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[MTPOYHOCTDb 1 OCOBEHHOCTHU PA3PYIIIEHUA
CBAPHBIX COEJMHEHMI BBICOKOITPOYHBIX
AJIIOMUHUEBBIX CITJIABOB TP HU3KOU TEMITEPATYPE

T. M. JIABYP, n-p texs. Hayk (Mu-T anekrpocBapku um. E. O. Ilarona HAH VYxpaunsr)

[Ipoanann3upoBaHEl 3aKOHOMEPHOCTH H3MEHEHHs IIpU HHU3KoH Temmeparype (1o 20 K) mokasareneil mpoyHOCTH CBapHBIX
COCIMHCHUH AITOMUHHEBBIX CIUIABOB PA3IMYHBIX CHCTEM JISTHPOBAHUS, TTOIYYCHHBIX CBAPKOH HEIUIABSAIIMMCS JJIEKTPOIOM.
OtMmeyeHBl 0COOEHHOCTH HX paspyIIeHHs B Pa3lIUYHBIX 30HAX TEPMHUYECKOTO BIMSHMS.

Krnwuegvie cnoea: anomuHuessie Cniagwl, apeoHO0y208ds
C8APKA  HENNABAWUMCA  DNIEKMPOOOM, C8APHblE COCOUHEHUS,
npouHocmb, paspyuienue, HU3Kds memnepamypa UcnblmaHui,
u310Mbl

AJIOMUHHUEBBIE CIUIaBBI 110 CBOWM KOHCTPYKIIHOH-
HBIM BO3MOKHOCTSIM U MEXaHUUYECKUM CBOMCTBAM SIB-
Ts0TCs 9P PEKTHBHBIM MaTEPHAIIOM I pabOThI IPU
HU3KON Temmeparype. OHM UMEIOT BBICOKYIO YIElb-
HYIO TMPOYHOCTh M HE MOJIBEPKEHBI XPYNKOMY pa3-
pymrenunto [1-3]. Haubonpmiee npu3HaHue KOHCTPYK-
TOPOB U TEXHOJIOTOB I M3TOTOBJIEHHS CBAapHBIX
W3JIeNHNA KPHOTEHHOT0 MAalIMHOCTPOEHUS MOIY9IHIIN
BBICOKOIIPOYHBIE CIIJIaBbl TPEX CHUCTEM JIETUPOBAHUS
— Al-Mg-Mn (AMr6H), Al-Cu—Mn (1201) u Al-
Cu-Li (1460) (tabmuna). Ilpu wcmons30BaHUM He-
Pa3bEMHBIX COCIMHEHUN Y3JI0B M KOHCTPYKLHUH W3
TaKUX CIIJIABOB HEOOXOAMMO ONPEAETIUTh YPOBEHb HX
MPOYHOCTH W YCTaHOBUTH OCOOEGHHOCTH WX paspy-
[IEHHS IPX HU3KOM TemrepaType. DTO MO3BOJIUT OIl-
peAenuTh ONTHUMAaJIbHBIE TeMIIepaTypPHbIE HHTEPBAIbI
9KCIUTyaTalliy CBAPHBIX KOHCTPYKIHUU W3 aIIOMHUHU-
€BBIX CIUIaBOB, YTO MMEET Ba)XKHOE 3HAYEHHE, IOC-
KOJIBKY B TIpOIIECCE CBApKH B METajUle IIBa M 30HE
tepmuueckoro BiusHUs (3TB) BozHMKaeT XxuMuyec-
Kasi U CTPYKTypHasi HEOJAHOPOIHOCTb, OT KOTOPOH 3a-
BHCAT XapaKTEPUCTHKH pa3pylICHUs.

[MpeameroMm HacTosield pabOTHI SBISETCS ycTa-
HOBJICHHE 3aKOHOMEPHOCTEH N3MEeHEeHHSs (PU3UKO-Me-
XaHUYECKUX CBOWCTB M OCOOEHHOCTEH paspylleHHs
CBapHBIX COECIUHEHHH BBICOKOIPOYHBIX AJIIOMHHUE-
BbIX ciu1aBoB AMro6H, 1201 u 1460 B mupokom TeM-
neparypHom unTepsaie (300...20 K). JIucter u3 yka-
3aHHBIX CIUIABOB TOJILIMHON 4 MM CBapMBaJId BCTBIK
MEXaHU3UPOBAHHON aproHOAYIOBOM CBapKOW Herula-
BAIIMMCS 3JIEKTPOJOM, KOTOpasi sBIeTcsl Hanbonee
pacmpocTpaHeHHBIM CIIOCOOOM HW3TOTOBJICHHS H3[Ie-
TN KPHOTEHHOTO Ha3HadeHHd. CBapKy OCYIECTBIIS-
JU IyJCUPYIOLIEH AYrol acCHMMETPUYHOIO Pa3HO-
MOJISIPHOTO TOKAa C MPSIMOYTOJIbHOW (HOPMOI BOJIHEI
[4]. Jna mpenmotBpamienusi obpa3oBaHUs Je(eKTOB
B CBapHBIX COCIMHEHHUSIX CBapHBaeMble KPOMKH 3a-
yumany mabepoM Ha Tayouny He Mmenee 0,1 mm.
IIpu cBapke cruiaBa AMroH ucnosnb3oBanu cBapod-
HYI0 NpoBoJIOKY Mapku CBAMr63, nns coasa 1201
— nposoioky C1201, nns cinaa 1460 — onbITHY IO
npoBoiioky cucteMbl Al-Cu (tabmuma). dwmamerp
MIPOBOJIOKM BO BCEX Cllydasx cocTaBian 2 mm. Ha
OCHOBAHHMH PE3yJbTaTOB PEHTIC€HOBCKOTO KOHTPOJII
Ka4eCTBO HCCIIEAYEMBbIX IIBOB ObLIO MPHU3HAHO YAOB-
JIETBOPHUTEIHHBIM.

OneHKy (PH3UKO-MEXaHHICCKHUX CBOHCTB OCYIIEC-
TBISUIM B YCJIOBUSAX OJHOOCHOTO U BHEIIEHTPEHHOI'O

pacTsKeHus co cKopocThio 3,3-107 m/c mpu TeMm-

Xumuyeckuii coctaB (Mac. %) NPOMBINLIEHHBIX BbICOKONPOYHBIX AJIOMHMHHUEBBIX CIUIABOB M NPHUCATOYHBIX MPOBOJIOK,

HUCMOJIB3YEMBIX IIPH UX CBapKe

Mapku
Cucrembl CIUIaBa 1 Cu Mg Mn Ti Zr Fe Si Apyrue
9IIEMEHTBI
[POBOJIOKH
Al-Mg-Mn AMroH 0,10 5,80...6,80 | 0,50...0,80 | 0,02...0,10 — 0,40 | 0,40 —
CBAMr63 0,10 5,60...6,80 0,5...0,8 0,10 0,15...0,35 | 0,05 | 0,05 —
Al-Cu—-Mn 1201 5,8...6,8 0,02 0,2...0,4 0,02...0,10 | 0,10...0,25 | 0,30 | 0,20 | 0,05...0,15V
Cg1201 6,0...6,8 0,02 0,2...0,6 0,02...0,10 | 0,10...0,25 | 0,15 | 0,08 | 0,05...0,15V
Al-Cu-Li 1460 3,1...3,5 — — 0,10...0,20 | 0,08...0,09 | 0,30 | 0,20 | 2,00...2,20 Li
OmnsitHast Al-Cu 0,07...0,08 Sc
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nepatrype 300, 200, 77 u 20 K. Jlna oxiaxjaeHus
o0pa3noB ucnoib3oBamu cyxoit yex (mpu 200 K),
xuakuit azotr (mpu 77 K) u Bomopon (mpu 20 K).
[Ipu 0IHOOCHOM PACTSAKEHUU HCTIBITHIBAIN TUIOCKUE
riagkue o0pasiisl ¢ paauycoM Haapeza 0,25 MM 1o
ocu mBa ('OCT 227-77). Ilpu BHELEHTPEHHOM pac-
TSHKEHHUH, KOTJIa OTHOBPEMEHHO JISHCTBYET pacTsiKe-
HUE M U3TU0, UCIOJB30BATH IJIOCKUE 00pa3bl pas-
MepoMm 57x36x4 MM ¢ HaapezoMm TayOomHOH 11 MM
u paguycoM B BepumuHe 0,1 mm [5]. Teopetnueckuit
KOX(UIMEHT KOHIEHTpAIMH HAaINpsDKEHHH COCTaB-
nsin 10. Bepmunsl Hazpesa B oOpas3uax cBapHBIX CO-
€MHEHUI HaXOAWJINCHh CTPOro MO OCH IIBa, B 30HE
CIUIaBJICHUS U Ha ydacTke 3TB, pacnoiaokeHHOM Ha
paccTOsTHUM 5 MM OT TPaHMLIbI CIUTaBIEHHUS], IOCKOJIb-
Ky TP CBapOYHOM HAarpeBe MPOWCXOTUT PacTBOpe-
HUE JIETHUPYIOIIMX 3JIEMEHTOB, a pachajg TBEpAOTo
pacTBopa u obpazoBaHUe (a3 3aBUCUT OT HCTOTHHKA
HarpeBa M TEMIICpaTypPHO-BPEMEHHBIX MapaMeTpoOB
cBapku [4]. JIns cpaBHEHUS UCTIBITHIBAIA aHAJIOTHY-
HBIE 00pa3Ilbl OCHOBHOTO METAJlIa BCEX UCCIIEAYEMBIX
IIOMHMHUEBBIX CIUIaBOB, BBIPE3aHHbIE B HanOojee
HEOMAronpusATHOM JUIsl JINCTOBBIX TONY(}haOpHUKaToB
MOTIEPEYHOM HAIpPaBJICHUM OTHOCUTEIBHO MpOKaTa.

XapakTep paspylIeHHs OCHOBHOTO MeTaila |
CBapHBIX COCJMHEHHH yKa3aHHBIX CIUIABOB IIPH Pa3-
JUYHOW TeMIepaType M3ydaid Ha PacTPOBOM DIIEK-
TpoHHOM MHKpockore (POM) JSM-840 ¢ cucremoit
Mukpoananuzaropa «Link-860/500» mpu yckopsito-
meM HanpspkeHnn 15, 20 u 30 kB. 3tot nmpubdop mos-
BOJIAET MPOJUArHOCTHPOBATh MAaKpO- M MHUKPOCTpPO-
€HHE W3JIOMOB CBapHBIX COEJAMHEHUH I M3y4YeHHS
KHHETUKU ¥ MEXaHHW3Ma Pa3BUTHS TPEIIUHBI, a TAKIKE
BBISIBUTh TPUYMHBI BO3JICHCTBUS PA3MUYHBIX (pakTo-
POB, B YacCTHOCTH, W3MEHEHUH HX CTPYKTYpbl IpHU
CBapKe, yCIIOBUH HarpyXeHHs U TeMIeparypsl [6—8].

B pesymnprare SKCIEpHMEHTAIEHOTO HCCIEA0Ba-
HUS YCTAHOBJIEHO, YTO 3HAYEHHS BPEMEHHOI'O COIpO-
THUBJICHUS Pa3pbiBy G, 00pasloOB CBAPHBIX COEIUHE-
Huii crutaBoB AMroH, 1201 u 1460 mpu ogHOOCHOM
pacTsDKEHHH B YCIOBHSIX KOMHATHOH TeMIIepaTypbl
coctaBisanu cootBercTBeHHO 330, 350 m 400 MIIa.
[IpoYHOCTH OCHOBHOTO METayuia MpH 3TOM ObLIa Ha
20...25% BbIIE, Ye€M Yy CBAapHBIX COEAMHEHUI
(puc. 1). CHmwkeHue TemIepaTrypbl HCIBITAHUS 0
77 K na 10...20 % noBblIaeT 3HAYECHHUS G, OCHOB-
HOTO MeTauia (aJlOMHUHHEBBIX CIUIaBoB AMr6H,
1201 u 1460).

3Ha4yeHUsT BPEMEHHOTO COIMPOTHBIECHHUS CBAPHBIX
COCJMHEHUI 110 CpaBHEHUIO C KOMHATHOHM Temrepa-
Typoil yBeNIMYHMBAIOTCA TOJAbKO Ha 5...10 %, ocraBa-
sIChb HIDKE, YeM Y OCHOBHOro Merayuia. MeHbiei
CKJIOHHOCTBIO K HM3KOTEMIIEPAaTypHOMY YIpPOYHE-
HUIO CPEIN UCCIIEAYEMBIX CIUTABOB OTIINYAETCS CIIJIaB
AMr6H u ero cBapHble coeTUHEHHA. AHAJIOTMYHAs
3aBUCUMOCTb G MMEET MECTO MPH MEPEXOJIE OT TEM-
nepatypel 77 x 20 K. BpemenHoe comnpoTuBieHue
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Puc. 1. BausiHue HU3KUX TeMIepaTyp Ha BPEMEHHOE CONPOTUB-
JieHMe G, 00pa3loB ¢ HAPE30M ATIOMUHHEBBIX CrTaBoB AMroH
(1), 1201 (2) n 1460 (3) (a) 1 UX cBapHBIX COenUHEHUIT (0)

Metaia mBa cmiaBoB 1201 u 1460 Bo3pacraeT npu
aToM Oonee yem Ha 70 u 100 MIla cooTBeTCTBEHHO.

CormocTaBiieHre 3HAYCHUH MPOYHOCTH OOPa3IloB
OCHOBHOI'O MeTaJllla U CBapHBIX COEIWHEHHH ITOKa-
3BIBAET, YTO BO BCEM HCCIEIyEeMOM TEeMIIEpaTypHOM
uatepBaie (ot 20 no 300 K) oHu ornmuaroTcs apyr
OT JIpyra, HECMOTPS Ha YBEIMYEHIE BPEMEHHOTO COI-
poruBieHus pa3peiBy (puc. 1). C moHWKEeHnEM TeM-
MepaTypbl UCIBITAHUS TEMIT POCTa MPOYHOCTU y OC-
HOBHOro metayuia B 1,5...1,8 pa3a Bhiliie, 4eM y cBap-
HBIX coequHeHUil. Cpeau uccleayeMbIX Y CIUlaBa
AMr6H ormeuaetcs mensias (Ha 10...15 %) ckioH-
HOCTh K HU3KOTEMIIEPATYPHOMY YIPOYHEHHIO.

AHaJorn4YHas TCHACHINSA U3MEHEHHS MMPOYHOCTH
OTMEYAETCS W B YCJIOBUSAX BHEIICHTPEHHOTO pPAaCTS-
xenust (puc. 2). llpm Ttemmeparype HCIBITaHUI
300...77 K HOMUHalIbHOE pa3pyllIarollee HampshKe-
HUe o cmiaBa AMroH Bospactaer He3HAUMTENBHO
(Ha 3...5 %), B cpefe ®HIKOTO BOJOPOJA IPH TEM-
neparype 20 K oHO yMeHBIIaeTcst 10 YpOBHS KOM-
HaTHOM Temriepatypbl. Y cruiaBoB 1201 u 1460 man-
Hasl XapaKTEePHUCTHUKA IPOYHOCTH MOHOTOHHO BO3pac-
TaeT BO BCEM HCCIIEyeMOM TEeMIIepaTypHOM HHTEP-
Baye, nocturas npu 20 K c, = 510 u 630 MIla. ®u-
3WKa TOTO SBJICHHUS CBsI3aHA CO 3HAUCHHEM JTHaMeTpa
atomMa Maraug (0,3120 HM) — OCHOBHOIO JETHDY-
rolero sneMenrta cimiasa AMroH. Mensbiiee 3Haue-
Hue aumamerpa atoma meau (0,256 HM), comeprKarie-
rocst B crutaBax 1201 u 1460, mo cpaBHEHHIO ¢ Mar-
HUEM CHOCOOCTBYeT Oojiee aKTHBHOMY JIBHXKCHHIO
JTUCITOKAIIHI, TIPYU 3TOM MPU CHIKCHHUH TEMIICPaTyPhl
OKpY’KaIoIel cpeapl 00ecreYnBaeTcsi paBHOMEPHOE
pacnpezeneHue mois HamnpsbkeHuit [4, 5).

CBapHbIe COeTMHEHHS UCCIIeTyeMbIX CIIJIaBOB HMe-
toT 6onee Huskue (Ha 100...200 MIla) 3HaueHus pas-
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Puc. 2. 3aBUCHMOCTh HOMHHAJIBHOTO Pa3pyIIaoIero HanpspkeHus 6, (a—6) 1 YPPT (e—e) B pa3inuuHbIX 30HaX CBapHBIX COEIMHEHHMIT
BBICOKOIIPOYHBIX ATIOMHHHEBBIX ciuiaBoB 1460 (1), AMr6H (2) u 1201 (3) ot temnepatyps! uctsitanuii 293 (a, 2), 77 (6, 0) m 20 K
(8, 2): LI — mmoB; 3C — 30Ha cruiaBienus; OM — OCHOBHOM MeTaJll

PYIIAIOIIETO HANPSDKEHHS MPU BCEX 3HAYCHMSAX TEM-
nepaTypel UCHBITaHu# (puc. 2, a, 2). YpOBeHb CHU-
KEHHS G, OTIPE/IeIIACTCS CHCTEMOM JIETHPOBAHUS CILIa-
Ba, a TAKXKE CTEMEHbI0 HEOIHOPOIHOCTH TIO CONEepIKa-
HUIO JIETHPYIOIINX 3JIEMEHTOB U IIPUMECEH BCIIEACTBHE
MX Cerperanuu 1o TpaHulaM 3epeH U (POpMHPOBaHHS
YYaCTKOB ¢ Tpy00# CTPYKTYPO# ITO/T BO3ICHCTBHEM CBa-
pOYHOro HarpeBa. MUHUMABHBII YPOBEHb 3HAYECHUN
G OTMEYaeTcd Yy CBApHBIX COCOWHCHUH CIUTaBa
AMr6H. TemnepaTypa uctbITaHN 00pa3loB CBApHBIX
COEIMHEHUI OKa3bIBAaCT Pa3lIMUHOE BIMSHHE HAa TEMII
pocTta HampsbkeHus B metavie mBa u 3TB.

Pe3kue oTiamuus MeXIy HCCielyeMBIMH aliOMH-
HUEBBIMHU CIUIaBAMU UMEIOT MECTO MPH OIPEIEICHUU
YAETbHONH paboThl pPacHpOCTPAHEHHS TPEIIHMHBI
(YPPT). V¥V Bcex cmiaBoB cymiecTByeT o0Iias 3aKo-
HOMEpPHOCTh cHUkeHUs YPPT npu usmenenuu tem-
repaTypsl HCBITaHuN (puc. 2, 6, 0). DTO CBI3aHO
C TeM, 4TO IpHU TeMIepaType ucnbiTanui Huxke 77 K
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Ha [IyTH JBM>KEHUS TUCIOKALNM CO31al0TCS CUIIbHBIE
sHepreTudeckue Oaprbepbl [9—11], KOTOphIE yMEHb-
[IAF0T BEPOSTHOCTH MOSBICHHUS TEPMHUIECKUAX (IIyK-
Tyanui, HEOOXOAUMBIX JJIsl MOJBUXKHOCTH JUCIOKA-
IIUHA, ¥ TEeM CaMbIM OTPAHUYHMBAIOT IUTACTUYCCKYIO
nedopMaIrmi, O CTENEHH CHIDKEHUS KOTOPOH CBHU-
JIeTenbCTBYIOT 3HaueHust YPPT. MunumanbsHbIi ypo-
BEHb HPHEPrUU pa3pyIlICHUs BO BCEM TEMIEPATYPHOM
uHTEpBaJie nMeeT cruiaB AMr6H, 4ro, BO3MOXKHO,
00yCIIOBIIEHO HEJOCTATOYHOH YHCTOTON HCXOIHOTO
MeTaJuia Mo MPUMECSM BHEIPEHUS W O0COOCHHOC-
TAMH HX KPUCTAIMYECKOTO, IUCIOKALMOHHOTO H
3JIEKTPOHHOTO CcTpoeHus [2, 3].

3HaueHUs G_ B Pa3UYHBIX 30HAX CBAPHBIX COE-
nuHeHui crutaBoB AMr6H, 1201 u 1460 ¢ monHm-
J)KeHHeM TemiepaTypbl ucnbiTanuid 10 20 K moBbI-
LIAIOTCS BCIEACTBUE HU3KOTEMIIEPATYPHOIO YIPOU-
HEHUS, XapaKTepHOrO JJII OCHOBHOTO MeTalia
(puc. 2, a, 2). OaHako 3HAYEHUS G, PasIMYHBIX

5/2011



AFOMHHUEBBIX CIUIABOB OTIMYAIOTCH MEXIy co00if
¥ OT OCHOBHOI'O MeTaia. B mocinegHem ciydae oHH
Hmwke Ha 150...200 MIla, uro 0aU3K0 K H3MEHEHHUIO
MIPOYHOCTH CBAPHBIX COEAUMHEHUH TpU OJHOOCHOM
pacTsikeHuH. Temn yBeIWdeHHs HANpsDKCHUS OTpe-
JIeNSIeTCS XUMUYECKHUM COCTaBOM CILIaBa U TEPMHU-
YeCKMM BO3/IEHCTBHEM CBapOYHOTO Harpesa. Y co-
ennuenuii cruiasos 1201 u 1460 3ameuena Gosiee BbI-
COKasi CKJIOHHOCTh K YIPOYHEHHUIO TIPU HU3KOH TeM-
neparype, uem y coequHeHuil cruiaa AMroH.

3nauenust YPPT cBapHBIX coemuHEHUi Ooiee yeM
B 1,5 pa3a BbIIE 1O CpaBHEHHIO C OCHOBHBIM Me-
TaJJIOM BO BCEM HUCCIEAYEMOM TEMIIEpPaTypHOM HH-
TepBaie (cM. puc. 2, 6, 0). Crenieds cHkenus Y PPT
TaKXKe OMpEACIAeTCS XUMHUECKUM COCTaBOM CILIaBa
U 3aBUCUT OT M3MEHEHUS CTPYKTYPHI B 30HE COCMI-
HEHUs ToJ JeiicTBueM cBapoyHoro mukia. Coemnu-
HeHus crutaBoB 1201 u 1460 xapaktepu3syrotcs 6oiee
BBICOKMMH 3HAYEHUSMH IO CPaBHEHHUIO CO CIUIaBOM
AMr6H, uro mMoxer ObITh 00YCIIOBICHO pa3MepamMu
aTOMOB MarHwusl.

MuHUManbHBIE 3HAUYECHUS COMPOTUBICHUS paspy-
MIEHUIO TIPH BCEX 3HAYCHUSIX TEMITEPATyphl HCITHI-
TaHUW UMEET METaJl1 30HbI cIuiaBicHus. X ypoBeHb
3aBUCUT OT XUMHYECKOTO COCTaBa CBAapHUBaEMBIX
crutaBoB (cM. puc. 2). Jlis crutaBa ¢ MarHueMm G »
cocraBiuser 310 MIla, YPPT — 6 JIx/cm?, a ¢
Menpio coorBeTcTtBeHHOo 260 Mlla u 4 I[)K/CMZ.
Bonee nuskne 3HaueHUs G, MeTajia 30Hbl CIIaB-
JICHUsI CBHJICTEIBCTBYIOT O CKIIOHHOCTH K OBICTPOH
JTOKaIU3aIuu neopmariiu 1, Kak CJIeICTBUE, HU3KOM
CHOCOOHOCTH K PaBHOMEPHOMY Je(pOPMHUPOBAHUIO B
YCIIOBUAX BHEIEHTPEHHOTO pacTsukeHud. [lpu cHu-
KEHHH TEMIEepPaTypbl UCHBITAHUM 3HAYEHUS G IIO-
peimaroTcs Ha 10 %, a 3nauenus YPPT cHmkarores
Ha 30...40 %, 4ro cBA3aHO ¢ OOpa30BaHUEM IpHU
CBapKe HauMeHee OJIArONPUATHON CTPYKTYPhI METa-
Jla Toji IelcTBMEeM cBapoyHoro Harpesa [4]. Hawu-
Oospliee cHIDKeHHne 3HadeHud (Ha 180...220 MIla)
OTMEYaeTcsl y coeluHeHui cruiaBa 1460, comepika-
mero nautuid. CapHble coeauHenus cmaBa 1201 B
TemmnepatypHoM uHTepBaine 77...20 K umeror Oonee
BBICOKHME 3HAYCHUS XapaKTEPHCTUK COMPOTHBIICHUS
pa3pyIIeHuto (cp n YPPT). Jlaxxe B omacHO#l 30HE
CIUIaBJICHHS, TJIe 00pasyercs rpybasi CTpyKTypa, CIio-
coOcTByIOMIas HEM30S)KHOMY 00pa30BaHHIO TEXHOJIO-
THYECKUX Je(EeKTOB, MPU TEMIIepaType HCIBITAHUI
20 K 3HaueHns 3TX MOKa3aTelel BBHIIIE, YeM Y JIpY-
TUX UCCIEAYEMBIX CILIaBOB.

®pakrorpaduueckue HUCCIICIOBAHUS TOBEPXHOC-
Tel pa3pyIIeHUs] CBApPHBIX COEIWHEHHUH TO3BOIMITH
YCTaHOBUTh, YTO HU3JIOMbI O0OPA3IOB, HUCIBITAHHBIX
IIpY KOMHATHOH TeMIIepaType, UMEIOT IMOYHOE CTPO-
enne (puc. 3-5). Ha moBepXxHOCTAX pa3pylieHus o0-
Hapy>K€Hbl MHUKPOIIOPHI, HaJIMYUE KOTOPHIX CBHJIC-
TENBCTBYET O PA3BUTUH TPEUIMHBI [0 MEXaHU3MY 3a-
POXKIIEHUS, POCTa U CIUSHUS MHUKPOIYCTOT, Xapak-
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TEpHOTO IJIs1 aJIIOMHHHUEBBIX cIu1aBoB. Chepuueckas
(dopma SIMOK, JEKOPUPOBAaHHBIX Pa3BUTHIMHU Ipederi-
KaMH 110 KpasiM, yKa3bIBaeT Ha CIIOCOOHOCTh MeTajlla
CBapHBIX COCAMHEHUH MHTEHCHUBHO Ie(OPMHUPOBATH-
Csl, CONPOTHBIISACH 3aPOKIEHUIO TPEIINH TOJ JeHC-
TBUEM HOMHHAJIBHBIX PACTATUBAIOLIINX HATPSHKCHUH.
Oco0Oenno 310 mposBisiercs y criaBa AMroH, nme-
IOIIEr0 HanOOJbLINE 3HAYCHHSI TUaMeTpa U TIIyOuHBI
aMok (puc. 3). Ogyarom 3apo>kKIeHHUs TPEIIUH BHIC-
TYNAlOT BKJIIOYEHUS HHTEPMETAUIUIOB pa3MepoM
0,1...10,0 MxM, KOTOpBIE 00pa3yrOTCs B IpoIiecce 13-
TOTOBJICHUS! CIJIABOB, a TAKXKe YaCTUIbl BTOPHYHBIX
($a3 TuUma IUCHEPCHBIX YAacTHLl IIPOMEKYTOUYHBIX
BurroueHn pasmepom 0,05...0,50 MkM 1 ¢ha3oBEIX
Beigenennid pasmepom 0,01...0,50 mxm. OOGpazoBa-
HUE SIMOK, XapaKTep pa3pymIeHHs XPYIMKUX YaCTHI]
MHTEPMETAJUINAOB WM UX PacCIOCHHE Ha IOBEpX-
HOCTH paszfieNia 3aBUCAT OT XHMHYECKOIO COCTaBa
CIUIaBa, ONPEENAIOLIEI0 CBOWCTBA CBAPHBIX COEIM-
HEHUH, POpMy IMOK, 00bEMHBII KO HUIIUEHT U cOC-
TOSIHHE TIOBEPXHOCTH pa3liena CTPYKTYPHBIX COCTaB-
JSIOIINX.

Tomorpadust penpeda mBa u 3TB umeer Heko-
TOpBle OTHYMA. 1 MeTaa Ba XapaKTEePHBI TIIy-
0OKHE PaBHOOCHBIE SIMKH, Ha JTHE KOTOPBIX HaOIro-
JAroTCsl Cielbl YacTHll, WHULUHPOBABLIMX BO3HHK-
HOBEHHE MHKpoTpemuH (puc. 3-5). Takumu vactu-
[[aMU ABIISIOTCS TPYObIe BBIACTICHIS N30BITOUHOM (ha-
361, 00pa3oBaBIIKECs B YCIOBUSIX CBAPOYHOIO LUKJIA,
a TaKKe HEepacTBOPHMBIE BKIIIOUCHHS WHTEpMeETal-
muoB. OHU OOBIYHO HEKOTEPEHTHBI MAaTpHLE W MpPU
IJIACTHYECKON nedopMauu MeTajula TPUBOIAT K
BO3HHKHOBCHHIO IOP Ha Mek(a3HeIX rpaHumax [3].
OOHapy>keHHbIe O0COOCHHOCTH penbeda CBHIACTENIb-
CTBYIOT O TOM, YTO BEAYIIUM MEXaHH3MOM 00pa3o-
BaHUS MHKPOIYCTOT B CTPYKType allOMHUHHUEBBIX
CIUTABOB M WX CBApPHBIX COCIUHEHWH SIBIIACTCS He-
OTHOPOAHOCTH IJIACTHUYECKON eopMaliy U ee JIo-
KaJu3amus B MUKpooObeMe MeTallia BOJIM3N YacTHIl.

HeoaHopoaHOCTh CTPYKTYpHI (pa3nuyuue B pazMe-
pax 4acTHIl M PACCTOSHUU MEXAYy HUMH) B 30HE
CIUIABJICHHSI HAXOAUT CBOE OTPaXCHUE B HEOIHOPOA-
HOCTH SIMOK Ha ITOBEPXHOCTH U310MOB. Berpeuatorest
YYacTKH, TiI¢ Ha NOBEPXHOCTH KPYHHBIX SMOK Ha-
XOAUTCSI MHOXKECTBO OoOJiee MENIKHUX SIMOK, YTO yKa-
3BIBAET Ha TIOITAITHBIN XapaKTep BOSHUKHOBEHHS ITyC-
TOT U SBJISIETCA PE3YJbTaTOM IMOCTENEHHOIO paspy-
meHus 0oyiee MENKWUX YacTHIl BKIOYeHHWd. Ha rpa-
HHULIaX 3€PEH 3aMETHBI OTAEIbHBIE MHUKPOTPELIMHBL.
WX Hanuuue CBUIETEIBCTBYET O BBICOKOW 4yBCTBH-
TEJIBHOCTH METajljla JaHHOTO y4yacTKa CBAapHOTO CO-
€MHEHUS K IEHCTBUIO CII0KHOTO HANPSKEHHOT'O COC-
TOSIHHSI TIPA OJHOBPEMEHHOM PACTSHKEHHUH M U3rHOe.
Penbed metamia 3TB coxpansier xapakTepHyIO Uist
nehopMHUPOBAaHHBIX IOy ()AOPUKATOB OPHEHTAIIUIO
LEToYeK SMOK, TPUOOPETCHHYIO B MPOILIECCE XOJIO/-
HOH mpoxkaTku. Hambornee CHIbHO OHA BEIpAKEHA Y
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Puc. 3. ®pakrorpaMmbl MOBEPXHOCTH pa3pylICHHs OTICNBHBIX 30H CBAPHOTO COEAMHEHHWs ciutlaBa AMro6H, WCHBITaHHBIX mpH
temneparype 293 (a), 77 (6) u 20 K (s): I — UI; I — 3C; 1Il — 3TB

criaBa AMr6H, narapToBka KOTOPOTO COCTaBIISIET
npumepHo 20 %.

[ToHmKkeHue TeMIIepaTyphbl UCIBITAHUS U3MEHSCT
tornorpaduto u3noMoB (cMm. puc. 3-5). K ocHOBHBEIM
¢pakTorpaduv4eckuM TNPU3HAKAM CIIEAYET OTHECTH
YBEIUYCHUE YYACTKOB MEXK3EPEHHOTO DPa3PYIICHUS
M0 MEXaHHU3MY OTPBIBA, XOTA IIPH TOM UMEIOT MECTO
U OTAeNbHBIC ()ParMEeHThI BSI3KOTO penbeda, a 0co-
6enHo B criaBax AMroH u 1460. JlansHeliee HoHH-
JKeHue TemmepaTyphl ucnbiTanuii 10 20 K BeI3biBaeT
YBEIHYEHHE KOJIMIECTBA U MTPOTHKEHHOCTH YYaCTKOB
C MHKpPOTpEIIMHAMH, PaCIONIOKEHHBIMU BJOJb Tpa-
HUI[ 3€PeH, a TaKKe IUIomaad (GparMeHToB ¢ pac-
cloeHWeM MeTraiia. B MeHbIIei creneHu 3TO Mpo-
SIBIJIOCH Ha M3JIOMax MeTalljia IIBa, T/Ie BOKPYT SIMOK
HAXOAUTCS OOJBIIOE KOJIMYECTBO BSI3KUX TPEOEIIKOB
(puc. 3). Hapsay c yBenuueHHEM JIIOJIU MEXK3EpPEH-

o,
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HBIX 1 MEKKPHCTAJUIMTHBIX pa3pyLICHHI Ha U3JI0Max
CBapHBIX coeAnHeHu# ciutaBa AMr6H mpu monmxe-
HUM TeMIlepaTypbl HCIBITAaHUKA o0pa3yeTcs ceTka
MEJIKAX M HErTyOOKHX SIMOK, YTO yKa3bIBaeT HA CHH-
JKEHHE ero CONMPOTHBICHHUS paspyiueHuro. [Ipununnoi
X 00pa30BaHUS MOXET OBITh YMEHBITICHHE CHJI KO-
T'€3UH CTPYKTYPHBIX COCTABISIOIINX M OXPYTUNBAaHHE
HHTEePMETALIUAHBIX (a3 [1].

3HaYNUTENBHOE KOJMUECTBO YIACTKOB BSI3KOTO Pa3-
pyumeHust B usnomax ciiaBa 1201 u ero cBapHBIX
COEIMHEHUH MpHU BCEX TeMIIepaTypax UCHBITAHUN MO
cpaBHeHHIO co crmaBaMu AMr6H u 1460 ompene-
JISTIOT B TIEJIOM €T0 BBICOKYIO padOTOCTIOCOOHOCTEH B
YCIIOBUSAX HU3KOH TemiiepaTypsl (cM. puc. 4). U3nom
MeTajyla LIBa OCTAaeTCsl BA3KMM BO BCEM TeMIIEpa-
TypHOM HHTEpBajie. XapaKTep pa3pylIeHHs B ydac-
Tkax 3TB mpakTHUecKH HIEHTHYEeH TaKOBOMY B OC-
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Puc. 4. ®pakTorpaMMsl TOBEPXHOCTH Pa3pylleHHs OTAEIBHBIX 30H CBAPHOTO coelMHeHHs cmiaBa 1201 mpu Hu3KOM Temmeparype

ucnbITanui (a—6 u =11l — cm. puc. 3)

HOBHOM MeTawie. OJHAaKO MpU CHU)KEHUHM TeMIlepa-
TYpbl HCHBITAHWN B 30HE CIUIABJICHUS COXPaHSAETCS
TEH/ICHIMSA K 00pa30BaHUIO BJOJIb TPAHUI] 36PeH MHK-
POTPEIINH, YTO CBSA3aHO C HaIWYUEM I'pyOoil CTpyk-
TYpHOH HEOJHOPOJHOCTH, KoTopas Qopmupyercs B
npouecce cBapkd. HeoquHaxkoBble pasMepbl MHKpPO-
MYCTOT, 00pa30BaBILMXCS MPU PACTPECKHBAHUU TPY-
ObIX (ha30BBIX BKIIFOUEHWH, CBHIECTENBCTBYIOT O TIO-
STAllHOM HX pPa3pyLIeHHH B Ipouecce AehOpMHPO-
BaHMS MaTpullbl IO TOIO MOMEHTA, II0Ka JUIMHA Tpe-
LIMHBI HE JOCTUTHET KPUTHUYECKUX DPa3MEPOB.

V cBapHBIX COCIUHEHHH ATFOMUHHAEBO-IUTHEBOTO
crutaBa 1460 CKIIOHHOCTh K MEX3EPEHHOMY pas3py-
LIEHUIO TposiBIIseTcs npu TemnepaTtypax 77 u 20 K
(cM. puc. 5). DTO CBA3aHO HE TONBKO C HAIHYHEM
rpyOBIX WHTEPMETAJUIUAHBIX BKIIOYCHUH B CTPYKTY-

pe, a Takke ¢ GopMUPOBAHUEM HA TPAHUIIE MEXKIY
3epHaMU TBEPAOTO pacTBOpa 30H, CBOOOJHBIX OT BbI-
JIETICHUN, 3aTPYJHSAIONIMX pa3BUTHE IUIACTUYECKOU
neopmamuu Mmetawia [3]. Mx oOpasoBanue 00yc-
JIOBJIEHO XMMHMYECKHUM COCTaBOM CIUIaBa U YCIOBH-
SMH CBapOYHOTO HArpeBa, KOTOPBIE CIIOCOOCTBYIOT
WHTEHCHBHOMY DPAa3BUTHIO HEOJHOPOJHOCTU CTPYK-
TYypHl TI0 COJACPKAHUIO JIETHPYIONUX AIIEMEHTOB U
MpUMeceil BCIEACTBUE UX CETPeraluuu BAOIb FPAHMUII
3epeH. 1o mepe yBenmueHuss 00BEMHOM JTOIH TaKUX
Y4acCTKOB B CTPYKTYp€ CBApPHOTO COEAWHEHUS MMEET
MECTO POCT YPOBHS KOHIIEHTPALWN HANpsOKeHUs, Ha
YTO yKa3blBaeT 0O0pa3oBaHHE IUIOCKAX YYaCTKOB
penbeda BIONH T'paHHIl KPUCTAUIUTOB W 3€PEH Ha
M3IIOMax pa3pymIeHHBIX 00pasnoB. B To xe Bpems
y 00pa3iioB CBapHBIX COCIMHCHUN MPU HU3KOH TeM-
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Puc. 5. ®pakrorpaMMbl MOBEPXHOCTH Pa3pyIICHHUs OTIACIBHBIX 30H CBAapHOTO COeNUHEHHs cruiaBa 1460 mpu HH3KOI Temmeparype

ucnbitannid (a—¢ u I-111 — cm. puc. 3)

nepaTrype HCIBITAaHUI He HaONoJaeTcs Takoro Cy-
LIECTBEHHOTO CHW)KEHUSI 3HAUCHHH ITOKa3aTeJel com-
POTHBIICHHS Pa3pyIICHHIO, KAK Y OCHOBHOI'O MeTaJlla
(cM. puc. 2). Kocoii nznom o0pasioB CBUIETENbCTBY-
€T 0 pa3pyLIeHHH CPe30M IOJ JeHCTBHEM KacaTelb-
HBIX HAaNpsOKEHUH ¢ MPHOOpPETeHHEM BS3KOSIMOYHOM
CTPYKTYphL. VX Menkue pa3Mepbl U HaJM4yhe ydac-
TKOB CKOJIa, JEKOPUPOBAHHBIX JIMHUSIMH CKOJIBKEHUS,
YKa3bIBAIOT Ha JIOKAIBHBIA XapakTep aehopmanu,
KOTOpasi MPOUCXOJUT BJOJb IUIOCKOCTEH CKOJIbXKE-
Husl. [ToBbIIEHHYI0 CTOWKOCTH METaJlJIa CBAPHBIX CO-
equHeHW crutaBa 1460 MpOTHB pacmpocTpaHEHUs
TPELIMHBI P HU3KOM TeMIepaType MOXKHO O0Bsic-
HUTh HaJIM4YHEM B €T0 COCTaBe MEAM, a TaKkKe Juc-
MIEPCHBIX BBIICTICHHUI CKaHINEBOH ()a3bl, pABHOMEPHO
pacnpesiesieHHO M0 BCeM CTPYKTYPHBIM ydacTKam
F
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CBapHBIX coenuHeHui [3]. M3MenpueHne CTPyKTyphI
MeTajula IIBOB M OTCYTCTBHE PEKPUCTAIIM3alUU B
3TB mpu cBapke 00eCTICUNBAIOT COMTPOTHUBIICHUE pa3-
PYLICHHIO METaJlIla CBapPHBIX COCIMHEHUI HECMOTpS
Ha HaJIMYME B 30HE CIUIABJICHUS YYaCTKOB MeEXK3e-
peHHOTO pazpymeHus (puc. 5). Cremyer 3aMeTHTB,
YTO JaHHBIA (aKT HOATBEPKAAETCS POMBIIIICHHBI-
MH HCTBITAaHUSMU QJIIOMHHHEBO-IUTHEBBIX CILIABOB
tuna 1460 1 ux cBapHbIX coenuHeHUH. [lomyueHHbIe
pe3yiabTaThl IO3BOJIMIM IPUMEHATh ITH CILIABbI IIPU
OTIBITHOM TIPOU3BOJCTBE CBAPHBIX KOHCTPYKLHUH a3-
POKOCMHYECKOW TEeXHUKHU [2].

Ha ocHOBaHuU pe3ynbpTaToOB UCCIEIOBAaHUMN CBap-
HBIX COCJMHEHHUH ATIOMUHHEBBIX CIUIABOB MPH HH3-
KOHl TemIiepaType MOXXHO YTBEPXkIaTb, YTO COCTOSI-
HHE TpaHUI 3€pe€H B CTPYKTYPHBIX 30HAX CBapHBIX

=
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COCIMHEHNM aTIOMHHHEBBIX cruiaBoB AMroH, 1201
n 1460 BnusieT Ha ypOBEHb UX MPOYHOCTH U XapaKTep
paspyuienusa. OTpuuaTeslbHOE BO3JCHCTBHUE CBapoOy-
HOr'o0 HarpeBa IPOABIIACTCA JIUIIb IIPU HAJIWUYUU B
OCHOBHOM MCTAJUIC MPOTS)KCHHBIX Y4YaCTKOB C HeO-
JATONPUSATHON CTPYKTYpOUi, KOTOpBIE 00pa3yroTcs B
CBS3M C M30BITOYHBIM COZEPIKAHHWEM JIETHPYIOIINX
AJIEMEHTOB, BPEIHBIX MpHMEcel W CKOIUIEHWH (a3,
pacroJlararoluxcsl B0JIb JIMHUM IpokaTa. s mpe-
JOTBpAIIEHUs] OXPYITYUBAHUSA CTPYKTYPHBIX COCTaB-
JIAIOIMKUX C IIOMOLIBIO MEPEAOBBIX TEeXHOJIOTHH clie-
IyeT JKECTKO pPeriiaMeHTHPOBaTh COAEp)KaHUe Bpel-
HBIX TIPUMECEH U 00bEM CBAPOYHOTO TETLTOBIIOKEHUS
IIpY TIOJYYEHUU COEIMHEHUH YKa3aHHBIX CIUIABOB.

BriBoabl

1. IIpo4HOCTh G, CBApHBIX COCIMHEHUH ATFOMHUHH-
eBbIx cmiaBoB AMr6H, 1201 u 1460 npu omHOOCHOM
pPacTsbKEHHH M HOMUHAIBHOE pa3pyllaroliee Hamps-
KEHHE G _ B YCIIOBHSIX BHEIICHTPEHHOTO PACTSIKEHUS
nossimarored Ha 10...20 % npu NOHMKEHHWU TeM-
nepatypsl ucnbiTanuii ot 300 mo 20 K. Mensbieit
CKJIOHHOCTBIO K HHM3KOTEMIIEPATypHOMY YIPOYHE-
Huto omimyaercs ciuiaB AMroH. Ilpu stom YPPT
CBapHBIX COSAMHEHWIN CHIKAETCS B 3aBUCHMOCTH OT
XMMHMYECKOTO COCTaBa CIljlaBa U TeMIlepaTypbl Hc-
meiTaHui. O4arom 3apOKISHHS TPEUINH SBISIOTCS
BKIIFOUCHHSI HHTEPMETAILTUIO0B, YaCTUIBI BTOPHYHBIX
¢a3 u (Pa3oBBIX BBIIENEHUH, KOTOPBIE OXpPYyMYHBa-
I0TCSL IIPY HU3KOH TeMIleparype.

2. MuHuUMaNIbHBIMA 3HAYCHUSIMHU ITOKa3aTesei
COIIPOTHUBIICHUSI Pa3pyIICHUIO TPH BCEX 3HAYCHUSX
TeMIepaTyphl HCHBITAHUM XapaKTepusyeTcs 30Ha
CIUIaBJICHHUS IIBa C OCHOBHBIM METAJUIOM, KOTOpas
3aBHCHUT OT XHMHYECKOIO COCTaBa CBapHBaeMOTO
craBa. 1o 00yCIOBIEHO HEOJHOPOJHOCTHIO CTPYK-
Typbl, @ UIMEHHO, Pa3JIMdYUEM B pa3Mepax 4YacTul U
pPacCTOSHUM MEXJy HUMH B JaHHOW 30HE COEIUHE-
HUS, 9YTO HAXOAWUT OTPaXXCHHE B HEOAHOPOAHOCTH I10
ryOMHE U pa3Mepax BA3KHX SIMOK Ha MOBEPXHOCTH
W3JIOMOB.

3. YcTaHOBINIEHO, YTO pa3BUTHE TPELIUHBI B CBap-
HBIX COCAUHEHMIX aJIOMHUHUEBBIX CIIaBOB AMroH,
1201 u 1460 npu KOMHATHOW TeMIMepaType MpoucC-
XOJUT TI0 MEXaHN3MY 3apOXKACHHUS, POCTa U CIUSHUS
MUKPOIYCTOT, XapaKTEPHOM ISl MJIACTUYHBIX MaTe-
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puanoB. [loHmxeHue TemmepaTypbl HCHBITAHUN 1O
20 K mpuBOANT K M3MEHEHHIO MEXaHU3Ma pa3pylle-
HUSL C BSI3KOTO Ha KBasuBs3kui. IIpu 3TOM Ha mo-
BEPXHOCTH H3JIOMa IMPOUCXOANUT yBEINYEHHE KOJIH-
YeCcTBa U MPOTSHKEHHOCTH YYacTKOB C MHUKPOTPEIIH-
HaMH ¥ (pParMEeHTOB PacciIOCHHS CTPYKTYpPbl BIOJb
rpaHuI] 3epeH, 00pa30BaBIIUXCA MO MEXaHU3MY OT-
peiBa. B MeHbIel cTeneHHu 3TO MPOSBMIIOCH Ha U3-
JIoMax MeTajlia IIBa, I71e BOKPYT sIMOK pacIoj0XKeHO
3HAYUTENIFHOE KOJIMYECTBO BSA3KHX I'PEOCIIKOB.

4. Capnble coennHenus cruiaa AMro6H, coxep-
JKaIero MarHuil, 1enecoo0pa3Ho HCIOJIb30BaTh B
KOHCTPYKLMSX, pPaOOTAlOIIUX B TEMIEPaTypHOM
uaTepBaie 300...77 K. Beicokast MpOYHOCTH U Majast
CKJIOHHOCTB K XpYNKOMY pa3pyLIEHHIO B 30HE CIIJIaB-
JICHUsI CBapHBIX coeauHeHni cruraBoB 1201 u 1460,
COIEpXallNX MeIb, II03BOJIIET HPHUMEHITh 3TH
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