, HAYYHO-TEXHUHECKWUW PASLEN

VK 621.791:669.71

[IPUMEHEHNE HAHOCTPYKTYPHBIX ITPOCJIOEK
B COEJIMHEHUMIX TPYJHOCBAPUBAEMBIX MATEPUAJIOB
HA AJTIOMUHHEBOM OCHOBE (0630p)

A. A. HMIIEHKO, umx. (Mu-T 2nekrpocBapku uMm. E. O. Ilarona HAH VYkpaunsr)

PaccMOTpEHBI TEXHOJIOTUH TIPUMEHEHHUS] HAHOCTPYKTYPHBIX TIPOCIIOEK B BHE (OJIBI WK MOKPHITHI ISl COBEPIICHCTBOBAHHUS
HEPa3beMHOI0 COCAMHEHHUs TPYAHOCBApHBAEMBIX MAaTepUajOB Ha OCHOBE ANOMUHHUS B mpoueccax Inddy3noHHOH, KOH-
TaKTHOM CBAapKH, a TakKe CBAapKM C HArpPEeBOM 3a CHUET SK30TEPMHYECKON PEaKLHHM CaMOPaCIpPOCTPAHSIOLIErOCs BBICOKO-

TEMIIEpPaTypHOrO CHHTE3a.

Knwouesvie cnoea: ouggysuonnas ceapka, KoHmaxmuas
C8APKA, CAMOPACHPOCMPAHAIOWUNICA  BbICOKOMEMNEPANYPHbILIL
CUHmes, anOMUHUEsble CHIAGbl, HAHOCMPYKMYpPd, HPUCAOKU,
NPOCHOUKY, NOKPbIMUA, Qoabeu, NOPOwKU, NAACMUYecKas oe-
@opmayus, SK30mepMutecKas peaKyusi

AJIFOMHUHHMN U aJIOMHHHEBBIC CILIABBI 110 MPOU3BO/I-
CTBY M IPUMEHEHHUIO 3aHHUMAIOT BTOPOE MECTO TOCe
ctanu. Bmarogaps yHMKaJbHOMY COYETAaHHIO KOMII-
nekca GU3NKO-MEXaHHIECKUX, KOPPOSHOHHBIX U TEX-
HOJIOTUYECKHX CBOMCTB CILIaBbl HA OCHOBE aJIFOMU-
HUS YCIEIIHO MPUMEHSIOTCS B Pa3IMYHBIX OTPACIIIX
MIPOMBIIINIEHHOCTH U B CTPOUTENILCTBE. 3HAYUTEIIBHBI
00bEMBI TPUMEHEHUS ATIOMHUHHEBBIX CIUIABOB B
BOCHHON TEXHHKE, B aBTOMOOWMIBLHOM, JXEJIEe3HOJ0-
POXKHOM U BOJHOM TPAHCIIOPTE, 3JIEKTPOTEXHUKE,
IIPH WU3TOTOBJICHUU KPUOTEHHOW W XUMHUYECKOH arl-
napaTypsl, B CEILCKOXO035MMCTBEHHOM U IHIIEBOM Ma-
IMHOCTpOoeHUU. Kpome Toro, BEICOKOPOYHBIE alTto-
MUHHEBBIC CILIABBI SBJISIOTCS OCHOBHBIM KOHCTPYK-
[MOHHBIM MaTepHaioM B JIETaTeNbHBIX ammnaparax,
B TOM YHCIIE B M3JICIHIX PAKETHO-KOCMUYECKOHN TeX-
aukn (1o 80 % oO6bemoB mo macce). Pacmpocrpane-
HUIO TAKMX MaTE€PHAaJIOB B IPOM3BOJICTBE OTBETCTBEH-
HBIX H3JICIUN CIIOCOOCTBYIOT COBPEMEHHBIC HHTCH-
CHBHBIE UCCIIEZIOBAaHUS CBAPUBAEMOCTH M pa3paboTka
3¢ PEKTUBHBIX MEp MO MOBBILICHUIO TPOYHOCTH U Ha-
JIe)KHOCTH CBApHBIX COEIWHEHHWH, B YaCTHOCTH, IIO
MPEIOTBPAICHUIO 00pa30BaHMsI TOPSIUMX TPEHIHMH U
op B IIIBaXx.

Jlyiss  coBepIIeHCTBOBAaHUS MPOIECCOB CBApKU B
TBEPJIOM COCTOSIHUM W YJYYIICHUS CBOHCTB He-
pa3beMHBIX COCIMHEHUN TPYTHOCBAPHBAEMBIX MatTe-
pHAJIOB, a TaK)KE CIUIABOB PA3JIMYHBIX CHUCTEM JICTH-
poBaHHs paspaboraHa >3(PQPEKTUBHAS TEXHOJOTHI
MPUMEHEHUS HAHOCTPYKTYPHBIX TIPOCIOCK MEXTY CO-
€IMHSEMBIMA TIOBEPXHOCTSIMH CBAapUBAEMBIX H3[le-
muii. Takue mPOCIIONKU TPeACTaBISAIOT COO0H OJTHO-
WM MHOTOCJIOWHBIC MOKPBITHS, (HOJBIH WM CMECH
yIbTpanucnepcHbIx nopomkos. [Ipu guddysnonnoit
CBapKe C MPUMEHEHHEM TaKHX MaTePHUAIIOB MOJYYar0T
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CBapHbIC COCIMHEHUS C IUCIIEPCHOW MUKPOCTPYKTY-
poii, uMeroIMe BBICOKYIO POYHOCTh. [InacTuueckas
nedopManys J0KaJIu3yeTcs: B TOHKOH MPOCTIOHKeE, 4TO
MTO3BOJISIET OCYIIECTBIATh CBAapKy NpPU HCIIOJIB30-
BAHUM PEXHMMOB C MEHBIIMMHU AABJICHHUEM, MPOAOI-
KUTEIBHOCTBIO U TEMIIepaTypoil, T. €. COXpaHsAeTcs
HCXOJIHAsl CTPYKTypa CBapHUBAEMbIX MaTEpUAJIOB.

IIpumensieMblil 11 CBapKU AABJICHHEM CaMopac-
MPOCTPAHSIOIIUICSA BBICOKOTEMIIEPATYPHBIN CHHTE3
(CBC) uHTEpMETAIUTHIHBIX COSINHEHHI 3aKITF0YaeT-
csi B 0€3ra3oBOM TOPEHHH METAUIOB (KOMITOHEHTOB
LIUXTHI) B MPOMEXKYTKE MEXKIY CBAPUBAEMBIMHU Ma-
TepuajgaMHu. OJTOT TPOLECC aKTHUBHPYETCS MpPHU HC-
[0JIb30BAaHUM B KAYECTBE UINXTHI YIbTPAIUCIEPCHBIX
IJICHOYHBIX MM TOPOIIKOBBIX IPOCIOEK, KOTOpbIE
COCTOSIT M3 METAJJIOB, CIIOCOOHBIX BCTYIATh MEXKILY
co00ll B MCHOBEHHYIO 3K30TEPMHUYECKYIO PEaKIHIO.
Texnonorus CBC obecnieunBaet kadecTBeHHOE (op-
MHUPOBaHUE COCIUHEHHI Onaroapsi BHICOKOW cTere-
HU JIOKQJIHM3allid HarpeBa B 30HE CBapKH.

[Ipouecc KOHTAKTHOI CBapKH ¢ MPUMEHEHUEM Ha-
HOCTPYKTYPHBIX IIPOCIIOECK TaK)K€ COBEPILIEHCTBYETCS
Omaromapsi yMEHbBIIEHHIO BPEMEHH CBAapKH W TIOBHI-
LIEHHOH JIOKaJTM3alliil HarpeBa C MpeloTBpaIleHueM
pa3ynpoYHEeHHS MaTepHaoB.

Llens HacTosAImIEro 0030pa — MpPOAHANU3UPOBATH
COBPEMEHHBIC Pa3pabOTKH CIIOCOOOB HEPa3bEMHOTO
COEIMHEHHS B TBEPAOM COCTOSHHUH MaTepHalloB Ha
OCHOBE AJIOMHUHHEBBIX CIUIaBOB C MPUMEHEHHEM Ha-
HOCTPYKTYPHBIX TPOCIOEK B BHAE (OIBI WM TIOK-
pBITHH, a TaK)Ke C HCIOJB30BAHUEM YJIbTpPaAUCIEp-
CHBIX TIPUCAJIOK, KOTOPbIE 00ECIIEYNBAOT MTOTyUYeHHE
JUCTIEPCHOM CTPYKTYPBI 30HBI HEPA3BEMHOIO COEMIH-
HEHHSI C BBICOKUMH HPOYHOCTHBIMH XapaKTEPHCTH-
KamH.

Hepa3zbemHoOe coequHeHHE € MCIOJIb30BaAHUEM
HAHOCTPYKTYPHBIX IPOCJOEK NPH CBapKe B3pPbI-
BOM. [Ipu mpou3BOACTBE CIOMCTBIX IUIMT U3 BBICO-
KOIIPOYHBIX aJIOMUHUEBBIX CIUIABOB B KaueCTBE HC-
XOJHBIX 3aTOTOBOK YacTO MPUMEHSIOT IpeABapUTENb-
HO TUIAKMPOBaHHBIC IUIMTHI, MPUYEM WX HCXOTHAs
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TOJIIIIMHA B TAKeTe MOXKET 3HAYMTENbHO KOJeOaThCs
B 3aBHCHUMOCTH OT KOHEYHOM TOJIIUHBI IUIUTHI U Tpe-
OyeMOro COOTHOIIEHHS CIIOEB, YTO CKa3bIBAE€TCA Ha
Ka4yecTBE COEJUHEHHUS CIIOEB U TPOSIBIAETCS B Hec-
TaOMIIBHOCTH CBOWMCTB MPH CTAaTHYECKUX M AWHAMU-
YeCcKUX UCHbITaHuax. B pabore [1] mpoBenena cpas-
HUTENbHAS OIIEHKa KauyecTBa COEAMHEHUS, IMOTyqeH-
HOTO CBapKOH B3pPBIBOM, MpHU IUIAKUPOBAHUU BBICO-
KOIPOYHBIX CIIaBOB cucTeMbl Al-Zn—-Mg (X Mg +
+ Zn>9 %). Yka3aHo, 4yTO HPOYHOCTb W YyJapHas
BSI3KOCTb COEJUHEHHS BO3PACTAIOT C yBEIUYCHHUEM
OTHOCHTENBHOI cTeneHu aedopManuu € MpH IUIa-
kupoBannd. HaOmromgaercs Hambosee WHTCHCHUBHBIMA
POCT MPOYHOCTH MPH YBEIHMYCHHU CTEHECHU Aeop-
maruu 10 50 % u 3aTem Oosee IIaBHOE yBETUYCHUE
JI0 3HAYEHHH, paBHBIX MPOYHOCTH Mpocioiku AJl1
(puc. 1). YaoapHas BS3KOCTb JTOCTHTaeT MaKCHMallb-
HBIX 3HAYCHUH mpu Ooliee BBICOKUX CTEIEHSX Jie-
thopmariu (€ = 80 %), sBISSACH OOJEE€ TYBCTBUTEID-
HOW XapaKTePUCTHKON K JePEeKTaM THIA OKCHIHBIX
rwieH. CyIiecTBeHHOE BIHMAHHE HAa Ka4eCTBO COEIH-
HEHHS, OCOOCHHO Ha IJIACTUYECKHE CBOMCTBa, OKa-
3bIBaeT TepMoodpaboTka (puc. 2). Ilpu moBeImeHnu
TEeMIEpaTypsl 3aKalKH U YBEIMYEHUH BPEMEHU BbI-
JIEPXKKU yAapHas BA3KOCTb COEAMHEHUS CHUXKAETCH.
Wznom mpuobpetaer Gosee Xpynmkuil XapakTep, 0co-
OCHHO TIOCIIe PEKPUCTAIUTU3AIMOHHOTO OTKUTA TPHU
temmeparype 550 °C u € <66 %. Ilpu yBenuueHun
cTereHu Aedopmanuy 3TO BIMSHUE YMEHBIIACTCS.

CBC-npouecc 11 Hepa3bLEMHOT0 COeIMHEHUSA
MaTEepPUATIOB U MNOJYYeHHUS] HHTEPMETAIMIHBIX
NMOKPLITUHIA. B mpoliecce coeMHEHUS METAIIOB C
nomomplo CBC HarpeB Mecra COeIMHEHUS MHPOUC-
XOJUT 3a CUET 3K30TEPMHUYECKON PEaKkINy B IINXTE,
MIPEIBAPUTEBHO Pa3MEIIEHHON MEX/Ty COeTUHICMBbI-
Mu noBepxHocTsiMu [2]. IIpu atom CBC-nipoaykT B
OOJBITICH WM MEHBIIEH CTETICHW YYacTBYeT B 00-
pa3oBaHMM MaTepHaia mBa. Pa3nmuyaror 18a BapraHTa
OCYIIECTBIICHH TIporiecca. B mepBoMm cirydae (CBC-
narika) COeIUHSICMBbIC MaTepUaIbl U MOMEIICHHBINA B
3a30p MEXAY HHMHU CJIOM HIMXTHI B MCXOJHOM COC-
TOSIHMH SIBIITIOTCS.  XOJIOJHBIMU WJIH PaBHOMEPHO
nporpeTeiMi. KpaTkoBpeMEHHBIM JIOKAIbHBIM Harpe-
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BOM B 3TOM CJIO€ MHHIIUHUPYETCS BOJTHA TOPEHUS, KO-
TOpasi pa3orpeBaeT COEAMHAEMBbIE IMOBEPXHOCTH H
pacmnasnger CBC-npoaykt. Ilocne storo mecto
CBapKH MOJIBEPraloT CKAaTHIO, MAKCUMAaJIbHO COMMXKast
MMOBEPXHOCTH MaTe€pHajoB M yacTuuyHo ynausiss CBC-
MPOAYKT U3 3a30pa. Bo BTopoMm ciryuae (CBC-cBapka)
HCIIOJIB3YETCS DTIEKTPOIIPOBOIAIIAS TIINXTA U HHUIIH-
HMpOBaHME MpoIecca MPOUCXOAUT 3a CUET IPOIyC-
KaHHs Yepe3 Hee M CBapHBaeMble MaTepuaibl TOKa,
TIPH TOM IK30TEPMHUECKAs PEAKITHS TPOUCXOIUT O/I-
HOBPEMEHHO BO BCEM OOBEME LIMXTHI.

B CBC-nporiecce B TOHKUX JIBYXCJIOMHBIX IIJIEH-
Kax TeMIepaTypa MHULIUUPOBAHUS 3aBUCUT OT CKO-
pOCTH HarpeBa M COOTHOIIECHHUS TOJIIHWH KaXKIOTO
cnost. Ilpu sTOM Ge3razoBoe ropeHHe peaau3yercs
npu Temnepatypax nHunurposanus Ha 300...350 °C
MEHBIITNX, YeM Ha Tmopoimkax (Hampumep, mis Al/Fe
u Al/Co B mpenenax 250...400 °C, a mist Al/Ni —
200...300 °C) [3]. Mexaam3m CBC aHajgoru4eH mpo-
LiecCy B3pBIBHOM KpUCTAIM3AalMU. B HavyaibHOU
cTanuu TBepaodasHble peaklny, BO3HUKAIOUINE Ha
KOHTAaKTHOM MOBEPXHOCTH IJICHOYHBIX KOHJIEHCATOB,
MOTYyT OBITh 0€3ra3oBBIM TopeHueM. Peaknus B TOH-
KHUX IUJIEHKaX MOXET Peali30BHIBATHCSA U HA IMOBEP-
XHOCTH TIOPOIIIKOB, €CJIM BTOPOH peareHT HaXOAUTCS
B JKuAKoW (aze. Bombimme ckopocTH OXIaXKIeHUS
nociie npoxoxzacHus BoaHel CBC B ABYXCIOWHBIX
TUIEHKAaX TPUBOAAT K CTa0MIIM3alliU BBICOKOTEMIIE-
paTypHBIX U MeTacTaOWIbHBIX (ha3.
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Puc. 3. Tepmorpamma peakun CBC B o0pasme cucrembr Ni—Al
(61,2 mac. % Al) [4]

B o0mactu Hepa3beMHOTO COCAMHEHHUS WHTEPEC
K MHOTOCJIOWHBIM (hOJIbTaM Ha OCHOBE 3JIEMEHTOB,
00pasyronux HHTEPMETALIUABI, 00YCIOBICH TaKXKE
WX TPUMEHEHHEM B KauyecTBEe NPUCANOK W JUIS HC-
TOYHUKOB JIOKJIBHOTO HAarpeBa METAJUIOB IMPHU pea-
nm3anun peakiuu CBC (6e3ra3oBoro ropeHus) B CBa-
pouHOoM 3a3ope. B pabore [4] mpoBeieHa OlICHKA HH-
TEHCUBHOCTH TeruloBblienenus B mpouecce CBC B
cioucThiX (onbrax Ni/Al, MOMemeHHBIX MEX Ty JIBY-
Msl COCIUHSICMbIMU MeIHbIMU (hosibramu. IlokazaHo,
YTO B 3aBUCHUMOCTH OT XMMHYECKOTO COCTaBa, TOI-
IUHBI ¥ XapaKTEPUCTUK UCXOAHONH MUKPOCTPYKTYPbI
CIOUCTBIX (PONBI MHTEHCHBHOCTH TEIUIOBBIEIICHUS
MOXET M3MEHAThCSA B HIMPOKHUX mpeaenax ot 70 mo
400 Brt/cm?. CKOpOCTh PAaCcIIPOCTPAHEHHS BOJIHBI 0€3-
ra30BOTr0 TOPEHUS TAK)KE 3aBUCHUT OT TOJIIUHBI CIIOCB
KOMIIOHEHTOB: MPH UX YMEHBIICHUHU 10 HAHOMETPO-
BOro macmraba CKOpOCTb PacIpOCTPaHEHUs BOJHBI
peakiuun CBC o ¢onere Mmoxxer gocturath 10 M/c.
Ha tepmorpamme (puc. 3) BUIHO, YTO TOCIIEC WHUIIU-
upoBanus peakunu CBC temneparypa makera ObIc-
Tpo Bo3pacTaet (3a 0,1 ¢) 1o 3HAYECHHS, 3aBUCSIIETO
OT KOJIMYECTBA BBIJCJIMBIICTOCS TEIJIa, MacChl 00-
pasta 1 MeqHOU (HONBIH, KOTOPBIE MOAOUPATICH TaK,
YTOOBI Pa30TPEeB BCErO IMaKeTa HE MPEBBINIAI TEM-
neparypy IuiaBiaeHus mend. Kak mpaBuio, 3Ta TeM-
neparypa Haxomwiack B npegenax 500...700 °C.

Pabota [5] mocBsIeHa UCCIETOBAHUIO MEXaHU3-
MOB auddy3un, GOpMUPOBAHUS U CTAOMIBHOCTH 3a-
POIbIIICH HOBBIX (ha3 B PEaKIUIX, COOTBETCTBYIOIIMX
CBC B cucreme Ni—Al. Ilpu cpaBHEHHUN KOJHYECT-
BEHHOTO U Ka4€CTBEHHOTO M3MEHEHUS (pa30BOro COC-
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TaBa AJs1 Pa3IMYHOTO COAEPKaHMS BHEAPEHHBIX Yac-
tun amoMuHus (30 u 50 %) B HUKENEBYI0 MaTpHILy
MMOKa3aHo Mpeoliiaganue (as3sl Ni3A1 st 30 % Al
u 50 % NiAl. CxopocTb pacTBOpeHHs BHEIPEHHBIX
YacTHIl aJIFOMUHUS B TIEPBOM Cllydae, KOTJa CUCTeMa
HUMIIyJIbCHO Pa3orpeBajach B HapacTalolledl cepun
MOCIIe/I0BATENbHBIX HHTEPBAJIOB BPEMEHU H 3AIIOMHU-
HaJlaCh KOHEYHAs CTPYKTypa MaTepUaoB, IIocie Ipo-
Hecca 3aKallkd HIXKeE, YeM BO BTOPOM cllydae, Kornaa
3allOMUHAJIaCh JUHAMUYECKasi CTPYKTypa CHUCTEMBI,
MOJy4YeHHass P MMIYJIbCHOM pa3orpeBe, U BHOBb
[OJBEPraigach MMIIYJIbCHOMY DPa30IPeBy B TEUCHHE
HOBOT'O WHTEpBajla BPEMEHHU.

B pabotax [6—8] u3y4eHbl MUKpPO- U HAaHOCTPYK-
Typbl MHOTOCJIOMHBIX IUICHOK, IHOJYyYEHHBIX C HC-
MOJb30BaHMEM METOJ[a MAarHETPOHHOTO HAaIbUICHHUS
U COCTOSIIIUMX W3 YeperyoLIUXCs CJI0eB THTaHAa U
ANMIOMUHHSA, B IIMPOKOM JWAra3oHe 3HAYEHUH TOJ-
LIMHBI CJI0€B. PacCMOTPEHbI MUKPOCKOITMUECKHE 0CO-
OCHHOCTH PacHpOCTPaHEHHUs! B HUX BOJH 0€3ra30BOro
ropeHus. B mporecce 6e3razoBoro ropeHuss B MHO-
rOCIOMHBIX MieHkax cuctembl Al-Ti Hambonee Be-
POSITHBIM MEXaHHU3MOM CaMOPAaCIPOCTPAHSIOIIEHCS
peakuuu siBisiercst auddysus amomunus B B-Ti npu
TemIeparype, OJU3KOH K TeMIepaType mepexonaa o.-
Ti B B-Ti. B pesymprare CBC o00pa3syrorcs uHTEp-
METaJUTUIHBIC COCAMHEHHS TUTaHA C ATIOMUHHUEM, KO-
TOpBIE MPEJCTABISIIOT CO00I CHIILHO TEKCTYPUPOBaH-
Hble OECIOPUCTHIC HMONUKPUCTAUIMIECKUE MaTepHha-
T, B KOTOPBIX HPUCYTCTBYIOT IBE B3aWMHO Tep-
NEHIUKYJSIPHBIE CUCTEMBl T'PAHHUIL MEXIY CIIOSIMHU
U Mexx3epeHHble. CII0M peareHTOB CIUIOIIHEBIE U I0C-
TATOYHO POBHEIC, MIEPEMEIIUBAHNE BJIOTb MX TPAHMIL
He3HauuTenbHoe (puc. 4). Cronbyareie 3epHA OpH-
SHTUPOBAHbI HOPMAJILHO K Tuiockocth (onbru. Ilo
Mepe YMEHBIICHUS! TOJIIIMHBI CIIOEB OHU CTaHOBSTCS
cabopa3IMYMMbIMU, OJHAKO 3€pEHHas CTPYKTypa
COXpaHsETCs, a WHOIrJa CTaHOBHUTCS Oojee SBHOM
(puc. 5). ITockonbky k03hdunment auddysun amo-
MHUHHS B TUTAHE BECbMa MaJIblid, MEX3EpPCHHBIC I'Pa-
HUIBI MOTYT CITYKHUTb IMYTSMH AJISl aHOMAJIBHO ObIC-
Tpoii muddy3un, Tak KaKk OPHEHTHPOBAHBI Mapai-
nensHO auddy3noHHOMY MOTOKY. [lo cpaBHeHHIO ¢
TOpPEHHEM IOPOIIKOBBIX CMECEH «pacTeKaHHe» BOJ-
Hel CBC B ¢ombere npoxomut Ooiilee paBHOMEPHO.
B To e Bpemsi MeX3epeHHBIC TPaHUIBI MOTYT 3a-
MEAJIATh MOTOK TeIla, HAlPaBJICHHBIA OT TOPSYUX
MPOJYKTOB B HECTOPEBIIYI0 YacTh oOpasia, T. €.
BIIOJIb (DOJIBTH.

B pabote [9] onucanbl pexumMsl Qa3oBeIX 00pa-
30BaHHM ITPH FeTEPOreHHON peakiui 6e3ra30Boro ro-
PEHHSI B MHOTOCJIOMHBIX HAaHOIUIEHKaX CHCTeMbI Al—
Ti. Yka3zaHo, 4TO B3aMMOJCWUCTBUE SJIIEMEHTOB IPO-
XOAWT B CIEIYIOUIEM MOpSIIKe: pa3ylnopsaoueHHe
KPUCTAUIMYECKOI CTPYKTYpPhI TUTaHA C OJJHOBPEMEH-
HBIM YBEIMYEHHUEM MEXIUIOCKOCTHBIX PacCTOSIHUI U
HaCBHIILIEHUEM TBEPAOro TUTAHA aTOMAaMHU AJIFOMUHHS;
YIOpsIZIOYEHNE KPUCTAIIMYECKON pPElIeTKH ¢ o0pa-
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Puc. 4. MuKpocTpyKTypa MHOTOCIIONHHBIX IIeHOK Al/Ti B pe3yib-
tate CBC (pacTpoBas 3;1eKTpOHHasE MUKPOCKOIu) [§]

30BaHMEM TBEPAOTO pacTBOpa Ha OCHOBE o-11  ma-
paiensHoe obpazoBanue (aswl TiAly; ymopsmoue-
HUE TIepeMelIaHHbIX aTOMOB TUTaHA W AIOMHUHUS B
KPHCTAJUIMYECKYIO CTPYKTYPY KOHEUHOTIO NpOIYKTa
crmaBa TiAl. B pexume ropeHust Bce cTaguu Mpo-
1ecca MPOUCXOIAT MOYTH MTHOBEHHO — MEHEE 4eM
3a 0,04 c. [Ipu npuMeHeHNH O00OUX PEKHUMOB MPO-
UCXOIUT HacJeJOBaHHE TEKCTYpPhl MCXOIHBIX CIIOEB
NPOMEXYTOYHBIMH M KOHEYHOH (pazamu.

B pabotax [10-12] paccMOTpeHBI IPEUMYIIIECTBA
oobenunennss CBC-nporniecca 1 MEXaHUYECKOTO BO3-
JIEHCTBUS TIPU COCTUHEHUH YIbTPAIUCIIEPCHBIX Ma-
TepuasioB 3 mHTepMeTanaoB AINi u AlTi. Ilpo-
JOJDKUTEIBHOCTE M PEKUM MEXaHWYEeCKOW aKTH-
BaIlMM IPH AUCIEPTUPOBAHNUH B IIOPOIIKOBBIX CMECSIX
HUKEJS C ATIOMUHHAEM U TUTaHA C aTFOMUHUEM BITHSIET
Ha XapaKTepUCTHKH IpOLEecca U COCTaB IPOAYKTOB
Oe3razoBoro ropeHus. ['opeHue A JaHHBIX COCTa-
BOB IPOMCXOJHUT B MHUKPOTETEPOI'CHHOM pPEXHUME, a
CKOPOCTb NPOTpeBa ONpeneNseTcs BPEeMEHEM IpOor-
peBa KOMIIO3WIMOHHBIX YacTHL. B ciyyae pexnma
TEPMHUYECKOTO B3pbIBA, I7I€ TOPEHUE HEJIb3s OCTaHO-
BUTH Cpa3y IOCIe JOCTHXKEHHSI TOYKU BOCIUIaMEHE-
HUSI, €T0 MOKHO 3aMEIJIUTD 3a CUET Pa3IMYHOM AJH-
TEJILHOCTH TOPEHUS M0CIIe BOCIITIAMEHEHNUS, U3MEHSS
CKOpPOCTh HArpeBa W HCIOJB3Yys TPYOBIl MOPOIIOK
HHUKeJsl B KauecTBE MCTOYHMKA TelJa in situ. OToT
KOCBEHHBI METOJ| YCIEUTHO HMHUTHPYET OIEpaInio
BOJIHOBOW 3aKajlku, KOTOpas INPUMEHHUMa TOJIBKO K
PEXHUMY pacpOCTPaHEHUS IUIOCKOW BOJIHBI.

KonrakTHast cBapka. B pa6ore [13] npuBeneHsI
pe3yJIbTaThl UCCIICOBAHUS OCOOCHHOCTEH POPMHPO-
BAHMSI COEIMHEHUH 110 TEXHOJIOIMU KOHTaKTHOM CBap-
K{ CONPOTUBIICHUEM C HCIIOJIB30BaHUEM HAHOCTPYK-
Typueix Al/Ni m Al/Cu Qompr B kKagecTBe BCTaBOK
MEXIY COSAUHSIEMBIMU ACTANSIMH W3 aTIOMUHHEBBIX
craBoB AJ10, 1460 1 AMr6. Takas TeXHOIOTHS Xa-
paKTepu3yeTCs BBICOKOKOHIICHTPUPOBAHHBIM BBIJIE-
JICHWEM TeIUIa B CTBIKE, YTO YMEHBIIIAET BpPEMsI CBap-
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Puc. 5. Mukpoctpykrypa mznoma mieaku Al/Ti npu Tommmae
cinoeB 95 uM [8]

KU ¥ TPEAO0TBpaIIacT pa3ynpodneHune Meramia. [lpu
WCIIOJB30BAaHUU (POJIBTH, COCTOSIIECH U3 CIIOEB allto-
MHHHS 1 HUKEJIS, IPOUCXOUT JOIMOIHUTEIHHOE BhI-
JICICHUE TeIUla B 30HE KOHTaKTa, 00YCIOBICHHOE
MPOTEKAHUEM PK30TEPMUUCCKON PEAKITUN MEXKTYy Me-
TaJlaMH, KOTOpas COMpPOBOXKAaeTcs oOpa3oBaHUEM
MHTepMETAIUIHIHBIX (a3. Pa3Burue sk30TepmMuvec-
KOH peakxIiy 3aBUCHUT OT CKOPOCTH HarpeBa IIpH CBap-
ke. C MOBBIICHUEM MOCIEIHEH MOJA BO3ACUCTBUEM
YCHIIHS COKATHS YBEIIMUUBAETCSI 00BeM rpaTa. OnTu-
MaJIbHOM ISl TOTYYSHUS] KAYECTBEHHBIX COCAMHECHUIMA
sBisieTcss ckopocth Harpesa 500...800 °C/c. dpar-
MEHTHI (DOJIEIM COXPAHSAIOT CIOUCTYIO CTPYKTYPY,
T. €. peakius aJlOMUHUAS ¥ HUKEJS MPOTEKaeT JIo-
KanpHO (puc. 6). Mcrnonp3oBanne amoMUHHEBO-Me]I-
HBIX HAHOCTPYKTYPHBIX ()OJIBI' MO3BOJISIET 3aMETHO
YMEHBIIUTH TeMmepaTypy cBapku (Ha 100...150 °C)
Onaroiapsi IPOTEKaHMIO Tmpoiiecca GOPMUPOBAHUS B
¢omnbre sprexTrkn Al,Cu. 910 MMeeT ocoboe 3Ha-
YeHHE TIPU CBapKe TEPMUYECKH HECTAOMIILHBIX aJIko-
MUHUEBBIX CILIABOB.

Ha ocHoBe ucciemoBanmii Mexanu3ma (HOpMHPO-
BaHUs 30HBI COCIMHEHHS aBTOphI paboTHI [14] pas-
paboTamy METOMBI MOYYEeHUS TOYSTHOW KOHTAKTHON
CBapKoW pabOTOCIIOCOOHBIX COCTMHEHHH U3 CTAlld U
ATFOMUHHUEBBIX CIIaBOB AMr6 m AMII ¢ HMCIIOIB30-
BaHUEM OWMETAJUIMYECKUX IUIACTHH CTallb—aJIFOMU-
HUM, KOTOpbIE U3rOTaBIMBAIN MPOKATKOW WM CBap-
Ko¥l B3pbIBOM. IIpu 3TOM mOKa3aHO, YTO MPH HM3ro-
TOBJICHUH IPOKIAIOK MPEAIOUYTEHUE CIEAYeT OTIa-
BaTh CBapKe B3pPHIBOM, TaK KaK OHA IO3BOJSET IIO-
JYyYUTh KAY€CTBEHHOE COCAMHEHHE C CaMOOYHCTKOM
MOBEPXHOCTH B TPOLIECCE KOCOTO COYIapeHus JInc-
TOBBIX 3arOTOBOK. VICIONB3ys OMMETaITHYeCKUi T1e-
PEXOHUK, OCYIIECTBISUT TOUYCYHYIO KOHTAKTHYIO
cBapky cruiaBa AMr6 co craipto Ct3. 3akoHOMEp-
HOCTH TIPOIIECCOB PACIUIABICHUS, KPUCTAJUIU3AINH,
B3anMHOW (D Y3NH U XUMHUIECKOTO B3aMMOJIEHC-
TBHSI KOMIIOHEHTOB, & TaKXe MX U3MEHEHHs C MOBHI-
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1 sem

Puc. 6. ®parmentsr pomsru Al/Ni B metamie cBapHoro msa [13]

IIIEHWEM TEeMIIepaTypbl M JIABJICHUS MO3BOJISIIOT OIl-
peAemnsTh ONTHMaIbHbBIE PEXKUMBI CBAPKH U MOJTyYaTh
MPOYHOE COEAMHEHUE MEXIY OMMETalioM W OCHOB-
HBIM MaTepHajoM.

Cnoco0bl HM3roTOBJIEHMSI HAHOCTPYKTYPHBIX
¢oabr u noxkpeiTuii. Ha xauecTBo coennHeHui, mo-
JYyYEHHBIX C MCIONb30BaHUEM HAaHOCTPYKTYPHBIX
(oTBr U MOKPHITUI, HApsIIy C MapaMeTpaMH CBapod-
HBIX TIPOIIECCOB M MOCIEAYIONIed 00paboTKOM BIH-
SIFOT XUMHUYEeCKHA W (Da3oBBI cOCTaB, pa3Mmep Vilb-
TpaJUCIEPCHBIX YacTUIl M TOJIIHMHA HAaHOCTPYKTYp-
HBIX (OIBT WIIH MOKPHITHI. COOTBETCTBEHHO BaXKHOE
3HAaYeHUE MMEIOT U 0COOCHHOCTH MPOLECCOB X IO-
ny4yerns. HanocTpykTypHbIe (OIBIH U MOKPBITHS U3-
TOTOBJISAIOT CAEAYIOUIMMH METOAAMH: 3aKajKa U3 pac-
miaBa cnuHUHTOBaHUEM [15-20]; neToHanmoHHOE
HaHeceHue [21, 22]; xonaeHcanusa [23]; ocaxlieHue
moclie ra3oTepmMudeckoro [24], maraeTpoHHoro [25],
BAaKyyMHO-IyroBOro [26] pacnblieHUs; HOHHAs UM-
mwia"Tanus [27, 28]; raJbBaHHYECKOE OCAXKICHUE.

3akarouenme. [IpeacraBieHHbIe BBIIE pe3yIbTa-
TBI OIYOJMKOBAaHHBIX pabOT CBUAETENBCTBYIOT O BbI-
cokoi 3((HEeKTUBHOCTH MPHUMEHEHUS HAHOCTPYKTYp-
HBIX MPOCIIOEK AJISl COEANHEHHS TPYAHOCBapUBAEMBIX
aJIOMUHUEBBIX CIUIaBOB. TakuMu MpOCIOWKaMHU MO-
TYT OBITh 3JEMEHTapHBIE WM MHOTOCIOWHBIC TIOK-
pBITHSL, (OJBTH WIH CMECH YIIBTPAAUCIEPCHBIX IO0-
pomrkoB. CBapHbBIE COEMWHEHHS TPU STOM IIOIyda-
I0TCSI BBICOKOIIPOYHBIMH C TUCTIEPCHON MUKPOCTPYK-
TypoX.

B ycnoBusax nuddy3noHHON cBapku ¢ HCIOJb-
30BaHUEM (PONBTI MITH TTOKPBITHH, UMEIOIINX YIIbTpa-
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JHCIIEPCHYIO CTPYKTYpY, IulacThdeckas aedopmanus
JIOKAIHU3yeTCS B TOHKOW MPOCIOHKE. DTO MO3BOISIET
NPUKJIaJbIBaTh MEHBIIIEE YCHUIINE COKATHA U YCKOPSTh
MPOIECC CBapKH Oe3 Harpepa, 4To ClIOCOOCTBYET COX-
PaHEHHIO MCXOJHOM CTPYKTYpHI CBapHBAEMBIX Mate-
pHAIoB.

Hns CBC xapakTepHBI BBICOKOTEMIIEpaTYpHBIE
(a3oBble 00pa3oBaHUSI B 30HE KOHTaKTa HpPU aHO-
MalbHO ObIcTpoi peakimu u auddysuu. [Ipu sTom
o0ecrieunBaeTcs KaueCTBEHHOE (POPMHUPOBAHUE IIIBOB
OpU CPaBHUTEIBHO MSTKHX TEMIICPATYPHBIX PEXKH-
Max OJiarozapsi BHICOKOW CTEIEHH JIOKAIN3AMK Har-
peBa B 30HE CBapKH.

[IpuMeHeHue HAHOCTPYKTYPHBIX MHOTOCIOMHBIX
(onbr IpH KOHTAKTHOW CBapKe BBI3BIBAET JIOIIOJIHH-
TebHOE BHICOKOKOHIIEHTPUPOBAHHOE BBIICTICHHE TE-
IUIa B 30HE COEIUHEHUsS. DTOMY CIOCOOCTBYET MHHM-
UUpyeMas 3JIeKTPUIECKHMM TOKOM JIOKaJIbHAs 9K30-
TEpPMHUYECKasl pPeaKkys MEXIy MeTalulaMH HpOCioii-
KM, TO3BOJIIONIAsl COXPaHATh CTPYKTYpPY M IpOU-
HOCTHBIE CBOIICTBa OCHOBHOTO MaTepuala.
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Considered are the technologies for application of nanostructured interlayers in the form of foils or coatings to improve
permanent joints on hard-to-weld aluminium-base materials in processes of diffusion bonding and resistance welding, as
well as welding with heating due to an exothermic reaction of self-propagating high-temperature synthesis.
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