paboTaHHOH a3pPOAMHAMHYECKOH KOMIOHOBKE,
HEOGXOAMMO BBOAMTb B cTanebHyto GopMYy MOMpapKM, COOTBETCTBYOLIHE
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aedopMalui KOHCTPYKIMA B TOPH3OHTaJIbHOM IOJ€Te MNOA ACHCTBHEM
a9pOMHAMUYECKUX W MACCOBBIX CHJL.
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Puc.2.24. Bansinie reomMeTpud4eckod 3aKpydeHHOCTH CedeHHWH CBEepXKPHTHYECKOro
kpbiia ¥ =35° Ha Kmax, Cx(Cy=0,4) = f (VD mozesm kpbiio+ drozedisnk

Jledopmanyn (nporu6) ¢ro3essmka CKa3blBAOTCH HE3HAUHTEJbHO B
“3MeHeHWH oOlllero 6ajaHca aspoAMHAMHYeCKHX CHJ, 8 M3MEHEeHHe yrJa
aTakl TOPH3OHTAJbHOTO ONEpPeHHsT MOXeT OblTb KOMICHCHPOBAHO
OTKJIOHEHHeM cTabu/m3aTopa. [1o3ToMy 1enecoo6pa3Ho BHOCHTD NONPABKH
B CTaneJbHyH $OpMYy Kpblja.

Jlaxe B ropu3oHTaIbHOM nojeTe AedOpMalMi KpblJa 3aBHCAT OT
pexuma noJera (uncaia M, ckopocTHOrO Hanopa), a TaKxe OT Macchbl
caMo/ieTa B CBSI3H C BblropaHueM TomaMBa. YTo6bl MHHMMH3HPOBATDH
M3MEHEHWe adpOAMHAMMYECKHX XapakTepuCTHK caMoJera 3a  CcyeT
AeopMallMii  KOHCTPYKLIMHM, MONPABKH K CTaneJbHOH (opMe cJaeiyeT
paccuuThiBaTh AJSl CPEAHMX MOJETHOro Beca, kpeficepckoro uucaa M u
BbICOTbI [10./I€T4.

Yro6bl 0fecrnednTs, B NOJIETEe COXPAHEHHE 3@JAHHOTO PacnpeieNeHUs]
HHPKYJISIMM [0 Pa3Maxy Kphila, B CTaneJbHylo GopMy caeryeT BHECTH
HONPaBKM B a9POJMHAMMYECKYIO KDYTKY Kpsiia 3a cuex gedopManuii
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_u3ruba u KpyueHus.

[Tp1 MOJOXKUTEJBHOM CTPEJOBMAHOCTH Kpblia Aedopmauuu H3ruba
YMEHbLLIAIOT MECTHbIM YroJ aTakd MOTOYHbIX CEYEHWH, KOTOPbIA MOXeT
6bITb pacydTaH no Qopmy.ie:

dy .
JAN Q uar. — _—a%l Sin X 0.K.

rae dz —MECTHbIA Yroa OTKJOHEHUs KacareJbHOW K OCH XKECTKOCTH

KpblJaa MOJ ACHCTBMEM CyMMAapHOIO HarpyKeHHsi B KpeicepckoM
noJere,

X ox. —YTr0J CTPEJOBHAHOCTH OCH XKECTKOCTH.
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Puc.2.25. 3asucumocth Cy,m:=  Puc.2.26. Buausnue KOHUEBHIX
fl@), Cya=8), Mo=f(pw)  “kpbiiuek” Ha Kmax=s (M) mozem
MOJZEJH camojJeTa C TMJOCKAM M caMoJeTa CcO CBEPXKPUTHYECKHUM
reoMeTpUYECKH 3aKpydeHHbiMH  Kpbidom x=30% A=8,5
CBEPXKPHUTHYECKHUMH KPbIJbMH

Hedopmaliuy KpydyeHusi Kpblia yBEJHYMBAIOT MOTOYHbIE YTJbi aTaku
ceueHui, koraa ¢okyc npoduas HaXOAMTCHA Brepeid OCH XKECTKOCTH, HO
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YMEHbLLIAIT KX [pH mzo<0 ¥ MPY BbIHOCE JBUraTesed Bhiepen; 3TH
u3MeHeHUst MOryT ObITb MOACUYMTAHBI N0 GopMy.ie:

A\ a kpyr. = GCcoSy ox.
rie O-—MecTHblii CYMMapHblif yron 3aKkpyTKd CEUYeHHs Kpblia
OTHOCHTEAbHO OCH XECTKOCTU MOJA AECHCTBHEM CYMMApHOH HArpysk.

Takum 06pa3oM, cTanebHas KpyTkKa Kpbiaa OyieT

@ cran.— @ kp. (A auwr. T A a prT.)9
rae @ xp. —noTpebHast KpyTKa Kpblaa B KpeHcepckoM noJeTe.

Jlast KpblabeB ¢ yraoM ctpedohaHoctd x=20-+30° nanboJbLumii
BKJIaJ B M3MEHEeHWe KPYTKH Kpbiia BHOCAT JedopMaiuy u3ruba.

KpoMe v3MeHeHust KpyTKH Kpbiaa, AedopMalind u3riuba MeHsitOT yroJ
nonepeyHoro V. B CTOPOHY €r0 YBEJMUEHHS, YTO MPUBOAHT B MOJETE K
[OBBILLICHHOM MONEPEeYHO YCTOWYMBOCTH MO CPABHEHMIO C pe3yJbTaTaMH
TPYOHbIX MCMbITAHWH XECTKOH MOJAesH.

MecTHblii yroa nonepeyHoro V Kpbiia B pe3yJbTaTe Haruba
YBEJNUUBAETCS HA BEJMYMHY

A‘pceq.:((ii_'z COS X o.x. (2.5)

[Tpn 3TOM nonpaBkk Ha nonepeyHoe V Kpbiia OyLYT NEPEMEHHbIMU MO
pa3Maxy Kpbiia. BBoauTb Takue mnonpaBKd B cCTaneab CJOXHO 10
TEXHOJIOTHYECKUM NpHynHaM. [1o9TOMy npubJibKeHHO MOXHO YMEHbLIMTb
nonepeutoe V OTHOCHTENbHO 6OPTOBOI XOpAbl Kpbiia HA BEJHUHHY

A o~ QIy - 57,3 (2.6)

rae Y—nporub Kpbiia noji AeHCTBHMEM HArpy3Kd B KpelicepcKoM pexume
Ha 2/3 ero noaypasmaxa.

Yka3auHble Bblilie feopMalii Kpblia PaCUUTBIBAKOTCS M0 OObIYHbIM
3aKOHAM CTPOUTEJIbHOH MEXaHUKM AJs 3aJaHHbIX B KpeficepcKoM noJere
a’pOJMHAMHUYECKMX M MAacCOBbIX Harpy3ok. Jlas J03BYKOBbIX
MarucTpajbHbiX CaMoJIeTOB XapakTepHbl G6OJbllie YAJHMHEHHs] Kpblja,
NO3TOMYy AJs pacyeta jAedopmanuii 00bIMHO MoXeT OblTb HCNOJAb30BaHA
6asiouHasi cxeMaTH3alus KOHCTPYKLIMH.

Hpyrum cnocoboM JajbHEHLero NOBbILLIEHHST a3POJAMHAMUYECKOrO
KayecTBa CaMOJETOB CO CBEPXKDUTHYECKMMH KDblIbSIMH  60JbLLIOTO
VAJMHEHUA SBAAETCA [PAUMEHEHHEe KOHUEBbiX npodHUIMPOBAHHBIX
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29pOJMHAMUYECKUX TOBEPXHOCTEH — TaK HA3biBaEMbIX “KpbIJbILLIEK” €
HeGoabiiofl  oTHOcHTeabHOH maomamio (S k.= €0,017%0,02) *S),
pPACIOIOK EHHbIX HA 3aKOHLIOBKE KPblJa. JKCNEPUMEHTabHbIE i PACUETHbIE
uceaenosannst (41, nposexennbie B 1AM, nokasasu, 4To yCTaHOBKA
TaKUX“KpblIbllIEK”HA MOJEJM caMoJeTa CO CBEPXKPUTHYECKMM KDPbIJIOM
(y=30° A=8,5)n03BoAsIeT JONOMHHTENbHO yBeanunTb Kmax na
AKnax=~0,8 B manaszone unces M =0, 60, 8(puc.2 . 26).ITpuumHoit
TaKoOro G6JArONpHATHOrO BJMSHUS “KpblIblLIEK” Ha a3pOJMHAMHYECKOe
KAYeCcTBO caMoJeTa SBJAAETCH CHWKEHHE WHAYKTHBHOIO COMNPOTHBJACHHS
Kpblia BCJEJCTBHE YMEHbILIEHHs] [epeTeKaHus MoToka ¢ HHKHEH
MOBEPXHOCTH KpbiJa HA BEPXHIOI B paiOHE 3aKOHIOBKH. HccaenoBanust
[OKa3aJK, YTo 6Jarojapsi ONTHMAaJAbHO BbIOpaHHOH dopme “KpbiJbllLiKa” B
[JIaHe M €ro NPOGHIMPOBKH MO CBEPXKPUTHYECKHM MPOGUJAM OHH MMEIOT
3HAUUTEJBHO MeHblliee TpOQUIbHOE CONPOTHBJEHHE, YE€M KJaCCHYECKHE
KOHIleBble LIaii6bl. BaxHbIM (AKTOPOM, ONpEJEAIOLUM  YBEIMYECHHE
a3pOJMHAMHMYECKOr0 KayecTBa MyTeM Y CTAHOBKH “ KpblJbILLIEK ” FBAAETCS
Yroa WX paspajna, MO3BOJAOUIMA YBEJIHYNTb YAMMHEHHE Kpblia MyTEM
NPOeKUMH “KpblIbillika” HA CTPOMTE/NbHYIO TOPH3OHTa/Ib Kpbliad. Yroa
pa3Baia JOMKEH BbIOUPATbCA W3 YCJOBHH MHHUMAJBLHOrO MpHPOCTA
u3rubarolero MOMeHTa Kpbiaa. FlccienoBaHusi MOKa3ajH TaKkKe, 4TO
KOHLIEBble “KpbIJbILLKK” MPUBOAT K TOBBILICHAIO 3anaca My TeBOH
YCTOIYMBOCTH CAMOJETa, U MX BKJAA B 3TOM OTHOLUICHMH COrJacyercs C
BKJAJOM ©X B KO3OOUUMEHT CTAaTHYECKOro MOMEHTa  [IOLIANH
BEPTHKAJbHOTO onepeHus. BJusiHie pas/MuHbIX NapaMeTpoB “KpblJbilLieK”
Ha A3POJMHAMHYECKME XapaKTepPUCTHKH W M3rHOaloLMe MOMEHTbI Kpblia
camoJieTa OlleHuBaeTcsl MO [MporpammaMm, pa3pabOTaHHbIM HAa OCHOBE
TeOpUd TOHKOH Hecyllle#d MOBEPXHOCTH. OnTtuMaJsibHble reoMeTprHyecKne
napaMeTpbi“KpblIbILLIEK ™ HX PACTIONOXKEHHE HA 3aKOHIIOBKE OTHOCHTELHO
BeKTOpa CKOpOCTH Haberarolero noToka oTpabarbiBalOTCsl B pe3y.bTare
TILATEbHBIX SKCIEPUMEHTANbHBIX HCCJEOBAHHH MOACIH CaMOJETa.
OTMETHM HEKOTOpble OCOBEHHOCTH OOTeKaHHs MOJEIel CaMOIETOB CO
CBEPXKPHTHYECKMMH KDbLIbAMH GOJBLIONO Y JMHEHHST NPY  J03BYKOBbIX
uncaax M Meromuky nepecdeta KO3(®OHIUMEHTa CONPOTUBJICHHS H
a9pOMHAMAYECKOr0 KayecTBa, MOJNYYEeHHbIX B pe3yJbTare MCTIbITaHUH
mozesiell B adpojuHaMuueckux Tpybax, Ha ycJaoBUs HATYpb. PaccmoTpum
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pPe3yJbTaThbl UCccJAeOBaHWH pacnpefeneHuss JaBACHUsT TI0 [OBEPXHOCTH

CBEPXKPUTHYECKOr O
-10-99%), a Takxke obTekaHue

kpblaa(x =30% A6n=8,5; Cmax= 14,5

Npy MOMOLUIM XKMAKOW TMJAEHKH U

KA0MMHOBOIO MOKPBITHA cBepxkpuTHueckoro kpblaa(x =30 A ex=9,6;

Cmax=16-11-9%)mpu uucie M=0,8 u yrae

Clepx mpumuvecnse npoimnt, £=28, A gy vene =45 Cpex=H5-10-5).
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Puc.2.27. 3aBucumocTi x03¢pduureHTa
aapgerus Cp=f(Xdno Bepxmeil u
HIDKHell MOBEPXHOCTH CBEepXKpUTHUe-
ckoro kpoiia x =30% A=8,5 B
Pa3JUYHBIX CEYEHHSIX N0  pasMmaxy;
uzo6apel  (mnmn  Cpr=const) na
BepxHeii noBepxuocTH kpbiia 1 A Cp=
Conn.— Cosn.=f(Z) npu M=0,38,

a=5"

aTaku a@=9,
COOTBETCTBYHIUX KpeicepckuM
pexxumam nojera. Ha puc.2.27
npuBeJeHbl M306apbl HA BepxHel
nopepxHoctH kpoiaa(y=30";
A 64.=8,5),om0pbl AaBaeHuii Cp=
f(X)u pasuoctd jaBaennit  Ha
BepXHEH M HHXHEH NOBepXHOCTAX
ACo=f(X) npp M=0,8 y o=
5°. I3 pe3yabTaToB
MCCJEIOBAHNI  CJeAyeT,

KpEeHCepCKux pexumax

Jaetcst obTexanue cedyeHui
CBEDXKDHTHYECKOrO Kpblia [pH
HAMYMH  caabblX  CBEpPX3BYKOBBIX
30H, PACIMOJOXKEHHbIX B HOcke(X =
0,10, 25). M3obapbl caenyioT
reoMeTpud Kpblda, He CHWXas
) PEKTUBHOCTH €r0 CTPEJOBHAHOCTH
B GOPTOBBbIX M KOHLIEBBIX CEUYeHHUsIX,
YTO YyKa3blBaeT HAa MAaKCHMMaJbHOE
Mcnoab3oBanue 3dpdekTa
CKOMbXKEHHUs, a CJeJ0BaTeNbHO, U Ha
MHHMMAaJbHbIE BeJHYMHbI BOJHOBOIO
CONPOTHBJIEHHST HA 3THX peXuMmax.
Sniopbl  JaBJEHHI B CEYEHUs X [0
pa3maxy KpblJia HMMEKT BHUL,
XapaKTepHbld JJASI  CBEpPXKpH-
THyeckoro npoduas. B Hocke kpblia

obpasyetcs “nuMk” paspexeHuss C

ITUX
YyTO Ha
HabJo -

»

NOCJIeAY HOLLIMM “TIOJIOUHBIM” Y4aCTKOM JaBJEHHH OTHOCHUTE/IbHO HEGOIBLLIOH
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BEJMYMHDI, 00ecneunBaoIlnid AOKPUTHUECKOe OBTeKaHue. JloKpuTH4yeckoe
obTeKanne CBepXKpHTHUecKoro Kpbiia (=30 A 640.=9, 6)npu M=(,8
n - a=05" wunoctpupyer puc.2. 28, Ha KoTOpOM npuBeAeHbl PoTorpaduu
OOTeKaHusd JeBOH KOHCOMM NpY NOMOLUM KHAKOH IIEHKH o rpaHuiia
Nepexoja norpaHMyHOro CJI0s U3 JAMHHAPHOTO TeueHust B TypOyJieHTHOe Ha
NPaBOH KOHCOJIH, NMOJY4EHHAst NPY MCTOIb30BAHHH KAOJIHHOBOTO MOKDBITHSL
Kak cJaeayer u3 pesyJbTaToB HccJef0OBaHuii, B yCJOBHUSX
aspoanHamuueckoit Tpy6bl T-106 LIATH npu 103ByKoBbIX uncaax M u
sncaax Re=x (2+3) - 10° wa moneam kpblia u XBOCTOBOrO OrepeHust
UMEIOTCS  3HAYMTEJbHBIE YYaCTKH JAMHHADHOrO [MOMPAHMYHONO  CJIOS,
pocruraiomme  X»~40+-5095 xopabt koncon kpbiia, 10509
lleHTponiaHa (Ha dortorpadun 3T y4acTKd 3areHeHbl); X2 ~0.2 Ha
XBOCTOBOM onepetur u X» =<0, 05-Ha drozensmke.

PesyabTaTbl HcclefoBanuil rpanul, nepexosa [OrPAHNUYHOrO  CJIOS
HEOOXO0AMMbl  AAsi  mepecyeta  KoddbuimenTa CONPOTHBJAEHHST H
adpOIMHAMUYECKOr0 KauecTBa MoAeJell caMOJIeTOB K YCJOBHAM HATYpbl.

OnHoii = M3  BaxKHeHUIMX OCOGEHHOCTEH  a’DPOAUHAMHMUYECKHX
xapamepncmx CBEPXKPUTHYECKHX KPbIbEB GOJBLLIONO Y AJMHEHUS, KaK H
OObIYHBIX CTPEJNOBHIHBIX KPblIbEB, SBJIAETCH CKJAOHHOCTb K
BO3HMKHOBEHHUIO M Pa3BUTHUIO NPH GOMbILIMX YraaX aTaku KOHLEBbIX CPbIBOB.
DTOMY  CNOCOGCTBYET —XapaKTEPHOE A  CTPEJOBHAHBIX  KDbIIbEB
pacnpeje/ieHie HMCTHHHBIX YIVIOB aTakd N0 pa3Maxy, NpH KOTOPOM
KO3 OUUHEHT NOABEMHOI CiJIbl MMEET HauGOIbLINE 3HAYCHHS B KOHLIEBbIX
CEYeHUsIX Kpblia.[lJst HoCTpaLuK Ha puc.2.29 npHBefeHbl 3aBHCHMOCTH
Cyy mz=f (a)u pacnpeneenue 1aBJeHns B Buje 3MI0P JABJICHHSA B TpeX
CE4eHHSIX N0 pa3Maxy CBepXKpuThdeckoro kpblia (x=30%; A 6= 8,5)
W OObIYHOrO CTPEJOBMAHOrO Kpblia (¥=35% A6u=7) npu M=0,8 y
a=11°, Pesyabrathi uccienosanii MOKa3bIBAKOT, YTO HA ITHX PEXKMMAX
Ha NOBEPXHOCTH KPblIbeB GOPMUPYIOTCS MOILLHbIE CBEPX3BYKOBbIE 30HbI,
3aMKHYTbl€ CKa4yKOM YIJIOTHEHWSl, CO CPbIBOM MOTOKA M3-MOJ CKAuyKa B
CEYCHHSIX 1O KOHCOMM Kpbia. B amux ceuennsix(Z = 0, 38)ue
HAOJI0AAeTCAl BOCCTAHOBJIEHWS] JABJACHUS B XBOCTOBOH YaCTH Kak y
0OBIYHOrO, TaK W Y CBEPXKPUTHYECKOro Kpbiia. JadbHeiiiiee yBeanuenne
yraa artakn 1o a=15" npu M=0,8 npusosur k o6pasosanuio JBYX
MOLUHBIX BHXDEBBIX 30H, PACMOJOXEHHbIX B LEHTPOMJIAHE M HA KOHCOJH
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AR NPT

cBepxkpuTuyeckoro kpbia. Ha puc.2.30 mnpeacraBsena dotorpadus
o6rexanust kpbiia npu @ =151 M=0,8 (x=30% A 6x.=9,6; Tmax=
16-11-994). Bo3uukHOBeHe ¥ pa3BHTHE CPbiBa MOTOKA HA MOBEPXHOCTH
KpblJa ONpeAe/sAloT BEMMUHHY M XapakTep M3MEHEHHs] adpOAMHAMHYECKHX
XapaKTepUCTHK caMoJeTa Ha O6oJbliMX YrJaax atakd. FlecaeznoBanus
noxasbiBatotr, uro mpr M=0,8 g0 =8 +9°(Cy=0,8-+0,9
XapaKTepUCTHKM NOLbEMHOM CHJbI M MOMEHTAa TaHraxa OJHM3KH K
JUHEHHBIM  3aBHCHMMOCTSM—TIpPOJOJbHASE YCTOHYMBOCTb  Kpblaa
coxpansiercsi. [Tpn @ >9°+-10°, koraa Ha kpblie BO3HUKAeT CPbIB NOTOKA,
XapaKTEePUCTHKM MOABLEMHOM CHJAbl W MOMEHTA TaHraXa HeJMHEHHbI,
BO3HMKAeT TpHpallleHde MoMeHTa Ha KabpupoBanve. Besnunna
npupatlieHuss KoadduliMeHTa MOMEHTa TaHraxa Ha KaGpupoBaHue |
cTeneHb MECTHOH MPOAOJBHON HEYCTOHYMBOCTH CBEPXKPHTHUECKOrO KpblJa
6OJILLLIONO YAJIHHEHHST ¢ ¢ro3easkeM MpU O0JbLLMX yraax araku(a > 8"+
9)mpy uncaax M B o6sacTH KpeHCEpCKUX CKOPOCTEHl 3aBHCAT OT
a9pO/IMHAMUYECKOli KOMMNOHOBKM HE TOJbKO Kpblia, HO M (dro3enmka,
MJOIIAAW €r0 OTHOCHTEJBLHONO MHAEJEBOr0 CeYeHHsl M HUX B3aHMHOrO
pacnookenus. McenenoBauusi pacnpejesielisi 1aBJieHusl HA Kpblie ¥ 10
dlo3eMsKY  MOKA3bIBAIOT, YTO KPbLIO WHAYLMPYET Ha dro3essxe
3HAUNTENbHOEe PAa3peXeHHe, NPUBOJSLIEE K adPOJMHAMUYECKMM CHJAM,
KOTOpble 3aMETHO YCHJMBAIOT HEJMHEHHOCTb M3MeHeHusl ko3dduuuenTa
MOMEHTa TaHraxa Kpblja ¢ dro3ensbkeM ¢ yBeJMueHHeM yrJa ataku[S].
MecTHasi HeJMHEHHOCTb MOMEHTOB TaHraXa B Y3KOM Juana3oHe YTJoB
araku(a =8 +-12°) umeercss mpu M =0,8--0,85 y camoseros kak ¢ T-
06pa3HbIM, TAK U C HIDKHMM PACloJOXKeHHeM I.0. [L1 WI0CTPaLKMK 3TOro
na phc. 2.31 npuesebl 3aBucumoctd Cy, mz=f(a) mpu M =0, 8
MOJEJM TACCAXKMPCKOTO caMogeTa ¢ HkHUM (Ha  drosesske)
FOPU3OHTAJbHLIM  OMEpEHHEM M JBUraTeJsaMH, DAacroJOXeHHbIMH Ha
MAJOHAX TMOJ KPbLIOM. 3J€Ch XK€ CXEeMaTHUeCKH MNpvBeleHbl CMEKTpbl
o6Texanust kpblia. o ¢ < 9-+10°(Cy< 0,8+0,8 npu M = 0,8
Kpbli0 obTekaeTcsi 6€30TPbIBHbIM TMOTOKOM, O 4Y€M CBHUAETEJbCTBYIOT
BOCCTAHOBJ/IEHHE JaBJieHHsl B XBOCTOBOM 4acTH B Pa3JUYHbIX CEYeHHsX
KpbLA M CIIEKTP NOTOKA, MOy Y€HHbIi METOAOM LieakoBuHOK. [Tpn @ = 107
=11°CCy= 0,85) wna BepxHeli NOBEDXHOCTM Kpblia B 006JacTH
PACIOJIOXKEHUs TOHAOJ ABHMrateJieil 06pasyroTcst MOLLHbIE CBEPX3BYKOBbIE
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30HbI 0OTEKAHKS, 3AMKHYTbIe CKAYKOM YIUIOTHEHHS], ¥ BO3HHKAIOT CPbIBBI
[IOTOKa M3-oJA ckauka. [Ipy cpbiBe MOTOKA HA Kpbljie CIyTHAsl BUXpeBas
feJena paclmpsieTcsl W NPHBOIMT K YBEJMUYEHHIO TOPMOXEHWA M ckoca
[IOTOKa B 06JACTH FOPH30HTAJILHOrO OnepeHs. B pe3y.braTe MOMEHT Ha
[UKMPOBAHHE TOPH3OHTAIBLHOTO ONEPEeHHs] YMEHbIIACTCS M He MpeBbllLaeT
KaBPUPYIOLLIMIA MOMEHT OT Kpblia. [losiBJsieTcs Tak HasblBaemasi “JokKa”
B 3aBucumocTsX 7z (@) B y3KoM JManasoHe yrJoB aTaKu (@=9"+12°).
[lpy MpPOXOXJAEHHH CIYTHOH BUXPEBOW MefeHbl OT KpblJa Bblle
FOPU3OHTAJLHONO ONEpPeHHs JIOMOJHUTE/bHBIA CKOC MOTOKA MCYesaer,

¢ M=05 | a=11 7y
Kpoing +@roseasx +sonionst
- ,0 %h ,'0 M'ﬂl - -
' 5 b
l % % / /[’ k4 / \/_’V/
-45 A\ (75 o
\§-015 7
0 0.1 05 1/
,:—",5———-—’;X — U, 7 7
/- N
0,25 4
' /
/ =t —
7 T =48 -0-77/_ L o1
N /,
// ’ x,.=015
m, |
-10 / cheprapumusecese gmw,
4{551 iR i8ad 7 === ebuvoe kpeiag,
X |0mpsd eomona
0 e / 1
.—*/’”,7 X

4
AN
h' cl‘
-95 S~
0875~ hu_ OMpus nomexe

=05

Puc.2.29. 3asucumoct Cy, mz=f (a); Cp= f(X) aas1 Tpex ceyenuii no pa3maxy

CBEPXKPHTHYECKOro kpblaa ¥ =30, A 6...=8,9 u 06bIYHOrO CTPEJOBHAHOIO KpbiJad
x=35, A=7 npu M=0,8, «=1I"
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Al

YTO NPUBOUT K YBEJIWYEHHIO MOABLEMHOH CHJbl ONepeHusi, W OnepeHue
CHOBa CO3/aeT MOMEHT TaHraxa Ha MukupoBande. Camoger npu a =12°
cratHyeckd ycToiuuB. C UEJbI0 yJyYlleHHs] XapaKTepUCTHK NPOAOJbLHOMN
CTATUYECKOH YCTOAYMBOCTH camojetra ¢ HM3kMM (Ha  dro3essike)
pacroioXeHdeM FOPH3OHTAJLHOTO OMepeHusl B y3KOM AMaNa3oHe YT.iOB
arakn (¢ =9°+11°) npu M=0,8 obbiuno ucneab3yiOTCS
a3pojMHaMHYeCKHe NeperopojK, rpebhy Ha BepXHell NOBEPXHOCTH KpblJa,
YBeJHYEHHbI# pa3Max TOPH3OHTANLHONO OnepeHusi(60bIAs  BeJHYHHA
YAMHEHUS A ro.),8 TaKke V-06pasHOCTb TOPH3OHTANLHOTO onepeHHusl.
[lpumenenre 3THX MEPONPHATHI HA MOJEJH MACCAXHMPCKOrO camoJeTa
obecneurBaeT MNPOZOJbHYIO CTATHYECKYI0 YCTOMYHMBOCTL BO BCEM
avanasoHe yr.soB araky npu nepeaunx (Xr=0,25) u 3amumx (Xr=0,4)
MOJIOXKEHHUSIX LeHTPA Macc camoJeTa.

Cy

3 —/lnadnoe odmexarue
O —Kopedawue wemobuwon
BB —0mpor8 nomora

-5 0 *
/ T%  Modoms ¢
nepeLofodeamuy
0% y6eruvemsimu \ F=0¢
ng dgyo "
05
m, Z. =00

Puc.2.31. 3asucumocts Cy, mz=f(a)npn M=0,85u xr=0,25; 0,4; CMEKTp
O6TEKaHHsI MOBEPXHOCTH CTPENOBHAHOIO kpbina ¥=35", A=7mpu «=9",10712°,
TIOMYYEHHbI NPH TIOMOLLM L1IEAKOBHHOK
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Kpome Bbillleyka3aHHbIX TPAAMLIMOHHLIX  MEpONPUATHH MO
YJY4UICHAI0 XapakTepUCTHK TNpPOJOJbHOH CTAaTHYECKOH YCTOHYMBOCTH,
MOTYT ObIThb NPUMEHEHbI M CreliHaJbHble CpeACTBa—HaMJbIBb! (“KII0B”) Ha
nepeaHed KpOMKE W BUXpereHepaTophl.

Ha puc. 2.32—2.35 nouBoasATCS pe3y.bTaThl 3KCEPUMEHTAJbHBIX
HceJieI0BaHHi MO 0TpabOTKe M MPUMEHEHHIO HAMJbIBA M0 NepefHeil KpoMKe
CTPEJOBHAHOrO Kpbiia ¥ =39", A =7 6oJbiuoro cyxenns 7 =4 pajpHero
MarucTpajbHOro camogera KMa-62. HcecaepoBanusi mokasasu, yTo
MPUMEHEHHE CTeLiMaJbHO CIPOEKTHPOBAHHOrO “KJOBa” MO NepeaHei
KPOMKE Kpblia MO3BOJHJIO0 pa3paboTaTh a3pOAMHAMHYECKYI0 KOMIIOHOBKY C
MaJIOHECYIIIMM LEHTPONJIAHOM M BbICOKOHeCYIle#l KOHCOJb0. KowmmnJaekc
a3pOMHAMHYECKUX CPEJCTB, HCNONb30BAHHBIX AJS 3TOM Lie/M (IpOrpeccHBHO

M=015
Re=4 - 10°

m,

och CHMETPHH
MOJENM camoJeTa

10° 20° x
Mo mudunmpoBas Hbli HAILILIB
— o — JcXOOHbI HAIBIB <2
- = = §e3 HaIUIBIBOB 11O

nepenHeii KPOMKe
KpbLIa

Puc.2.32. BausHne HanJbIBOB M0 NMepeaHeil KpoMke cTpeaoBuaHoro kpblaa Ha C,,

m;=f()npu M=0,15 4y M=0,8

BO3DACTAIOLLIAs KPUBH3HA Mpoduael fmax =029 npu 2= 0,5+1,08
COYCTAHWM C ONTHUMAJbHBIM PaJUYyCOM KPHBU3HbI OTOTHYTOrO BHU3 HOCKA W
reoMeTpuyeckasl 3aKpy4yeHHOCTb CEYECHHH KOHCOJM)TIO3BOJMIM 06ECTednThb
6JaronpusiTHbIE  XAPAKTEPHCTUKU NPOJOJBHOM YCTOHUMBOCTH CaMOJeTy
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M=07S

Beprugg mbepruocme
» Mnors

o= fo*

Puc.2.33. Crpykrypa TPaHc3ByKkoBoro  Puc.2.34. Kaptuna o6Tekanus BepXHei
OOTCKAHHS CTPEJOBUAHOTO Kpbida MOBEPXHOCTH CTPEJOBHIHOTO KPblAA C
HallibiBoM # 3asucumoctd Cy, M=  panabisom pacrpejeieHHe CTaTUIecKoro
f()mpy M=0,75 AaBJEHUS B TPEX CEYEHHSIX [0 pasMaxy

mpy M=0,75, ¢=10°
Ha BCEX peXHMax Nmoseta, BKMOYAS U PEXUMBI rJay60KOro cBaaMBaHus Ha
6osbumx yraax ataku (puc. 2.2, 2.3) ¥ TeM cambiM BHecTy BECOMBIi
BKJIal B peuleHde npo6.iembi 6e30MacHOCTH  mojeTa  jasbHero
Naccaxupckoro camosera. Hamupe “KMOBa” MPUBOAMT K MOBBILIEHNIO
HECYLUMX CBOKCTB Kpbiia Ha B3JETHO-NIOCAJIOYHBIX PEXHMMaxX MoJeTa 3a
CYCT  yBeJMyeHus ymax W KPUTHYECKOrO Yria artaku a wpur
MEXaHN3MPOBAHHOrO Kpbida M Kpbija B kpeficepckoit Kondurypaumu (puc.
2.32, 2.33). HccaenoBanns  dusnueckoii KapTuubl 06TeKanust moje m
camoteta B AIT— 106 npu nomowy METOJa UIEJKOBUHOK, caxe-
MACITHOA MaieHKM M pacripetesenys A3BJEHMS N0 MOBEPXHOCTH KpbiJa
NO3BOMIM 06 BSACHUTE OaaronpusitHoe BiusiHue “KiioBa” Ha Hecylue
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CBOMCTBA M XapaKTEPUCTHKH [POAOJbHOA yCTOHYMBOCTH CcamojeTa H
3aMKCHPOBATh CJAOXHYK CTPYKTYpYy —BHXPEBOrO, OTPbIBHOTO
TPaHC3BYKOBOTO OGTEKAHHS KPblAa NPU GOJbLIMX yr/aX aTakn (puc. 2.33
_2.35). Kak BWIHO M3 TPHBEJCHHBIX MAaTePHaJOB, PACIPEICJCHHE
JaBJCHHS 0 BEpXHEll NOBEPXHOCTH B PA3JHUHBIX CEYEHHAX N0 pasMaxy
C,=f(X)coraacyeTcss ¢ OTDbIBHBIM TeueHHeM TPaHCIBYKOBOrO
ofTeKanusi, NOJYYEHHbIM [PH NOMOIY LIEIKOBUHOK H caxeMacJsHOH

MJIEHKH.

CucTemaTruieckye HccJe-

JOBAaHUS  BJMSIHMS  HaNJbIBOB MO

~Ber ’””f(:/‘;‘f""””““ nepeHeli KPOMKe — CTPEJOBHIHBIX

Cp H=085 KpblIbeB MO3BOJMIM  yCTaHOBHTD,
yto Hanbosee 3PbeKTHBHBIMH
HanJbiBaM{  SIBJASIOTCS  HaNJAbIBbl
“xoHLIeBble”, pPacnoJOXeHHble Ha
xoncoqn 2=0,3(0,35 +1,0.
dKkcnepUMMeHTAaJdbHbB MH
yccJeIOBaHHAMHU TaKXKe yCTaHOBJACHO
(puc.2.36), uro“xopueBbie”,
pacrioJioXeHHble B  LIEHTPONJaHE,
HanJbiBbl He o6ecrneuynuBarT
yJayulleHus XapaKTepPHUCTHUK
NPOJOJbHON yCTOHUMBOCTH MOJIE/M HA
60JbIUMX yrJaax arTaku.
HccJeioBanusl MOJeJeH camoJaeToB
CO CBEPXKPUTHYECKUMH NPOQUIAMH
I (puc. 2.37, 2.38) u 1I noxosenuit

Puc.2.35. Kaptuna ofTekaHust H (prc.2 . 39)noxrBepanm  BHIBOLE! O

pacnpezle.neﬂue cTaTHyeckoro AaBJAcHHA NOJNOKHMTEABH oM BAUAHUM

mpn M=0,85, a= 10’ ONTHMAJbHO CNPOEKTHPOBAHHLIX

KOHLIEBbIX HAMJbIBOB MO nepejHed

KpOMKe Ha XapaKTepHCTHKH

MPOJIOJILHOR  YCTOMUMBOCTH M BEJHYHHY Cyon B 06JacTH Kpedcepckux
cKOpoCTeH noJera.

JlpyruM  CpeiCTBOM  yJyulleHHsl — XapaKTePHCTHK NPO/I0JMbHOM
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—*—<MH ;)n'lﬁm, C  KOPHCBBIMH

ANAbIBA. =

KpbuIe MH/Z =065/ na

—»—MOAEAb € KOHUEBLIMH
HANABIRAMH /= =() 35 / Ha
Xpblne

-n—Monenb 6€3 Hanasison

1 kpwljie

L 1,
10° 20° o
~0,1 A0, Pem=-37"°
~04, 0
-0,2 o
o, Pem=—5
-0.3 061 03 —
X,=025

Puc.2.36. Bausinne “xopHeBbix” ¥ “KOHLEBbIX X HAMIBLIBOB MO NEpejHell KpoMke
ctpeaosuanoro kpbiia Ha Cy,mz=f(adupy M=0,4 y M=0,8

CTAaTHYECKOH YCTOMYMBOCTH SBJSICTCS YCTAHOBKA BHUXPEreHepaTopoB B
LieHTponJiade Kpblja, B paioHe BHYTPEHHMX TOHJOJ ABuratedei. Hauuuwme
BUXpereHepaTopoB, Kak BHAHO M3 puc.2.40, NpUBOMMT K YCTPAHEHHIO
MECTHOH TNpOJOJbHOH CTATHYECKOW HEYCTOHYMBOCTH MOJeJH
MarHCTPAJbHOrO MAaccaXupekoro camosera npy a =8 +12° y M =0, 8.
BJaaronpusitioe  BJMsiHWE BHXpereHepaTopoB 00yCJOBJEHO ABYMS
abdexramy. Hauumnass ¢ a=8+9°, Buxperenepatop-TypOy.am3aTop
BbI3bIBaCT B HOCKE KpblJa MECTHbIH CPbIB NOTOKA, KOTOPbIA CHWXAET
MHTEHCUBHOCTb CBEPX3BYKOBOH 30Hbl, 3aMKHYTOH CKAUKOM YILJIOTHEHHS B
LeHTporJaHe, ¥ TeM caMbiM YMeHbillaeT ero noabeMHyi cuiy. B
pe3yJbTaTe 3TOr0 BO3HMKAET JOMOJHUTEJbHbIH MOMEHT Ha MUKHUPOBAHHE
Kpblia. 3Menenne ckoca moToxka 3a KPbLIOM MPUBOAMT K MOBbIILIEHUIO
30beKTHBHOCTH MOPH30HTAILHONO onepenusi. ONTHMANBHOE PACToNOXKEHHE
BUXpEreHepaTopoB MU HMX pa3mepbl JOMKHbI BbIOMPATbCH AJSA KX I0H

MOJCJH ¢ ydyeroM OcobGeHHOCTeH CpbIBHOTO OOTeKaHusl Kpblia Ha 3THX
pexumax [6].

105







