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Amnorauist. Illocmanogxa npoonemu. CydacHi eHEpreTUuH1 YCTAHOBKH Ta aBiaJIBUT'YHH NPALFOIOTh 3a ITiABUIICHUX
Temrepatyp. Skio B nepimux razotypoinnux asurynax (I'T/]) poboui remnepatypu marepiany craHoBuiu Big 600 no
900 °C, T0O B OAAIBIIOMY 3HAYHO IiABUIIMINCS, TOCATHYBIIX Hapasi 1 700 °C. Jlns 3a0e3nedeHHs: poOOTH 32 BUCOKHX
TEMIIEpaTyp 3aCTOCOBYIOTh JKapOCTiiKi MOKPUTTS Ha OCHOBI Hikelslto. Pecypc yonmarok y meprry uepry 3aleXXuThb BiJl
SKICHUX ITOKa3HUKIB HAaHECEHMWX TMOKPUTTIB (PIBHOMIPHOCTI, BIJICYTHOCTI TOp, BKJIOYEHb, XIMIYHOI OJHOPIAHOCTI).
SIKicTh HaHECEHHs MOKPHUTTIB BH3HAYAETHCS PEKUMAMH HAHECEHHs 1 SIKICTIO caMoro karoja. SIK mpaBuilo, KaToau
SBJIIOTE COOOK0 CIUIABH, LIO HAHOCATHCS 31 CICHiabHOK TeoMeTpiero. ICHye Kinbka TEXHOJIOTIH BUIOTOBJICHHS
KaTOJIiB, KOXKHA 3 SKMX Ma€ CBOi mepeBard i Hemoliku. OIUH i3 METOIB — ToIIapoBe (OpMYBaHHS CIIABOM 3JIMBKIB
JUISL BHTOTOBJICHHS KATOJIB y MiJHOMY BOJOOXOJOKYBAHOMY KPHCTATi3aTOpi i3 3aCTOCYBaHHSAM EJIEKTPOAA, IO
IaBUThCS. Mema Oocnidrycennn — TIBHINICHHS SKOCTI kKaToniB Ha ocHoBi Hikemo (Ni — Cr — Al — Y) numaxom
YIOCKOHAJICHHS TEXHOJIOTIYHUX PEXMMIB BUIUIABKY 3JIMBKIB. 3aBIaHHS — 3MEHIIECHHS 3arajlbHOi KiMBKOCTI Ae(eKTiB y
3MUBKAX y BUTJAII HECYHITBHOCTEH, IMOp, HEMPOIUIABIB, MIABHIICHHS TOMOTEHHOCTI CTPYKTYPH 1 XIMI9HOTO CKIALy.
Memoouka. BrnockoHaneHo o0OnaaHaHHs, 30KpeMa, BAKyyMHO-yroBa YCTaHOBKa OyJia JOYKOMILIEKTOBaHA PaMIIOH i
Oasonom i3 remieM. OTpuMaHi NPOOHI 3pa3ku y BUDISI «maib» (miamerpoM 127 mm 1 ToBmmHOIO 40 MM), sIKi
BUKOPHCTOBYBAJINCS ISl JOCIIJDKEHHS MIKPOCTPYKTYPH 1 XIMIYHOTO CKiaay. BinmpaiboBaHO peXuMH IEpeIuiaBy.
JlocimipkeHHsT XIMIYHOTO CKJIaJy MpPOBOAWJIM 13 3aCTOCYBaHHSM 0araToLiJbOBOIO PpacTpoOBOrO €JIEKTPOHHOTO
Mmikpockoria PEM 1061, ocuamienoro cuctemor MikpoaHanizy. Haykoea nosusna. BU3HAUCHO 3aJICXKHICTH BIUIMBY
KOHLIEHTpALl cyMili Ta3iB (aproH — rejii), Mo JO3BOJIHMIO OTPUMATH ONTHMAJBHE CITIBBIIHOIICHHS 3aXUCHUX Ta3iB.
[Ipu cmiBBigHOmeHHI Ta3iB 70/30 % oOTpMMaHO MaKCHMAJIBHO SKICHI KaTOAM, Ha SKHAX TIPOBOJIWIH ITOJAbIIi
nocHikeHHs. Bucnoexu. Ha mincTaBi pe3ynbTaTiB AOCHIHKEHb BIUTMBY KOHIICHTpAIlii CYMIIIi Ta3iB Ha CTPYKTYpY Ta
CKJIAJl KaTOJIB YCTAHOBJICHO TEXHOJIOTIYHI PEXMMH IUIABJICHHS, IO JO3BOJMJIO HOJIMNIIMTH ITOKAa3HUKH SKOCTI Ta
€KOHOMIYHI TIOKa3HUKH JIOCIIKYBaHUX KaToMiB. L{e 3MEHINTh KiNbKICTh OpaKy KaTOIiB, IMOJIMIIATE MPane3IaTHICTh
JIeTaJe 3 MOKPUTTSIMHU Ta PECypcC aBialliiHUX ABUTYHIB y HITIOMY.

KuarouoBi ciioBa: nikenesuil cniag; niaska; 3nmugok;, Kamoo, CMpPYKMypa; IHepmHUll 2as;, 3axucha ammocepa,
apeown; eenit
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Annorauus. ITocmanoeéka npoonemst. COBpeMEHHBIC YHEPTCTHICCKHAE YCTAHOBKH M aBHAJIBUTATENH pabOTalOT
MpH TIOBBIIICHHBIX Temreparypax. Ecmm B mepBbix ra3orypomuHBIX asuratensx (I'T/]) pobouas temmeparypa
Matepuaina cocrasisiia or 600 1o 900 °C, To B nmocieayomeM 3HauuTEIbHO YBEIUUNIACh, IOCTUTHYB B JAHHOE BPEMS
1 700 °C. Hdns obecnieueHust pabOTHI MPH BBICOKHX TEMIEpaTypax MPHUMEHSIOT XKapOCTOWKHE TOKPHITHS Ha OCHOBE
HUKensd. Pecypc nomaTok B TepBYIO OdYepeqh 3aBHCHT OT KAUeCTBEHHBIX IIOKa3aTelell HAHEeCCHHBIX MMOKPHITHH
(paBHOMEPHOCTH, OTCYTCTBHSI TOp, BKIIOYEHUH, XUMHUYECKOW OJHOPOAHOCTH). KauecTBO HaHeCEeHWs TOKPBITHIA
OTpENEeNsIeTCs PEeKMMaMU HAHECCHHMS M KayeCTBOM caMoro karoma. Kak mpaBWiio, KaTonabl MPEICTABISAIOT COOOM
CIUIaBbl, KOTOpBIE HAHOCATCS CO CIHEMUalbHON reomerpueil. CyliecTByeT HECKOJbKO TEXHOJOTUNW W3TOTOBJICHUS
KaTo/0B, KaX/as U3 KOTOPBIX UMEET CBOM MPEUMYIecTBa U HeJocTaTKu. OJIMH U3 METOJIOB — MOCIOHHOE CIJIaBlICHUE
CJIIMTKOB JIJISl U3TOTOBJICHHSI KaTOJIOB B METHOM BOJIOOXJIAXKIAEMOM KPUCTAIIIU3AaTOPE C MPUMEHEHUEM HEIUIaBsIIerocs
anektpona. Ilenv uccnedoséanus — TOBBIIICHUE KadecTBa KaTomoB Ha ocHoBe HuKens (Ni — Cr — Al — Y) mytem
YCOBEPIIICHCTBOBAHUS TEXHOJIOTHMUYECKIX PEKMMOB BHITUIABKH CIUTKOB. 3ajada — YMCHBIICHHE OOINEro KOJTHYecTBa
NepeKTOB B CIUTKaX B BHUAE HECIUIONIHOCTEH, IOp, HEMPOIUIABOB, IOBHIIIEHHE TOMOTEHHOCTH CTPYKTYPHI H
XUMHYECKOTO coctaBa. Memoouka. Y COBEpIICHCTBOBAaHO 000pyIOBaHUE, B YACTHOCTH, BAKYyMHO-IYTOBasi yCTaHOBKA,
3a CYeT TOYKOMIUICKTAIINH PaMITOi 1 OamoHoM ¢ reiueM. [lomydeHsl mpoOHBIe 00pa3Ilsl B BUIE «IIaiidy» (InameTpom
127 MM 1 TommuHO#H 40 MM), KOTOpPBIE UCTIOIB30BAJICh IS UCCIEIOBAHUS MUKPOCTPYKTYPH 1 XUMHUYIECKOTO COCTaBa.
OTpaboTaHbl PeKUMBI TieperuiaBa. Vcciie1oBaHUsI XUMUYSCKOTO COCTaBa MPOBOIUIN C MPUMCHCHUEM MHOTOIICICBOIO
pactpoBoro siekTpoHHoro mukpockona PEM 1061, ocHamenHoro cucremoi MukpoaHanusa. Hayunas Hoeu3Ha.
OrnpeneneHa 3aBUCUMOCTh BIUSHUSI KOHIIEHTPAIIMK Ta30B (aproH — Teluii) Ha KaueCTBEHHBIC MOKA3aTeNId CIUTKOB ISt
3aroToBOK KaTofoB. [Ipu cootHomenun razoB 70/30 % nomydeHbl HauOojiee KaueCTBEHHBIC CIMTKHU JJIsl KaTOJOB.
Buviéoowi. Ha ocHOBaHMM Pe3ylbTaTOB MCCIIEIOBAHUM BIIMSHUS KOHIIEHTPAIMM CMECH Ta30B Ha CTPYKTYPY M COCTaB
KaToJ0B yCTAHOBJICHbI TEXHOJOTHYECKHE PEKMMBI IUIABJICHUS, YTO IMO3BOJMIO YIYUYIIUTh MOKA3aTeld KauyecTBa H
SKOHOMHYECKHE TITOKAa3aTeH WCCICAYEMBIX KaTOJO0B. OTO YMEHBIIUT KOJIMYECTBO Opaka KaToIOB, YIIYUIIHT
paboTOCTIOCOOHOCTH JeTajeid, KOTOPBIEe COAEPIKAT IOKPHITHS, M PECYPC aBHAIIMOHHBIX JIBUTATENICH B IIETIOM.

KoroueBble ciioBa: Huxenesvlii cnias, NAAGKA; CAUMOK, KAMOO, CMPYKMYpa, UHEPMHbLL 2a3, 3aujumHds
amm™*ocghepa; apeon; eenuii
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Abstract. Modern power plants and aero-engines work at enhanceable temperatures that may reach over 1 700 °C.
Heat-resistant coatings on the basis of nickel are applied to provide the work at high temperatures. The service life of
shoulder-blades, first of all, depends on the quality factors of the coatings (evenness, absence of pores, inclusions,
chemical homogeneity). Quality of coating is determined by the application process and quality of cathode. As a rule,
cathodes are alloys that are spread with the special geometry. There are a few technologies of making cathodes, with
their advantages and defects. One of the methods is ingot melting layer by layer to produce cathodes in copper water-
cooled mold with the use of unfluxible electrode. Purpose of research. To enhance the quality of nickel-based
cathodes (Ni — Cr — Al —Y) by the improvement of technological modes of ingot melting. The tasks are set to reduce
defects such as pores, to increase homogenity of structure and chemical composition. Methodology. The equipment,
namely vacuum arc unit, was improved with helium cylinder. Test samples in a way of "pucks" (127 mm in diameter
and 40-mm thick) were obtained to study the microstructure and chemical composition. The modes of remelting are
worked through. Research of chemical composition was conducted with the use of SEM of PEM 106l equipped with
microanalysis system. Scientific novelty. Optimal correlation of protective gases on ingot quality factors for further
cathode production was identified. At gas correlation of 70/30 % high quality ingots were obtained. Conclusions. Based
on the results of research on the effect of the concentration of gas mixture on the structure and composition of
cathodes, technological melting conditions were established, which made it possible to improve the quality indicators
and economic indicators of the studied cathodes. This will positively affect the number of cathode defects,
serviceability of parts that contain coatings and the service life of aircraft engines in general.

Keywords: cathode; nickeliferous alloy, melting; bar; structure; rare gas, protective atmosphere; argon; helium

Beryn. CydacHi eHepreTMyHi YCTAaHOBKM  CILJIaBJICHHS 3IIMBKIB y MiTHOMY
Ta aBiaJBUTYHU MPAMIOIOTh 3a IMMJIBHIICHUX  BOJOOXOJO/KYBAHOMY  KpHUCTami3aropi i3
Temrepatyp. SIKImo B mepmux ra3oTypOiHHMX  3aCTOCYBaHHSM PO3ILIAaBIIOBAHOTO abo

meurynax  (I'TH)  poGoui  TemmepaTypu  €JeKTpona, SKUH He IuiaBuThesA. OcTaHHINA
Mmatepiany craHouiau Big 600 go 900 °C, to B MeToq 3abe3nedye HaAliiHE MepeMillyBaHHS
M0IaJTBIIIOMY 3HAYHO MIABUIIAINCS,  JICTYBAIBHHX Ta MOJIU(DIKYBAILHUX CIIEMEHTIB
nocsrHyBm  Hapazi 1 700 °C. Jnga 32 paxyHOK  OKpEeMOro  IUIABJIEHHA 3
3a0e3rneueHHst poOOTH 3a BUCOKHX TeMIleparyp  0araTopa3oBUM  MEPEMIlIyBaHHSIM  JIMTHUX
3aCTOCOBYIOTH KAPOCTIMKI MOKPUTTS, 30KpeMa,  3aroTiBOK 13 MOJANBIIUM iX CIUIABICHHSAM MIiX
Ha OCHOBI HiKemr. Pecypc siomatok y mepmry — co0or0 B 370uBOK. OJHAK 3a IOIIAPOBOTO
4yepry 3ajJeXuTh BiJ SKICHUX MOKA3HUKIB CIUIABJICHHS JIMTHX 3aroTiBOK MIXK IIapaMu

HAaHECEHUX TOKPHUTTIB  (BIACYTHICTH TOp,  MOKJIMBE BUHHKHEHHS HEIMPOIUIABIB, IO
BKJIFOYCHB, XIMIYHA OJTHOPITHICTB). BUKJIMKaE AedeKkTH KaToaiB (puc. 1).

Ak mnokazaHo y mpausx [2; 3], sKiCTh VY TOif e Yac TEXHOJIOTiS IOIIapOBOTO
HAHECCHHS MOKPUTTIB BU3HAUAETHCS  CIUIABY Ma€ HU3KY OCOOIMBOCTEH 1 BUMAarae

TEXHOJIOTIYHUMH PEKMMaMH 1 HAasBHICTIO  BIAMPALIOBAHHS TEXHOJOTIYHUX PEXKHUMIB JUIS
nedekTiB camoro katonaa. Sk mpaBuii0, KaTOIH 3a0e3eUYeHHS AKICHUX ITIOKa3HUKIB 3JIMBKIB IS
SBIISIIOTH COOOI0 MEXaHIYHO OOpOOJIeHI 3IIMBKH  3arOTOBOK KaToliB, (opMyBaHHS MpPaBUIBHOI
CIUIaBIB 31 cCIeliaJbHOI TeoMeTpiero. IcHye — reomerpii, cHaBiIeHMX IIapiB, BIACYTHICTh
KUIbKa TEXHOJIOTIM BUTOTOBIICHHS KaTOMiB  Je(eKTiB, TaKWX SK IMOPH 1 HENmporuiaBu [4].
(MeTOm  TpaAMIIIMHOTO JUTTS B  KOKLIb,  BupimeHHS HUX MpoOJeM MOXIMBE MUISXOM
MOPOIKOBA ~ METANyprisi,  eJCKTPOIUIAKOBE  3MIHHU MOTOHHOI eHeprii. HalOumbm mpoctuid i
3BapIOBaHHS), KOKHA 3 SIKMX Ma€ CBOI MepeBaru  JOCTYIMHUH HUIAX BHUPIIICHHS LBOTO MUTAHHS

1 Hemomikd. OCHOBHI  CKIIQQHOCTI  ITUX 3a JyroBOro 3BaplOBaHHS — 301IbIICHHS
TEXHOJOTIH —  pIBHOMIPHICTh  pO3MOJALTY  TOTOHHOI €Heprii IUIaBIIEHHS eNeKTpoja 3a
XIMIYHOTO CKIagy Ta JAeQeKTH CTPYKTYpH  PaxyHOK IiJIBUIICHHS 3BapIOBAIBHOTO CTPYMY.
3JIMBKIB JIJIs1 3arOTOBOK KaTO/IiB. OnHak Takui Mmaxig Mae OOMEXKEHHS B

OmuH i3 HalleEeKTUBHIMIMUX  METOIIB MO>KJIMBOCTSIX o0nagHaHHs, JiaMeTpi
BUT'OTOBJICHHS KaTO/IiB - MOIIapoBe
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HEIJIaBKOTO €JIEKTPO/a, BUKOPUCTaHHI JKepel
JKUBJICHHS.

Orxe, 1ell HampsMOK Mae
OOMEXEHHS 'y 3BaprOBAILHOMY
obmacTi 3acTocyBaHHS [5].

HaiinominpHimmii MeTon 3MiHH TeoMeTpil
IPOIUIABJICHHS MeTaly 0e3 MPUHIMIIOBUX 3MIH
KOHCTPYKIIi  00JaHaHHS 3aCTOCYBaHHS
CyMillli iHEpTHUX ra3iB (aproH, remiif) 3aMicTh
OJTHOKOMIIOHEHTHHX cepenoBuil. OpHak 1e
BUMArae JI0JJaTKOBHX JOCI1IKEHb.

Takum  4MHOM, OTpPUMAaHHsA
3ITUBKIB KaTo/AiB  MOJXKIIUBE

CYTTEBI
CTpyMi 1

SIKICHHAX
y pasi

TS

OoNnTUMI3alii  TEXHOJIOTIYHUX  IapaMeTpiB
IUIAaBKH, a cCaMe JI0JIaBaHHS CyMIIlli Ta3iB aproH
rejii Ta BU3HAYEHHSA IX ONTHUMAJIbHOTO

CHIBBITHOIIICHHS.
3rifTHO 3 JOCTIIKEHHSMU [3-5],
JOJJaBaHHSA  TeNil0 B aproH  3MIHIOE

Teru1o(i3M4HI BIACTHUBOCTI 3aXUCHHUX Ta3iB, sKi
BIUTMBAIOTh Ha TEXHOJIOTIYHI BIIACTUBOCTI JTyTH
1 ¢opmy mBiB. Hanpuknan, mnopiBHSHO 3
aproHOM Tellii Ma€e OUTBII BHCOKUU IMOTEHIIIAI
loHI3amii 1 BENIMKY TEIJIONPOBIJHICTE 32
temneparypu ayru go 6 000 °K (tabm. 1).

HEMPOILIAB
TA NMOPH

Puc. 1. Maxpownichu kamooie 3i cnaagy Ni — Cr — Al—Y:
a — AKICHUL Kamoo, 6 — Kamoo 3 OCHOGHUMU OeheKmamu

Tabauys 1
@i3nyHi BJ1aCTHBOCTI 32CTOCOBYBAHUX ra3iB
[Tapamerp Ar He
ITorenmian ionizamii U;, eB 15,7 24,6
Koedinient TernoBknaaenns 3a 6 000 K, Bt/(m-K) 0,17 1,5
. . MIigHUW KpucrtamizaTop (4 BEpPXHIH YacTHHI
Mera poOoTH - TIABMILEHHS $KOCTI A P p ( )’. y Bep cTHH]
. oo . Kopiyca B KPHIIIIT BCTAHOBJICHUH
KaTo/iB, Ha ocHOBI Hikemo (Ni — Cr — Al —Y) pILy DHIHIL CTAHOBIC 6
. SJIEKTPOIOTPUMAY, a 37iBa — MaHIIYJIAT )
NUITXOM  YAOCKOHAJICHHS  TEXHOJIOTTYHUX 0 TPoAOTpHMat, 3H7 a aninyzitop (6)
. . IJISIIOBE  BIiKH MIpU3HAYCH ISt
peKUMIB BUIUIaBKM 37UBKIB. 3aBAaHHA — A o (1 pusHateHe A
CIIOCTEPSIKCHHS 32 MPOIECOM  TUIABJICHHS.

3MEHIICHHS 3arajlbHOi KiTBKOCTI JE(eKTiB y
37MBKAaX y BUINIAAI  HECYLUIBHOCTEH, IIOp,
HENpPOIUIABiB,  IMIJBUIICHHS  T'OMOTCHHOCTI
CTPYKTYpHU 1 XIMIYHOTO CKIIay JUIsl 3aTOTOBOK
KaTO/IiB.

Mertomuka. [{nsg naBieHHs  3pasKiB
BUKOPHCTAaHO BaKyyMHO-IyroBy miu BJI-1, siky
OyJI0O BIOCKOHAJIEHO, a caMe, J0JJaHO paMIly Ta
Oamon remito (1). YcraHoBka sBIsi€e CO00IO
LWIIHAPUYHUN Kopryc (2), yCTaHOBJIEHMH Ha
cranuHi (3). Y HIWKHIA 4YacTHHI MICTUTHCS

55

Kopmye, kpuctamizatop 1 eJeKTpoaoTpUMadi
OXOJIOJUKYIOThCSI ~ Bomoto.  Kopmyc — uepes
BaKyyMHHUI1 3aTBOD (8) 3'€IHY€THCS 13 CUCTEMOIO
BHCOKOTO 1 HU3bKOTO BakyymMyBaHHs (9—11).
Ilin vac pobGoTmu 3  yCTAaHOBKOIO
3MIACHIOETBCS 3aBaHTAKEHHS 3pas3KiB y Iy,
BiJIKauyBaHHs BakyymMy Hacocamu (9, 10) Ta
nomavya 3 OanmoniB udepe3 pamiy (1) aprony i
reinito B pobouy kamepy (2). Ilicnsa 3a3naueHHUX
omepamii  TPOBOJATH NPOIEC  TUIABJICHHS.
Jbxepeno KHUBJICHHS YCTAHOBKH
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3BaproBasibHUl BumnpsimioBad BJIYV1200 (12)

1

(puc. 2).

| Apro +reniit

TOONO

Puc. 2. Cxema enexmpo0dye060i ycmanosxu 0ist CHAAGLEHHS 3MUMKI6 Ol Kamooie

TexHONOriYHUN  MpoIeC  BUIUIABICHHS
3UBKIB TOYMHAETHCA 3 poOOTH  Hacoca
BaKyyMHOT'0 OyCTEPHOrO MapoOMAaCISHOTO THUITY
2HBBM-160 (puc. 2, mo3. 9) i BaKyyMHOTO
Hacoca tumy AB3-20 (puc. 2, mo3. 10), ski
npamoBai 3 roJ. Ha OAHY IulaBKy. Poboty
HACOCIB KOHTPOJIIOBAIH BaKyyMMETPOM
BIT 2-II (puc. 2, mo3. 11) .

BinmpairoBanHs peXuMiB TMeperuiaBieHHs
MPOBOAMIIOCS  IIIJITXOM  E€KCIIEPUMEHTAILHOT
peanizarii npouecy. Jliana3oH pexumiB Takuii:
I 450..1 800 A, U 30..45 'V,
T 25..35 XxB, TONEpeNHii  BaKyym
1x10 MGap., poGoue cepeioBHIE — CyMiIl
ra3iB Ar + He, tuck 0,5 6ap.

Koxen 3muBok miamerpom 50..70 MM
BHCOTOIO 5...7 MM meperuiaBisuia 3...5 pasiB 3a
NeBHUX mapameTpiB (puc. 3, a). Ilicas mporo Bei
37MBKM 3aBAaHTAXYBAIM B T4 1 IOMIAPOBO
HAIUIABIISIM OAMH Ha OJHOTO (3aleXHO BIf
HEOOXIJHUX PO3MIpIiB) 3a THX XK€ HapameTpiB.
[Tpu upomy momapoBo (HopMyeThCcsl HEOOXiTHA
TCOMETpIisl 3JIMBKA, SIKHH 3aCTOCOBYETHCS JUIS
BUTOTOBJICHHS  Katona  (pwc. 3, 0).
JlocnimKyBany 37IMBKY 32 Pi3HOTO MPOIICHTHOTO
CIIBBIIHOIICHHS aproHy 1 remito (Tabm. 2).

Jlist  BiAmpaIfoBaHHS ~— TEXHOJOTIYHOTO
pPEXKUMY BHILIABKH OTPUMAHO MPOOHI 3pa3ku y
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BUIJISAI  «maiid»  miamerpom 127 MM i
TOBIIMHOIO 40 MM, SIKi BUKOPHCTOBYBAIU JJIS

JTOCTI/DKEHHS  MIKPOCTPYKTYpH 1 XIMIYHOTO
CKJIay.
JocmimkeHHs XIMIYHOTO CKIIaay

MPOBOJIMIIN 13 3aCTOCYBaHHSIM 0araTolibOBOTO
pacTpoBOro €JIEeKTPOHHOro Mikpockona PEM
1061, ocHalEeHOr0 CHCTEMOIO MiKpoaHalizy. 3a
CITIBBIAHOIIIEHHS 70/30 % OTPUMAHO
MaKCHMaJbHO  SIKICHI  3JIMTKH, Ha  SKHUX
MIPOBOIMIIN TIOIAJIBII AOCTiHKEHHS (puc. 3).

Mertanorpadidai JOCTIKEHHS OTPUMAaHOT
CTPYKTYpU 3JIMBKAa MPOBOJMIM 32 JOIOMOTOO
ONTUYHOTO ¥  EJIEKTPOHHUX  MIKPOCKOIIIB.
3pa3ku s MeTanorpagidyHuX  JOCIITKEHb
BUTOTOBJISUTA  TIOCHIIOBHUM IITi(pyBaHHSAM 1
noJipyBaHHAM. TpaBieHHs HUTi(IB TPOBOAWIH
B peaktuBi ckiany: HF — 10 mu, HNO; — 25 m,
riinepuH — 65 M. MIKpOCTpyKTYypHUI aHami3
BUKOHYBAJIM 13 3aCTOCYBaHHSM iHBEPTOBAHOTO
MIKpOCKoOIIa «Neophot-32». Eneproauc-
nepciiHuii  aHami3 32 JIOTIOMOTOIO
6araToliILOBOTO PAcTPOBOro Mikpockomna JSM-
6360LA 3 IHTETPOBAHOIO CHCTEMOIO
MikpoaHanizy. BiH 1o3Bonse€ AOCHIIKYyBaTH
XIMIYHUT CKJIaJ] JIOKaJIbHUX TTSTHOK
MIKPOCTPYKTYpPH CILIABIB.
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Puc. 3. 3nueox ons oocniodicens:
a — GUXIOHUU 3IUBOK OJIsL CRIAGICHHS 3A20MO6KU Kamooda, 6 — 31U60K OJisl 6U20MOGIEHHS KAmood

Pe3yabTaTn gocaimkensb. s BUSHaAYCHHS
ONTUMAJBHUX pEeXHUMIB (CyMiln rasiB), SKi

KaTOMiB, TPOBOJMIN TOMIAPOBE CIUIABJICHHS
3MMBKIB 32 PI3HUX KOHIIGHTpAIlill Ta3iB (aprony

3a0e3meuyroTh  Kpall  TMOKa3HWKH  SKOCTI  Ta Tefiio) B ix cymimi (Tad. 2).
Tabauys 2
Pe3ynbTaTH 10CHiIKeHb BILIMBY KOHIEHTPANil ra3iB Ha AKicTh 3JUBKIB
Cymim 3axucHux | CriBBiAHOIIEHHS Y ['mubuna Pesynbrar nepennaBiaeHHs
ras3iB % MPOTUIABIICHHS, MM
Ar + He 90+10 MmeHiue 1 MOBEPXHEBI HAIJIBH,
HENPOIUIaBH, IOPU
Ar + He 80+20 MeHie 1 BHPaKEHI MEXI1 CIUIaBICHHS
1..2 BIJICYTH1 HaIJIMBU, MEXI1
Ar +He 70+30 ey 1B, M
CIUTABJICHHS IIAPiB PO3MHTI
3.4 BIJICYTH1 HaIJTUBU, MEXI1
Ar +He 60+40 ey 1B, M
CIUTABJICHHS IIAPiB PO3MHTI
4...5 BIJICYTHI HaIUTMBU, MEXI1
Ar +He 50+50 ey 1B, M
CIUTAaBJICHHS IIAPiB PO3MHTI

Ha 3paskax, sKki BuUpi3adu 31 3J1HMBKa
3arOTOBKM KaTOAa, HPOBOAWIN JOCIHIIKEHHS

MaKpo- 1 MIKPOCTPYKTYpH. MakpocTpyKTypa
(mixkpockonn MITOM-21) nmokasana piBHOMipHE

1 sKICHE CIUIAaBJICHHS IapiB KaToja, IO
MiATBEPIKYE MpaBUIILHUNA niaoip
CIIBBIIHOIICHHS IHEPTHHUX Ta3iB.

Pesynmbrat  MOCHiDKEHHS  JI03BOJIMIIH

BCTAHOBHUTH, IO 3a KOHIIGHTpAI Tra3iB [0
30 % remito Oyau HENPOIUIaBU, NPU LOMY
rTMOWHA TIPOIUIABIICHHS CTAHOBWIJIA MEHIIE
1 mMm. 3a xonneHtparii raszie 30 i Oimbme —
HENPOIUTABH BIJACYTHI 1 30HA MPOTUIABICHHS
3.5 MM (puc. 4). 3pob6ieHO BHCHOBOK, IIIO
KoHIeHTpauis ra3iB 70/30 — onTumManbHa.

Makpounti¢ 37MBKa CBIAYUTH NPO IOBHE
HOro TpOIUTaBICHHS, MOPH, BKIIOYCHHS 1
HECYIIUIFHOCTI B HBOMY Oynu  BiACYTHI.
JlocmipkeHHsT  MIKPOCTPYKTYpPH  ITOKa3alio
PIBHOMIPHICTB po3moaiTy CTPYKTYPHUX
CKJIQJIOBHX, BIJICYTHICTb SIBHO  BHPaKEHOI
JKBarii.

AHamiz  pe3ynpTaTiB  MeTanorpadpiyHux
JNOCTI/DKeHb  JIO3BOJISE ~ BCTAHOBHUTH,  WIO
CTPYKTYypa  OTPHMaHOro CIUIaBy  JIpiOHO-
mucriepcHa. CTpyKTYpHHX HEOIHOPITHOCTEH He
BusiBIIeHO.  JleMoHCTpye — ApiOHOIMCIIEpCHY
CTPYKTYpy, BHCOKY TOMOTEHHICTh 3JIUBKIB 1

BIJICYTHICTb Ae(eKTiB (puc. 4).
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VcTaHOBIEHO, IO [JOJAaBaHHSA TIeIil0 B
CEPEeIOBUIIE 3aXMCHOTO ra3y aproHy J03BOJIHTH
3a0e3MneynTH OUIbII KOHLEHTPOBAaHY AYTY, IO
JTA€ MOXJIMBICTH TOYHO PETYITIOBATH BUCOTY

| 3-10

1-2 Mm

HaIrJIaBJICHHSA mapiB. I_IC MOXHa IIOSACHHUTH
IMPOHUKHUMHU BJIaCTUBOCTSAMU Ayry, 3a
JA0JaBaHHA SIK 3aXHCHOI'O Ira3y reJiro.

x500

* x500

HannaBneHi wapu

Puc. 4. Maxpo- ma mixpocmpykmypu 30H cniasienHs 31u6Ki6 3a sukopucmarnus cymiwi easie 70 /30 Ar — He

BizyanpHiit OTJISIT 3JIUBKIB,
neperuiaBiaeHux y cymimi 70 % Ar + 30 % He,
mokaszaB, M0 Ha OIYHIM TIOBEpPXHI 3JIMBKIB
BIJICYTHI HAIJIUBU, MEXI CIUIaBIIEHHS IIapiB
MeTajly pO3MUTI, a CTPyKTypa Oi4HOI MOBepXHi
3JIMBKIB OJIM3bKa 10 JIATOI, BHACIIJAOK YOr0

MOYKHa 3pOOUTH BHCHOBOK, IIO T'a30Ba CyMII
70 % Ar + 30 % He ontumainibHa 1j1st 1yroBOro
NEepeIUIaBiICHHs] CIUIaBy 3aJaHOTO XiMIYHOTO
CKJIaAy 3 TOYKHU 30py OTPUMAaHHS 3JIHMBKIB 0e3
TEXHOJIOTIYHUX Je(eKTiB (HAIUIMBIB IIapiB
OJIMH Ha 1HIIWH, HECTJIaBJICHHS [IapiB METaNy).

Tabauys 3
Cepenniii ximiunmii ckJiaja 3paskiB i3 n'9TH IJIABOK, BU3BHAYEHUX CHEKTPAJIbHUM METO0M, MacoBa yacTtka, %
3ona 1 3oHa 2
Enement % v Enement % v
Ni 67,48 0,10 Ni 67,53 0,10
Cr 19,10 0,30 Cr 18,90 0,30
Al 10,80 0,20 Al 10,90 0,20
Y 0,40 0,05 Y 0,4 0,05
Si 0,12 0,05 Si 0,11 0,05
S 0,10 0,01 S 0,12 0,01
Fe 0,21 0,05 Fe 0,20 0,05

Jlnsg BCeOIYHOTO OI[IHIOBAHHS XIMIYHOTO
CKJIQAy TIPOBOJIMIIN JOCITI/DKEHHS y JIBOX 30HAX
¢dparmenTa 3paska. J[1si 0cTaTOYHOTO BHCHOBKY
PO BiMOBIAHICTH OCIIIHOTO CIIABy BUMOTaM
NPOBEJIM KOHTPOJBbHY IUIABKY 3 ypaxyBaHHIM
pamioHaIbHUX  PEXHUMIB 1 KOe]imieHTIB
Nepexo1y, sKi BU3HAYCHI EKCIIEPUMEHTAIIBHO.

JlochiKeHHST TIPOBOJMIA Y TOMEPEYHOMY
nepepizi 3muBKa y mATH Toukax. CepenHe
3HAYCHHS XIMIYHOTO CKJIATy Ta BIAXHICHHS
KOHIICHTpAIlid  JIeTyBaJIbHUX €JICMEHTIB  Ta
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JOMIIIOK HaBeAeHi B Tabmumi 3. PesynbraTn
JOCTIDKEHHS XIMIYHOTO CKJIAJy JI03BOJISIOTH
3pOOMTH BHCHOBOK PO PIBHOMIPHUN PO3MOIIT
XIMIYHHX €JICMCHTIB JTOCITIPKYBaHOTO
HIKEJIEBOTrO CIUIaBy. TakuM YHHOM, OTPHUMAIIH
3TMBKH, SKI 32 KOHLEHTPAIE€I0 XIMIYHHUX
€JIEMEHTIB BIJIIIOBIAIOTH BUMOTraM
MOCTABJICHOTO 3aBIAHHSI.

Jis  oTpuMaHuX 3pa3KiB  XapaKTepHa
npiOHOAMCIIEPCHA, TOMOTCHHAa CTPYKTypa 3
JIOCTaTHBOIO PIBHOMIPHICTIO po3nofiny (a3 mo
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BCbOMY 00'€MY 3JIMBKIB. KOHCTPYKIIi  YCTAaHOBKM  BaKyyMHO-TyTrOBOi
TakuM dYWHOM, YIPOBAKEHHS HOBOI TMEPEIUIaBKH 32 PAXyHOK JOJABaHHS paMIld i
PO3pOOKH JIO3BOJIMJIO TIOJIMIIUTH TOKAa3HUKK  OajoHa 3 TeJlieM.
SKOCTI JIOCIIPKYBaHUX 3JIUTKIB JUI KaTOJIB. 3. JocmimkeHo BIUIMB CKIQay CyMilli
3aBISKU 1IbOMY ICHY€ MOXJIMBICTH CKOPOTUTH  aproHy 1 ellif0o Ha CTPYKTYpY, XIMIYHHMH CKiaj
KUTBKICTh Opaxy, IO J03BOJII€ TPOTHO3YBAaTH  3JIMBKIB U KaTOIB, TEXHOJOTIUHI PEXHUMH i
MiJBUIICHHS SKOCTI KAaTOMAIB 1, Y CBOIO uUepry, SKICTb KaTOAIB. YCTAHOBJICHO, IO JI0/IaBaHHSA
3MIIIHCHHS 3aXMCHHUX IMOKPUTTIB. L{e MO3UTUBHO TENiI0 B CEPEIOBHUINE 3aXHCHOTO Ta3y aproHy
MO3HAUYUTBCA Ha pecypcl 1 Mpale3saTHOCTI J03BOJsE 3a0e3MeYuTH OUIbII KOHIEHTPOBAHY
BHUPOOIB, BIAMOBINATBHUX JETaJCH aBialliiHOTO AYry, IO JOMOMAarae TOYHINIE PEryoBaTH
MPU3HAYCHHS. BHUCOTY HaIUlaBlieHHs miapiB. JloBeneHo, 110
ciiBBigHomeHHs ra3iB 70 % Ar + 30 % He
3a0e3neyye OTpPUMaHHS CIJIaBy  3aJIaHOTO
1. Ha migcraBi aHam3y TEXHOJOT  ximigHOroO CKIIaTy Ta 3IHUBKIB 6e3
BUPOOHUIITBA KATOJIiB HA HIKENEBIH OCHOBI VI TexHOJNOTiUHMX aedeKTiB (HAIUIMBIB  IIapiB
10HHO-IJIA3MOBUX TIOKPHUTTIB BU3HAYEHO IUISIXM  OMH HA iHIIHH, HECTUIABICHHS MIAPiB METANY).
HiJIBUIIEHHS SKOCTI KaTOAIB 33 PaxyHOK 4. TligBUIEHHS SIKOCTI KaTOAIB I03BOJISIC
SHMIKCHHA KUIBKOCTI ITOp 1 HeCYHIJIBHOCTeﬁ Ta 3pO6I/ITI/I BUCHOBOK Hpo HOJ'IiHHICHHSI
TNONIIMIIEHHS. CTPYKTYPH 3JIMBKIB 3arOTOBOK  [IOKa3HHMKIiB SIKOCTi MOKPHUTTIB Ta 30ilbIICHHS
KaToJIiB. pecypcy BIANOBIJAIbHUX JeTaJel aBialliiHUX
2. PeamizoBaHo MOMXIIMBICT BHILIABKHA JIBUTYHIB.
KaToAiB 13 BUKOPUCTAaHHSM CyMillli ra3iB
(apron + remiil) 3aBASKM BJIOCKOHAJICHHIO
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