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MccnepoBaHo BnNusiHME nerMpoBaHnsi NOBEPXHOCTEW ANCMNEPCUOHHOTBEPAEIOLLMX XapOMNPOYHbIX HUKeNeBbIX CnnaBoB Tvna
YC 88Y-BW u Inconel 718 anemeHTamy cHuxawLwmmMm Temnepatypy nnasnexus (Zr, Hf, Nb) ¢ npumeHeHunem Hu3koaHepreTuye-
CKMX CUMBbHOTOYHbLIX 3NEKTPOHHBIX MYYKOB M hOPMUPOBAHME COEAMHEHUI MpK BbICOKOTEMMNEPAaTYPHON Maike C AaBneHWeM B

BaKyyMme.

BeeaeHue

Manka aBnAeTca aPPEKTVBHBIM CNOCOGOM CO-
eavHeHns matepuanoB. OgHako Ans y3noB CHOXHON
hopmbl cylecTByeT npobrieMa yCTaHOBKM MPUMOEB
B TPYAHOLOCTYMHbIX MEeCcTax, YTO CYLIECTBEHHO YC-
NoXHST cbopky usgenuin. Kpome TOro, TomnwwimHa
MpuMNoeB CyLECTBEHHO BIUSIET Ha BO3MOXHOCTb
roMoreHm3aumm 30Hbl COEAMHEHUS AN OOCTUXEHUS
PaBHOMPOYHOCTU C OCHOBHbIM MaTepuanom. Cylue-
CTBYIOT Takke npobrnembl U3roTOBMIEHUS COBPEMEH-
HbIX MpunoeB. [MO3TOMy MOUCK HOBbLIX TEXHOMOrui
hOpMMPOBaHMSA MPUNOEB HEMOCPEACTBEHHO Ha no-
BEPXHOCTSIX COEAMHEHUIN SIBMSIETCS aKTyanbHbIM.

Llensto pgaHHoi paboTbl 6bino MccnegoBaHue
BO3MOXHOCTW FErMpoBaHusl NOBEPXHOCTEN Aucnep-
CMOHHOTBEPAEIOLMX  KAPOMPOYHbIX  HUKENEBbIX
CnnaBoB C MNPUMEHEHWeM pagnaLMoHHO-MY4YKOBbLIX
TEXHOMOMMA, @ UMEHHO, HU3KO3IHEePreTUYEeCKUX CUsb-
HOTOYHBIX 3MEKTPOHHBLIX nyykoB (HC3M) mn cdopmu-
poBaHMWE COeaWHEHWUA MpPW BbICOKOTEMMNEPATYPHOM
nanke ¢ AaBneHVeM B Bakyyme.

OcHoBHas YacTb

OKCNepUMEHTbI MO NErMpoBaHUI0 NMOBEPXHOCTEN
nposoaunuce Ha yctaHoske COJIO [1], a navika — Ha
yctaHoBke YOCB — OT [2].

M3yyanu BnvsiHMe nermpoBaHns UCCrefoBaHHbIX
CMnaBoB Ha Tonorpacuio NOBEPXHOCTU, CTPYKTYPY U
CBOWCTBA MOBEPXHOCTHOIO CIOsi, pacnpegeneHvne
3NEMEHTOB AWNMNPECCAHTOB (CHWXKaKLWMX TemnepaTy-
py nnaeneHusi), Nx BNusHue Ha opMUpPOBaHNE CO-
eNHEHNN.

B pabote nccnegosanu nermposaHne NoBeEPXHO-
CTW NyTeM nepennaekvi NpeaBapuUTeNbHO HaHECEeH-
HOro Ha MNOBEPXHOCTb CIOS NErNpyoLEero anemMeHTa.
[Ona nervpoBaHnsa ObinyM BbIOpaHbl 3NEMEHTHI, He
UMeIoLLMEe PEe3KOro HeraTMBHOIO BIIUSIHWUSA HA CBOMNCT-
Ba CMNaBoOB, B YACTHOCTU, UMPKOHUI, radpHUA U HUO-
6w [3]. Mpu cogepxxaHum racpHusa o 4,0, HMobus ao
3,0, umpkoHms go 2,5 % (macc.) [ONroBe4YHOCTb
cnnaea UYC70BU npu 900 °C u HanpsbkeHun
250 MIMa coxpaHsieTcs He Huxe 100 yacos.

MpenBapuTenbHO onpegensany napameTpbl pe-
Xnma obpaboTtku. Mepen obpadotkon HCIAMM Ha no-
BepxHocTb cnnasa YC 88Y-BN MOHHO-NNa3MeHHbIM
METOAOM HaHOCUNW UUPKOHMA unn radHuin. Ha
cnnas Inconel 718 HaHOCUNN HMOGUIA.

Mocne o6paboTtkm HCII onpegensinM KOHUEH-
Tpauuio 3N1EMEHTOB Ha NOBEPXHOCTU NErMPOBAHHOIO
Cnosi, @ Ha KocbIX LWnudax — Ux pacnpegenexHme no
TOSLLMHE.

AHanus pe3ynbTaToB nokasar, 4YTO Npu TOSLLMHE
HanbINeHHOro cnosi 1 MKM U NAOTHOCTU 3HEPTUK Nyy-
ka 15...20 J:bKICM2 JocTturaetca Heobxoammasi KOH-
LeHTpaLus afieMeHTa gunpeccaHTa, u hopmMupyeTcs
rmagkasi 3epkanbHasi noBepxHocTb. [pu Gonbluewn
NAOTHOCTU 3HEPrMM Ha MOBEPXHOCTW cnnaea
UC 88Y-BN ob6pasyoTca MUKpOTpeLMHbl. Ha no-
BepxHocTu cnnaea Inconel 718 MukpoTpeLmHbl He
0o6GHapy>XeHbl Npu Nobon nccneaoBaHHON NIIOTHOCTY
3Heprum (go 50 ,El,>|</CM2).

KoHueHTpauunsa nervpylrowero afneMeHtTa B Mo-
AnduumMpoBaHHOM Croe NMPakTUYECKN He 3aBUCUT OT
MapKW Kaponpo4yHOro HUKENeBOro crnraea, a Komnu-
YeCTBO pacnfaBfieHHOro MeTanna perynumpyercs
TOMLWMUHOM HaMbINIEHHOMO CMos N pexnmom obpaboT-
KW.

CtpykTtypa cnnasa YC88Y-BW nocne nervposa-
HWS MOBEPXHOCTHOIO CIosi Moka3aHa Ha pwc. 1.
Mopdonorusa cnnaesa ¢ nerMpoBaHHbIM CIOEM OAW-
HakoBa HE3aBMCMMO OT JIETMPYIOLLErO 3fIeMeHTa.
MuKpoCTpyKTypa NpMNoBEPXHOCTHOM obnacTu npea-
CTaBfeHa OMnaBfeHHbIM CMOEM, B KOTOPOM Mpu
TpaBNeHUN BbISIBNSATCS MeNKoaucnepcHole kapbu-
Obl. H/xe Hero xopoLwo BbISIBMSETCA CTPYKTypa OC-
HOBHOrO MeTanna, npeacTaBnswowas OeHOPUTbI
KpucTannu3aumn pasHblX pasMepoB W OPUEHTUPOB-
kn. BHyTpM OeHOpuTOB Takke BbISIBMSIETCA MErKo-
ancnepcHasas kapbupocogepxalasi cTpyktypa. [lo
rpaHvnLam AeHAPUTOB hOPMUPYHOTCS SBTEKTUKN.

PacnpeneneHve nernpylowmx anemMeHToB no no-
BEPXHOCTU NErMpoOBaHHOrO Crosi, onpeaensieMoe Kak
cpenHee no nnowagke 3x3 MM, paBHomepHoe. [Npu
HanbineHnn Ha cnnae YC88Y-BU cnos umpkoHus
TONWMHOM 1 MKM KOHLEHTPaLMIO 3neMeHTa aunpec-
caHTa perynupoBanu B npegenax 6,6...11,2 % ny-
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Tem usMeHeHus pexuma obpaboTku. KoHueHTpauus
ocTanbHbIX anemeHToB coctasuna (%, wmacc.):
14,44...15,06 Cr; 9,3...10,64 Co; 1,45...1,6 Mo;
2,15...4,63 W; 1,48...2,57 Al; 3,36...3,8 Ti; Hu«kenb —
octanbHoe. Mpu nerMpoBaHnN NOBEPXHOCTM chnaea
Inconel 718 HMOBMEM KOHUEHTpaUus 3reMeHTOB
coctasuna (%): 14,34...15,3 Fe; 14,8...15,3 Nb;
15,2...16,7 Cr; 1,09 Ti, HUKenb — ocTanbHoe.

6
Puc. 1. Mopdonorua nonepeyHOro cevyeHus cnnasa
YC88Y-BW,, nernposaHHOro uupkoHnem (a; x 320) u
radpHmem (6; x1200) (kocble wWnudb)

B paboTte uccnepoBanu coeguHEHUs, MOMyYeH-
Hble NpY NerMpoBaHNN LMPKOHMEM U racpHUeM oaHOMN
n3 coefuHsAeMblX noBepxHocTen cnnasa YC88Y-BU
unm obenx. YunTbiBas ycCTaHOBIEHHOe paHee [4]
NOnOXWUTENbHOE BRUSHUE TENNoCMeH Ha HopMUpo-
BaHWe COoeaMHEeHWN, TemnepaTypy namku U3MeHsnu
o1 850 go 1180 °C (Tpw umkna). MNMpun TepmouUMKNnpo-
BaHWM JaBrieHMe cXaTusi MOoAAEepXKMBanu MOCTOSH-
HbiM. ViamMeHeHre gaBneHus ckaTust Ha CTPYKTYpy U
CBOWCTBA COEOMHEHWIA BNUSIET HE CYLLIECTBEHHO.
MukpocTpykTypa coeguHeHuMn (puc.2) cxoxa co
CTPYKTYPOW, NofyyYeHHoW npu Anddy3noHHON cBap-
Ke C TepMouMKNnpoBaHueM. JInHua cTbika npakTnye-
CkM He BbigBnseTcs. [loBbileHHas KOHUeHTpauus
NernpyloLLero anemMeHTa B 30He CTbika mKeupyeTcst
TONBbKO JTOKanbHbIM PEHTFEHOCNEKTParbHbIM MUKPO-
aHanu3oM. B cTbike dopmupytoTcs obwme ans co-
euHsIeEMbIX 3aroToBok 3épHa. OgHako, npu nerupo-
BaHMU TONbKO OAHOM M3 COEOUHSEMbIX MNOBEPXHO-
CTEN U NpU COCTOSIHUN BTOPOW NMUTOWM 3aroTOBKWU MO-
cne 3aMennieHHOro OXNaXOEeHWs, YETKO BMAHO W3-
MernbYeHne CTPYKTYpbl MOAUMDULIMPOBAHHOIO Crosi U
BbITAHYTble BAOMb CTblka 3€pHa, CBUOETENbCTBYHO-
lwMe o nnacTMyecknx gedopmauusix B 30He coeau-
HeHus. Takum o0b6pa3oM, NOBEPXHOCTHBLIN Con urpa-
€T poslb He TONbKO MPUMOs, HO U CNOCOOCTBYET pas-
BUTMIO MMacTuyeckux gedopmaumi u cdopmupoBa-
HMIO OBLMX 3EPEH B CThIKE.

20.00kV __ x1.20k

r, x1200

Puc. 2. MukpocTpyKkTypa coeguHEeHWi npu nernposa-
HUKM o0b6enx noBepxHocTel ragHuem (a), unpkoHmem (6)
U O4HON MOBEPXHOCTM uupkoHmem cnnasa YC88Y-BU

(8, 1)
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3aknroyeHue OTO NO3BONSAET CYLIECTBEHHO CHU3UTb KOHLIEH-
AHanus pesynbTaToB NpPOBEAEHHbIX Mccrenosa- Tpauuto 3nemMeHTa aunpeccaHta B CO€AMHEHUU U

HWIA MOKa3blBaeT NEpPCrNeKTUBHOCTb MPUMEHEHMUS pa- ABNSAETCA 3MMEKTMBHBLIM NYTEM MOBbILLEHUS Kade-

OWaUMOHHO-NYYKOBBIX TEXHOMOrMIN AN NerMpoBaHnst CTBa M ynpoLlueHNa TeXHOIorMn BbiCcOKOTEMMEPAaTyp-

MOBEPXHOCTEN  [IUCNEPCUOHHOTBEPAEIOWMX  XKapo- HOW BaKyyMHOW nanku ¢ faBfeHneM.

NMPOYHBIX HUKENEBLIX CMNMaBoB C Lenblo hopmMuposa-

HUS TOHKUX CMOEB MPUMNOEB HEmnoCpeaCTBEHHO Ha Cnucok nutepaTtypsbl
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TONLLUMHA 1 POPMUPYIOLLEECS] HAMPSKEHHOE COCTOSI- * OTa paboTa nposeaeHa Npy YacTUHHOWM MHAHCOBO

nogaepxke YKpauHCKOro rocyaapCTBEHHOro doHaa dyH-
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The influence of alloying surfaces of high-temperature nickel alloys with the application of radiation-fascicular technologies,
high-current low-energy electronic beams and the formation of joints with high-temperature brazing with pressure in the vacuum
was researched.

The effect of alloying YUC 88Y-BW and Inconel 718 with elements which lower the temperature of melting (Zr, Hf, Nb) on the
surface topography, structure and properties of surface layer, allocation of elements was studied.

It was established that at thickness of evaporation layer in 1 mcm and density of energy of the beam in 15...20 Jism? in
reached necessary concentration of element-depressant, while the content of this element in modified layer almost don’t de-
pends on the brand of high-temperature nickel alloy, and the number of melted metal is regulating with thickness of evaporation
layer and with data processing mode. Fine-dispersed carbides come to light in fire-polished layer of near-surface area of
YC 88Y-BW alloy. Distributing of alloying elements on the surface of the alloyed layer is even.

Joints, with alloying zirconium and hafnium of one of the connected surfaces of UC 88Y-BU alloy or both, are researched.
Brazing was conducted with a thermocycling. It is set that adjusting of pressure of compression influences on a structure and
properties of joints insignificant, while a superficial layer is played a role of not only solder but also instrumental in development
of flowages in the area of joint intensifying the processes of volume interaction.

Treatment of joints surfaces with using of radiation-fascicular technologies is effective way for upgrading and simplification
the technology of a high temperature vacuum brazing with pressure.
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