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Abstract. The new technologies of the diffusion vacuum welding (DVW) of aluminum alloys and titanium alloys
have been considered. The aim of the paper is to study the special features of the processes of the formation of
the structure and phases in the diffusion vacuum welding of an aluminum alloy with a titanium alloy, as well as
the establishment of scientific foundations of obtaining welded joints by optimizing their structure and the phase
composition. For the study of diffusion and recrystallization processes at the DVW, the specimens of AMg6 and WTi6
were welded without the AD1 interlayer and with its application. The metallographic studies were performed using
an Auger microprobe equipped with an energy dispersive X-ray spectrometer of the INCA system on the sections of
welded joints produced by ion etching. Due to the negative impact of magnesium, it is not possible to obtain a welded
joint of the WTi6 titanium alloy with the AMg6 aluminum alloy without the aluminum interlayer. The initial AMg6
structure of the banded type is converted into grains of different sizes and shapes in the process of welding. At the
area of the joint with the interlayer in the AMg6 alloy they have more equiaxed shape and smaller dimensions. In
the ADI1 alloy, there are oxide type globular inclusions of the production origin. The structure of the WTi6 titanium
alloy does not change during the welding process and consists of the primary grains elongated along the rolled metal
of the predominant form factor 2. The secondary structure is the a-phase plates with layers of the -phase along
the boundaries of the plates and primary grains. The results of the study are of interest in making products for the
aviation and space industries. They are to meet the stringent requirements for preservation of the initial size of the
details, which is only possible if there are no notable deformations. The determined regularities allowed developing
the welding technology to obtain high-quality welded joints using the diffusion vacuum welding. The number of areas
with defects is no more than 5 % of the total area of the joint, where the intermetallic compounds are not formed at the
junction of the interlayer and the titanium alloy.

Keywords: diffusion vacuum; diffusion; recrystallization; microstructure.



OBPOBKA MATEPIAMIB Y MALLUMHOBYAYBAHHI J\EEe R =) ks)

Anotanis. [ocmimkeno mudysiiiHi 1 pekprcTaNi3amiifHi IpomecH, Mo BifOyBalOTECS i TepMmonehopMamiiHuM
BIUIMBOM ITpu 1uQy3iiiHOMY 3BaproBaHHi y Bakyymi AMro6 + BT6.

Koiouogi ciioBa: nudysiiine 3BaproBaHHs y BakyyMi; AnQy3is; peKpucTaiizaiis; MikpoCTpyKTypa.

Annoranusi. MccnenoBansl quddy3noHHBIE M PEKPUCTAIUTU3ANMOHHBIE TTPOIECCHI, TPOUCXOIIIHNE 110 TEPMOJIe-
(hopmaroHHbIM Bo3ieiicTBUEeM 1ipH A (y3nOHHOI cBapke B Bakyyme AMro+BT6.

KooueBnie ciioBa: nuddysnonnas csapka B Bakyyme; 1uQdy3us; peKpUCTaUIN3as; MUKPOCTPYKTYpa.
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INOCTAHOBKA IMPOBJIEMbI

Bomnpiioit mHTEpEC IS KOHCTPYKTOPOB U pazpadboT-
YHKOB HOBBIX TEXHOJIOTMH IIPEICTABISET BO3MOXKHOCTb
UCIIOJIB30BAHUS B arperarax M CHCTeMaxX HepasbeMHBIX
COCIMHCHUII CIIABOB AIIOMUHHS CO CIUIABAMU THUTa-
Ha. Kak mpaBmiio, B TakOM cliydae CBapKa IUIaBICHHEM
HEMpPUTO/lHA, TaK KaK IMpPU 3HAYUTEIBHOM IEeperpeBe
B KUJIKO# U lake B TBEPAOH (ase o0pasyroTcs XpynKue
HWHTEPMETAJUTH/IbI, KOTOPbIC 3HAYUTENBHO CHIDKAIOT pa-
6otocrnocoOHOCTh coenuueHuid. Kpome Toro, npu cBapke
H3}:[eﬂHﬁ N3 TaKUX MaTepuajioB NPEABABIIAIOTCA KECT-
KHe Tpe6OBaHI/I$[ K COXpaHCHHIO HaYaJIbHBIX PasMEpOB
Jeraneld, KOTOpble MOXKHO YIOBJICTBOPHUTH TOJIBKO IPH
YCIIOBHU OTCYTCTBHS OLIYTHMBIX Jedopmanuii. Becpma
YCIICTHO MOYKHO PEIINTBH MOCTABICHHYIO 3ajady, IpH-
MEHEHsIS1 OJIH U3 CIIOCOOO0B CBAapKH JaBiIeHHEM — T (-
¢y3nonHyto cBapky B Bakyyme (JICB) [5, 6].

AHAJIN3 MOCJIEJTHUX
HCCJIEJOBAHUI U TYBJIUKALIUIA

CoracHO ITUTEpaTypHBIM HCTOYHUKAM [5, 6] mpm
CBapKe CIUIABBI TOABEPTAIOTCS TEPMOAE(HOPMAIIIOHHOMY
BozzaeicTuio [1, 3, 4, 7—11]. B MeTannax npoucxomusr
peKpUCTAIIM3AMOHHbIE U AU PY3UOHHBIE MTPOIIECCHI,
BIIMSIIOIINE KaK Ha CTPYKTYPY M CBOMCTBA CBapHUBAEMBbIX
CIUIaBOB y 30HBI CBAPHOTO COEAMHEHUS U B OCHOBHOM
MeTajuie, TaKk U Ha BO3MOXKHOCTb ITOJYYEHHS CBapHOIO
coennHenus. [Ipu cBapke CIIaBOB THTaHA CO CIIJIaBAMHU
AJFOMHHUS Ha CBAPUBAEMOCTh 3HAUUTEIILHO BO3/IEHCTBY-
10T JIETHPYIOLINE 3JIEMEHTHI, B YaCTHOCTH MAarHMi Kak
HanOosee 3(p(HeKTUBHBIA KOMIOHEHT. B cooTBeTCTBHM
C AMarpaMMoOil COCTOSHHMSI MarHMH—THUTaH [4] MarHui
HE B3aUMOJICHCTBYET C TUTAHOM, CIIOCOOCTBYET 00pa3o-
BaHMIO Ha IOBEPXHOCTH QJIOMHHHUEBBIX CIUIABOB PhIX-
JIOH OKHCHOW IUICHKH, TEM CaMbIM OKa3bIBas CHIIBHOE
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BIIMSIHAC HAa CBapHBAaEMOCTh. TakyKe M3BECTHO, YTO TPHU
JICB nake He3HAUMTEIIbHBIC JOOABKH MarHusi H3MCHSIOT
CBApPMBAEMOCTB: C YBEIMUCHUEM COEPYKAHUS MAarHus OT
0,5 1o 2 mac. % MPOYHOCTH COETMHEHHS CHIKAETCS IIPHU-
MepHO Ha 40 %.

B03MOXHOCTB U CKOPOCTH PEKPHUCTALTU3AIIH CYIIIe-
CTBEHHBIM 00pPa30M 3aBHUCSIT OT TEMIIEPATyphl, CTEIICHU
nedopmanuy Tena M repepacrpesesieHus] JIETHPYIOINX
anemeHToB. [ craBa amoMuHEs AMro6 temmneparypa
Hauana pekpucramumsamuu cocrasiaser 270...300°C.
TemmepaTypa peKpUCTaTN3AIMOHHOTO OT)KUTA COCTaB-
qstet 310...335°C, HO Tpu 3TOM BpeMs BBIIEPKKH MTPH
JITAaHHOM TeMIIepaType JI0JKHO ObITh He MeHee 30 MUHYT.
Hns cimaBa tutana BT6 OCHOBHBIC JETHPYIOIINE dJIe-
MEHTBI TIOJJHUMAIOT TEMIIEPaTypy PpEeKpUCTaTH3aLUK
HamHoro Bbinie 550°C [12], a oTKuUr Juist 9TOrO CIUIaBa
npoBoast mpu 800 °C.

HEJIb PABOTbBI — uccienoBarh Ha Makpo- U MU-
KpOYpOBHE OCOOCHHOCTH TIPOLIECCOB (HOPMHPOBAHUS
cTpykTypsl U a3 npu JICB cruasa anromunus AMr6 co
criaBoM tuTaHa BT6, n pekoMeH10BaTh CIIOCOOBI MTOMTy-
YeHNsI Ka4eCTBEHHBIX CBAPHBIX COCTUHEHUH MyTEM OII-
TUMH3ALIH UX CTPYKTYPBI M (ha30BOTO COCTaBa.

MN3JIO)KEHUE OCHOBHOI'O MATEPUAJIA

Jnst uzyuennst iudPpy3MOHHBIX U PEKPUCTAIUIN3AIN-
oHHBIX TiporieccoB pu ICB AMr6 ¢ BT6 Ot cBapeHbI
00pasibl 0€3 MPOMEKYTOUHOM MPOCIONKH M C TPOCIION-
KoM U3 TexHuueckoro amomMuuus AJllc npu cnegyromux
mapameTpax pexxkumoB J[CB: cBapodHoe naBneHme —
20MlIla, Bpemsi Bbiaep)kku — 20 MHH., Temreparypa
cBapku — 540°C.

Merannorpaduueckue HCCIIE0BAaHUSA ITPOBOIUIN
Ha numdax, MoJy4eHHbIX HOHHBIM TPaBICHUEM C IOMO-
mipio yeraHoBkH Fine coat ion sputter JFC-1100 ¢pupmbt
JEOL (Snonwus). JlanpHeHmuit aHaau3 MHUKPOCTPYKTY-
PBI U pactpesiesieHuss XUMUYECKUX JIEMEHTOB MPOTPaB-
JICHHBIX NUIN(OB CBapHBIX COCIMHEHMUH OCYIIECTBHIIN
¢ nomomplo OXE-mukpozonna JAMP 9500F ¢upmer
JEOL, o0opymoBaHHOTO SHEPTONUCIICPCHOHHBIM PEHT-
TeHOBCKHUM criekTpoMeTpoM cuctemsl MTHKA xommanuun
Oxford Instruments (BenukoOpuranust).

W3 sKkcriepuMeHTaNbHBIX JAaHHBIX, MONyYEHHBIX Ha
CKaHMPYIOLIUH 371eKTpoHHBIN Mukpockon (COM) ¢ uc-
MOJTb30BAHUEM HHTETPUPOBAHHON CHCTEMBI JHEPTO/H-
cnepcuonHoro ananusa (3/1C), BUIHO, YTO B XOZA€ MPO-
Lecca CBapku MarHuii u3 AMro6 nuddyHaupyer K 30He
koHTakTta ¢ BTO6, ckamnmmBaercs Tam, QopMmupys 00-
nacTe mmpuHoit 15...17 MuKpoH ¢ comepkaHueM Mg
1o 11 mac. % (puc. 1). Ha konTaktupytomeii ¢ BT6 mo-
BEpXHOCTH AMTr6 BO3HUKAET CJIOH TOMIIMHOM 3 ... 4 MKM
C IOBBILICHHBIM COJIep)KaHueM Kuciiopoza (1o 9 mac. %),
YTO MPETSTCTBYET 00PA30BAHUIO CBAPHOTO COEIUHEHHUSL.

[ToaTOMy, OCHOBBIBAsICH Ha JIUTEPATYPHBIX [4] U 3KC-
MIEPUMEHTAIBHBIX JIAHHBIX, BO M30e)KaHHUE HEraTHBHOIO
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BO3JICHCTBHS MarHusl MCCJIEIO0BAJIOCh BIMSHUE HMCIHOJb-
30BaHMA IPOMEKYTOUHOM Ipocnoiiku u3 A1 TonmuHoi
150 mxM. OcHOBHas 3a/1a4a MPoCaoiku — Oydep, mpe-
MIATCTBYIOIIUH CKOTUICHUIO TU((YHANPYIOMIETO MarHus
y BT6.

sl OLIEHKM M3MEHEHWH B CTPYKType NpU TEPMO-
ne(GopMalMOHHOM BO3ICHCTBUU OBUIM CpPaBHEHBI HC-
XOJIHBIE CTPYKTYPBI CBAPUBAEMBIX CIUIABOB M CTPYKTYPbI
1ocje CBapKH. B Xoze Takoro aHanmsa roy4eHsl clemy-
IOMINE PE3YIbTaThI.

TemneparypHo-neopMalioHHOE BO3JCHCTBHE HC-
crexyeMbIx B pabore pexxumoB [ICB mis m3ydaemoro
criaBa tTutana BT6 HemocrarouHo juts TOro, 4ToObI U3-
MEHHUTbH ero CTpykTypy. [loaToMy 1m0 mpouecca cBapku
(puc. 2) m mocne Hero (puc. 3) HabIIOTAETCS OMUHAKOBAs
cTpykTypa Tutana BT6. B HameMm ciryuae MUKpPOCTPYyK-
Typa criaBa Tutana BT6 cOCTOUT U3 BBITSAHYTHIX BIOJb
MpoKaTa MePBUYHBIX 3€peH MIHHOH 5 ... 10 MKM u mpe-
oOnamaromum (akropom (opmsl 2. Bropuunas CTpyKTy-
pa TpencTaBieHa IUIACTHHAMH O-(a3bl ¢ MPOCIOiKaMu
[-¢a3sl O TpaHHUIIAM IJIACTHH M IEPBUYHBIX 3€PEH.

AHanu3 XUMHUYECKOTO COCTaBa CTPYKTYPHBIX 3JIe-
MEHTOB II0Ka3aj, 4YTO BaHaAud Kak [-crabuiuzarop
MIPEUMYIIECTBEHHO HAXOMUTCS B PB-TIPOCIIONKaxX B KOJIHU-
yectBe 710 20 mMac. % (CBeTIbIe TIACTUHBI), OKaWMIISIO-
IIUX O-TUTACTHHBI, B KOTOPBIX BaHAIMSI MEHbIIE 2 Mac. %
(puc. 3,8,2).

Hcxonnas cTpykTypa cmiaBa amoMuHus AMr6
B COCTOSIHUM TIOCTaBKH TPOKATa SIBISETCS CTPYKTYpoOit
monocyaroit, puc. 4,a,6. Ilon BIUSHIEM TeMIIepaTypbl
U JJaBJICHUsI CBAPKU MPOMCXOJAT MPOLECChl peKpUCTal-
nu3anud 1 quddy3un, 9To OTPAKAETCsl HA MUKPOCTPYK-
Type. Ha puc. 4,6 n3o0pakeHa MUKPOCTPYKTypa CIIIaBa
amoMuHust AMroé mnocne mpouecca CBapkH, € YETKO
BUJIHBI 3€pHA PA3IMYHOTO pazmepa u Gopmsl. Pasmep 3e-
peH xomebnercs ot 5x5 MM 1o 150%25 miwMm. Tlpudem
Y 30HBI COEIMHEHHUS C TIPOCIIONKOI B cruiaBe AMro6 3ep-
HO MMEET MEHEE BBITSHYTYIO ()OPMY M MEHBIINE pa3Me-
peI Ha mryouHy 10 400 MKM.

[Ipu HeGompmmx ysenuueHusx Ha COM B craBe
AMTr6 mo rpaHuIiaM 3epeH BBIABICHBI BKIIOUCHHS pas-
JMYHOM (OPMBI pa3MepoM 110 5...7 MKM CO CIOXHBIM
XUMHYECKUM cocTaBoM. Mcnone3ys nuteparypHble AaH-
Hele [1], MOXKHO TIPEATONIOKUTh, YTO 3TO COCTUHECHUE
(FeMn)AL16, puc. 5,a,s.

CTpyKTypa NpoCIONKY MPEeACTaBIsET COO0H MPaKTH-
YeCKH PaBHOOCHBIE 3epHA pazmepoM oT 10 mo 40 MkmM,
KOTOpBI yMEHBLIAETCS IO HampaBleHuro oT AMr6
k BT6. B mpocnoiike n3 AJ[1 Taxoke HabII0Aat0TCS BKITIO-
yeHns TIOOymsipHOi dopmbr pasmepom 0,5...5 MKM,
yell XMMUYECKUH COCTaB OTIMYAETCS OT COCTaBa BKIIIO-
yeHui B cruiaBe AMro6. Vcxons u3 pesynbsraToB Hccie-
JIOBAaHUH MOJKHO CZEJNaTh BBIBOJ, YTO 3TO BKIFOYCHUS
OKCHUJIHOTO THIIA MPOU3BOJCTBEHHOIO MPOMCXOXKAEHUS.
WX KOIMYECTBO BO BCEX MPEIIOKEHHBIX 00paslax BO3-
pacraer mo Mepe NMpuONMKeHUs K cIutaBy Tutana BT6.
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Mg no 12 mac. %

0:4-9 mac. %

Puc. 1. Ctpykrypa yyactka konTakta AMro6 ¢ BT6 npu JICB 6e3 npuMeHeHus JOMOTHUTENbHBIX TEXHOIOTHYECKUX TPUEMOB

Crexp XuMudeckue BHe.MeHTBI, Mmac. % Crexp XuMudeckue 3JIC.M6HTLI, mac. %
Al Ti \'% Al Ti \%
1 4,21 81,19 14,59 1 4,39 79,29 15,59
2 4,09 77,19 18,72 2 3,30 76,05 20,25
3 4,56 79,76 15,69 3 3,65 77,58 18,34
4 5,36 86,20 8,45 4 7,28 89,80 2,48
5 6,38 92,34 1,29

Puc. 3. Muxkpoctpyxrypa (¢ — x1000; 6 — x4000) 1 TOUKM aHANN3a XUMHIECKOTO COCTaBa CTPYKTYPHBIX COCTaBIIIONIHX (8, 2)
cruaBa Tutana BT6 nocie nporecca cBapku
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a) 0)

X500 WD 222mm

Puc. 4. cxonnass MEKpOCTpPYKTypa cruiaBa afoMuHust AMr6 (a — x100; 6 — x1000), MUKpOCTpyKTypa I0CIIe TIponecca CBapKH
(6 —x500)

a) 0)
Crexp XUMHYECKHUE TEMEHTBI, Mac. % Criexp XHUMHYECKHUE AIEMEHTBI, Mac. %o

C O Mg Al Ti Mn Fe C O | Mg | Al [Si Ti | Mn | Fe
1 0,15 | 1,65 | 0,27 | 61,15| 0,20 | 14,22 | 22,36 1 11,701 9,94 | 2,84 | 67,84 10,00 | 2,52 | 0,00 | 5,15
2 0,51 | 1,72 | 0,12 | 60,09 | 0,49 | 11,36 | 25,70 2 535 19,14 | 3,19 | 74,07 0,00 | 2,34 | 0,00 | 5,92
3 0,72 | 1,32 | 0,00 | 61,74 | 0,42 | 10,83 | 24,97 3 0,32 ]0,43 | 0,22 [ 5587 (4,41 | 0,00 | 8,64 | 30,11
4 9,68 | 17,86 | 2,06 | 52,90 | 3,09 | 0,83 | 13,59 4 0,53 | 0,28 | 3,06 [95,69(0,05 | 0,37 | 0,00 | 0,00
5 4,49 116,34 | 1,85 (60,27 | 3,69 | 0,00 | 13,36 5 0,72 |1 0,39 | 3,21 [94,92]0,08 | 0,08 | 0,60 | 0,00
6 9,48 | 12,89 | 1,50 | 65,76 | 2,58 | 0,00 | 7,79 6 1,14 1 0,07 | 1,93 [ 95,33 0,06 | 0,09 | 1,37 | 0,00
7 7,25 110,63 | 1,51 | 71,14 | 2,00 | 0,00 | 7,48

Puc. 5. BxiioueHust 0 TpaHUIIaM 3epHa B CIUIaBe amIOMHHUS AMr6 u ux xumudeckuit coctas (@ — *390), BKIIOUEHHS S9K30T€HHOTO

THUIA U UX XUMHYECKHUI coCcTaB B cBapHOM coequHeHnd AMr6+A/11+BT6 Ha yuactke coequnenust AMr6+AJl1, momyuennom JICB

ETOJ'H.L[I/IHa MIPOCTIONKH Snp = 150 mxwm, nasnenne ceapku P =20 MIla, Bpems cBapku T = 20 MuH., Temneparypa ceapku 7, = 540 °C)
6 — x1300)
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Kak B craBe amomunuss AMroé, Tak u B Hpocioiike
n3 AJll mocne mporecca CBapKH IMPOCMAaTpPUBAIOTCS
BKJIFOYCHUSI 9K30TEHHOTO THIA CJIOXHOTO XHMHYECKO-
ro cocraBa, puc. 5,0. VX NpOUCXOKICHHE W HAIUYWC
CBSI3aHO C MPOLIECCOM MPOM3BOJICTBA METa/lIa (OCTATKH
(hyTepoBKn).

bonee peraspHOE M3yuYeHHE CTPYKTYphl CIUIaBa
AMTr6 ¢ momompo COM 1mo3BoIMIN 00HAPYKHUTH BHYT-
pH 3€peH cIjlaBa PaBHOMEPHO pacIipe/IeieHHbIE JIHC-
MEpPCHBIE BKIIIOUEHMS, pUC. 6. YUUTHIBAs JTUTEPaTypHbIC
naHHbie [ 1] 1 pe3ynbraThl XMMUYECKOTO aHAJIM3a, MOXKHO
cenarh BBIBOJ, YTO 0Opa3oBasachk (aza MgSAIS.

10.0kV X4500 WD 222mm 1pm

BBIBO/IbI. 1. BciencrBue HEraTUBHOIO BIIMSTHUS
MarHus HEBO3MOXKHO IIOJyYHTh CBapHOE COEIMHEHUE
crutaBa tutaHa BT6 co cnmaBom amomuuust AMroé 6e3
MIPUMEHECHUS TIPOMEKYTOUHOU TIPOCIOWKHA M3 TEXHUYE-
ckoro amromuHust AJl1.

2. IToxg TepMoneOpMaIiOHHBIM BO3JCHCTBHEM IIa-
paMeTpoB pexHMa CBapKH IPOUCXOAT PEKPHCTAILIN-
3allMOHHBIEC TPOIECChl B CIUIaBe altoMHHUs. McxomHas
CTpyKTypa AMr6 MMoioc4yaroro THIIA B IIPOIECCE CBAPKH
npeoOpa3yercsi B 3epHa pa3lIMuHOro pasmepa U Gpopmbl.
YV 30HBI COEAMHEHMSI C MTPOCIIOiKOii B crmmaBe AMr6 oHn
HUMEIOT 00Jiee paBHOOCHYIO ()OPMY M MEHBIIIUE Pa3Mephl.
ITo rpanumam 3epeH AMTr6 TOSBISIOTCST BKIFOUCHUS Pa3-
JMYHOM (OPMBI pasMepoM 10 S...7 MKM CO CIOKHBIM
xumuaeckum coctaBoM ((FeMn)A16). Baytpu 3epen
crutaBa AMro6 oOHapy»)eHO pOpMUpOBaHHE PABHOMEPHO

2MKkm ' 3nexTpomHoe uzoOpaxenne 1

0)

pacrnpenereHHbIX BKitoueHui (MgSAI8) — B-dasza.
. XuUMHUYECKHUE MIEMEHTBI, Mac. %
3. B mpocmnoiike u3 AJ]l HaOmonaroTcsi BKIIOUEHHS Criekrp
. Mg Al
r100ynsipHOi opMbl pazmepoM 0,5—5 MKM OKCHJIHOTO
THUIIa TIPONU3BOACTBEHHOTO ITPOUCXOXKICHHUSI. 1 4,24 95,76
4. Crpykrypa cmuiaBa tutana BT6 He u3MeHseT- 2 5,23 94,77
Csl B IIPOLIECCE CBAPKU U COCTOUT U3 BBITAHYTBHIX BIIOJb 3 3,23 96,77
MpOKaTa MEPBUYHBIX 3epeH JIUHON 5...20 MKM c mpe- 4 3,39 96,61
obnanatomm paxropom (Gopmsl 2. BropuuHast CTpyKTy- XUMHuCCKHE MeMeHTHL, atom. %
pa mpencTaBieHa MIACTHHAMU O-(as3bl C MPOCIOHKaMHu ] 4.69 9531
[-da3bl Mo rpaHMIIAM TTACTHH U IEPBUYHBIX 3€PEH. : :
. 2 5,77 94,23
5. Ilpu temmeparype momorpeBa 540 °C, BpemeHH
cBapku 20 munyT u nasiaenun 20 Mlla B 30He coenune- 3 3,57 96,43
HUSI TIPOCJIOWKH CO CIUIABOM THUTaHa MHTEPMETaJUIUJIbI 4 3,74 96,26

He 00pa3yroTcs, KOMUIECTBO YYACTKOB C JeeKTaMu He

. Puc. 6. M KTYp i -
bonee 5% or obmied Twromaau coenuHeHnus. Ilpemo- 1e HKPOCTPYKTYpa (a) 1 XUMICCKtii cOCTaB (6) BITiO

- YyeHui B crulaBe amoMuHHs AMr6 B CBapHOM COEIMHEHUM
KEHHBIH PEKUM MOXKHO CUATATh ONTHUMATBHBIM M PEKO-  ANr6+AJ(1 +BT6, nonyuertoM ¢ nomompsio JICB B cBoGoa-
MEHJI0BaTh JUISl TOJTyYEHHs Ka4EeCTBEHHBIX CBAPHEIX CO-  mom coctostunu (8 = 150 mxm, P =20 MIa, T = 20 mum.,
equHenuii AMr6+BT6 ¢ nomomsro JICB. T_=540°C)
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