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AnHotammst: JlonroBedHocts pabouunx jonarok TypOunsl I'TJ] ¢ TermozammrHbiMu nokpeitisivu (T3I1) 3aBucut oT MHOTHX
(bakTOpOB, B TOM YHCJIE OT COCTaBa, CTPYKTYphl M CBOMCTB Meraiummdeckoro mojciost (MII). IlonoxutenbHbid s¢dext
npumenenus T3I1 obiiensBecTeH: yBenuueHHEe pecypea 3alMIacMOM JEeTaly WIN TOBBIIICHHE TeMIIepaTypsl pabodero rasa
niepesi TypOuHOM aBurarens. Bmecre ¢ Tem oueBHpeH M TOT (akt, 4To paspaborka u BHeapeHune HOBbIX T3II, koTOpbIe
UCTIONB3YIOT Oonee »ddextuBHble MII, sBisiercst akTyanmpHOW 3amadeii. Ha s¢ddexrmBHOCTE M gomroBeuHocTh 1311
CYILECTBEHHOE BIIMSHUE OKA3bIBAIOT CIICAYIOMINE XapaKTEPUCTHKH METaTIMYECKOTo IOACIOS: MaTephas, €ro TONIMHA |
MHKpPOCTPYKTypa, MeTon HaHeceHws. C Henblo BbIOOpa palMOHAIBHOrO MeTaumyeckoro moxacnost T3I1 u omeHku ero
paboTOCIIOCOOHOCTH Ha JIONATKax TYpOWHBI NPH BBICOKMX TEMIIEpaTypax B pa0OTe BBIIOJHEH CPaBHUTEIBHBIH aHAIU3
n30TepMudecKoil kapocroiikoctd T3II ¢ pasnMUHBIMKM - BapHaHTaMU METAUIMYECKMX IOACIOEB M MPH  Pa3IMYHBIX
SKCILTyaTAlMOHHBIX TeMIeparypax. B kauecTse KpuTepus H30TEPMHUYECKOH JKAPOCTOMKOCTH TIPHHSTO BPEMS Tp,, 10 KOTOPOTO
CyMMapHas IUIOLI3b CKOJIOB KEPaMHYECKOTO CJIOSi Ha BXOMHOW KpoMke W Kopbite He mpeBbmuaer 30 %. Vcmbrranus
TexHoNormdeckux jonarok I T/, mroroeneHHsx u3 cwiaBa JKC32BU, ¢ HaHeceHHBIMI Ha HUX TIO cepuiiHoi TexHomornu T3I1 ¢
Pa3IMYHBIMM METAUIMYECKMMH TIOACIOAMU ObUIM TpoBeneHsl mpu Temreparypax 1100 m 1170 °C. baza ucnbitanuii Ha
H30TEPMHUYECKYIO KAPOCTOMKOCTh cocTaBisuia He MeHee 500 yacoB. lcnbITaHusM MoABEpraay MO YETHIPE TEXHOIOTHMYECKHE
JIONATKU C KXKIBIM M3 UCCIIEAYEMbIX BApUAHTOB HOKpI)ITI/Iﬁ. Anamiz TMOJIYYCHHBIX PE3YJILTATOB HCIIBITaHUIM MPpOACMOHCTPUPOBAJI,
4yro Oosiee BbIcOKMe mokazarenn nonroBeuHoctd umeror T3I1 ¢ moacmoem NiCrTaY m AXK-8 + CrAl. [aunbni a¢dexr
oOycnosnieH HajmureM B MII TyromaBkux 25eMEHTOB (TaHTAI M WMTTPHi), KOTOpble co3iatoT Au(Qy3HOHHBINH Oapbep u
3aMeJULIIOT POCT oOpasyrolielicss Ha METAUIMYECKOM cioe OKcuiHoW mieHkn AlO;. B mpomecce skcneprMeHTaIbHBIX
WCCIIEZIOBAaHNH YCTaHOBJICHO, YTO COCTaB METAJUIMYECKOro Mozciosi B KoHCTpykimu T3I1 cymiecTBEHHO BIMSET Ha €ro
JIOJTOBEYHOCTh.  TaK, abCOMOTHBIE 3HAYEHMS T, MOLYT OTIMYATHCS B HECKOJILKO pa3. C  yBENMYEHHEM TEMIEPATYpbl
M30TEPMUYECKUX HCIBITaHUH HaOmozaeTcsl 3HauuTenbHoe (B 2—3 pa3a) YMEHBILIEHHE JOJITOBEYHOCTH MOKphITHS. [lostomy
NpaBWIGHBIN BBIOOp coctaBa MIT 1o3BossieT CHU3UTH YPOBEHD HAIPSDKEHHO-IE(OPMUPOBAHHOIO COCTOSIHHSI Ha TPAHMULIE CIIOEB,
YBEIUMYUTH NPOYHOCTH CUCTIIICHHA, 1 TEM CaMbIM YBEJIMYNUTD JOJITOBEYHOCTH T3IL.
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Experimental studies of the influence of the characteristics of the metal
bond coat on the durability of the heat-protective coating of the turbine
blades of a gas turbine engine
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Abstract: The service life of gas turbine engine (GTE) turbine blades with thermal barrier coatings (TBC) depends on many
factors, including the composition, structure and properties of the metal bond coating (MB). The positive effect of using TBC is
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well known: an increase in the service life of the protected part or an increase in the working gas temperature in front of the engine
turbine. At the same time, it is also obvious that the development and implementation of new TBCs that use more efficient TBCs is
an urgent task. The efficiency and service life of TBCs are significantly affected by the following characteristics of the metal bond
coat: material, its thickness and microstructure, and application method. In order to select a rational metal bond coat of the TBC and
to assess its performance on turbine blades at high temperatures, a comparative analysis of the isothermal heat resistance of TBCs
with different versions of metal bond coats and at different operating temperatures was performed. The time 7,,, up to which the
total area of ceramic layer chips on the leading edge and trough does not exceed 30%, was adopted as the isothermal heat resistance
criterion. Tests of GTE process blades made of ZhS32VI alloy with TBCs with various metal bond coats applied to them using
serial technology were carried out at temperatures of 1100 °C and 1170 °C. The isothermal heat resistance test base was at least 500
hours. Four process blades with each of the studied coating options were tested. Analysis of the obtained test results showed that
TBCs with a NiCrTaY and AZh-8+CrAl sublayer have higher durability indicators. This effect is due to the presence of refractory
elements (tantalum and yttrium) in the MB, which create a diffusion barrier and slow down the growth of the Al,O; oxide film
formed on the metal layer. During the experimental studies it was established that the composition of the metal bond coat in the
TBC design significantly affects its durability. Thus, the absolute values of 7, can differ several times. With an increase in the
temperature of isothermal tests, a significant (23 times) decrease in the durability of the coating is observed. Therefore, the correct
choice of the MB composition allows you to reduce the level of stress-strain state at the boundary of the layers, increase the
adhesion strength, and thereby increase the durability of the TBC.
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BBenenue 0opa ero panuoOHAIBLHON TOJIIMHBI ¥ 3HAYCHUS
YAEIBHOW TEIUIONPOBOJAHOCTA KEPAMHUYECKOTO
cios. BaxxHO y4uThIBaTh, YTO MPHU JIUTEIHHOM
MUKINYECKOM (IO TeMIepaTtype U BHYTPEHHUM
YCWJIMSIM) Harpy>kK€HUU UMEET MEeCTO JAerpajia-
uus T3I1, koTopas NposABISETCS B OKUCIUTEIb-
HBIX MpoIleccax Ha TpaHUlEe MEXIY Kepamuue-
ckuM ciioeM U MII, u3sMeHeHur MUKPOCTPYKTY-
pBI CaMOTO KE€PaMHUYECKOTo oS (pEeKpUCTaILTHU-
3amus, criekanue), 3gdekrax ropsueit Koppo3uu
U 3pO3UM KepamMHueckoro ciosi. B yactHOCTH,
CIIEKaHUE KEPaAaMUYECKOTO CJIOA MOCIE LUKINYe-
CKOTO TEMIIEpaTypHOro Bo3AeWcTBUS (puc. 2)
MPUBOJIUT K MOSIBJICHUIO JE(PEKTOB THIIA MOp, Tpe-
[IMH, BEPTUKAIGHBIX KaHATIOB CTOJIOUATON CTPYKTY-
PBl, YTO SIBIISIETCS MPUYMHOM pOCTa TEILIONPOBOJ-
HOCTH Kepamuyeckoro cios [1, 7-9].

[Iponecc paszpymenuss T3II HaumHaerca c
MOMEHTa CKaJIbIBaHUS YacTH KEepaMHU4eCKOIro
CJI0S1 C MTOBEPXHOCTH OXJIAKIAAEMOM JIOMATKH, I0-
CJIe Yero MpeKpallaeTcsi BHIMOJIHEHUE er0 OCHOB-
HOW (YHKIMM — 3allUThl MeTajjia JIOMAaTKh OT
BO3JICHCTBUSL BBICOKMX TeMmIiepatyp. Bmecre ¢
TEM TpemnuHbl B kKepamudeckoMm cioe T3I1, obpa-
30BaHUE B HEM ()ParMEHTOB PA3IUIHOTO pazMepa
ABIIAIOTCS. peakUMedl Ha BHYTPEHHHE DKCILTyaTa-
[IUOHHBIE yCWIHA U JedopMalii MOBEPXHOCTU
JIOTIATOK, YTO €UI€ HE CBUIETEIILCTBYET O MOTEPE
T3I1 cBOMX 3alIUTHBIX (QYHKIUH.

JlonroBeyHocTh pabouMX JIOMATOK TYpOUHBI
razotypounnoro asurarens (I'TI) ¢ Termnozamur-
HbIMU TIOKpbITHIMU (T3I1), paboTaronmx mpu BbI-
COKHX TEMIIepaTypax, 3aBUCHT OT MHOTHX (paKTo-
pPOB, B TOM 4HCJIE€ OT COCTaBa, CTPYKTYpbl M
cBolcTB Mertawmyeckoro mozcnos (MII). Ilpu
ATOM ONpEEISIOIMMU  XapakrepuctTukamu MIT
SIBJISIFOTCSL €r0 COCTaB M METOj] HaHeceHus [1-6].
[TonoxxurensHbiid 3pdext npumenenust T3I1 06-
IIEU3BECTEH: YBEJIMUEHHE pecypca 3allUIaeMoi
JIETaI WM TIOBBIIICHUE TEMIEepaTypsl pabouero
raza mepen TypOwHO# nBurarens. Bmecre ¢ tem
OYEBUJIEH U TOT (aKT, YTO pa3pabOTKa M BHEIpe-
nHue HoBbIX T3I1, 6onee a3dpdexTrBHBIX MII U CO-
BEPILIEHCTBOBAHUE METOJIOB MX HAHECEHHUs SIBIIS-
IOTCS aKTyalbHOW 3amauded. TumoBas cTpykTypa
T3I1 npuBeneHa Ha puc. 1.

B obmem cimyuae tpeOyemast i JUTUTEIIbHOM
AKCIUTyaTalliu TeMIIepaTypa OCHOBHOIO MaTepua-
JIa JIOTIATKU JOCTUTAETCs IyTEM COBEPIICHCTBOBA-
HUSl KOHCTPYKLIMM CaMOM JIOMATKHU, YMEHbIICHUS
MHTEHCUBHOCTH TEIUIOBOTO IMOTOKA, a TAKXKE ITy-
TeM BbIOOpa cocTaBa U ToiumHbl T3I1.

byaem cunrtarh, 4TO MHTEHCHUBHOCTH TEILIO-
BOT'O MOTOKA M KOHCTPYKIUS JIOMATKU 3aJaHbl,
B OTOM CiIy4ae ToBbIlIeHue (h(HEKTUBHOCTH Tell-
JIO3ALUTHOTO MOKPBITHUS IOCTUTAETCS 33 CUET BbI-
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KepaMHIeCcKHil
TEIUTO3AIUTHEIN CIION

METALTHYEeCKHI
IIO/ICIION

MaTepuall JOIIaTKH

Puc. 1. Tunosas crpykrypa T3II nonmatku I'T/]
Fig. 1. Typical structure of the TBC of a gas turbine engine blade

BHCIITHUH BHJ] KCPAMHYCCKOI'O

CJI0A IIPpH CIICKAHNH

TPEOIHHLI B KEpaMHUYCCKOM
CJI0¢€

Puc. 2. Buemnnii Bua kepamudeckoro ciost ZrO; + 8%Y,0; B MecTe creKaHus U IPH HOSBICHAN TPELIUH
Fig. 2. Appearance of the ceramic layer ZrO,+8%Y,0; at the sintering site and when cracks appear

M3BectHo [10-14], yTO OJHUM U3 YYyBCTBH-
TenbHbIX MecT T3II, HemoCpeACTBEHHO BIIUAIO-
IIMX Ha €ro JOJTOBEYHOCTbH, SIBJISIETCS TpaHULA
MEXIy KEpaMUYECKUM CIIOEM M KapOCTOMKHUM
nojciioeM. B mporuecce skcmtyaTanuu JIONaToK
¢ T3II kucnopon 4epe3 KepaMHUECKUM CIIOM
nponukaer Kk MII, yTo npuBOIUT K €ro OKucIe-
HUIO U YBEIUYECHHUIO CJIOS OKCHJA AJFOMUHUSA
A1203 (pI/IC 3)

W3BecTHBI /Ba OCHOBHBIX MYTH JOCTaBKU
KHCIIOPOJIa K TPaHHULE: Ta30Bblil MEPEHOC uepes
OTKPBITYIO TIOPUCTOCTh KEPAMHUYECKOTO CIIOSl U
mubdy3uoHHOE TepeMellleHne KHCIOPOJHBIX
HMOHOB 110 aHUOHHBIM BAKAHCHUSAM B PEIICTKE M-
okcuga uupkoHus. Ha moBepxHoOcTH moacnos
00pa3yroTCsi OKCUIBI, COCTaB U CTPYKTypa KOTO-
pPBIX 3aBHCUT OT KOJMYECTBA IOCTYIHBILIETO
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KHCJIOpOJla U COCTaBa MOACIO0s. ITO CO3/1aeT J0-
HOJTHUTENIbHbIE BHYTPEHHUE YCWINS HA I'paHUILE
MII, yMeHbIIaeT aare3ur0 KEpaMUIECKOro Cios
U TNPUBOJUT K €ro CKajJbIBaHHIO. YKa3aHHBIE
IPOLIECCHI SABISAIOTCS OJHOM M3 OCHOBHBIX IpH-
yuH pazpywmenus T3I1 [2, 14].

OddextuBHOCTE W gonroedHocTs T3I1 BO
MHOIOM 3aBHUCHUT OT XapaKTEpHCTHK MeTaJulnye-
CKOT0 Mojcios (Marepuall, €ro TONIIMHA U MHK-
pocTpykTypa, Meton HaHeceHus ). C 1ebio BbIOO-
pa palMoHAILHOTO MeTajuinueckoro noacnost T3I1
U JUISL OIIEHKH €ro paboTOCIIOCOOHOCTH HA JIOTAT-
KaxX TypOMHBI IpH BBICOKUX TeMIIEpaTypax B pa-
00Te BBINOJIHEH CPAaBHUTEJIbHBIA aHAIU3 H30TEp-
muueckon xkapoctorikoct T3II ¢ pazmuunbIMH
BapUaHTaMH METAJUIMYECKUX IMOJICIIOEB U IMpHU
Pa3IMYHBIX HKCIUTyaTallMOHHBIX TEMIIepaTypax.
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KepaMHUYecKUi
TEIUIO3AILUTHLIA CJIOH

AlL,O3

METa/UTHYCCKUH
Ioaciaon

Puc. 3. Tunosas mukpoctpykrypa T3II Ha rpaHUIe KEPAMHIECKOTO CIIOS
1 METaJUTMYECKOTO MOJICIION TTOCIIE SKCIITyaTalin
Fig. 3. Typical microstructure of the TBC at the boundary of the ceramic layer
and the metal bond coat after operation

MeTOI[bI HCCJIeaJ0BaHUA

HcnbiTaHus  TEXHONOTMYECKHUX  JIOMATOK
I'TH, usroroBnennsix u3 craBa JKC32BU, ¢
HAaHECEHHBIMU Ha HUX IO CEpUHHON TEXHOJO-
ruu [8—10, 15] T3II ¢ pazau4YHBIMU METaJITUYe-
CKUMHU TOJCTOSIMH OBbUTA MPOBEIEHBI MPU TEM-
nepatypax 1 100 u 1 170 °C. ba3za ucnbiTanuii
Ha U30TEPMHUYECKYIO KapOCTOMKOCTh COCTAaBIISI-
na "He meHee 500 wacoB. McnbiTaHusM moaBep-
TaJld MO YEThIPE TEXHOJOTMYECKUE JIOMATKU C
KKJIBIM M3 HUCCJIEAYEeMbIX BAapUAaHTOB MOKPHI-
tuid. McnpiTanus npoBoaunu B neun tuna ET-2.
B mpouecce ucneiranuii uepes 5, 20, 50 u ganee
yepe3 kaxasie 100 yacoB mpoBoauiIu 0TOOp 00-
pa3noB ISl UCCIIEIOBAHMIA.

[Ipu m3oTepMuyecKoOl BBLAEPIKKE pa3pylie-
Hue T3II npakTudyecku He 3aBUCUT OT HaIpsKe-
HUH TEIUIOBOTO yJapa (MMeeT MeCTO TOJIbKO MpHU
3arpy3ke M BBITPY3Ke 00pas3IoB AT OCMOTpa U
B3BemmBanus). CreoBaTeabHO, MOXKHO YTBEp-
JKIaTh, UTO MPU JAHHOM HCCIIEJOBAaHUU OIpe/e-
JSOIIYI0 pOJIb B Pa3pyLICHUU KEPaMHUYECKOTO
ci0s urpaet mnpouecc oxkucieHus MII, uzmene-
HUSl €r0 COCTaBa U CTPYKTYpPHI BCeACTBUE AUD-
(y3UOHHBIX MTPOLIECCOB.

B kauectBe KpuUTEpHUs M30TEPMHUYECKOU Ka-

POCTOMKOCTH TIPHHSTO BpeMst Ty, O KOTOPOTrO

CyMMapHasi IUIOIAJb CKOJOB KEPaMHUYECKOIrO
CJI0Sl HAa BXOJHOUM KPOMKE M KOPBITE HE IPEBBI-
mraetr 30 %. OOpamanocs ocoboe BHUMaHUE Ha
cocrosinue xapocrorikoro MII B mecre ckonos-
LIEHCST KEPAMHUKH.
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PGSyJIbTaTbI HCCJICA0BaAaHUA

PaznuyHble BapHaHThl METAJUTMYECKOTO MO/I-
CJI0s1 HAHOCWJIUCH 10 CEPUMHOM TEXHOJOTWH, a
3aTeM Ha BCE JIOMATKH METOJOM 3JIEKTPOHHO-
Jy4eBOT'0 UCTMAPEHUSI M KOHJCHCAIIUU B BaKyyMe
HaHeceH Kepamuueckuih cinoil ZrO;x7%Y,0s.
UccnenoBannbie BapuaHThl MOKPBHITUH MU HX
TOJIIIMHA Tpe/ICTaBleHbl B Ta0a. 1. PesynbpTaTh
UCIIBITAHUI NPUBEJEHBI HA puc. 4 u 5.

AHanu3 MOJyYeHHBIX pPEe3yJbTaTOB HCIbITA-
HUN TMPOJIEMOHCTPUPOBAJ, 4YTO Oo0Jiee BBICOKHE
nokazateiau goiroseudoctd umeror 1311 ¢ moxn-
cnoeM NiCrTaY u AXK-8 + CrAl. danssiit 3¢-
ekt o0ycnoBneH HanumaueM B MII TyrormaBkux
AJIEMEHTOB (TaHTaJl U UTTPHil), KOTOPHIE CO37a-
10T U Py3noHHBIA Oaphep M 3aMEUISIIOT POCT
oOpazyrolieiics Ha METAJUIMYECKOM CII0€ OKCH/I-
Hoit maeHku Al,Os. CiregoBarenbHo, 0ojee M-
TEIbHOE BPEMSI COXPAHSETCS UCXOIHOE COCTOS-
HUE TTOKPBITHSL.

BunHo, 4TO MHTErpaIbHbIN MOKa3aTeib J0Iro-
BEYHOCTH MHOTOCJIOMHOTO TOKPBITHS CYIIECTBEH-
HO 3aBUCHUT OT BbiOopa MII. Tak, aOcomroTHbIe

3HaYeHus T, KaK BUJHO U3 pucC. 4 U 5, MOTYT OT-

p’
JMYaThCS B HECKOJIBKO pa3. C yBEIMYEHHUEM TEM-
neparypbl M30TEPMHUYECKUX HCITIBITAaHUN HaOIo-
JaeTcs CyIlecTBeHHOe (B 2—3 pasza) CHIDKEHHE
JIOJITOBEYHOCTH TOKPBITUS. DTO MOXKHO O0OBsIC-
HUTh YBEJIMYEHUEM HHTEHCHBHOCTH AU(QY3UOH-
HBIX MPOLECCOB, Npoucxomsmmx Mmexny T3II u
OCHOBHBIM CILIABOM, TaKK€ ObICTpEE pa3BUBAIOTCS
OKHCJIMTEIIbHBIE ITPOLIECCHI.
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Taoauna 1

Table 1
BapuaHTbl nccienyeMbix TOKPBITUNA
Variants of the investigated coatings

Ne n/m Tun nokpbITASA Tonmmuaaa, MKM
1 BCHII-11+ZrOs+ 7Y203 100-150
2 CHII-2+ZrOy+ 7Y 203 110-150
3 CHII-6+ ZrO;+ 7Y203 110-140
4 CrAlY + ZrO>+ 7Y,0;3 90-110
5 ITIXA+ ZrO; + 7Y203 110-120
6 NiCrTaY+ ZrO; + 7Y203 100-120
7 AX-8+CrAl+ ZrO; + 7Y,0;3 110-140

Tp, q _-
AJK-8+CrAl
100 T _
NiCrTaY
07T CrAlY  TIIXA
.
S0y CJII1-6
70 1 : -
60 T CII-2
50 JBCIIH—I[ !
40 A
30 14
2 T
10 1
0

BapHaHT METAJUITHYECKOI'O ITOJACIOA

Puc. 4. [lnarpamma HCOBITAaHUN TTOKPBITHI HA H30TEPMUYECKYIO )KapOCTOHKOCTh
npu Temreparype 1 100 °C ¢ BapuaHTaMu METAJIUTMYECKHUX TOACIOEB
Fig. 4. Diagram of coating tests for isothermal heat resistance
at a temperature of 1100 °C with variants of metal bond coatings

[Ipu 6onee Bbicokoit Temneparype (1 170 °C) YTO B KOHEYHOM UTOTre NNPUBOJUT K YBEINYEHUIO
IPOMCXOIAT HPOILECChl pacnaja KyOMYecKod u CXKMMAIOIIMX YCWINH B KEPaMHYECKOM CJIO€
TeTparoHanpHOU (a3 kepamudeckoro cios T3I1 C MOCHENYIOLIUM €Tr0 OTpbIBOM 0T MIT.

A BO3MOJKHO TOSIBJICHHE MOHOKIHHHOM (1)331)1,
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Tp, L

AXK-8+CrAl

100 1

NiCrTaY

9 T

CrAlY

T'IIXA

80 T
CIUI-6

70 1

60 T
50
40 A
30 T
20
3
0

BC/III-11

BapHaHT METAINNIHYECKOTO MMOJICI0A

Puc. 5. /Ilnarpamma uCIbITaHKS TOKPBITUN HA U30TEPMUYECKYIO )KAPOCTOMKOCTD IIPU TEMIIEpaType
1 170 °C ¢ BapuaHTaMu METAUTUYECKUX TOJCIOEB
Fig. 5. Diagram of testing coatings for isothermal heat resistance at a temperature of 1170 °C
with variants of metal bond coatings

3akiIoueHue

B mpouecce skcnepuMeHTaIbHBIX HCCIEAO-
BaHMM yCTAaHOBJICHO, YTO COCTAB METAJUTHUYECKO-
ro noacnosi B koHctpykuuu T3I1 cymecTBeHHO

BJIMSICT Ha €r0 JIOJrOBEYHOCTH Tp. Tak, abco-

JJFIOTHBIC 3HAYCHUS Tp MOTYT OTJIMYAaTbCsA B HC-

ckonbko pa3. C yBenuMYEHHEM TeMIlepaTypbl
M30TEPMHUYECKUX UCIBITAHUN HaONtoaeTcs 3Ha-
yuTeNbHOE (B 2—3 pa3a) yMEHbIIEHUE JOJITOBEY-
HOCTH NMOKpbITHA. [To3TOMY IpaBUIIBHBIN BBEIOOD
coctaba MII mno3BONSIET CHU3UTH YPOBEHb
HaMpsKEHHO-J1€(OPMHUPOBAHHOTO COCTOSIHHS Ha
TPAHUIIE CJIOEB, YBEIMYHUTH NPOYHOCTH CLEIIE-
HUS U TEM CaMbIM YBEJIMYUTH JOJIIOBEYHOCTH
T3I1. Ha ocHOBaHWU MPOBEAECHHOTO MCCIEI0BaA-
HUS U yBEIMYEHUS JOJITOBEYHOCTH BCEH KOH-
crpykmuu T3I1 menecooOpa3HO HCIOB30BAThH
MeTamanueckuii moaciaoi AXK-8 + CrAl, xoro-
pBIi HMeeT XUMUYECKUI cocTaB, OJU3KHUM K Xu-
MHUYECKOMY COCTaBYy NPHUMEHSEMBIX HUKEJIEBBIX
CIIaBOB ISl MU3TOTOBJICHMS JIONIATOK COBPEMEH-
Helx ['T/l. D10 mo3Boiser yMmMeHbIUTh AUpDyY-
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3MOHHBIC TIPOILIECCHl MEXKIy TOJCIOEM M CIlIa-
BOM, 2 HAIMYUE B METAJUIMYECKOM TOJICIOE TY-
TOTUIAaBKUX AJIEMEHTOB (TaHTaJla M UTTPHsI) TO3-
BOJIIET HECKOJBKO 3aMEIUTUTh POCT OKCHUIAHOMN
IUIEHKH, YTO TaK)Ke ITOJIOKUTEILHO BIIHMSCT Ha
noarosevHocts Bcero T3I1.
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