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Hukenesbie xaponpovHble CIIaBbl OTINYAIOTCS BHICOKUM COJIEPKaHUEM JIETUPYIOIINX
3JIeMEeHTOB. [IpH TpaUIIMOHHBIX METO/IaX MMOIydeHHs H3Aenuid (JInThe Uik 00paboTKa aBie-
HUEM) 3TU DJIEMEHTbl 00pa3ylOT CTPYKTYphI, OJM3KHE K PaBHOBECHOMY COCTOsHUIO. B mpo-
necce npsiMoro JiazepHoro BblpamuBaHus (I1IJIB) nmpoucxoaut HepaBHOMEPHBIN Ja3epHbII
HarpeB OT/JENbHBIX 00bEMOB CILIaBa, YTO MPUBOAUT K BOSHUKHOBEHUIO OCTATOYHBIX HaIPsDKE-
HUH ¥ aHU30TPONUH CBOMCTB Marepuaia. [Ipu otnenennn ot miarGopmbl 3TO BBI3BIBAET UCKA-
eHue (HOopMbl TOHKOCTEHHBIX JeTajel, TaKMX Kak TypOWHHbBIE JOMATKU U KpbuibuaTKu [1].
Kpome Toro, namenstorcs Mmexanudeckue cBoiicTsa [2]. Haubonee pacpocTpaHneHHBIM CIIOCO-
OOM CHIKEHUS WM TOJTHOTO YCTPAHEHUS OCTATOYHBIX HAMPSKEHHUH B OONBIIMHCTBE METaJIN-
YECKMX CILJIABOB SIBJISIETCS OTXKHUT.

JlJis vuccnefoBaHusT PEKUMOB TEPMOOOPAOOTKH OBLTH BBIPAIICHBI MTPSMOYTOIBHBIE 00-
pasupl pazmepamu S0x10x10 MM U3 kapompoyHOTro XpomoHHKesneBoro cruiaa BIXK159,
HAIUIaBJIIEMbIE HAa CTAJIbHYIO MOJUIOKKY. PeXUM BbIpaliyBaHus: MOIIHOCTh JA3€PHOI0 U3IIYy-
yeHust 2000 BT, ckopocTh CkaHMpOBaHUS 25 MM/C, JUAMET JIa3epHOro MsATHA 2,5 MM. B skc-
NEPUMEHTE BAPbUPOBAIUCH PEKUMBI TEPMOOOPAOOTKH, BKIHOYAIOIINE B CE0s pa3IMYHOE BpEMs
BBIIEP>KKH M CIIOCOOBI oxJaxkaeHus. [lnan sxcnepumenTta npuseieH B Tadm. 1.

Tabmuua 1 — [Tnan skcnepumenTa

Ne 006- Pexxum TepmooOpaboTKi Teepmocts, HB
pasua TepmooOpaboTKa OxnaxkaeHue
1 1190 °C, 3 yaca Ha Bo3myxe 25949
) 1190 °C, 3 yaca Ha sosyxe 240+15
800 °C, 10 yacos
1190 °C, 3 yaca 258+7
3 800 °C, 10 gacos C neunro
700 °C, 15 gyacoB
be3 TepmooOpadoTKH 233+1
5 1190 °C, 3 gaca Ha Bo3nyxe 252+13
6 1190 °C, 3 yaca C newsio 248+10
700 °C, 15 gacos
7 800 °C, 10 gaca C neynto 242+15
8 1190 °C, 3 gac Ha sosiyxe 25145
800 °C, 10 yaco
9 700 °C, 15 gaca Ha Bo3nyxe 241+1

B pabote uccrnenoBaHo BIMSHUE Pa3IMYHBIX PEXHMOB TePMUYECKONH 0OpabOTKH Ha
TBEPAOCTh, MUKPOCTPYKTYPY U OCTaTOYHBIE HANPSHKEHUS 00pa3lioB U3 >KapOIPOYHOTO HUKE-
nesoro cruiaBa BXX159, nonydennsix meTooM npsiMoro nasepHoro Boipamusanus (I11JIB). ITo-
Ka3aHO, YTO MCXOJIHAsl TBEPIOCTh BBIPAIIEHHBIX 3aroTOBOK coctaniseT 233+1 HB. Hanmens-
mas TBepaocth (241+1 HB) nmocrturaercs mocne narpeBa go 700°C, Bbeiaepxku 15 4 u
OXJIaX/eHus ¢ neupto. Hanbonee 5KOHOMUYHBIM peKUMOM JJIs1 CHHYKEHUS] OCTaTOYHBIX Harpsi-
xeHull sBisercs Harpes 10 800°C, Beinepkka 10 4 u oxJaxxAeHue Ha BO3/1yXe, YTO CHUIKAET
TBEpAOCTH 10 242+15 HB.
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MUKpPOCTPYKTYpPHBIN aHAIM3 TTOKA3all, 4YTO MOCJIE BCEX BUJOB TEPMOOOPAOOTKH POpMHU-
pyeTcs pa3HO3EpHUCTOCTh U MCUE3aeT CIOMCTOCTb, XapakTepHas 1uia TexHonoruu [1JIB. B pe-
KUMaX C MEUIEHHBIM OXJIaXXJEHUEM (C I€4Ybl0) HAONIOAAIOTCS YIOPSIOYEHHBIE CTPYKTYPbI
TBEP/IbIX PACTBOPOB HA OCHOBE HUKEJIS.
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The effect of heat treatment modes on hardness, microstructure, and residual stresses of
VZh159 nickel superalloy samples obtained by direct laser deposition was studied. Initial hard-
ness was 233+1 HB. The lowest hardness (2411 HB) was achieved after heating to 700°C, 15
h holding, and furnace cooling. The most economical mode for residual stress reduction was
heating to 800°C, 10 h holding, and air cooling (242+15 HB). Microstructure analysis revealed
inequigranular structure and loss of layering after all treatments.
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