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DIFFUSION WELDING IN VACUUM THIN SHEET OF NICKEL ALLOY

Hasguicms 0KCuOHo20 wapy Ha NOGEPXHI JHCAPOMIYHUX CHIAGL8 HA OCHOGI HIKeN, a MAKOMNC IX Mald NAACMUYHICb
06yMO8I010Mb MPYOHOWT O/ CXONIIOBAHHSI KOHMAKMHUX HOBEPXOHb HA CMAOLi YMEOPeHHsl (DI3UdHO20 KOHMAKMY Npu Ou-
Qysitinomy 36aprosanti y 6axyymi. /s nonecuients yMog eUuOaieHHs. OKCUOHOL NIL6KU 3 NOBEPXOHb, W0 36aPIOIOMbCS, | JIOKA-
Jaizayii nracmuunol oeghopmayii' y cmuky HeobXiOHe 3aCmocy8anHs MOHKUX NIACIUYHUX NPOWAPKIe. Y pori makux npoutap-
Ki6 po3zenanymo bazamoutaposi goaveu. B pobomi oocnidoceno enaus ximivnoeo cxknady nopucmux gonve Cu, Co, Ni na
CMpYyKmypy 36apHUX 3 €OHAHb JCAPOMIYHUX CRAABIE, OMPUMAHUX 3 IX O0NOMO20IO.

Knrwuosi cnosa: ougysiiine 3eapiosanns y eaxyymi, Ni-Cr, 6acamowiapogi ¢onveu, Mikpocmpykmypa, MikpoiHOeHny-
6aHMSL.

Puc.: 10. Tabn.: 4. Bion.: 8.

Hanuuue okcudHo20 Cl0si HA NOBEPXHOCIU JHCAPONPOUHBIX CRIAAB08 HA OCHOBE HUKENs, a4 MAKICe UX MAids Wiacmuy-
HOCMb 06YCL08AUBAIONM MPYOHOCIU OJI51 CX8AMbIGAHUSI KOHMAKMHBIX NOGEPXHOCMEN HA cmMaduu 006pazo8anusi Guzuiecko2o
KoHmakma npu ougghysuonnoii ceapke 6 saxyyme. /s oonecuenust ycaoguii yoaneHusi OKCUOHOU NIAEHKU CO C8APUBACMbIX
nogepxuocmetl u JOKAIU3AYUU NIACMUYECKOU dehopmayuu 6 cmvike HeoOX00UMO RPUMEHEHUEe MOHKUX NAACMUYHBIX NPO-
clnoex. B kauecmee makux npocioex paccMompensl MHO20CAOUNble (onveu. B pabome uccnedosano enusnue Xumuiecko2o
cocmasa nopucmoix goave Cu, Co, Ni na cmpykmypy c6apHuIX COeOUHEHULl JHCAPONPOYHBIX CHAABO8, NOLYUEHHBIX C UX NO-
MOWbIO.

Knroueewie cnosa: ougghysuonnas ceapra 6 eaxyyme, Ni-Cr, MHO2OCNIOUHbIE POMbEU, MUKDOCMPYKIMYDA, MUKPDOUHOEH-
muposanue.

Puc.: 10. Tabn.: 4. bubn.: 8.

The presence oxide layer on the surface of heat-resistant alloys based on nickel and their low ductility cause difficulties
for setting the contact surfaces at the stage of physical contact during the diffusion welding in vacuum. To facilitate the con-
ditions for the removal of oxide film from the surfaces to be welded and the localization of plastic deformation in the joint
requires the use of thin plastic layers. As such layers are considered multilayer foil. The influence of the chemical composi-
tion of the porous foils Cu, Co, Ni on the structure of welded joints of high-temperature alloys, obtained through them.

Key words: diffusion welding in vacuum, Ni-Cr, multilayer foil, microstructure, microindentation.

Fig: 4. Tabl.: 10. Bibl.: 8.

IlocTanoBka mpo6Jiemu. Hikesnesi criaBu 3aBIsSKH CBOIM BHCOKOTEMIIEpATypPHHUM BIlac-
TUBOCTAMU MOXYTh €KCIUTyaTyBaTHCS MpU TeMIepaTypax, OJU3bKUX 10 TeMIIepaTypH IJIaB-
JeHHs. BOHM MIMPOKO 3aCTOCOBYIOTHCA y MPOILECi BUTOTOBJIECHHS I'a30BUX TypOiH, y KOCMIY-
HUX KOpaOJix, pakeTHUX MABUTYHAX, aTOMHHMX pPEaKTOpax, ITJBOJHMX UYOBHAX, IMapOBUX
TEIIONEHTPANIAX 1 HadToXiMiuHOMY oOnaaHaHHi [1]. CkiragHIiCTh OTpUMAaHHS 3’ €THAHb 3 Ka-
POMIIIHUX CTIJIABIB HA OCHOBI HIKEIII0 METOI0OM MU y31iHOTO 3BapIOBaHHS Yy BaKyyMi, TIEpII 3a
BCE, NOJISITa€ B HASBHOCTI HA iX MOBEPXHIX TEPMIYHO CTIHKOTO IIapy OKCUIY i HU3BKIN Ijac-
TUYHOCTI Li€1 rpynu MaTepiaiis [2].

AHajmi3 gpocaikeHs i mybaikamiii. Y po6oTi [3] BkazyeThcs, 110 HASBHICTh OKCHJY Ha
noJiipoBaHux MoBepxHsaX cmiaBy Inconel 718SPF He no3Bosisie oTpumatu siKicHE 3’€IHAHHS
(Temnepatypa 3BaproBanHs 13 = 1000 °C, Trck 3BaproBanHs P, = 7 Mlla, yac 3BaproBaHHs
t; = 30 XB), OCKUTbKH OKCHHA IUIIBKA BiJirpae posib 6ap’epa misg audy3idHUX MPOIECIB Y
30H1 3’ €IHAHHS, TEPEIIKoKae (POPMYBAHHIO 3arajibHUX 3€PEH.

© ®Panpuenko 0. B., [lerpyumuens JI. B., Ycrinos A. L., Mensaunuenko T. B., Hopomuuners O. O.,
I'ycaposa L. O., 2016
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ABTOopH po00oTH [4] CTBEPKYIOTH, 1110 BUPIIMIATBHUN BIJIUB Ha BUCOKOTEMIIEpATypHI Bila-
CTUBOCTI 3’€/IHaHb HIKEJIEBHX apOMILHUX CIUIABIB 3[IHCHIOE TeMIepaTypa 3BaploBaHHs. Y
po0OOTI Bim3HawaeThest, M0 Ui 3BaproBaHHs criaBy JKC6Y HeoOXimHa Temmeparypa BHUIIE
1000 °C, BoHa cripusie OUUIIICHHIO MTOBEPXOHB, 110 3BAPIOIOTHCSA, Bil OKCH/IIB XpPOMY 1 HIKEIIIO.
BucokoremneparypHa MILHICTb 3’ €IHaHb, OTPUMAHUX IIPU TEMIIEpaTypi 3BApIOBAHHS HIKYE
1200 °C, mocTynaeTsCsi MITHOCTI OCHOBHOTO METaJy.

3 METOI0 3HM)KEHHSI HEraTUBHOTO BIUIMBY OKCHJIB, a TAaKOX IHTEHCHU(]IKaLIl MIacTUYHOL
nedopmaitlii B 30H1 3’€IHAHHA PEKOMEHY€EThCS BUKOPUCTAHHS MPOMDKHUX mpomapkiB. Ha-
npukiaj, y poooti [3] moBepxHi cmaBy Inconel 718SPF mokpuBaiucs eaeKTpOIITHYHUM
mapoM HIKEI0, M0 JTO3BOJWJIO MIJBUINMTH MIIHICTh 3’€IHaHHS Ha 3pi3 y 1,7 pasy (mo
70,4 MIIa). Artopamu [5] Ha nmpukiazi Hikeneoro cruiaBy Udimet 700 moka3zaHo, 110 3aCTO-
cyBanHs npomapky Ni-Co (75 = 1191 °C, Py, = 8,3 Mlla, 53 = 240 XB) 2060 €eKTpOTITHYHO-
ro mapy Hikemo (75 = 1171 °C, Py = 6,9 Mlla, ¢, = 240 XB, 3 MOJabIINM CTapPIHHSIM) TOB-
IMHOK O = 5 MKM, TPHU3BOJUTH JIO0 IHTEHCHBHOI pEKpUCTAmi3aIlii 30HM 3 €IHAHHSI 3
(opMyBaHHSM 3arajbHUX 3€peH 1 TOMOIEHI3aLlI€l0 XIMIYHOTO CKIaLy, MPHU LIbOMY MILHICTH
MiABHIYOTECS A0 90 % Big OCHOBHOTO MaTtepiany.

BuninenHs He BupilleHMX paHille YacTHH rjo0anbHOI npoduaemu. [Iposenennii ana-
T3 103BOJIsIE 3pOOUTH BUCHOBOK, 10 MOE€JHAHHS BUCOKHUX MapaMeTpiB AuQy31iHOro 3Bapro-
BaHHS 3 3aCTOCYBaHHIM MPOMDKHUX MPOIIAPKIB J03BOJISIE€ OTPUMATHU SIKICHI 3’€IHAHHS 3 XKa-
pOMIHUX HiKeneBUX criaBiB. OJHAK ONUCaHI TEXHOJOTI po3paxoBaHl Ha 3’ €THAHHS
MaCHBHUX 3Pa3KiB 1 HEMPUIATHI JUTsl TOHKUX (POJIBT.

Merta crarTi. ['010BHOIO METOIO POOOTH € TOCTIAUTH MOXKJIUBICTH OTPUMAHHS 3BAPHUX
3’e¢HaHb (HOJIBT 3 MOPOIIKOBOTO HIKEJIEBOTO CIIABY.

Buxiaan ocHoBHOro martepiajy. Y it poO0Ti JOCTiKyBajiacs MOKIIUBICTD OTPUMAaHb
3’ennanb 3i cruaBy Ni-Cr (Ni — 20Cr — 3-4Fe — 0,40-0,6Al — 0,25-0,35Ti — 0,5Y, % Bec.),
OTPUMAHOTO METOJOM MOPOILIKOBOi Metamyprii. J[udysiiine 3BaproBaHHs y BaKyyMi 3pa3KiB
(G oJIbru TOBIIMHOO 0 = 25 MKM MPOBOAMIIN Y BUIBHOMY CTaHI B yMOBax BaKyyMy Ha yCTaHO-
Blli Y-394M, npuHIIMIIOBa cXeMa SKOi JOKJIAJHO OMKcaHa B [6].

[Tepen 3BaproBaHHSAM 3pa3ku po3mipoM 15x5x0,025 MM Bupizanu 3 ¢osbru. 3BaploBaHHS
MIPOBOJIMIIA BHAITYCK 3 TIEPEKPUTTSM, IO IOpiBHIOE 5 MM. [yl BUIaIeHHS OKCUIHOI TUTIBKH,
00u1B1 TOBEpXHi (OB 3aUMINATN Ha HAXKIAYHOMY Mamnepi 0 METAJICBOTO OJIMCKY, 3HEKH-
pIOBaJIM B alleTOHI. 3BapIOBaHHs MPOBOAMIM B OCHAIICHHI 3 MJIOCKOMapasleIbHUMH TOBEPX-
HSMU (MaTpuULd 1 yaHCOH), BUTOTOBJIIEHOMY 3 JIeroBaHoi ctaji. [lapameTpu npouecy 3Bapro-
BaHHS OyJM Taki: TeMriepatypa 3BaproBanHHs 75 = 800 ... 1200 °C, tuck 3BaproBanHs Py = 20
... 40 MIla, TpuBaiicTh 3BaproBaHHs t;; = 20 XB, BaKyyM y poOouiii kKamepi MiATpUMyBajl Ha
pieni 1,33-107 ITa. [{ns 3abe3medeHns miacTHIHOT nedopMaliii B CTHUKY i ONETIICHHS YMOB
¢dbopmyBaHHS (PI3UYHOTO KOHTAKTY SIK MPOMIDKHI MPOLIAPKHU 3aCTOCOBYBAJIA MOPUCTI (POJIBIH 3
Cu, Co, Ni, oTprMaHi 3a TEXHOJOT'I€I0 €JIEKTPOHHO-IPOMEHEBOI'O BUIIAPOBYBaHHS 1 KOHJICH-
callii y BakyyMmi, 1110 IeTJIbHO OMKcaHa B po6oTi [7]. BMicT mop y mpomapkax cTaHOBHUB OJu-
3bk0 13 %. 3aranpHa TOBIIMHA NpowapkiB 25-30 MKM.

ITicns 3BaproBaHHs BUPI3aiy 3pa3Ku I MPOBEJICHHS MEXaHIYHUX BUIPOOYBaHb Ha pPO3-
Tar. Gopma 1 po3mipu 3pas3kiB BUXIIHOTO MaTepiaiy, a TaKOX 3BapHUX 3’€HaHb 3 (OJBIH
craBy Ni-Cr Oynu Taki: Oynu Taki: 3arajgbHa noBxkuHa L = 30 MM, mmpuna H = 11 MM, TOB-
mmHa (Goneru 0 = 25 MKM, TOBXHHA poOodoi 30HU [ = 12,5 MM, mmpuHa poOOUO0i 30HU
h =5 mm, paniyc npu nepexoi Bif 3axBaTiB OyB R = 3 mm (puc. 1). MiHICTh 3’ €JHaHb J0OC-
JpKyBaiIy Ha cTangapTHid mammHi MTCS810.

AHani3 CTpyKTYpHUX XapaKTEPUCTHK (POJIBIU 1 3BApPHUX 3’ €IHaHb MPOBOJMIH 32 JOTIOMO-
rol0 cKaHyto4oro enekTpoHHoro Mikpockorna CAMSCAN 4, ocHaIlleHOT0 CUCTEMOIO €HEepro-
mucnepciitHoro ananizy Oxford Inca Energy 200 amst BU3HaYeHHs XIMIYHOTO CKJIaay Ha IUIO-
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CKUX 3paskax. [lms 1poro 3a CTaHZAPTHOI METOJMKOI0 3 BHKOPHUCTAHHSAM HLTI(yBaJIbHO-
MOJIPYBaNIHOTO YCTaTKyBaHHs (ipMu Struers OyJu NpUTOTOBJIECHI HUTI(GU MOMEPEYHOro Ime-
pepizy Goibru i 3BapHUX 3’ €JHAHD.

5
= ®/ L 1
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30
a o

Puc. 1. 3pasxu ona mexaniunux unpo6y8ans Ha po3mse:
a — cxema, 6 — 308HiWHIL 8U2NAO0 3pasKie 3 ¢ponveu cnnagy Ni-Cr

MexaHiuHi BIIACTUBOCTI 3BapHHUX 3’€JHAHBb OIIHIOBAJIHM METOJOM aBTOMATUYHOIO 1HJICH-
TYBaHHS IUIOIIMHI MOMEPEYHOro Mepepisy 3BapHUX 3’€HAHDb 13 3allMCOM JlarpaMy HaBaHTa-
JKEHHS 1 pO3BaHTaXKEHHS IHACHTOpA Ha yCTaHOBIll «MikpoH-rammay [8]. [[nst 301U1bIIeH S 1i-
ara3oHy BUMIPIOBaHb JOCIIKEHHS MPOBOMIIHACS ITif KyToM 5 10 10 © no 30Hu 3’eananHs. B
TaONMHIIX TaHUX BUKOPUCTAHI Taki MO3HAYCHHS: P — HaBaHTa)XEHHS, TP; V — MIBUIKICTh Ha-
BAaHTAXKEHHS, Tp / ¢; H — 3HaueHHs MIKpOTBepAocTi 3a Meiltepom; E — moayns HOura, I'Tla;
Kinaer — KOSQIIIEHT TUIACTUYHOCTI.

Ha puc. 2, a mokazana mikpoctpyktypa Ni-Cr ¢onbru y cTaHi micis mpokaTku. MeTtomom
MIKpPOIHJICHTYBaHHSI BCTAHOBIICHO, IO Y 3pa3kax BHUXIJHOTO MaTepialdy cepeaHE 3HAUYCHHS
MiKpoTBepAOCTi nopiBHIoe 3,754 I'Tla, a 3Hauenns monayns FOura cranoButh 139,8 I'Tla. Bin-
XHWJICHHSI MOJYJISL TIPY>KHOCTI J0opiBHIOE 4,6 %, 110 BKa3ye Ha OAHOPIAHICTH MaTepiaiy, M0
JOCIIKYETHCA, @ TAKOXK PIBHOMIPHICTH PO3MOJALTY MOP MO BCbOMY MOIMEPEYHOMY IEpepizy
¢donbru (tadm. 1).

a 0

Bwmict B % Bar.
Al Ti Cr Fe Ni Y
pectrum 1 0,61 0,37 20,02 3,32 75,19 0,5
Spectrum 2 0,42 0,32 20,45 3,95 74,87 —
Spectrum 3 0,54 0,38 20,98 3,04 75,05 -
Spectrum 4 0,42 0,26 20,6 3,15 75,56 —

8
Puc. 2. Mikpocmpyxmypa i ximiunui cknao gonveu 3 scapomiynoeo Ni-Cr cniagy 6 nouamkogomy cmaui (a, 8),
a maxooic nicas gionany (Typ, = 1050 °C, Py, = 5 Mlla, t,y, = 5 x8) 6 ymosax eaxyymy (6)

Biaman 3paskiB B ymoBax BakyyMy (Tgim = 1050 °C, Pyixn = 5 MIla, ft4iyn = 5 XB) pu3BO-
JUTH 10 3HIKEHHS 3HAa4eHb MIKPOTBEPAOCTi B 1,6 pa3y, B MOPIBHSHHI 3 MaTepialoM y rmodart-
koBoMy ctaHi (o 2,293 I'Tla) 1 no 30inpmenHs moxyas FOnra no 148,7 I'Tla. 36iibmeHHs
MOJIyJIl TIPYKHOCTI MOXke OyTH TMOKAa3HHMKOM 3HIDKEHHSI 3arajbHOi MOPUCTOCTI MaTtepiany
(puc. 2, 6). IIpote 30LIbIICHHS Aiana3oHy WOro 3Ha4eHb 10 7,1 % Moke BKa3yBaTH Ha MEHII
PIBHOMIPHUH XapakTep PO3MOIUTY MOp MO BChOMY MOMEPEYHOMY Tepepi3y (Poyibru, B mopiB-
HSIHHI 31 3pa3KOM y N104YaTKOBOMY cTaHi (Tabi. 2).
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Tabaus 1
Pesynomamu asmomamuunozco inoenmyesanns 3paskie gponveu NiCr y cmani nocmasxu
Ne n/m P, rp V, rp/c H E, I'Tla
1 20 2 4,014 135,6
2 20 2 4,046 138.4
3 20 2 3,830 134,1
4 20 2 3,437 137,5
5 20 2 3,773 1542
6 20 2 3,584 135,7
7 20 2 3,593 142,9
CepeaHe 3HaUECHHS 20 2 3,754 139,8
Taomums 2

Pesynvmamu asmomamuunozco inoenmysarnus 3paskie gponveu NiCr nicia gionany
(Tsion = 1050 °C, Pgion = 5 Mlla, tsipn = 5 x8)

Ne n/m P, rp V, rp/c H E, I'Ma
1 20 2 2,389 137,0
2 20 2 2,605 139,3
3 20 2 2,230 151,5
4 20 2 2,237 162,8
5 20 2 2,254 144,8
6 20 2 2,100 140,6
7 20 2 2,239 165,0
CepenHe 3HAUCHHS 20 2 2,293 148,7

BuByanu BIIIMB TeMnepaTypH 3BaplOBaHHS HA CTPYKTYpPY 1 MIKpOMEXaHIuHI BIaCTUBOCTI

3BapHHX 3’ €HAHb.

Ha puc. 3 nmoka3ana MIKpOCTPYKTypa 3BapHHX 3’€JHaAHb 3pa3KiB HIKEJIEBOTO CIUIABY, BH-
KOHaHMX 0e3 MpOMDKHUX wapiB Ha pexuMi: Ty, = 800 ... 1200 °C, P, = 40 Mlla, ¢, = 20 xB.
Bcranosieno, 1mo 31 30UIbIICHHSIM TeMIEpaTypH 3BaplOBaHHS Je(PEKTHICTh 30HH 3’€IHAHHS
sMeHIyeTbes. Oaaak HaBith pu Ty = 1200 °C y 30HI 3’€HAHHS 30€piracThes JIAHIIOKOK

OKCHU/IIB 1 TOp, pO3TALIOBAHUX Y3[IOBXK CTHUKY.

S0urn

0

Puc. 3. Mikpocmpykmypa 30nu 3’ €0nanns 3pasxie Ni-Cr + Ni-Cr, ompumanux npu P,, = 40 MIla, t,, = 20 xs,

T a—800°C; 6—900°C; 6 —1000°C; 2—1100°C; 0 — 1200 °C
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[Tpu 3BaproBanHi cruiaBy Ni-Cr 6e3 mpomapkiB, MiKpOTBEPIICTh 30HH 3’ €HAHHS BiIMOBI-
Jla€ 3HAUYEHHSM, K1 XapakTepHi Juisi BininaneHoro matepiany E = 110,7 ... 125,8 I'Tla. Buxo-
JSI9W 3 pe3yJIbTaTiB MeTaNorpadiqHuX JOCIIHKEHb, a TAKOX MOCTYIIOBOTO 30UTBIIEHHS MO-
nyns FOura no E = 154,3 I'Tla MoxHa 3pOOMTH BHUCHOBOK, III0 BIUITMB BHCOKHX 3HAYCHB
TeMIIepaTypU 3BapIOBAaHHS 1 TUCKY MPU3BOJUTH, 3 OJHOIO OOKY, 0 KOAryJsiuii mop y ¢oib3i,
a 3 1HIIOro OOKY — JI0 YTBOPEHHS 3HAYHOI MMOPUCTOCTI B 30H1 3’ ¢HaHHs. CepeaHe 3HaUCHHS
MIKpOTBEPAOCTI cTaHOBUTH 2,659 I'Tla, a Mmomymns npyxuocti — 129,7 I'Tla (puc. 4).

Ne 3/m P,rp | V,rplc H E, I'lla
1 20 2 2,547 110,
2 20 2 3,029 1 7,1
3 20 2 2,750 112,6
4 20 2 2,689 121,4
5 20 2 2,804 125,8
6 20 2 2,403 131,1
7 20 2 2,519 140,4
8 20 2 2 707 143,5
9 20 2 2,487 154,3
Cepenne 3HaueHHs | 20 2 , 59 129,7

100 mkm |
a 1]

Puc. 4. Pezynomamu agmomamuunoco iHOeHmy8aHHsi 30HU 3 cOnanus 3pazkie gorveu Ni-Cr (T,, = 1200 °C,
P,, =40 Mla, t,, = 20 x8): a — 6i00umKu, OMpPUMaHi nio yac iHOeHmMy8aHHs, 6 — mabauys po3PAXyHKIE

VY nopanmpIUX AOCTIMKEHHSX AJIs aKTUBalii AUQy3IMHUX MPOIeciB 3aCTOCOBYBAIIU MPO-
MibkHI mpomapku 3 Cu, Co, Ni. Ilapametpu mudys3iitHOI 3BaproBaHHS OyinH HACTYITHI:
Ty = 1200 °C, Py, = 40 MI1a, t5; = 20 xB.

BcraHoBneno, mo 3actocyBaHHs mpomapkiB 3 Co MpU3BOAUTH 0 YTBOPEHHS XIMIYHOT
HEOTHOPITHOCTI B 30H1 3’ €THAHHS 1 10 PO3BUTKY 3HAYHOI MOPUCTOCTI y CTHKY, L0 MOXKE OyTH
obymosieHo epexktom Kipkennana (puc. 5). ['mubuna mudy3ii B 30H1 3’ €1HaHHS HIKEJIEBOTO
CIJIaBY CTaHOBUTH A0 10 MKM. Y NpOMDKHOMY IIapi CIIOCTEPIraeThCs HEBENUKHI BMICT SIK
HiKeNto, Tak 1 Xxpomy (10 20 %). 3acTocyBaHHS MPOMDKHOIO MPOIIAPKY 3 HOPUCTOTO KOOAIb-
Ty J03BOJISI€ IMiIBUIIMTH MIKpPOTBEPAICTh 3BAPHOTO 3’€JHAHHS JI0 3HAYCHb, OJM3BKUX JI0 BU-
ximHoro Marepiany. OgHak 3Ha4HA XiMidYHA HEOJIHOPIIHICTD 30HU 3’ €THAHHS MPU3BOJIUTH 0
YTBOPEHHS B LIEHTpalbHIA 4acTUHI 00nacTi 3 BUcokuMm moxayseM HOura £ =152 ... 179 I'Tla

(puc. 6).

80

60

40

Content of Ni, Co and Cr
(weight %)

0 10 20 30 40 50 60 70

S0 Distance.um
a 9]

Puc. 5. Mixpocmpykmypa (a) u po3nodin enemenmie (6) y 3’ €OHaAHHI, BUKOHAHOMY 3 3ACMOCYB8AHHAM HOPUCTNO2O
npowapky 3 Co (T,, = 1200 °C, P,, = 40 MIla, t,, = 20 x8)
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Ne 3/ P, p V, rp/c H E, I'lla

1 20 2 3,366 138,3

2 20 2 2959 | 136 0

. ety - 3 20 2 3,086 152,1
B ‘ll i 2 a 4 A - 4 20 2 3282 | 1557
; F 5 20 2 3,6 179,6

6 20 2 3,149 [ 163,3

7 20 2 2,689 151,3

CepenHe 3HaYCHHS 20 2 3,168 153,8

100 mkm
a 0

Puc. 6. Pezynomamu agmomamuiHoco IHOeHMY8aHH s 301U 3 €OHanHs 3paskie onveu Ni-Cr, ompumanux uepes

npoMIdCHULL npowapok 3 nopucmoeo koobanemy (T,, = 1200 °C, P,, = 40 Mlla, t,, = 20 x8):

a — giobumKU, ompuUMaHi nio 4ac iHOeHmysanHs, 6 — mabauys po3PaxyHKie

3acTocyBaHHS y MPOIIECi 3BaprOBaHHS Mpoapky 3 Ni IpU3BOIUTH 10 YTBOPEHHS y CTUKY
30HM MIMPHUHOIO 20—25 MKM 3 HU3BKUM BMICTOM XpoMmy (puc. 7). MikpocTpyKTypa Li€i 30HU
aHanoriyHa croiaBy Ni-Cr, ane mae MeHmy aedekTHiCTh. Ha Mexi po3mainry mporma-
POK/HiKeNeBUH CIUIaB, Ae(QEeKTH y BUTIIAAL BKIIFOUEHb OKCH/IIB 00 MOPH BIACYTHI. 3aIMIIKOBI
MOPH CIIOCTEPITaroThCsl Y CIUIABl B 00NIACTAX, MPWICTIINX A0 CTHKY. MIKpOTBEPAICTh 3’ €JHAHB
nepeOyBae Ha TAKOMY DiBHI, SIK y BiANajaeHoro 3pas3ka (puc. §). 30UIbIIeHHS 3HaY€Hb MOTYJIS

MIPY>KHOCTI CITOCTEPIraeThCs B 30H1 3’ €JHAHHS, IO CBIAYMTH TIPO 3aJTIKOBYBaHHSI TOP.
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Puc. 7. Mikpocmpykmypa (a) u po3nodin enemenmie (0) y 3’ €OHaHHI, OMPUMAHO20 3 3ACTNOCYEAHHIM HOPUCTIO20
npowapky 3 Ni (T,, = 1200 °C, P,, = 40 MIla, t,, = 20 x6)

Ne3 m P,p [ V,rp/c H E, I'la
1 20 2 2,226 111,8
2 20 2 2,282 136,2
3 20 2 2423 161,2
4 20 2 2,285 153,1
5 20 2 2,015 151,8
6 2 2 2,057 170,6
7 20 2 2,145 160,4
8 20 2 2,709 159
9 20 2 2,241 144,2
CepeHe 3HAYCHHS 20 2 2,265 149.8

o

Puc. 8. Peynomamu asmomamuuno2o iHOeHmy8aHHs 30HU 3 €OHaHHA 3paskie ghonveu Ni-Cr, ompumanux uepes
npomidscrutl npowiapok 3 nopucmoeo Hixento (T,, = 1200 °C, P,, = 40 Mlla, t,, = 20 x8):
a — 8i0bUmMKU, OMpPUMAHi Nio 4ac IHOeHMY8anHs, 6 — MabIuYysl PO3PAXYHKIE
3BaproBaHHS 3 3aCTOCYBaHHSM MPOIIAPKY 3 Miji 3a0e3nedye piBHOMIPHUN XapaKTep po3-
MOJIUTY €JIEMEHTIB y CTUKY 1 MIHIMAJIbHY KUTBKicTh aedextiB (puc. 9). JliHiSA KOHTaKTy SK
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€JIEMEHT CTPYKTYPH Y TPOIIeCi 3BaprOBaHHS 3HUKAE. PO3MOaI e1eMeHTIB CBITYUTh TIPO PiB-
HoMipHu# po3noain Cr, Ni, Cu y 3BapHOMY 3’€qHaHHI. MIKpOTBEPIICTh 3’ €HAHHS 3HAXO-
JUTHCS Ha PIBHI 3pa3ka micis Biamany (puc. 10).

80

60

10 NiCr Cu NiCr

20
Cu IINARIPL A Cr
rN ~ \\'l‘q
¥

Y
AN »
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Content of Ni, Cu and Cr
(weight %)

0 10 20 30 40 50
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Puc. 9. Mikpocmpykmypa (a) u po3noodin enemenmie (6) 6 3’ €OHAHHI, OMPUMAHO20 3 3ACMOCYBAHHAM
nopucmoeo npowiapky 3 Cu (T,, = 1200 °C, P,, = 40 Mlla, t,, = 20 xs)

Ne 3/ P.rp | V,1p/c H E, I'lla
1 20 2 2,324 119,2
2 20 2 2,236 116,4
3 20 2 2,117 132,9
4 20 2 2,151 1373
5 20 2 2451 141,8
6 20 2 2,31 36,2
7 20 2 2,926 138,9
8 20 2 2,121 123,9
CepeiHe 3HaYEHH S 20 2 2,330 130,8

I 100 mkm
a 0

Puc. 10. Pesynomamu asmomamuyHo20 iHOeHmysanHs 30Hu 3 €OHanHs 3paskie Gonveu Ni-Cr, ompumanux uepes
npomidcuuti npowapox 3 nopucmoi mioi (Ty, = 1200 °C, P, = 40 Mlla, t,, = 20 xs).
a — 610bUMKU, OMPUMAHI NPU IHOeHMYB8AHHA, 6 — MaOIUYs PO3PAXYHKIE

OriHoBaHHS MEXaHIYHUX BJIACTUBOCTEH 3paskiB 3 (oisbru craBy Ni-Cr nmpoBoauiv B
OYaTKOBOMY CTaHi 1 micis Binnamy. TemmnepaTypa 1 yac Biamasry MOJIENIOBAIU MPOLEC 3Ba-
pIOBaHHS 1 CTaHOBHIIN: TemrepaTypa Tsim = 1000 °C, 4ac BUTPUMKHU TPOTATOM fyjpy = 20 XB
BIIMOBIAHO. BcTaHOBIEHO, MmO MIMHICTE BUXITHOTO MeTany 31 craBy Ni-Cr mopiBHIOE
oz = 405 MIla (tabn. 3). 3acTrocyBaHHs BiAnamy MPU3BOAUT 10 3HUKEHHS MIITHOCTI MaTepia-
ay 10 oy = 258 MIla. Takum 4YMHOM, MIIHICTh 3pa3KiB MICJIA Bigmany cTaHOBUTH 63,7% Bin
PIBHS MIITHOCTI BUXITHOTO MaTepiamy.

Tabmwnis 3
Mexaniuni enacmueocmi 3paskie 3 gponveu cniagy Ni-Cr y nouamkogomy cmaui i nicia 8ionay
Howmep 3pa3ka Tun 3pa3zka oy, MPa Oy cpp MPa
1 440
2 OcHOBHUH MeTan 400 405
3 375
1 260
2 OcHoBHUE MeTan + Bianan 215 258
3 300

JlocmipkeHHsT MeXaHIYHUX BIIACTHBOCTEH 3BapHUX 3’€qHAHB (TaOi. 4) moka3ayid, 1o ce-
peIHs MIIHICTh 3pa3KiB, OTPUMAHUX 13 3aCTOCYBAHHSIM IMOPUCTOTO MPOIIAPKY 3 HIKEIIO, CTa-
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HOBUTH 0 = 108 MIla. Buxoasuu 3 pe3ynbraTiB MeTamorpadiqHuX TOCTIKEHb, MOKHA TIPH-
MyCTUTH, 110 OTPUMAH1 pe3yIbTaTH MOB’s13aHi 3 yTBOPEHHSIM Y CTUKY 30HH, KA CKJIQIa€ThCS 3
YHCTOTO HEJIETOBAHOTO HIKEITIO, 10, HMOBIPHO, 1 MPU3BOIUTH J0 3HIKCHHS MIITHOCTI 3BaPHO-
ro 3’eqHanHsA. CepelHs MIIHICTh 3pa3KiB, BUTOTOBJIEHUX 13 3aCTOCYBaHHSM MOPHUCTOTO MPO-
IapKy 3 KOOanbTy, 1OopiBHIOE 0 = 233 MIla. 3pa3ku, oTpuMaHi i3 3aCTOCYBaHHSAM MPOMDKHOT
MPOIIAPKY 3 KOOANBTY, XapaKTePHU3YIOThCS HASBHICTIO AC(PEKTIB y 30HI 3’ €IHAHHSA SIK Y BH-
TJISIT1 TIOp, TaK 1 3HAYHOIO XIMIYHOIO HEOTHOPITHICTIO B PO3MOJIUTI OCHOBHHX JIETYIOUHX €JIe-
MEHTIB. 3aCTOCYBaHHs MOPUCTOrO MPOLIAPKY 3 MiAl miJ yac 3BaproBaHHs cruiaBy Ni-Cr jgo-
3BOJIMJIA OTPUMATH 3’ €JHAHHS 13 CepeTHIM 3HaUEHHSM MIITHOCTI g = 317 MIla.

Tabmurs 4
Mexaniuni enacmusocmi 36apHux 3 €OHAHb
Micue pyiiHyBaHHS 3pa3KiB
Homep 3pa3ka I pomapok, MkmM Ocriobmnii Metan| 3ona s’cananis oy MIla | 6, MlIla
1 + - 120
2 Ni + - 160 108
3 - + 45
1 + - 200
2 + - 310
3 Co ~ - 360 317
4 + - 400
1 + - 175
2 + - 260
3 Cu - ~ - 233
4 + - 265

[MpumiTka: * — poboTa BukoHaHa B Mexax npoekty LIGHT-TPS Ne 607182.

BucnoBku i npono3uuii. lociimkeno ymoBu (popmyBaHHS 3’€IHaHb TOHKHX (OIBT 3 Hi-
KEJICBOTO CILIaBy METOAOM JU(y31HHOr0 3BaprOBaHHs y BaKyyMi IIPH 3aCTOCYBaHHI MPOMIXK-
Hux npomapkis 3 Cu, Co, Ni. [TokazaHo, 1m0 ¢oibru, OTpuMaHi 3a TEXHOJIOTI€I0 €IEKTPOHHO-
MMPOMEHEBOT'O BUITAPOBYBAHHS 1 KOHJICHCAIlIl Y BaKyyMi, CIIPUSAIOTh iIHTeHCH(IKAIT 1udy3iii-
HUX MPOIECIB y CTUKY, & TAKOXK 3a0e31euytoTh (HOpMyBaHHS 3BapHUX 3’ €HAHb.
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