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OrA Y4

OBIHE MO TEKCTY COKPALIEHHA

BC - BO31y1WIHOE CYIHO,

KIIM - KpHBOWHNHO-WATYHHBIA MEXaHH3M,

MKD — MeT0a KOHEUHbIX )1EMEHTOB,

HJC - nanpsxeHHO-1eGOpMHPOBAHHOE COCTOSHHE,
CMLY - cBepXMHOrOUMKIOBAA YCTATOCTD,

LT - unIMHIpo-nopuiHesas rpynna.

ObH1AA XAPAKTEPUCTHUKA PABOTDI

AKTyaIpHOCTD AMCCEPTALMOHHOH pabothi obycnosneHa
HeoOX0IMMOCTEI0  pa3paloTKH MepCreKTHBHBIX TEXHOIOTHH MpH  CO3NaHUHM
TUIOPa3MEPHOTO PAla NMOPLIHEBBIX aBHALMOHHBIX ABUraTeneii ¢ yaensHoi Maccol
0,5-0,75 xr/n.c., autpoBoit MouHOCThi0 80-105 J1.C./%, MUHHMATBHBIM YAEIbHBIM
pacxonom TornuBa 190-220 r/kBr4 npu JetanbHOH MOJEPHH3ALMH LIATYHHOH
rpynnsl. [0 HacTOSEr0 BPEMEHH HE CO3JAHO ABMALMOHHBIX W3Enci,
COOTBETCTBYIOIIIMX COBDEMEHHBIM BHICOKHM TpeOOBaHHAM CO  CTOPOHH
npoussoanteneii BC k xapakrtepucTHkaM M HAJEXHOCTH ABHratenei, a Takke
HANeXHBIX  METOAMK  NPOTHO3WPOBaHHA  BBIHOCIAMBOCTH  A€Taned  np
IKCIUTyaTalidd B YCJIOBUAX CBEPXMUIMTENbHBIX PECYPCOB, COOTBETCTBYIOLLMX
o6mactu CMI]Y Merawios. [llarynrad rpynna ABIA€TCA OAHMM M3 OCHOBHBIX
HAIpaBJieHUi B MOPILHEBOM BUraTEIECTPOCHHH, T.K. OHa onpeaesser 6a3oBbie
XapaKTEPUCTMKH ABMTaTeNs B LEJIOM, B TEPBYI0 Ouepelb HAAEKHOCTD,
3KOHOMUYHOCTH, rabapHTHBIE H BECOBhIE XapaKTEPHCTHKH.

Iennto paboThl ABaAeTCs pa3paboTka HANECHKHOH KOHCTPYKLMH IATYHA
1714 BRICOKOGOPCHPOBAaHHOTO  aBMALIHOHHOTO [OH3eNs TMPH  COOTBETCTBUH
TpeGOBaHUAM MO MOLIHOCTH, YIE/IbHBIM XapaKTCPHCTHKAM H PeCcypcey.

JUis nocTHxXeHHUA yKa3saHHOH 1ein HeoOXomuMo peleHUe CaeAy iomnxX
3aga4. Pa3paboTka KOHCTPYKIHMM IUATyHA, BHIOOp Marepuana W HOBEHIUMX
TexHojmoru# npousBoacTBa watyHa. OnpejeneHHe ATbTEPHATUBHOTO
TEXHOJIOTMYECKOr0 KOMILUIEKCAa IPY NPUMEHEHHM HOBEHLIMX TEXHONOTHH
npousBogcTBa. OueHKa BBIHOCAMBOCTH ILIATYHOB NPH  NPUMEHEHHH
PaTUUHBIX TEXHOJOTHUECKHX KOMILJIEKCOB. Pa3spaborka
JKCHEPUMEHTABHOM METOAMKM MOBBIIEHHA BBIHOCIMBOCTH IUATYHOB M3
TUTAHOBBIX CILIaBOB BBICOKO(QOPCHPOBaHHBIX aBHALMOHHBIX AM3ENEH.
[MpoBenenue pecypcHbIX W J1abOpaTOpPHBIX HCHBITAHHH, BKJIIOYAIOLIMX
HCCIIeNOBaHHE MUKPOCTPYKTYPBI U QU3MUECKHX CBONUCTB CILIABOB.

[lpenmeroM wHccienoBaHMd SBJSETCA IIATYH IBHTaTeNs BHYTPEHHETO
CrOpaHus M3 THTAHOBOIO CIUIABa, paboTaloMH B YCI0BHAX BbICOKHX Harpy3oK H
CBEPXIJTMTETHHBIX PECYPCOB.

Teopernueckas U Mertofonoruyeckas 6asa BITIOYAET METOAbl TEOPHH
npouHocTd mA onpenenenns HJC #u oueHkH BBIHOCIMBOCTH AeTaneif, a Takxke
IKCIEPUMEHTATHHBIE METOABI YCTATOCTHRIX HCIBITAHHHA A€TACH MallHH.

HayuHas HOBM3HA W IIQ/IOMKEHWs, BEIHOCHMBIE Ha 3ammuTy. OnpeneneHsl
nmapaMeTpel MHKPOCTPYKTYpHl THTaHOBOro cmiasa BT6 u anelacralsneu
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KOHCTPYKTOPCKO-TEXHO,IOTHYECKHH KOMILIEKC, 00eCMEYHBAIOWIMA HAACKHYIO
pabOTy WATYHOB ¥3 THTAHOBOIO CIUlaBa 111  BbICOKO(OPCHPOBAHHOIO
BBICOKODECYPCHOr0  aBMAUMOHHOrO 1u3end. PaspadoTaHa IKCHEpUMEHTabHAdg
METOINKA VCKOPEHHBIX HCIBITAHHA 19 ONPEACIEHHA  KOHCTPYKTOPCKO-
TEXHO.IOTMYECKOTO KOMILIEKCA, ofecneynBaoLIEro MaKCHMATBHYIO
J0/IrOBEYHOCT LIATYHOB MPH UCMOJb30BAHHH HOBEHILHMX TEXHOMOTHH.

MpakThyeckas  3HAYUMOCTb __ pe3yabTaToB. PaspaforaH  wartve
YCTAaHOBOYHOK MapTHH 114 aBMAUMOHHOTO JHM3€NfA, COOTBETCIBYIOILErO
TpeGOBaHHAM MO JIHTPOBOM MOIMHOCTH M IKOHOMHYHOCTH, MPOXOISALLEro
npeacepTHOUKALOHHEIE H JIETHbIE HCMBITaHUA. [OKa3aHa HAaZeKHOCTD LIATYHA M3
TMTaHOBOro cmiasa BT6 411 BbICOKOGOPCHPOBAHHOTO BBICOKOPECYPCHOTO
aBHALMOHHOrO am3e:f. PaspaboraHbl TeXHHYECKHE 3aJaHHA Ha CPaBHHTENbHBIE
YCTAIOCTHbIE H  PEeCypCHble MCIBITaHMA ILaTyHa 1A |2-UHIMHAPOBOroO
BBICOKOOPCHpOBaHHOrO  aBMaumonHoro au3end RED  A03 ¢ mensio
NOOTBEPXKIEHNA COOTBETCTBUA COBPEMEHHHIM aBHALMOHHBEIM TPeGOBAHUAM M
nomyueHns apuratenem RED AO3 ceprudukara tuna.

Peanusauus u anpobauus padotsl. [Io akTy 0 BHeApEeHUH pe3y;IbTaToB
JIICCEpPTalMK pe3yabTaThl paboThl BHEAPEHB B KOHCTPYKLMIO H MPOH3BOICTBO
YCTaHOBOYHOM CEpHH LIATYHOB ATA |2-LMAMHAPOBOTO BhICOKOGOPCHPOBAHHOTO
aBuaunoHsoro ausesii RED AO3 npousBoacrsa ¢upmel RED Aircraft GmbH,
Iepmanua. [IpoBeneHsl Ha3eMHble H  IeTHbleé HCMBITAHHA  JBHTaTesI,
MOATBEPAMBLLIME HAAEKHOCTb pa3paboTaHHON KOHCTPYKLIMH.

[Ty6aukauun. [To pesynpTaTam uccnenopanui omy6mkoBaso 2 paborsl,
BOILEALINE B HCCEPTALIHIO.

Crpykrypa u o6beM pabothl. JIucceprauus COCTOMT M3 BBEAEHHA,
qeThipeX [J1aB, OCHOBHBIX BBIBOJOB H 3aKIIOYEHHA, CIHCKE MCIOMb30BaHHOM
nuTeparypsl M npunoxenui. O6umii o6veM pabotsl coctaBiger 153 ctpann,
Bmoyas 135 cTpaHML OCHOBHOTO Tekcta, 62 pHcyHka, 26 Tabamu. Crmcok
HCTIOMB30BAHHOM JIHTEPATYPHl BIUTOYaeT 93 HaHMEHOBaHHA.

B nepBo#i rnaBe pacCMOTPEHbl COBPEMEHHBIE aBHALIHOHHbIE TH3ETH H HX
TeXHH4eCKHH ypoBeHb. II0Ka3aHO MPEUMYILECTBO NPHMEHEHHA THTAHOBBIX
CIUTaBOB [UIA NMPOM3BOACTBA MATYHOB. PaccMOTpeHBI CBOMCTBA M XapaKTEPHCTHKH
CONPOTHBJICHHA YCTAJIOCTH THTaHOBoro cmiasa BT6, mMeroam mnpoussoacTsa
IIAaTyHOB, a Takxke TpebOBaHMA K HAAEKHOCTH MATyHOB MNO Oe30macHoi
JKCIUTyaTallHy aBUALMOHHBIX TH3EIeH.

TpeGoBaHMA K aBHALMOHHBIM JH3ENAM COCTOAT M3 KOMILJIEKCA,
BKTIOYAIOMIET0 BBICOKYIO B3JIETHYIO MOILOHOCTb, HH3KHH YAETbHBIH Bec H
IUIMTEIBHBIH PECYPC, UTO MPEACTAB/AACTCA TEXHUYESCKUM 3aJaHHEM HA Pa3paboTKy
apurarend. CoBpeMeHHble aBHALMOHHLIE AW3ENH, HMEIOIMe ceprudUKaT TUa,
obnajalor cpeaHed MTpoBOH MommHocTeio (67,5-87,5 n.c/m), BeTHOH
MomHocTei0 X0 350 m.c., BeicokuM ynempHbIM BecoMm (0,78-1,1 kr/m.c.) mpu
OTHOCUTE/LHO HH3KOM pecypce (1200-1500 ). B HEKOTOpPHIX CerMeHTax JIerKoi
aBHaUMH TpebyeTcs yBenMueHHe BaleTHOH MomHocTH X0 500 n.c. wim Gonee mpu
MHHHMAJIEHOM BECE, a TakxKe JOCTIDKEHHMe yaeabHoro Beca 0,65 Kr/m.c. U MeHee.
JlaHHbIe XapaKTEPUCTHKH MOTYT OBITh JOCTHTHYThI IPUMEHEHHEM JIETKHX CIUIaBOB
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C BBbICOKOH VIe/AbHOH NPOYHOCTbIO. TaKkkKe MOKA3aHO BIIMAHHE BECOBBIX
XapaKTEePUCTHK LIATYHA W3 THTAHOBOIO CILU1aBa Ha CHHMKEHHE MAcChl ABHTaTela B
uenoM M passecoBky BC.

BaxHy1o ponb 8 OpMHPOBaHHM TPeOOBAHHA MIPaeT aHATH3 BHIOB H
nocnencTBUil 0TkazoB. CaMbie BBICOKHME TpeOOBaHHA MpEICTaBIeHBl B OOMACTH
FPaXIAHCKOR aBUALMHM, rIe MO:I0MKa LIATyHa MOXKET NpHBecTH K Katactpode BC
BCJIEACTBHE TMO.THOM MOTEpPH MOMIHOCTH (TATH) CH:I0BOH ycTaHOBKM. Ob6nacts
BO3AYLUHOTO TPAHCIOPTAa B paMKax 1aHHOW padoThl paccMaTpPHBAETCA Kak
OcHOBHadA. B 3To#i obnactu obecrneueHne NMPOYHOCTHOM HAAGKHOCTH M pecypca
aeraieil uMeeT MEPBOCTENEHHOE 3HAYEHHE, NMPEIbABIAA HaHBbICLIHE TPeOOBaHUA
K KOHCTPYKLIHH JeTalleil 11 Ge30nacHoi u HanexHo# sxcrutyatauus BC.

Illupokoe  pacmpOCTpaHEHHE CPEeAM  CILIaBOB € BBHICOKHMH
MPOYHOCTHBIMM XApaKTEPUCTHKAMH 1A JeTaledl OTBETCTBEHHOTO HA3HAUCHMA,
0COGEHHO B aBMACTPOCHHM U 33POKOCMHYECKOH TEXHHKE MONYYWTH THTAHOBBIE
cnasu BT5-1, BT6 (Ti-6Al1-4V), SP700. Ha Bo3aymHOM TpaHcnopTe He
CYILIECTBYET HY OJHOTO CEPUIHOro JBHIaTesd ¢ CePTHAUKATOM JIETHOMH TOJHOCTH,
HMEIOLLEro B KOHCTPYKLIHH IIATYHB M3 THTAHOBOIO CILIaBa.

B cBa3m ¢ pa3bpocoM CBOWCTB THTAHOBEIX CIUTaBOB B ITHPOKHX
npemenax, pacCMOTPEHAa aKTyalbHOCTb CBS3H MEXAHHYECKHX CBOHCTB ¢
napaMerpaMM MUKDOCTPYKTYPBI CIUIaBa. [aloke BaXXHbIM OCTAETCA METOX
nomydeHus TpeGyeMol CTPYKTYPHI CI1aBa. B TEXHONOTHH H3rOTORJICHHS MAaTYHOB
M3 THTAaHOBBIX CIU1aBOB U1 BbICOKOQOPCHDOBAHHBIX JABHrateineil oco6oe
BHHMAaHHE YIEIAETCA MOBEPXHOCTHOMY YIPOYHEHHIO.

W3 Bcex HCMONB3YEMBIX TEXHOJNOTHYECKMX METONOB Hanbompuii
HHTEpeC mpeacTasiier obbemHOe aAepOpMHpOBaHHE, T.K. JAaHHBIA METOR
obecneynBaeT MAKCHMATBHBIE XapaKTEPHCTHKH BBIHOCIMBOCTH cruiaBa Ti-6Al-4V,
Hapsmy ¢ TpamuumoHHBIMH cnoco6amu aedopMuMpOBaHHA B aBHaCTPOCHHH
MCTONB3YeTCA INTAMIIOBKA B 30HE CBEPXIUIACTHYHOCTH, Taloke MO3BOJLIOLIAA
CYIECTBEHHO YBENIHUYUTh KOIDPHLHEHT HCIOAB30BAHHA MaTepHaa.

ITock ONTHUMANbHBIX TEXHOJOTMYECKHX MPOLECCOB HampaBjeH Ha
TIOBBINICHHE XAPAaKTEPHCTHK COMPOTHB/ICHHA YCTAOCTH, HAJCKHBIE 3HAYCHHA
KOTOPBIX ONpPENeAIOTCS CTATHCTUYECKUMH METOAMH YCTATOCTHBIX HCTIBITAHUHA H
HCMONB3YIOTCA B METONAX OLEHKH BBHIHOCAMBOCTH Jeraneif. Ui mocmeaHux
BOXHBIM ABNAETCA BHA KDHBOH YCTAJIOCTH WJIM €€ ONpefeNieHHble TOYKH,
HanmpuMep, TO4YKa mneperuba, OpIMHAaTa KOTOpOH pacCMaTpHBaeTCs  Kak
(usiueckudt mpenes BhIHOCIHBOCTH, COOTBETCTBYIOIUMH 6a3e HCIbITaHHH 10’ -
2-10" wmcos.

B pa6orax psma oreuectBeHHbix M 3apybexusrx HUM ycranosneHo
ABICHWE MaJeHNA Tpenena BHIHOCIMBOCTH HEKOTOPBHIX CIUIaBOB, B T.4. H
THTAHOBBIX IPH YHCJIE LIMKIOB BHILIE 10’ (puc.1).

B xome uccnemoBaHMH YCTaHOBJIEHO, UTO pa3pyIICHHE MPOHCXOMHIO
NP MEHBIIMX, 9eM Mpenea BhIHOCIMBOCTH, HampsbkeHHWsX. Ouard 3apokaeHus
TpemmH o6pasnoB HaxXOMWIMCh B IONIIOBEPXHOCTHOM CJIO€, YKa3biBaf Ha
M3MEHEHHE MEXaHH3Ma 3aPOXNACHMA YCTAIOCTHHIX TPCLIMH, COOTBETCTBYIOIICE
JUIA pa3THYHBIX cru1asos py6esxy 107 — 10° uukiios. JauHas o6nacTs B IMTEpaType
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HA3BaHA MUraLMKIOBOH WM CBEPXMHOTOLUKIOBOH YCTANnoCThio (aHr1.: very high
cycle fatigue unm ultra-high cycle fatigue), koTopas Ha TeKyLIHi MOMEHT OCTaeTCA
MaJio U3Y4YE€HHOH.
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Puc.1. KpnBble BHIHOCTHBOCTH cIUTaBoB B o6nactu CMLY:
a — anoMHHueBbIH cias 2024/13, 6 — nomuunuuxosas crans SUJ2, B -
THTaHOBRIH crutas Ti6246, r — cru1aB Ha HUKeEJEBO# ocHoBe N18.

ITo pesynstaraMm 00630pa TEXHMYECKOTO YPOBHA COBDEMEHHBIX
aBHALMOHHBIX Ou3enedf, TpeboBaHMM K HaNeKHOCTH INATYHOB, XapaKTEPHCTHK
BBIHOCJIHBOCTH THTAaHOBBIX CIUIABOB M BIMIOUIMX HA HMX (aKTOPOB, a TaKKe
cTenenH u3ydeHHoctd ob6mactu CMLLY, caenan BbiBoa 06 OTCYTCTBHH HaZeKHBIX
CTAaTHCTUYECKMX JAHHBIX MU NPOBENEHUA OLEHKH H NMOBbIMIEHHUSA BBIHOCIHBOCTH
IIATYHOB, pafOTAlOWMX B YCJIOBHAX CBEPXBBICOKHMX pecypcoB. Takum 006pa3soM,
NIOK33aHa AaKTYalbHOCTh pa3pabOTKH HANEXHOW KOHCTPYKUMH LIaTyHa H
3KCHEPHMEHTATEHON METOAMKH OLEHKH BBHIHOCIHBOCTH IIATYHOB M3 THTaHOBBIX
CILIABOB BBICOKO(OPCHPOBAHHBIX AU3EIEH.

Bo BTOpO#i 11aBe onpeneneHbl KOHCTPYKLHUA U TEXHOJIOTHIECKHE ITaIlbl
MPOM3BOACTBA [IATYHa MUIA MPEeICTaBJIEHHOrO Janee BBICOKOGOPCHPOBAHHOTO
asdauMoHHoro amsens RED A03, a Takke 3KCILTyaTalUMOHHBIC Harpy3kd H HX
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IPOO/IKHUTE ILHOCTh. [IpOBE1EHA OUEHKA M CPABHEHHE BLIHOCIHBOCTU LIATYHOB C
YUYETOM MPHHATHIX TEXHOTOTHYECKHX KOMILIEKCOB.

[To npoBeleHHOMY aHajIM3y KOHCTPYKLMH LMATYHOB, HAXOIAILMXCA B
SKCILTyaTalMH B COBPEMEHHBIX BBICOKOGOPCHPOBAHHBIX IM3eNeH Kak LA
Ha3eMHOTO0, TaK H A1 BO3IYLIHOTO npuMeHeHksa (Austro Engine AE300. Thielert
Aircraft Engines TAE-125-01 u TAE-125-02-99, BMW N47D20/N47D20S,
Mercedes-Benz OM628), paspaoTana KOHCTPYKLMS LIaTyHa M3 THTaHOBOTO
crnasa BT6 ¢ aByTaBpoBbIM ceueHMeM (DHC. 2) BBMIY BHICOKOH XECTKOCTH B
TLIOCKOCTH IBMXKEHHMS ILATYHA, 4 TaKkKe BBICOKOH TEXHOJOTHYHOCTH IIpH
00paboTke pe3aHHeM IIPH MENKOCEPUHHOM NPOH3BOACTBE.

b
Puc. 2. TBepaoTensHas MOAENs pa3paboTaHHOTO mIaTyHa (a) ¥ o6paGoTaHHBIH
pesanueM nonydabpukar maryHa (6).

AHanH30M MOJOMOK IIATYHOB MOKa3aHO, YTO NMPHYMHOM yaime BCETo
OKa3bIBAIOTCA THAPOYAAap WM YCTalTOCTHbi€ NOBpEXIeHMA. [lepBas npHuMHa
BbI3BaHa HEJOMYCTHMBIMH HAarpy3kaMu CO CTOPOHBI NMOPIUIHEBOH rOJOBKY LIATYHA
BCJIGACTBHE UPE3MEPHOTO HaBAECHHA B Kamepe cropaHus. Bropaa ofycnoenena
HH3KMMH  XapaKTCPHCTHKaMM YCTAIOCTH IUATyHa, [PHYEM YCTATOCTHhHIE
Pa3pyIIeHHA YCTAHOBJICHH B OCHOBHOM B CTEp)KHE IATyHA WJIH MOJ MOPIIHEBOH
rojopkodi. IlosToMy namee ouleHKa BBIHOCIAMBOCTH HPOBEACHA WA 00nacTH
MEPEX0/ia CO CTEPXKHA 1IATYHA Ha MOPIIHEBYIO TOJIOBKY.

C uensio yMEHbIUCHUA BEIHIHHB JEHCTBYIOIMX HaNpHKCHUHA B 30HAX
niepexojia ¢ UEHTPATbHON CTEHKH IIaTYHA Ha FOJIOBKH PACCMATPHBANOCH YCHJICHHE
KOHCTPYKLHMHM peOpaMH KeCTKOCTH pa3nuyHo# koHurypaunu. [lo npuseaeHHbIM
pe3ynstataMm oueHku HJIC inaTyHa ero KOHCTPYKUMA C [ABYTaBPOBbIM CEYCHHUEM
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0e3 J0MOIHHTENBHBIX JIEMEHTOB NMPH3HAHA 00/1€€ TEXHOJOTMYHOH H MpHHATA
OCHOBHO#.

Jina olecneueHHss BBICOKOH BbIHOCIMBOCTH ILUATYHOB OfPEIEICH
OCHOBHOW  TEXHONOTHYECKHHl KOMILIEKC (moiyyeHwe nonydadpukara H3
BATBLIOBAHHOM TLTMTHI, Tepmuyeckasd oOpadoTka mnoaydabpukara; odpaboTka
pe3aHueM; TpaeieHue, IpobectpyiiHoe ynpouHetiMe, (HHHLI TOPLEB U 3€PKal
KPHBOILMIHOA M MOpIUHEBOH ronoBok). C Uenbi0 MOBBILIEHHA XapaKTepHCTHK
COMPOTHBIICHUA YCTANOCTH M TEXHOJIOTMYHOCTH INATyHa TIPH CEPUHHOM
NMPOM3BOACTBE OMpPEACICH  AJbTCPHATHBHbIA  TEXHOJIOTHYECKHH  KOMIUIEKC
(o6beMHOe AeOPMHPOBAHHE B YCJIOBHAX CBEPXILIACTHYHOCTH € JalbHEHILMM
CTapeHHeM; TpaBleHue; aIpodecTpyiiHOe YNpoyHeHHe;, uepHoBat oOpadoTka
pe3aHHeM TOPLEB H 3ePKaT KPUBOILIHIHOM U MOPIIHEBOl roNoBok; GHHAII TOpLEB
H 3€pKaj KpHBOLIMIHOM ¥ NOPLIHEBO r0;I0BOK).

[To awamu3y ycnmoBuif 3KcruTyatauwu apuratens #Ha BC B kagectse
PacyeTHOTO peXUMa TMPHHAT DPEKUM MaKCHMaIbHOM [POAODKHTENBHOH
MOLIHOCTH C  TPOJODKUTENbHOCTBIO, cooTBeTcTBYtomed 100% pecypcea
asurarens. [Ipu onpeneieruu HJC maTyHa pacueTHbIMH Harpy3kaMu ITPHHATHI
Harpy3KH Ha B3I€THOM PEXHME C BBEACHHEM KO3D(DHLHEHTa, YBETHIHBAOMIEr0
aMIUTMTYAy HanpsokeHHH LMK1a, MU Yy4eTa KpaTKOBPEMEHHbIX ABICHHMH
(HanpHMep, Meperpy3ok) Wik NoTeHuHana GOpCUPOBKH JABHIATEIIA.

YcraHosneHsl 4 omacHble 30HBI B paccMaTtpuBaeMod  obmacTd
NOpLIHEBOH TOMOBKM C  BEPOATHOCTHIO  BO3HHKHOBEHMA  YCT&IOCTHBIX
noBpexaeHH# 1o pesynsratam onpenesnenna HJC maryHa ¢ momotsio MK3 mpr
pacTaruBaolef 1 cxuMaromedl Harpyskax. [lokasaHa HOCTaTOMHOCTh H Jajee
MpoBeJ€Ha OLEHKA BLIHOCIWBOCTH AIA KaXAOW 30HBI AJA OZHOTO PacyeTHOro
peKHMa ¢ MaKCHMATbHOM NPOAO/DKUTENBHOCTBIO B TE€UEHHE BCero pecypca (or
2000 u), cootBeTcTBYIOLIErO 0OMacTu CMIY.

OCHOBHBIMM ~ METOZAMH OLEHKH  BBIHOCIMBOCTH JETATH IpH
3HAKONEPEMEHHBIX Harpy3kax ABJSIOTCA CPaBHEHHE NSHCTBYIOMMX HAMPDKECHUH ¢
ZIOMyCKAaEMbIMH WIH CpPaBHEHHE TPeOyeMOro 4yHcija LMKIOB JKCILUTyaTalHH NpH
JAHHOM aMILIUTY /e HarpyeHHA ¢ JOITYCTHMbIM.

K nepBeiM OTHOCATCA pacdeThl CTeNeHH HArpYKEHHOCTH HETAIH H
ko3bdunuenToB 3amaca BaiHOCHMBOCTH. CremeHp  HarpyxkenHoctd (1)
ONpeaeNdeTcs OTHOLIEHHEM NEHCTBYIOILEH aMIUTHTY B UMK (S,) K JOMYCTHMOIH
(SakT) ¢ ydetoM Heobxomumoro kodbduumenra OesomacHocTH  (jp).
Koatpduunesr 3anaca BHIHOCHMBOCTH (2) NpeacTaBiseT OTHOLIEHHE Mpenena
BBIHOC/IMBOCTH (OR) K MAaKCHMAIBHOMY AEHCTBYIOIIEMY HANpKEHHIO HHKIA

(Cmax)-

Sa
apg = ———, 1
AK ™ Sakr/ip M
— _Or
Mo = Omax’ (2)

HomycTiMele mapaMeTpsl HKIa B 0G0HX CIy9asX PacCYMTHIBAIOTCA 1O
H3BECTHOMY [Mpelely BBIHOCAMBOCTH IpM  CHMMETPHYHOM  LHKIE H
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YYBCTBMTEIBHOCTH K aCHMMMETPHH UMKIA. [IpH OUEHKE BLIHOCIMBOCTH BEIETCH
CPaBHEHHE MOTYUCHHBIX 3HaueHH# ¢ 1. T.e. asc<]1. ny>1. [lpu 3TOM cuuTaerca, uto
Jetals MOKET npopadoTaTh HEOTPAHHYEHHOE YHCIO UHKIOB, €CJIH  ITH
HEPaBEHCTBA BEPHBI.

Ko BTOpOMY METOIy OTHOCHTCA TEOpUA HAKOIUICHHSA MOBPEKICHHA MO
3akoHy [lanvrpeHa-MaiiHepa, COMIACHO KOTOPOMY YCTATOCTHOE MOBPEXKIEHHE
[POMCXOIMT NPH PABCHCTBE pACUETHOrO MIM TpebyeMoro uucia UMKIOB
NpeaebHOMY YHCITY UMKI0B HArpyxkeHHs netand. [IpH HATHYMH | HarpvkeHui
3aKOH 3aMKCHIBAETCA CYMMOM HAKOIUIEHHBIX MOBPEXICHUHM, MpPEICTaBASHHBIX
OTHOLIEHHEM PACUETHOrQ M TMPEIETbHOr0 YHCET LUWKJIOB TIf AETATH NMpPH i-TOM
pacyeTHoM ciyyae. CyMMa HakOILIEHHBIX NMOBPEXACHHH N0DKHA ObITh MeHbuie 1,
XOTA I HEKOTOPbIX MaTepuanoB, B T.4. METAUIOB, YCTaHOBNEHO, UTO
paspylieHHe MPOMCXOAMT NPH 3HAYEHHAX CYMM HAKOIUIEHHBIX MOBPEKICHHH,
OT/IAYHBIX OT 1.

B LleHTpaipsHOM HHCTHTYTE aBHAILIHOHHOTO MoTopocTpoenus uM. [T.H.
bBapanoBa ObLIM MONMOXKEHBI OCHOBHW [UIA YTOYHEHHBIX METONHMK ONpeleNecHHs
1apaMeTPOB KPHBHIX YCTAJIOCTH, @ Takke KOIPGDHLUHEHTOB 4YBCTBHTENLHOCTH K
KOHLEHTPALHH HAMpsKEHHH W aCUMMETPHH LMKJIA PAalIHYHBIX CIU1aBOB, B T.4Y.
THTAHOBBIX. [IpOBEIEHHBIMH IKCIEPHMEHTAIPHBIMH HCCIIEJOBaHUAMH NOKA3aHH
obmacTH HawTyyiled KOPpE/AUHH JaHHBIX 3aBHCUMOCTEH H pPE3yIbTaToB
MCMBITAaHUH, XOTA TOCNEAHME TNPOBOJWIHCE B 00MaCTH  MHOTOLHMKIOBOH
YCTaJIOCTH.

ConocraBlieHHeM METONOB MOKa3aHO, 4YTO MPOBEACHHE OLECHKH
BBIHOCITHBOCTH ONpeleNieHHeM MaKCHMaNbHOM CTeNeHH HarpyxeHHocTH no (1) ¢
HCMONMb30BaHHEM  BRICOKMX  Ko3bduuueHToB  0€30MACHOCTH  ABIAETCA
noctaTounbsiM. [Ipu 3TOM mMoka3aHa HEOGXONMMOCTb OMNPEAC/ICHHA 3HAYCHHH
npenesos BEIHOCIMBOCTH B 06nactu CMLIY.

Pe3ynsratoM OLEHKM BBIHOCJIHBOCTH pa3paboTaHHON KOHCTPYKIMM
MOKa3aHO, UTO KOHCTPYKLHA MIaTyHa ABJAETCA HanexHo# B obmactu TpebyeMoro
pecypca B 3000 4. [laHHbi# pe3ynbpTaT ABJACTCA NPEIBAPHTEIbHBIM 32KIOYECHHEM
0 BBHIHOCIMBOCTH maTyHa. Takxke IOKa3aHO, YTO HMEET MECTO HEe3HAUMTEbHasd
PasHHLUA MEXXY INOMy4eHHHIMM 3HAUEHHAMH YDOBHA HAarpyX€HHOCTH LA
OCHOBHOTO Y AJIbTEPHATHBHOTO TEXHOJOTHYECKHX KOMILIEKCOB.

BBumy OTCYTCTBMA CTaTUCTHYESCKM MNPOBEPEHHBIX XapaKTEPHCTHK
conporuBnerns CMILY THTaHOBBIX CIJIaBOB HEOOXOJMMBI HOATBEPKICHHE
OAHHBIX PpE3y/JbTaTOB pPECYPCHHIMM MHCIBITAHHAMH IMaTyHa M pa3paboTka
3KCMEPHUMEHTATFHON METOAMKHM IS CPABHEHHS OCHOBHOIO H aJIbTEPHATHBHOrO
TEXHOJIOTHYECKHMX KOMILTEKCOB. KpoMe TOro, peCypcHbIMH HCMBITAHMAMH llIaTyHa
YCTaHABJIMBACTCA HE TOJbKO MOATBEPXKACHHE 3aKMIOYEHHA O BbIHOC/IHBOCTH
IIATyHa KaK pe3yNbTaTa pacdera, HO M JKCIEPHMEHTAIBHOE N0Ka3aTelbCTBO
HaJeXHOCTH pa3paboTaHHOM KOHCTPYKUMM B pamkax TpeGosanumil yactH 33
ABHAIMOHHBIX [IPaBHL.

B TpeTbeii rnaBe npuUBenEHH XapaKTEPHCTHKH BEICOKOGOPCHPOBAHHOTO
aBuaumoHHoro gu3ens RED A03 u cwiosoit ycranoBku. IlokasaHo BiusHue
BECOBBIX XapaKTEPHUCTHK IIAaTyHa Ha CHiwkeHHe Harpy3ok B LITII" i KIIIM, a Takxe
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CHUKEHHE radapuTHBIX Pa3vEPOB aBHALIMOHHOrO an3ea. [IpuseeHsl pe3y.ibTaThi
WCCIE10BAHHI  MHKPOCTPYKTYPhl  00pa3lloB  PAacCMOTPEHHBIX — MATEpPHATIOB,
UCnbiTaHH# 00PA3LOB HA PACTAKEHHE, PECYPCHBIX HCIBITAHHIH LIATYHA.

B cymectsytouiem ¢iiote BC Zerkoit asuaimm tpedyeTcs MpHMEHEHHE
au3eell Co BIIETHOM MOUMHOCTBIO OT 450 s.c. (328 kBT) ¢ MEXPEMOHTHBIM
nnTepsaioM o1 2000 u. [Tpu 3TOM JaHHBIA aBHALMOHHBIA M3k AOTKEH HMETH
yaeasHeit Bec B mpeaenax 0,5-0,75 kr/n.c. Oupmo#t RED Aircraft GmbH,
['epmanus, B HacTosLuee BpeMA NPOBOINTCA cepTHdHKaLUA
BBICOKO)OPCHPOBAHHOTO aBUALIMOHHOIrO 1M3€1A BIETHON MommHocTeio 500 n.c.,
Pa3paboTaHHOro ¢ Y4ETOM JaHHBIX TpeGOBAHMIA.

HauHbii  asuratens  spasercs  V-o0pasHbiM  |2-LITHHIDOBEIM
asurateneM ¢ pabounm obbemom 6134 cM’, paboOTAIOMIMM Ha JH3ETLHOM TOILTHBE
W  asdaudoHHoM kepocuHe JET-A (puc. 3). Cucrema oxjaxieHHA -
KUIKOCTHAA, CHCTEMa CMa3KH — C CYXHM KapTepoM, Tajepeed OTKauHBaOIIMX
HAacOCOB M OOHHMM HArHETAaTEbHBIM HAcOCOM. YrpaBjieHHE Ta3000MEHOM
OCYIIECTBNIAETCA  YETHIPBMA  pACNpeNeMTEIbHBIMH BalaMH C  BEPXHHM
PacIONIOKEHHEM, [0 OJHOMY BIYCKHOMY H BBIIYCKHOMY Baly Ha KaXiIylo
roioBKy OMoKa WWTHHAPOB. [N MOBBIIEHHA HANEHHOCTH H CHHXEHHMA MacChHl
ABHraTeas CHCTeMa peryiupoBkd (a3 rasopacrnpeleneHHs He NpeaycMOTpeHa.
Cucrema nutanus — tuna Common Rail ¢ 01HHM TONMIMBHBEIM HACOCOM BBICOKOTO
JaBjleHUss M OAHOW TOIUTMBHOM MAaruCTpaibl0 Ha KaKIBIH pAX HHIMHAPOB.
MaxcumanmbHoe JaBieHHME B TOIUIMBHOH MarucTpamH cocrasiuter 1600 Oap.
CucreMa HaznyBa — OXHOCTYTIEHUYATasA: B COCTaBe JBUTATENd HMEETCA MO OXHOMY
TypOoKOMOpeccopy Ha Kaxdbli pAal  LWWIKMHAPOB. JIBHraTelb OCHALUEH
EKTPOHHBIM  OJIOKOM  ympaBi€HHA, COOTBETCTBYIOLIMM  aBHALMOHHBIM
TpeboBaHHAM MO OyOIMpOBAHMIO CHCTEM [UIS YBENWYEHWA HAASKHOCTH B
IkcIuTyatauun. Takxke, IIA CYLIECTBEHHOTO YMEHBLIEHHA BEPOATHOCTH MOJIHOM
[IOTEPH MOIIHOCTH, CHCTEMBI OXJIAXKAEHHA, NUTAaHUA, TOATOTOBKH CBEXEro 3apsAzaa
M BbIMyCka OTpabOTaBUIMX ra30B KaXAOro pAda LIWTHHAPOB pasacieHnl. Cunosas
YCTaHOBKa C OAHHBIM ABHIaTENEM BKIIOYACT MOHMXAOIMA PEXYKTOp A
NPHBOJA BO3AYIIHOIO BUHTA, MEKTPHUYECKUH CTapTep H ABa reHepaTopa.

Puc. 3. O6umit Bua aBmaunoxHoro ausens RED A03.



YcTaHOBIEHO, UYTO fIPH MPMMEHEHHH pa3pabOTAHHBIX LIATVHOB M3
cnnaea BT6 mo cpaBHEHHIO €O CTanblo H3MeHEHHE MacChl | 2-UMAHHAPOBOrO
2BHALMOHHOrO 1M3€14 COCTaBISET OKOoM0 4.2 KI, a TaKKe J0CIMraeTca
VMEeHbIlICHHE Pa3MepoB KapTepa JIBWUTATeNd M BBICOTH Ofoka tMmMHIpoB. [lpu
COXPaHEHHH YPOBHA VPaBHOBEIIEHHOCTH NOJOOHOTO JBUraTe ld JAaHHbIE WATVHE
CHOCOOCTBYIOT CHHXKEHHIO MAcchl KO.IEHYAaTOrO Bajia, B 3aBHCUMOCTH OT €ro
FeOMETPHH, PHMEPHO Ha 2 KT.

[Toka3aHO, YTO CHMXEHHE MacChi LWIATVHA CMOCOGCTBYET YMEHbILEHHIO
H3HOCA KaK LUATYHHOrO MO/LIMMHWKA, YCTAHABAWBAaEMOr0 B KPLILUKE WIATYHA H
BOCNPHHMMAIOIIETO B OCHOBHOM HHEPLHOHHbBIE HAIPY3KH, TaK M NOPIIHA H BTY/KH
unwMHapa. CHWKEHHWe HW3HOCA 3TMX  JeTaneit  BbI3BAHO  YMEHBILEHHEM
HHEPLUHOHHBIX HAarpy3oK, KOTOpPO€ MOXEeT COCTaBiATb npuMepHo 30-35% xia
ILIATYHHOTO NOJLIMIHUKA U 7-9% 1714 BTY;IKH LWIHHADA.

[TpuBeaeHs! pe3ynbTaThl HCCIEJOBAaHHHA Ha JEKTPOHHOM MHKDPOCKOMNE
MMKpPOCTPYKTYpbl 06pa3ioB, MOMYYEHHbIX U3 CEPUIMHOrO lIaTyHa (YCTAHOBOYHAs
cepuA) M IITAMMOBAaHHOW 3aroToBKH (puc. 4). Pe3ynpraTaMH JaHHBIX
HCCeAOBAaHMH MOKa3aHbl MUHHUMAaIbHbIE TPEOOBAaHHA K MHKPOCTPYKTYpE CILIaBa,
obecneuynBaroineil B COBOKYMTHOCTH ¢ TEXHO;IOTHYECKHM KOMILIEKCOM HaleXKHOCTh
pa3paboTaHHBIX WLATYHOB.

Puc. 4. MuxpocTpykTypa 06pasuos:
a - m3 citaBa Ti-6A1-4V, nomydeHHOro U3 mMaTyHa YCTAHOBOYHO#M cepyu (3aKanka
B 0i+P-061acTH ¢ nocIe [IOMMM cTapeHHeM); 6 — u3 crutaBa BT6 (o6beMHas
nedopMauis B 0-+B-001acTH ¢ NOCIEAYIOIMM CTAPEHHEM).

Jns ucrbITanuit Ha pacTAXEHAe U3 CTepXKHEH MaTyHa U INTaMIIOBaHHOM
3arOTOBKH OBUIM H3rOTOBNICHH TIyIagkde OOpasubl € KPYIJIBIM CEYEHHEM,
PagHyCHBIMM NepexoaaMH ¢ pabodeit 4acTH Ha 3aXBaTHL.

VY 00pasiuoB, MOMyYeHHBIX M3 ILATYHOB (3arOTOBKa — BallbLIOBAHHAA
IUTMTa), YCTAaHOBJIEHB HEMHOro 0OJiee BLICOKHE YC/OBHBIH Npenen TEKy4ecTH H
Ipenesi BpPEMEHHOIO CONMPOTUB/IEHUA IIPH MEHBLIMX 3HAYEHHAX OTHOCUTEJILHOTO
YIUIHHEHHA W CyXeHMdA, 4eM y o0pa3iioB M3 INTaMIIOBAaHHBIX 3aroTOBOK. Taike
YCTaHOB/IEHO, YTO Y MOJy4€HHHX M3 MaTyHOB 00pa3uoB Habmomaerca xapakrep
M3JIOMa, CBOMCTBEHHBIH XPYNKHM MarepHaiaM, y o0pasiloB, NOIy4eHHHX M3
WITAaMIIOBaHHBIX 3arOTOBOK, — IUIACTH4HKIH (puc. 5).
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Puc. 5. Bua n3;1oMoB 00pa3iioB, MOMydEHHbBIX U3 IIATYHOB (BBEPXY) H
IITAMMOBAHHBIX 3arOTOBOK (BHHU3Y).

B cootBetcTBHM ¢ TpeOOBaHHAMH K KOHCTPYKLIMH LIATYHA CO CTOPOHBI
GUpMBI-IDOM3BOMMTENS  JBUraTeNeifl, a TakKe aBUALMOHHBIX  NPABMI,
JIOKa3aTeNbCTBO HAZEKHOCTH MIaTYHA MPUBENCHO pe3yNbTaTaMH PECYPCHBIX
UCMBITAHUH. HpH ITOM HeabIO HUCTIBITAHHH ABAAIOCH A0Ka3aTeabCTBO
COOTBETCTBMA WM MNPEBOCXOACTBA pECYpPCa HCMBITAHHOTO IUATYHAa Hal
Heob6xoanmbim pecypceoM asuraress 8 3000 u.

O6BeKkTOM  HCHBITAHUM  ABAICA  WATYH, COOTBETCTBYKOLUIHH
Tpe6OBaHMAM uepTexa OETATH YCTAHOBOYHOM MapTWM Ha CTaAMHM pa3paboTKH
BbICOKO(OPCHPOBAHHOTO aBHALHOHHOrO Asurarens RED AQ3.

Ha srane npoextuposanus nsuratens RED AO3 ana mokasarenscTBa
HaJeXHOCTH IIaTyHa OpUH ydTeHBl 60see BBICOKHE TPEOOBAHHA IO HArpYKEHHIO
IIATYHa N0 CPaBHEHMIO C 3KCILUTyaTAllMOHHBIMM. 3amaBajoch 0Gojiee BHICOKOE
MaKCHMaJbHOE J[aB/ICHHE CrOpaHHs, a Takke Oofpmas yrioBad CKOPOCTh
KOJIEHYaToro Baja, YTo CHOCOOCTBOBAIO YBENHYEHHIO aMILTHTYIbI HANPsDKCHMH
umia. KpoMe Toro, mpH onpenenieHWH MaKCHMaTbHOM W MHHMMAIBHOM CHII,
OEHCTBYIOIIMX HA IDATyH B TEYEHHE OJHOIO LHMKIA, He OBLIO MPHHATO BO
BHHMaHHe YMeHbIIeHHe HX aGCOMIOTHBIX 3HaYeHHi CHIaMH, ASHCTBYIOIIMMH Ha
fopiuieHh BO BpeMA IPOOYBKHM KaMephl CropaHmsd, W CHWIaMH HWHEPOHH
COOTBETCTBEHHO.

baza wucnmeiTaMif  ompeneneHa MO peXHMY — MaKCHMAIBHOM
NPOIO/DKHTETBHOM MOIHOCTH H cocTasmna N;=3,375-10° umkios.

3akperuieHHe IUaTyHa TPOBOMWIOCH B CHELMATBHBIX  3aXBaTax,
MO3BOJLIOLIMX HAa BCEM IEPHOAE HCIBITAHMIA ObecrieuMBaTh MOABOA Macia B
MaKCHManbHO HArpy>XCHHBIE 30HBI KOHTakTa (TMPH CKAaTHH) MONUIUIIHHKOB H
NajibleB 3aXBaToB. Takike BO BpPEMA HCHBITAHHH NPOBOMWIOCH H3MEPEHUE
TEMNEPATypsl CTEPXKHA WIATYHa KOHTAKTHBIM NaTIMKOM AN  OCTAHOBKH
HCIBITaHHH B ClTy4ae 3HaUYUTENIbHOIO POCTa TEMIIEPATYPHL.

Hcnnitanus npoBOAWIMCE HA MAIIMHAX € 37€KTPOMArHMTHBIM
PE30HAHCHBIM BO30YKIACHUEM NIPH ycTaHoBUBIIelcs yacToTe 91,2 I'u. Hcxons us
KOJIHYECTBA NMPOTOTHINOB ABUTaTeNeii H, COOTBETCTBEHHO, HEOGXOMMMOro oGbemMa
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CEPHH LIATYHOB, A TAKIKE CTOMMOCTH MPOM3BO/CTBA VCTAHOBOUHOH CEPHH. YHCIIO
LIATYHOB /1S OLCHKH PECYPCa VCTAHOBJIEHO B KOMUUYECTBE 2 €IHHHLL.

Bo BpeMs MpoBeaeHMA MCMBITAHUI YHCNO LUMKIOB HATPYKEHHA LIATVHA
YCTaHaBJIMBATOCH Ha ypoBHE 10% OT HEOGXOAMMOrO UMCNA LMKIIOB HATPYXKEHUA
N,, 3atem 10" umksios HarpyxeHus (tabn. 1) 114 NpoOMEXYTOYHOrO KOHTPO:A
IAaTyHa W 3aXBaTOB Ha OTCYTCTBHE AedopMauuil # 10cTaTOUHOCTH cMa3ku. [aiee
HCTIBLITAHKA MPOBOAKTHCH 0 AOCTHIKEHHA YHCIa UHKIOB N,

Tadnuua 1.
PesyabTaThl pecypcHbix HCIBITaHHH IIaTYHA (BBLIEPXKKA U3 IPOTOKO;1a
WCNBITAHHH)
No* Fm, kH F,, kH f, Yucno mkios IpuMeuanus
2 -46,64 57.89 92,32 3491034 6e3 paspyuieHus
3 -46,6 57,89 91,16 10 000 000 6e3 paspyueHns
1 -46,64 57,89 91,24 330537 408 6e3 paspyLuesna

* Homep 00paboTku pe3y;1bTaTOB HCMBITaHUH.

JIOCTHrHYTO€ 4YHCNO LMKJIOB IO TNPOTOKOJNY HCOBITaHWH COCTaBHJIO
N = 330 537 408 umiioB. OrMuHe OOCTUTHYTOro d9ucia umkios N oOT
HeoOxomumoro N; OOBACHAETCA MNOrpElIHOCTBIO OKPYTJEHHA Heobxoaumoro
pecypca B TEXHHYECKOM 3aJaHAM HA HCTIBITAHHA, MPH 3TOM OHO COOTBETCTBYET
2938 4 3KCIUTyaTaUWy ILATYHA HAa PEXUME MAKCHMATbHOK NPOJOIKUTENBHOM
MOIIHOCTH H Harpy3Kax, NPEBBIILIAIOIIMX IKCIUTYaTaUHOHHBIE.

Pesynbrars! HCTIBITAHHHA MOKa3aTH, YTO MATYHBI BhlAEPKaTu Tpebyembie
TEXHHYECKUM 3aJaHMeM Harpy3ku 0e3 yCTaIOCTHBIX NMOBpexIeHuH. Takoke no
MOCTOAHCTBY TEMIEPATYPhl B 30HE H3MEPEHHA U KOJeOaHHIH JYaCTOTH HarpyKeHHs
B JONMYCTHMBIX Npefenax HCKMOYEHO M3MEHEHHE (U3MYECKHMX H MEXAHUYECKHX
CBOHCTB IaTYHOB B TEU€HHE UCTBITAaHHIA.

WsroToBneHHble WATyHBl OBUIM  YCTAHOBJIGHBl HAa MMPOTOTHMAx
yka3zaHHoro pasvee mpurateni RED A03, nmpowenmmx KOMILTIEKC Ha3eMHBIX H
JIETHBIX MCHbiTaHUH. PedymbraraMu MaHHBIX UCIIBITAHMH NOKAa3aHO NOCTHXKEHHE
apurareneM RED AOQ3 T1pe6Gyembix XapakTEpHCTHK MO B3/IETHOH MOILHOCTH,
yaenpHOMY 3deKTHBHOMY pacxoQy TOIUIMBA M yaAenbHOMY Becy. [1o pesynpTatam
HNPOMEXYTOUHOH mpoBepku nocne 250 9 CTEHAOBBIX PECYPCHBIX HCHBITaHHR
OBMTATEl Ha PEXHME MAKCHMATbHOM NPOJOJDKMTENBHOM MOIMHOCTH HE O6bUIO
0o0HapyXeHO HEeJOMyCTHMHIX MOBPeXIAEHHH MWIH CledOB H3HOcA aetaneit
MAaTyHHO# IPYNNBl, YTO OTPAXKEHO B aKTE O BHEAPEHHH PE3YyIbTAaTOB PaGOTHI.

YerBepras [naBa MOCBAIIEHa pa3paboTke  IKCIEPUMEHTAIBHOR
METOMHMKHM NOBHILICHHS BBIHOCIMBOCTH 1IAaTyHa BRICOKO(OPCHPOBAHHOTO AM3eNd,
OCHOBaHHO# Ha [UIAHUPOBAHMM CPABHHTEIBHBIX YCTATOCTHBIX HCIIBITAHHH.

Jlnsa onpeneneHus TEXHOJOTHYECKOTO KOMIUIEKCa, 0becneynBaroIero
Haubonee BbICOKHE XapaKTEPUCTUKH COMPOTUBIIEHUA YCTAIOCTH, pa3paboTaH IiaH
CPaBHHTENIBHBIX YCKOPEHHBIX YCTAIOCTHBIX HCITHITAHHH 00pa3LoB ApeaIokeHHOR
KOHCTPYKLMM mno MeTtoay JIokatH. YcCioBHA HCIBITaHHN OMpPEAENCHH 1O
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3HAYEHUAM IKCITL1YaTAlMOHHBIX CWI B IIATYHE BbICOKOGOPCHPOBAHHOIO au3es
RED AO03 u ux npoaomkuTebHOCTH npH tpedvemom pecypee 3000 u u, kak
C/eICTBHE, CPEIHHUX HANPDKEHHSAX LMKA O = -128 MITa.

Heooxoauvas NPOIOLKUTENBHOCTD nepBoit CTYNEHH,
COOTBETCTBYIOWAd TPeGYEMOMY pecypey ABHMratens, cocras:iser 3,38-10° uuxios,
npu 3ToM Tpebyemoe BpeMs HCMBITAHUH COCTABIAET OKOMO 42 IHEH MpH uacToTe
HarpyxeHusa 91 ['n u aBTOHOMHOH paborte obopyroBanus. [IpodommKkHTENBHOCTD
MePBOH CTYTICHH CPABHHUTENBHBIX YCTAIOCTHBIX HCTIBITAHHH MPHHAMAETCA PaBHOM
N l=1.2'10g UMKJIOB, TpeAnosarad, 4To M3MEHEHHE XapaKTepa KpHBOH yCTaloCTH
crasa BT6 nipu nepexoae #3 MHOrOUHMKTOBOH B CBEPXMHOTOLIHKIIOBYIO OGJIacTh
YCTA10CTH POMCXOAHT 10 TPUHATOrO YHC/IA LMKJIOB.

AMMNIMTYa HAMPsOXKCHHH LMKIA ONPEIENEHa Kak OXKHIaeMblH mpenen
BBIHOC/MBOCTH Ha Gase wcmbitamuit 10° umicios. [TpuHMMas BO BHHMaHuE
pa3iMuMA B PACNONOKEHHH MECT 3aPOMIEHHA YCTANOCTHBIX MOBDEKIAECHHA B
001acTH MHOTO- H CBEPXMHOTOUMKJIOBOH YCTQJIOCTH, a TaKXKe BIMAHHE Ha WX
3apOXKAEHHE COCTOAHHMA MOBEPXHOCTHOTO CJIOfA, aMIUIMTyJa HampsDKeHHH LMKIA
[IePBO# CTYNEHH cocTaBu:Ia G, = 500 MI]a.

[pupaiienue  aMILIATYABI HamlpsKeHHs [0  AOCTHXKEHHIO
MPOAOJDKHTETBHOCTH NEPBOH CTyNeHH HenbiTahuid Ny npunnmaerca: Ac =2 Mlla
kaxasie 10° unknos, rae 10° = An — LIHTENBHOCTb BTODOH M NOCIEAYIOLAX
cryneHeil ucnbiTanuid. [Ipw  JToM npeanonaraercsa, 4YTO TpHHMMaeMoe
MPHpALLEHHE AaMIUIMTYABl MO3BOJMT [UIaBHO YBEITHUUMBATe HArpy3Ky i
HCKIIOUECHHA BO3MOXXHOCTH 00pasoBaHMA IOBPEXACHWHA BCIEACTBHE PpE3KOM
neperpy3ku o6pasLos.

C uenbio MAHMMH3AUMHA TOTPELTHOCTH, BHI3BAHHOM OTKIOHEHHAMH OT
HOMHHAIbHBIX pa3MepoB O00paslioB, IUIAHOM HMCOLITAHHN INpexycMaTpHBaeTcs
KOPDEKTHPOBKA HAarpy3kd 1o dakTudeckoMy AMamMeTpy obpasua ¢ Ueisio
JOCTHIKEHHA HICHTHUYHBIX 3HAYeHHI HaNpsKeHWH MO UCTIHITEIBAEMBIM ofpa3uam.
Jns conocraBieHns pe3ynbTaToOB UCHBITAHHN C MAPAMETPaMM MHUKPOCTPYKTYDBI
o0pasuoB NpH IUIaHHPOBAHWHM HCTBITAHMA TMPEdyCMOTPEHO HCCIIEIOBAHHE
MHKPOCTPYKTYpHI 06€eHx dacTeii kaxaoro obpasua B HauGosnee GiM3K0d K HIIOMY
30HE II0C/I€ 3aBEPILICHHA HCITBITaHUH (paspyiieHns o6pasuos).

Taloxe nmpennoxeHs KOHCTPYKIMH 00pa3lioB AA AAHHBIX HCIBITAHMIA,
NpedyCMaTpHBAIOINNE MACHTHYHBIE TEXHOJNIOTHMUECKHE 3Tambl, KakK [pH
NPOH3BOACTBE IUATYHOB (OCHOBHOH M aQJIbTEPHATHBHBIH TEXHOJIOIHYECKHUE
KOMIUTEKCHI). JIIA HCKTIOUEHHA Harpye€HHA pe3bObl 3aXBaTOB B YCJOBHAX
3HAKOMEPEMEHHOr0 UMKJIA MOJBOA CHKMMAIOIICH Harpysku Kk paboueit uyactu
ofpasua HOMKEH OCYLIECTBJATBCA CMELMAIBHHIMU 3aXBaTaMM HCIBITATENBHOM
MallMHBI CTPOTO K TOpLaM obpa3ua.

Ha  ocsoBauum  BLICOKOH  IPONO/DKHTENSHOCTH — MCIBITaHUMH
TIPEAYCMOTPEHO TNPOBEJCHHE MCMBITAaHWH HAa PE30HAHCHBIX HCIBITATENBHBIX
MauMHax. s noBIIEHHA TOYHOCTH YKa3aHO Ha HCIONb30BaHue 000pya0BaHUA
A M3MEPEHHsA HarpyXXeHHMA ¢ CyMMapHO# morpemHocTeio He Gonee +0,5% ot
H3MEPEHHOro 3HaucHMd. Taioke BO BpeMs MCHbiTaHM# HEOOXOOMMO HU3MEpEeHHe
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TeMnepatypel B padoueit uacTH o0pasua ¢ UEJbI0 10KA3ATe1bCTBA PABHBIX
TEMNEPATYPHbIX VCTIOBHA HCNbITAHKUM BceX 00pasuoB.

B KauecTBE KDMTEPMA CDABHEHHS XapPAaKTEPHCTHK CONPOTHRICHHA
VCTATOCTH BBOIHTCA CPAaBHCHHE 3HAUEHHH CPEIHMX pecYpCoB 00pasLOB KaXIOro
Mmareprana. Kpome Ttoro, no metody JIokaTH BO3MOXHO ONpeaelieHHe npelena
BbIHOC/MBOCTH Ha Gase 10” LMICIOB ¢ NOC/EIVIOLIMM CPaBHEHHEM MOIYY€HHBIX
3HAYEHHH.

OraesHO paccMOTpeHa BepU(HMKALMA METOIMKH M Pe3y/bTaTos.
JlaHHast METOaMKA CPABHUTE:IbHBIX MCMBITAHMHA MPEIyCMATPUBAET OJIMHAKOBLIE H
HE3aBHCHMbIE OT CBOHCTB MaTEpPHAIOB YCNOBHA HCnbTaHui. Ilostomy mpu
COOMONEHHH BCEX YCIOBHH HCMBITAHAH CDaBHEHHE CPEIHMX DECYpPCOB H
PaCCUMTAHHBIX ITPE;1€;T0B BEIHOCSTHBOCTH OYIAET ABIATBCA PaBOMEPHEBIM.

ITomyyeHHble 3HAUEHHA CPEOHMX NPENETIOB BbHIHOCIHBOCTH HOJIKHEI
6biTh BeprdHLMPOBaHbI METOAOM HUCTIBITAHKH MO Benepy mia HX HCMONb30BaHUA B
pacueTax jeTaneli Ha BHIHOCTHBOCTH Ha base 10” uminos. HazexsocTs meTona
Jlokatn Tarxe momkHa OBITH JOKa3aHa NPH PA3THYHBIX MapaMeTpax MepBoi
CTYNEHY HCOBITAHHHA [UIA ONpeneneHus BJIMAHHA MOIPEILHOCTH MX ONpeneeHus
Ha 3Ha4eHHA Tpeaena BIHOCIHBOCTH. KpoMe Toro, MOryT noTpe6oBaThCs M HHbIE
KDHTEPHH OLEHKH HaIEeKHOCTH JaHHOIO METOoAa, HanpuMep, dpakrorpaduueckuit
aHaJM3.

ITo paspaboTaHHOW METOIMKE COCTABJIEHO TEXHMYECKOE 3aJaHHe Ha
CPaBHHUTEJIbHBIE YCKODEHHBIE YCTATIOCTHBIE MCIIBITAHMA, YTO TAKKE OTPAXEHO B
aKTe O BHEIPEHHH pPe3yIbTaToB paboTHl.

Ilo paxy npoBeaeHHbIX B MOCNEAHHE roAb paboT BhIABIEHA TEHACHUMA
Pa3BUTHA METAUTYPTMH THTAHOBBIX CIUTABOB, HAMpAB/ICHHas Ha YBENHM4EHHE
XapaKTepUCTHK COMPOTHBIIEHHA YCTATOCTH CIUTABOB H PECYpcOB  M3JEITHI:
CO3JaHH€e HAHOKPUCTAUTHYECKHX HIIH YJIbTPAMENIKO3EPHHUCTHIX CTPYKTYP.

VBenuyeHHe AOMrOBEYHOCTH M3IENUA MOCTHraeTcs TaKKe 3a Cuer
MOMUGHUUMPOBAHHS  MOBEPXHOCTHOTO  CJIOS, HampuMep, apoGecTpyiHoro
YIpOuHEeHud, OO0eCHeYMBAIOLIEI0 TOPMOXEHHE 3aPOXKIEHHA W pa3sBHUTHA
YCTQJOCTHBIX TPEIMHH Ha TIOBEPXHOCTH u3nenus. CwibHOE BIMAHHE Ha
pacloNoKEeHne ogara 3apoXIOEeHHA, a TakXke Ha CKOPOCTh pacrnpoCTpaHEeHHA
TPELMH OT OYara 3apoXIeHUS K MOBEPXHOCTH MOTYT OKa3biBaTh MHTEHCHBHOCTh
wacTuyeckoi aedopmauuu (MoguuKaLMKH MOBEPXHOCTHONO C/101), riiyOHHa
MOAH(HKAUMM M Op., KOTOpHle SABIAIOTCA CNEACTBHEM DAlTHIHBIX PEXKHMOB
NOBEPXHOCTHOM 00paboTku. Yka3aHa HeOOXOOMMOCTh Yy4yeTa BIIMAHHUA Ha
JO/ITOBETHOCTD JKCILTyaTalIHOHHKIX [apaMeTpoB, HapHMep, aCHMMETPHH LMK
HarpyxeHH, a TaKKe UX MOCIeJ0BaTENbHOCTh H KOMOHHALA.

Ha paHHOM OCHOBaHHMHM NpeAJIaraercs HCCAeI0BaHHE paTHIHBIX
TEXHOJOTHYECKMX KOMILIEKCOB C LEJbI0 ONpENENCHHA ONTHMAIBHOIO M3
MPHMEHAEMBIX B COBDEMEHHOM aBHACTPOCHHH.

Ha npumepe wuccnemoBanua 40 TEXHONOTUYECKMX KOMILTEKCOB
(coueTaHWs pa3TMYHBIX MapaMeTPOB MHKPOCTPYKTYPH M  MOIHdHKaIMK
MOBEPXHOCTHOTO CJI0K) MPOAOJDKUTEIbHOCTh MCIBITAaHHH COMNIACHO MpHBEAEHHON
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MpOrpaMMe CPaBHUTEIBHBIX YCKOPEHHBIX YCTAIOCTHBIX HCIMBLITAHWH 10CTUraeT
624 1Heit npu aBTOHOMHO# padoTe HCMBITATEILHOTO 000PY.I0BAHUA.

C  ueIbl0  COKpaleHHs  BPEMEHH  BO3MOKHO  MCIHOIb30BaHHE
HCTIBITaTeNIBHOTO  O00OpY.IOBaHHA IS WCABLITAHMH  HA  CBEPXBBICOKHX
(ynBTPa3BYKOBBIX) YaCTOTaX, HaNMpHMep, ¢ MbE30EKTPHUYECKHM BO3GYKICHUEM.
Ha Mmawmnax JaHHOro Tuma BpeMsA MPOBEICHMA HCIBITAHHA MOKET ObiTh
cokpatleHo 10 3,12 aHel no npuBeIeHHOM Bbilue mporpamMme Ha gactore 20 kl'w.

YcTaHoBieHO, 4TO 3Hau€HUA MPENENOB BBIHOCIHBOCTH, MONYYEHHbIE
NpH HCMbITAHHAX Ha CBEpPXBBICOKHX uacTtoTax (> 20 «['u), oTnuwalorca ot
nogydeHHsIX npu 4vacrotax a0 1 klu. Ha 1aHHoM ocHoBaHMM Yykasada
HEOOXOAUMOCTb BEPH(HUKALMH PE3YNbTaTOB MPH MPOBEAEHHH MCIBITAHHI Ha
CBEPXBBICOKHX YacTOTax.

OCHOBHBIE PE3VJIbTATBI H BIBOJIBI

B xoae uccne10BaHuA NOMYYEHSI ClIEIYIOILME PE3YAbTATHE:

1. PaspaboraHa KOHCTpyKuMA OIaTyHa W3 THTAHOBOro cmuiasa BT6 mis
BIIEPBbIE CO31aHHOrO |2-LHUNMHAPOBOrO BhICOKOGOPCHPOBAHHOTO ABHALMOHHOTO
ansens RED A03 sanetso# Mounoctbio 500 f1.c., yaenbHbIM BECOM C PeOyKIOPOM
0,66 kr/a.c., MMHIMATBHBIM YiETbHBIM pacxoaoM Tomiuaa 210 r/kBr-u.

2. PaspaboraHHas  KOHCTpYKUMA IDaTyHa i 1 2-IAIMHAPOBOTO
BbICOKO(OpCHpOBaHHOTO aBuaunoHHoro amsenms RED AQ3 ofecrneumBaer 1o
CPaBHEHHIO C MPUMEHAEMBIMU B COBPEMEHHEIX aBUAIMOHHEBIX AM3E/AX CTAAMH:

- CHH)KeHHe Macchl maryHa Ha 0,35 kr (44%);

- CHIXXEHHE MacChl KOJIEHYaTOro Bajia Ha 2 KT;

- KaK CJIeICTBHE, CHHXXEHHE MacChl JBUraTens Ha 6,2 Kr;

- YMEHBIICHHE Pa3MepoB KapTepa ABHTaTeNd H BBICOTH GJIOKa LIMJIHHADPOB.

3. Paspaboran aIbTePHATUBHBIH TEXHOJIOTHYECKHH KOMILIEKC,
BKIOYAIOWHHA NPOM3BOLNCTBO  3arOTOBOK INAaTYHOB METONOM  OGBEMHOro
Ae(pOPMHPOBAHUSA B YCIOBHAX CBEPXILIACTHYHOCTH C NOCTEAYIOIEH XHMHUYECKOH
H apobecTpyitHoi#t 06paboTkaMu.

4. YTOuHEHB! YCIOBHA H METOAMKA pacuera BBIHOCIMBOCTH LIATYHA NDH
3aNaHHOM DPECYpCe, € MOMOMBIO KOTOPHIX MpOBEJAEHA OLEHKa [pexena
BBIHOCJIMBOCTH Ha 6ase, npepocxoasmeii TpebyeMsiil pecype.

5. TlpoBeneHa OlEHKAa BRIHOCIMBOCTH WIATYHOB TIDH NPUMEHEHHH
TIPEIUTOXKEHHBIX TEXHOJOTHYECKHX KOMIUIEKCOB, II0 pe3yjabTaTaM KOTOpO#
YCTAHOBJICHO HE3HAYUTENIBHOE PA3ITHYHE BHIHOCIMBOCTH LIATYHOB.

6. Tlposenens! nabopaTopHble MCCIENOBAHWA M MCHBITaHMA o6pasios, a
TaKXKE PECYPCHBIE HCMBITAHUA IIATYHOB, HOATBEPAMBIIHE pPabOTOCIOCOGHOCTH
LIaTyHa AJIA 33/1aHHOrO pecypca Ha PeXHMME MAKCHMAIbHOH MPOdOKHTENBHOH
MOLUHOCTH H Harpy3Kax, NPeBHILAIOLIMX 3KCILUTYaTallHOHHEIE.

7. PaspaboraHa IKCNEPHMEHTATbHAS METOMKA H OMPEIENICHBI YCIOBHA
[POBENEHHA CPAaBHUTENBHBIX YCKOPEHHHIX YCTAIOCTHRIX HCIHITAHHH B 06nacTH
CBEDXMHOTONMKJIOBOH ~ YCTaJOCTM  JUIA  ONpEedeNeHHs  ONTHMATbHOrO
TEXHOIOrHYECKOr0 KOMILIEKCA C LeJIbIO MOBHILIEHH BLIHOCIHBOCTH [IATYHA.
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JanHble  pe3yabTaThi CBOAATCA K  CIEOyIOLIHM  BbIBOZAM H
PEKOMEHAALMAM:

1. Hcnonb3oBanue TIOTYYEHHBIX PaCYeTHO-IKCMEPHMEHTANbHBI MK
METOJAMH De3Y.1bTATOB TO3BOJISET BMEPBbIE CO3JAHHOMY |2-UMIMHAPOBOMY
BhicOKodopcHpoBaHHOMY  aBuaumoHHoMmy ausemo RED  A03  goctuus
NpeABABNAEMBIX K JaHHOMY IBHIATETIO COBPEMEHHBIX BBICOKMX TpeGOBaHWMI NnO
BUIETHOH M MAKCHMaSIbHOH MPOJODKHTENBHOH MOLLHOCTH, a Takxke obecneunBaer
YyuLIEHHE eT0 MacCcO-TabapHTHBIX XapPaKTEPHCTHK.

2. PaspaboraHHas KOHCTPYKLMA IIATyHAa M3 TUTaHOBOro cmiaBa BT6
ABNAETCA HALEKHON i1 MPUMEHEHHA B BBICOKO(GOPCHPOBAHHOM ABHALIMOHHOM
mzene ¢ tpebyemsiM pecypcoM 3000 u. Tlostomy obnacte npumeHeHus
TUTaHOBOro cm1aBa BT6 ¢ yueroM HEOOXONMMBIX TEXHOMOTMH MPOH3BOACTBA
MOXkeT OBITb paclUMpeHa CerMeHTOM BBICOKO(OPCHPOBAHHBIX aBHALMOHHBIX
nu3eneit, paboTaiouwux B T.4. B YCJIOBHAX CBEPXBbICOKHX PECYPCOB.

3. PaspaboTka IAaTYHOB M3 THTaHOBRIX CIUJIABOB H YBENHYECHHE MX
HAJeKHOCTH U4  OKCIULyaTalud B BBRICOKOPECYPCHBIX  JBHraTessix,
COOTBETCTBYIOIMX COBPEMEHHRIM Haubojee BBHICOKHM TpeGOBaHMAM K
HAaJeXKHOCTH — TPeOOBAHHAM aBUALMOHHBIX NPaBHI, — TPEOYET MHOTOCTOPORHETO
NOAXOAA: ONMpPENE/ICHHE KOHCTPYKLMM, MPHMEHEHHE TIEPEIOBBIX TEXHOJOTHH
npou3BoacTBa monydabpHkaToB M JeTanedf, OnpeneNneHHE XapaKTepUCTHK
COMPOTHBIICHHS CBEPXMHOrOLMKIOBOH YCTANOCTH METALIOB, a TAKXKE NMPUMEHEHHE
HaJeXHBIX METOZOB YCKOPEHHBIX YCTATOCTHBIX MCMBITAHHA M COOTBETCTBYIOLIETO
HCIHITATENPHOrO 000Dy A0OBaHHA.

4. VYcnewHo MpoBeAeHHBIE HA3EMHBIE H JIETHBIE UCITBITAHHA aBHAIMOHHOTO
mmsens RED  AQO3  noarepxmaloT  paboTocmocoOHOCTH — paspaloTanHOM
KOHCTPYKUMH IIaTyHa.

3AKJIIOYEHUE

Ilo pesympraraM pnaHHO# paGoTel B paMKax pa3paboTaHHOTO
KOHCTPYKTOPCKO-TEXHOJIOTHYECKOTO KOMILIEKCA M INPOBEACHHBIX pacyeTHO-
3KCTIEPHMEHTATHHBIX HCCIIEAOBAHMH CO3/1aHa HAJEXHasd KOHCTPYKIIHSA MATYHOB U3
THTaHOBOro cmnasa BT6 14 npuMeHEHMs B BHICOKOQOPCHPOBAHHOM
BHICOKOPECYPCHOM aBHALIMOHHOM JiM3eNe, COOTBETCTBYIOMIEM COBPEMEHHBIM
aBHAIMOHHBIM TpeGoBaHUAM. Pa3paGoTaHHBIM IKCHEPHMEHTAIBHBIM METOIOM
CPaBHHUTE/ILHBIX YCKOPEHHBIX YCTANIOCTHBIX HCMBITAHHH BO3MOMXHO MCCIIEIOBAHHE
TIOBBIIIEHHs BBIHOC/IMBOCTH MATYHOB IPH NPHMEHEHWH DA3IMIHBIX TEXHOJOTHH
NPOM3BOACTBA.

OCHOBHOE CONCpIKaHHE AMCCEPTalMH OTPAXEHO B  CICOYIOMMX
My OIHKaLiX ;
1. Kamuun A.O. Kpacaokyrckuii A.H. Ilpumenenne THTaHOBBIX
CIUIABOB JUIA IIATYHOB BEICOKO(OPCHPOBAHHBIX aBHALIMOHHBIX mu3enei // Hayka
obpasosanue. MI'TY um. H.O. baymana. Onextpos. xypH. 2011. Ne 9.
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2. Kpacsokytckuit  A.H., Kaaunna A.O. Ouedka ¥ cpaBHeHue
J0IrOBEYHOCTH LIATYHOB M3 CTAIM M THTAHOBOTO CIL1aBa BbICOKOGOPCHPOBAHHOTO
asuaumonsoro am3eis // Hayka u oOpasoauwe. MITY um. H.D. baymana.
DnexTpoH. KypH. 2012. Ne 8.
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