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ITapk poccHiiCKMX BOEHHBIX CAMOJETOB Ha TEKYIIMHA MOMEHT Okojo 1,5 Teic. wWT., ¢
oOHoBieHueM 10 60 B rox, T.e. ¢ yueroM 3ameHbl 200-250 nBurareneil B roax. A MHUpPOBOH Hapk
rpakXJIaHCKUX caMoieToB — okojio 35000 (yBemwmumiics 3a 25 ner B 2 paza ¢ 16000), npu
npous3BocTBe okojio 1500 B roj, T.e. ¢ yuerom 3amenbl 6000+8000 nBurarteneit B roj. Y4uThiBas
KOJIOCCAJIbHBIN TMOTEHIIMal MHUPOBOTO PBIHKA BBIXOJ HAa HETO POCCHUHCKUX JBUTATEIECTpOUTENEH
POCTO HEOOXOIHM.

DT0 oueHb HEMpOCTas 3a7aya, TaK KaK Ha 3amaje CI0XHIACh OYeHb BHUMATEIbHAS TTO3HUILIUS K
CTOMMOCTHBIM 3aTpaTam Ha 3kcrutyarauuio (TO, pemont, pacxonnuku) I'T/l, koTopble cpaBHUMBI €
3aTpaTaMy Ha IIEPCOHAJ U IPUMEPHO B 2+2,8 pa3a HUKE 3aTpaT Ha TOILIUBO [1].

[ToaTomy B 0a30BBIX MPUHLMIAX OpPraHU3alUU HAAEKHOCTU U josroBedyHocTd (JAR 25.571)
CYILIECTBYET YETKOE paslieleHue y3jaoB M komruiekTyromux [T/l Ha skcrulyaranuio mo pecypcey
(safelife) n mo coctosiHUIO, T.€. B COOTBETCTBUU C MPUHIHUIIAMU «yCTOWYMBOCTH K MOBPEKICHUSIM
win «be3omnacHoi noBpexaaemoctu» (damage tolerance).

ITpu 5TOM BO I1aBy yria CTaBATCA PACUETHO-IKCIIEPUMEHTAIBHBIE METO/Ibl OLIEHOK, KOTOphIE
JOJKHBI TMOKAa3aTh, YTO OTKa3 BCJEICTBUE YCTaJOCTH, KOPPO3UH WM CIYYalHOTO MOBPEKICHHUS
OyZIeT MpeaynpekIcH B TCUCHHE BCETO CpoKa IKciuryaranuu (operational life).

Hanbonee kpuTHYHBIE Y3I7Ibl, OTKa3 KOTOPbIX MOXET IPUBECTH K KaTacTpOo(hUUECKUM
MOCJECTBUSIM, U JUAarHOCTHKA COCTOSIHMSI KOTOPBIX 3aTpyJHEHA WM HEBO3MOXKHA, IKCIUTYaTUPYIOTCS
0 pecypcy, T.. PEMOHTHUPYIOTCS H(MIM) 3aMEHSIIOTCS MO JOCTHXKEHHWU YCTaHOBIICHHBIX YpPOBHEH
HapabOTKH.

OcTasibHBIE Y3IIbl 3KCIUIYaTUPYIOTCSI IO COCTOSIHHIO, YTO ITO3BOJISIET CYIIECTBEHHO IPOJINTH
CPOK HMX OJKCIUTyaTalluM, T.€. MOBBICUTh AKOHOMHUYECKYIO 3(P(EKTHUBHOCTh, OOECIEUUB INPU 3TOM
0€30MaCHOCTh UX UCHOJIb30BAHHUS.

Peanu3zanus u pa3BuTHE TaHHBIX 0a30BBIX MPUHIUIIOB NPUBEIa K OYEHb TECHON UHTETPALUU U
B3aMMHOM  OTBETCTBEHHOCTM  OJKCIUIyaTaHTa,  IPOU3BOAUTENS  M3LEIUSA,  NPOU3BOAUTEIS
KOMIUIEKTYIOIIUX M MaTepuaia 4yepe3 CIOXKHYI0, HO TMOKYI CHUCTEMY B3aUMHbIX rapantuil. ['nme
NPOM3BOIUTENb (PUHAHCOBO OTBEYAeT 3a IOCIEACTBUA OTKAa30B HE TOJBKO B MEPHOJ Haudaia
9KCILTyaTalluy, HO ¥ Ha MPOTSKEHUH BCETO CPOKa dKCILTyaTalllu.

OTO OYeHb CHJIBHO MOTHBHPYET NMPOU3BOAUTENS HA MAaKCUMAaJIbHO TOUYHOE MPOTHO3MPOBAHUE
pecypca KOMIUIEKTYIOIINUX, €ro NpPOJIEHUS, a TakXKe MOJJAEpPKAHUE Pa3BUTHUA CUCTEMBI TOYHOMU
JTUArHOCTHKY U BBISBJIEHUE KPUTUYECKOTO (ITPEIOTKA3HOI0) COCTOSHUS Y3J10B U KOMIUIEKTYIOLIUX.

OTO, B CBOIO OYe€pelb, NPUBOAUT K Pa3BUTHIO PACUETHO-MOJAEIBHBIX METOAOB OLIEHKH
JOCTHKEHHUSI KPUTHYECKOTrO (IIPEeIOTKA3HOI0) COCTOSIHUS Y3JI0B KOHCTPYKIIMHM, YTO B TOM 4YHCIIE
YUUTBIBACTCS MIPU POSKTUPOBAHUU U JOPAOOTKE KOHCTPYKIIUH.

OTO BCE TpaHCIUPYETCSI Ha OYEHb «CTPOMHYI0» M MHOIONapaMeTpPUYEcKyl CHCTEMY
TpeOOBaHMI K Marepuandy, a Takke CXeMy HuX MNOATBepkIeHus. Hopmupyrorcs TpeOoBaHUS
K [TlapaMeTpaM MaTepHalia B OCHOBHBIX YUaCTKaxX M HANPaBICHUSIX U3JEIINN:

® TOpSYEMY U XOJIOJHOMY Pa3phIBY;

Klc;

MILY u MHILY riankoit u ¢ Hagpe30M;

MITY u MHILY npu KOMHaTHOM TeMIIEpaType U MPHU MOBBIICHHON;
CPTY st IIMHHBIX M KOPOTKUX TPEUIUH;

CPTY npu KOMHaTHOM TeMIepaType U NpU NOBBILIEHHOM.
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be3 TO4YHOro NPOrHOZMPOBAHMSI PACUETHO-MOAEIBHBIMM METOJAaMU OLEHKH JOCTHUKECHMS
KPUTUYECKOTO (MIPEIOTKA3HOI0) COCTOSIHUSA Y3JI0B KOHCTPYKLIMM TapaHTUM HAAEKHOCTH U
noaroseyHoctd mnpousBoautenss [T Oyayr skoHoMHYecKH HEIPPEKTHUBHBIMH, TO €CTb JHOO
IPUBEIYT K KaracTpouyeckuM TpaTaM Ha BO3MEIIeHue yiepOa 1o oTkasam, Jinbo, B CiIydae O4eHb
0OJBIIMX KOHCTPYKTHBHBIX 3allacOB Ha PECYpC, NMPUBEAYT K IMPEKIAECBPEMEHHOW YTUIM3aLUU U
3aBBIILIEHHON CTOMMOCTH OOCITY>KHBaHUSI.

[IpyueM Ba)XHBIM AacCIEKTOM SBJISIETCS INPOBEACHHME aHaIW3a JOJIIOBEYHOCTH Ha 3Tale
pa3pabOTKN KOHCTPYKIIMH, @ HE Ha 3Tale €€ ONBITHO MPOMBIIUIEHHON peaan3aluy, Korjaa U3MeHEeHus
y’K€ HEBO3MOKHBI.

Jusg  cozmanuss W BepuUKAMM  PACYETHO-MOJEIBHBIX METOAOB HEOOXOOUM  y4yeT
YCTAJIOCTHOTO TOBEACHHUS MaTepuaia B ciydae O0e37e(EeKTHOTO COCTOSHHUS, a TakKXKe BIMSIHUSA
MOPQOJIOTHH U pactipeaesieHust 1e(PeKToB (METALTyprudecKux U 00paboTKH).

B noxnane nmoxazana BaxHocTh ydera Klc marepuana kKak XapaKTEPUCTUKH IpPEAEIbHON
JUIMHBI TPEIIMHBI, ONIPeIeIIAonIe MeXXPEMOHTHBIH EepPUOI.

PaccmoTtpena nporpeccuBHOCTB OIIPEAEIICHUs pecypca o Kpuou ycramoctu MIY u MuLlY
B OTJIMYUHM OT 3araca 1o NpoYHOCTH.

PaccmoTpena BaXKHOCTB | CIIOCOOBI y4deTa MoporoBoi MHTEHCUBHOCTH HanpspkeHnit AKth s
OLIEHKM O€30MacHOCTU IPOU3BOACTBEHHBIX NOBpexxJaeHHd, a Ttakwke CPTY qnsa  oueHku
MeXpeMOHTHOro nepuoja. [lokasana BaxkHocTh onleHkH CPTY B npuOmmxeHUn MaibiX U OOJBIINX
TPELIHH.

[TokazaHo, 4YTO BaXHO COOTHECEHHWE MECTa HAHECEHHWs  IPOU3BOJCTBEHHBIX U
9KCIUTYaTallMOHHBIX MEXaHHUYECKUX IOBPEXKIECHUM C €ro HalpsKeHHBIM COCTOSHUEM. 3apo’KIeHHE
TPELMHBI OT YCTAIOCTH MOKET KOHKYPHUPOBATh € 3apOKJCHUEM TPEILHHBI OT OBPEX ICHUS.

C wMarepua’oOBeAUECKUX TMO3MLUUH MpPEUIOKEH KOMIUIEKC MEXaHMYECKUX CBOMCTB,
HEOOXOJUMBIX I Yy4eTa OLEHKU TOCTUKEHHUS KPUTHUECKOIo (IIPEeIOTKA3HOT0) COCTOSIHUS M CXEMa
ydyeTa UX BIUSHHSL.

HaubGonee BaxHBIM acreKTOM B 00€CNEYEHUHM TOYHOW OLEHKU JTOCTHXKEHHUS KPUTHYECKOTO
(Tpe10TKa3HOr0) COCTOSIHMS Y3JIOB, a Takxke oOecrneueHus TeXHHYeCKHX xapakrepuctuk ['T/]
ABJIIETCS KaK BbIpabOTKa TpeOOBaHMM K MaTepuaiy, Tak U obecrieueHue 3Tux TpedoBaHui. Tak Kak
HE BCE COYETaHHA KOMIUIEKCA CBOWCTB MOJKHO peanu3oBaTb. VIMEHHO COIVIACOBAaHHOE
B3aMMOJIEICTBHE IPOU3BOAUTENS MaTepHalla U U3AEIUs IPUBENYT K YCIEXY.
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The paper discusses the importance of the resource characteristics of a gas turbine engine, as a
guarantee of competitiveness, problems and prospects for matching material properties with working
conditions in a structure, the importance of understanding the essence of the resource-limiting effect
and its parameterization, both from the material side and from the design side. Possible directions for
the development of assessing the achievement of the critical (near failure) state of parts are presented
on the example of titanium alloys.

The fleet of Russian military aircraft at the moment is about 1.5 thousand units, with an
upgrade to 60 per year, i.e. taking into account the replacement of 200-250 engines per year. And the
world fleet of civil aircraft is about 35,000 (increased 2 times over 25 years from 16,000) with a
production of about 1,500 per year, i.e. of 6000+8000 engines per year with taking into account the
replacement need. Taking into account the big potential of the world market, the entry of Russian
engine builders to it is simply necessary.

The report shows the importance of taking into account the K1c material as a characteristic of
the ultimate crack length, which determines the overhaul period.

The progressiveness of determining the resource according to the fatigue curve of the MCC
and MNTsU, in contrast to the safety margin, is considered.

The importance and methods of taking into account the threshold stress intensity AKth for
assessing the safety of production damage, as well as FCGR for assessing the overhaul period are
considered. It is shown the importance of assessing the FCGR in the approximation of small and large
cracks.

It is shown that it is important to correlate the place of application of production and
operational mechanical damage with its stress state. Fatigue crack initiation can compete with damage
crack initiation.

From the point of view of materials science, a complex of mechanical properties necessary to
take into account the assessment of the achievement of a critical (pre-failure) state and a scheme for
accounting for their influence are proposed.

The most important aspect in ensuring an accurate assessment of the achievement of the
critical (pre-failure) state of units, as well as ensuring the technical characteristics of the gas turbine
engine is both the development of requirements for the material and the provision of these
requirements. Since not all combinations of a set of properties can be realized. It is the coordinated
interaction between the material manufacturer and the product that will lead to success.
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