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TepmocToiiknii NPOBOAHUKOBLIH yIbTPaMeIK03ePHHCTDIN 2 TIOMHHHMEBbIH CIJIAB H

cnoco0 ero nmoJryueHHus

H3obpeTeHne OTHOCHTCS K 06NacTH ILIBETHOM METAUIyprHH H 3JIEKTPOTEXHHKH, B
YaCTHOCTH, K CIUIaBaM Ha OCHOBE aIOMMHMSA, M MOXET OBITh HCIIONB30BaHO IIpH
IPOM3BOJCTBE M3JEIIMN 3JEKTPOTEXHHYECKOr0 Ha3HA4YeHHUA (IIPOBOJHHKOB KPYIJIOTO M
KBaJIpaTHOI'0 CEYEHUs, TOKOIPOBOIAIIMX 3JIEMEHTOB B BH/I€ IIPOBOJIOKH, IUIACTHH M IIHH,
IPOBOJOB BO3AYIUHEIX JIMHHUM 3J€KTporepenad), paGoTAOIMUX IPH IOBBIIICHHBIX
MEXaHMYECKHMX Harpy3Kax M HCIBITHIBAIOIIMX BO3ACHCTBHE BBICOKMX TEMIIEpPAaTyp B
IIPOLIECCE IKCILTyaTallUu.

H3BecTeH TepMOCTOHKHMII CIUTaB Ha OCHOBE AJIOMHHHA, colepXkaiimii, macc. %: 0.25-
0.70Zr; 0.10-0.40Si; 0.10-1.0Fe; 0.10-0.40Cu [1]. [Insi mocTikeHHS HEOOXOAMMOro
YPOBHS IIPOYHOCTH, IUIACTUYHOCTH M TEPMOCTOMKOCTH 3aroTOBKHM CILIaBa Iepe]
XoNnoJHOH nedopManueit noaBepraoT TepMUUecKoii 06paGoTke B Teuenue ot 50 mo 300
yacoB B wuHTepBane TeMmieparyp 300-450°C. B pesynsrare Takoii 06paboTku
TOKOIIPOBOIALIME H3ACIHA JEMOHCTPUPYIOT mpeaesa HMpodyHOoCcTH (o) a0 260 MIla u
IEKTPOIIpoBOAHOCTH 55 % IACS.

Taroke M3BECTEH TEPMOCTOMKHIA CIUIaB Ha OCHOBE AIOMHHHS, COAEpXKalnuii, Mac. %:
0.28-0.80Zr, 0.15-0.80Mn, 0.16-0.30Si, 0.10-0.40Cu [2]. C wuensl0 AOCTHKEHUA
33JJaHHOI0 KOMIUIEKCAa (HM3MKO-MEXaHWYECKUX CBOMCTB 3arOTOBKHM CIUIaBa II€pe]
3aKIIOYMTENIbHOH 06paboTkoit xomomHO#N aAedopMalmeil BOJIOYEHHEM IMOABEPraloT
JUIATEJIBHOM TepMH4YecKod oOpabGoTke B TeMmmeparypHoM auanazoHe 320-390°C B
Teyende orT 30 xo 300 yacoB. TOKONPOBOAAINME IEMEHTH B BHJIE IPOBOJIOKH W3
JAHHOIO CILIaBa B 3aBUCHMOCTH OT COJEP)KaHUSA OCHOBHBHIX JIETHPYIOIIMX 3JIEMEHTOB
JEMOHCTPHUPYIOT op OT 257 o 317 Mlla u snextponpoBogHocTs oT 56.1 o 50.2 %
IACS coorBerctBenHo. Ilocie TeMmeparypHOro BO3IEHCTBHSA, SKBHBAJIEHTHOIO CPOKY
9KCIUTyaTauuu npHu Temreparype 150°C B TeueHue 36 yieT BeIMYHHA Gp NMPOBOIHHUKOB,
BBITIIOJIHEHHBIX M3 MPEUIOKEHHBIX CILUIaBOB CHIKaETCs He 6osiee ueM Ha 10 %.

Onnako [JaHHBEIE CIUIaBBI HMMEKOT MHOTOKOMIIOHEHTHBIM XHMHYECKHM COCTaB, dYTO

YCJIOXKHACT UX IPOU3BOJCTBO. OHu TaKxe COACpKAT MEIb, IIPUCYTCTBUEC KOTOpOﬁ MOXCT
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INPUBECTH K CHHXKCHHIO KOPPO3MOHHOW CTOMKOCTM IIPOBOJHHMKOB B IIPOLIECCE HX
JUITMTEIbHOM 3KCIUTyaTalliy IIPY MTOBBIICHHON TEMIIEpaType.

W3BecTeH TEPMOCTOMKHUI CIUIaB Ha OCHOBE aJIIOMHHUA, coAepkamuii, Mac. %o: 0.6-
1.5Cu; 1.2-1.8Mn, 0.2-0.6Zr, 0.05-0.25Si, 0.1-0.4Fe, 0.01-0.3Cr [3]. Llupxonmii B
MHKpPOCTPYKTYpe AehOpMHPOBaHHEIX MOTy($abpHUKaTOB M3 JAaHHOIO CILIaBa COACPKHUTCA
B Buae aucnepcHex (a3 AlZr ¢ pasmMepom He OGomee 20 HM, a Maprasen
NperMYIIECTBEHHO 00pa3yeT BTOpuuHEE BeiAenaeHU (azel Al,)Cu,Mn; ¢ pasMepoM He
oonee 500 HM B KonumuyectBe He MeHee 2 00.%. Takod THUII MHKPOCTPYKTYPHI
obecrieydBacT B TMOJYyYeHHOM W3 cIUlaBa NpoBonoke, op Ao 345 Mlla u
anexTpornpoBogHocTh 54 % IACS mocne orxwura npu temmneparype 300°C, B TeueHue
100 gacoB. K HemocrarkaM [JaHHOIO CIUIaBa OTHOCHTECS MHOIOKOMIIOHEHTHOCTH
XHMHYECKOTO COCTaBa, YCIOXKHSAIOMAsA €ro IIPOU3BOICTBO, a TAKKE BEICOKOE COJICpIKAaHHE
MeJH, IPUCYTCTBHE KOTOPOI MOXET NMPUBECTH K CHIDKEHHIO KOPPO3HOHHOM CTOMKOCTH
NPOBOJHUKOB B TIpoHECCe UHX JIMTEIbHONW 5SKCIUTyaTalldd IIpH  IOBBIIIEHHOM
temneparype. KpoMe dtoro cruiaB oGnagaer H3GBITOUHOH TEPMOCTOMKOCTBIO I
MPOBOJJHUKOBEIX CIUIABOB Ha OCHOBE AIIOMMHUSA, MCIIOJB3YEMBIX B BO3MYIIHBIX JIMHUAX
anektponepenaud (BJIOII), mo mnpuyMHE TOro, YTO IOBBEILECHHUE TEMIEPATYpPhI
skcrutyaraiu nipoBoga BJIDIT mo 300°C npuBOAUT K 3HAYMUTENBHBIM IIOTEPSAM IIPH
TPaHCIIOPTUPOBKE 3IEKTPOIHEPTHH.

M3BeCTHE aIOMHHHEBBIC CIUIABBI, COIEpXKAIIKUE PEAKO3EMEIbHEIC METaJLIbI
(P3M), npuMeHseMBle B JeTalAX KOHCTPYKLIMHM M NPOBOJHMKAX, HECYIIMX HH3KHE H
cpennue Harpysku. Hampumep, W3BECTEH XKapOCTOHKHMH CIIaB HA OCHOBE aJIFOMHMHHUSA /1A
3NIEKTpHYECKUX MpoBoAoB [4]. O coxepxwur Fe, o kpaiiHel Mepe, OOUH JIETUPYIOIIHHA
3JIEMEHT, BHIOpaHHEIM M3 rpymnsl P3M (rme P3M=La, Ce, Pr, Nd), a Taxxe Be npu
CIELYIOIIEM COOTHOIIIEHHH KOMITOHEHTOB, Mac. %: MeTaJll, BRIOpaHHbIH U3 rpynisl P3M
2.5-4.5, Fe 0.05-0.1, Be 0.05-0.1, mpuuyem pa3Mep BKJIIOYEHMH 3IBTEKTHYECKHX
UHTEPMETALUTUAOB PEIKO3EMENBHEIX METALUIOB B MHKPOCTPYKTYpE CIUIaBa COCTaBISET
Menbiie 1 Mikm. [IpoBonoka cIUTaBa C Takod MHKpPOCTPYKTYpOM, IIONIy4E€HHOH B
pesyibTaTe XollogHO# nedopmanmm BonodeHueM, KMeeTr op 253-260 Mlla u
3JIEKTPONIPOBOJHOCTD 52.2-57.4 % IACS.

Taxke HM3BeCTE€H CIUIAB, COAEPXKAIIMM ClIeQylolmue KOMIIOHEHTHI, Mac. %: Io
MeHsbIIeH mMepe, omuH w3 P3M 5.0-10.0, O, 0.002-1.5, N 0.002-1.2, H, 0.0002-0.5, Al -
octanbHoe [5]. OGpa3ubl cIUlaBa, B 3aBUCHMMOCTH OT COJAEPXKaHHS PEIKO3EMENbHBIX
METAJIIOB, MMEIOT IIPH KOMHATHOM TeMIlepaType BpeMEHHOe CONpOTUBIECHHE oT 260 10
350 MI1a u 3nexrponpoBoaHOCTh OT 59 10 53 % IACS coOTBETCTBEHHO.

BrimeykasaHHble ~ CIUTaBBI,  COAEpXKAIME  PEIKO3EMEIBHBIE  METaUIBI

IIPETEPIIEBAIOT 3HAYUTEILHOE Pa3yPOYHEHHE TOJIBKO MpH TeMeparypax cBaime 250°C.




3

OpHako i TPOM3BOACTBAa M3JENHMHA SJEKTPOTEXHUYECKOrO Ha3HauY€HHA B BHAE
IIPOBOJIOKM M3 JaHHEIX CIUIaBOB HCIIONB3YIOTCSA TPYAO- U SHEPrOo€MKHE IpaHyJIbHEIE
TEXHOJIOTMM, YTO IPHUBOAWT K YBEIMYCHHIO YHCIA TEXHOJIOTMYECKHUX OIepaluit
HOJTydeHus u3aenuit 1o 17, a Taioke AOPOrocTosIue nm*a'rypm, coaepxarue P3M.

HanbGonee 6mu3kuM CIUIaBOM K MpEUIOKEHHOMY, sBisderca ciuiaB AAS005,
HMEIOIMH XuMIU4ecKkuii cocraB (Mac. %): 0.5-0.8Mg; 0.2Si1; 0.2Fe; npumeceii B cymme He
6onee 0.5; octr. amomuamii. IIpoBonOKy U3 HEro MNOIy4alOT MOCIHE XOJOAHOH
nepopmamu (HaraproBku) 6onee yem Ha 80 %. B pesynbrare Takod 06paboTKHU ciuiaB
IEMOHCTpUpPYET npeaen npodHocTd 10 240 Mlla u 31ekTponpoBOAHOCTH HE HIKE 53.8
% 1ACS [6]

HepgocratkomM  gaHHOrO  CIulaBa  SIBISIETCS  HEBBICOKasd  IIPOYHOCTE M
IEKTPONPOBOTHOCTh, a TAKXKE HEBBICOKAas TeMIlepaTrypa IMTEIbHOM 3KCILTyaTalluy,
KoTtopas orpanrueHa + 90°C.

U3zsecren crnoco® moydeHus yibTpaMenkozepHucToro (YM3) amoMHHHEBOrO
CIUIaBa, BKMIOYalOmMMA 3akanKy oT 520-565°C, MHTEHCHBHYIO IUIACTUYECKYIO
neopMaluio OCYIIECTBISEMYIO C MCTHHHOM HaKOIUIEHHOH aedopmarued e > 4 npu
temneparype He Boie 300°C M HCKYCCTBEHHOE cTapeHHue pu Temneparype 100-180°C
co BpeMeHeM BbIAEpKKHA 0.5-24 4y ¢ NOlydeHUEM MHUKPOCTPYKTYpPHl CO CPEIHHM
pasmepoM 3epHa 400-1000 am. CrutaB cCOIEpKUT HAHOPA3MEPHBIE BBIJCTICHUS YaCTHI
yrpoussromeit ¢assl Mg,Si kak cTaGHUIBbHOM, Tak U MeTacTabWibHOW Moaudukanuu [7].
JIOCTUTHYTO€ CHIDKEHHE B AaIIOMHHHEBOW MaTpHlle KOHILIEHTPAllMM JIETHPYIOMIMX
JJIEMEHTOB B COYETaHMH C YM3 CTpyKTypoil IO3BOJIWIO 3HAYMTEIBHO IOBBICUTH
3HaUYE€HHUE BPEMEHHOro CoIpoTuBiieHUs 10 347 Mlla 1 NOBBICUTE 3JIEKTPONPOBOJHOCTE
1o 58.1 % IACS.

HsBecTHriif  cmoco® He  ofecmedyMBaeT  HEOOXOAMMBIX  CBOWCTB IO
TEPMOCTOMKOCTH, @ IMEHHO HE 00ecrieunBaeT TEMIIEpPAaTypy AJUTENBHON SKCILTyaTaluy
no 150 °C.

3amaueit u3006peTeHNA ABIAECTCA CO3JAHUE ATIOMMHHUEBOIO CIUIaBa, KOTOPBIH ITO
CpPaBHEHMIO C WM3BECTHEIMH aHajoraMu o6najaeT MOBHIIEHHOH IIPOYHOCTEIO,
3IIEKTPOIPOBOJHOCTHIO H TEPMOCTOMKOCTBIO, a Takxke 6olice MPOCTEIM M 3KOHOMHYHEIM
crocoboM ero Mory4eHus.

TexHUYECKUM pe3yNbTaTOM HM300pEeTeHHs ABIACTCA NOBHIICHHE MEXaHHYECKOH
NpOYHOCTH (Tpeaen mpodHocTH oT 245 no 310 MIIa), snexTponpoBoAHOCTH (OT 57.3 10
54.5 % 1ACS) u TepMOCTOMKOCTH (€ro MpOYHOCTh Ha pa3phiB OCTAETCS HAa YPOBHE HE
meHee 90 % OT MCXOAHOrO YpPOBHS mocie oTxura nmpu temneparype 180°C B TeueHue
400 yacoB, YTO COOTBETCTBYET TeMIIepaType 3KCIUTyaTanuu npu temmeparype 150°C B
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Te4eHue 36 JIeT) alIOMMHHMEBHIX CIUIaBOB CHUCTEMBI Al-Mg-Zr 3a c4eT XMMHYECKOTO
coctaBa U YMS3 CTpyKTypbl, IOJYyYEHHOM IpeI0KEHHBIM ClI0oco60M 06paboTKH.

3apaua pelaercs, a TeXHHYeCKHH pe3yJbTaTt HJOCTHTAETCS
YJIBTPaMENIKO3EpHUCTHIM ATIOMHUHHUEBEIM CIUIABOM, COAEpXKallMii MarHuid M IMPKOHHUH
OpU CIEAYIOUIEM COOTHOIIEHHMM KOMIIOHEHTOB, Mac. %: 0.2-0.8 wmarmmii; 0.2-0.5
1MpKoHuii, MeHee (.2 MPHUMECHBIX JIEMEHTOB B CyMMe (JKelie30, KpEMHHMIA, MapraHell,
XpOM, BaHaIu# ¥ JIp.), AIFOMUHUH - ocTalbHOE. [Ipu 3TOM CIu1aB HMeET MUKPOCTPYKTYPY
CO CpeAHHMM pa3MepoM 3epHa He Oomee 1 MKM M HaHOpa3MEpHBIE YaCTHIIBI
MetacTabmwibHON ¢a3bl Al;Zr (kpuctauimyeckas pemerka L1,), KoTopele paBHOMEPHO
pacrpezeneHsl o o0beMy 3epeH U HMEKT chepuueckyio GopMy ¢ pasmepoM He Gonee
25 HM.

Onuncanne AeficTBHA JerHpPYIOIIHX 3JIEMEHTOB:

[upkoHuit (Zr) o6pasyer aucnepcHeie 4acTUlsl Al;Zr onpeaeneHHoro ayanasoHa
pa3sMepoB, YTOOBI YIyYHIHTh TEPMOCTOHKOCTE ATIOMHUHHMEBOro cruiaBa [8,9]. Hactuisl
oOpa3yloTcsi Ha CTaJuM TepMH4Yeckoit o0OpaboTkM cmaBa B JIMTOM WM
nebopMUPOBaHHOM COCTOSHHH. ECiM comepxaHue IIUPKOHUA COCTABIAET MeHee yeM 0.2
Mac. %, yactuipsl Al;Zr He MOryT OBITH BBIICNICHBI IIPH TepMHYeCKod 00paboTke B
JOCTaTOYHOM KOJMYECTBE, M, CIICJOBATEIBHO, TEPMOCTOMKOCTh HE MOXET OHITh
yinyumena. Eciiu cogepxaHue IUpKOHUA cocTaiseT He 6onee 0.4 mac. %, TeMreparypa
JMKBHAYCa AIIOMMHHEBOro cijiaBa cocraBiser He Oonee 810°C. CepuiiHoe
MIPOMEIIUICHHOE METALTyprudeckoe 000pyIOBaHME Ul JINThS ATIOMMHHMEBHIX CIUIABOB
IOJDKHO GBITH CIIOCOOHO K PYHKIMOHMPOBaHHIO NpH Temneparypax Ao 850°C [2]. Takum
06pa3oM, B H300pETEHUH ATIOMUHUEBEIH CIUIaB MOXKET OBITh MOIY4€EH IMyTeM OGBIYHOTO
JIWTHS HA METALIYPrUYeCKUX mpeanpuiatuax. IIpy 3ToM coaepKaHue LIHPKOHHA
HauboJiee MpeanoYTUTENbHO B quana3one ot 0.2 1o 0.5 macc. %.

Marnmiit (Mg) B aIFOMUHHH NPUBOJUT K CYIIECTBEHHOMY YMEHBIICHHIO CPEHETO
pasMepa 3epHa B pe3yJbTaTe 0O0paGOTKM MHTEHCHBHOM IJIaCTMYECKOH Aedopmanuu,
ClIEIOBATENbHO 00ECIEYMBAET 3aMETHOE MOBEIIICHAE TPOYHOCTHHIX XapaKkTepucTHK [10].
Kpome Toro koHmeHtpamus Mg 10 1 %, He BBI3HIBAET CHIBHOTO CHIDKCHHSA
3NIEKTPONPOBOaHOCTH amoMuHusa (1 Mac % Mg pacTBOPEHHEBIH B aIOMHHHH CHIDKAaeT
conpoTuBjicHre amoMmuHus Ha 5.6 HOM*M) [11]. Takum ob6pa3oMm, comepxanune Mg
HauboJiee IMpeanoYTHTENBHO B quana3oHe ot 0.2 1o 0.8 mac. %.

TexHHYeCKHii pe3yJbTAT JOCTHIAeTCH TaKXKe ITPEIBAPHTEILHON TEPMHUYECKON
o0paboTkoii - omkuroM B uHTEpBaie Temneparyp 300-450°C npoao/DKUTENbHOCTHIO OT
30 mo 350 yacos.

IToMHEMoO 3TOro TeXHHYECKHH pe3yJbTaT JOCTHraeTcs CIOCOO0M IOIy4eHHs

YIBTPAMEITKO3EPHUCTOIO AJIIOMHHHUEBOI'O CIlJIaBa, OCYIIECTBIIAEMBIM mocJjie




5

[pelBapUTEIbHON TepMuueckoit o06paboTku. Crmoco® BKIOYAET HHTEHCHBHYIO
IUTACTUYECKYIO Ae(OpMaIfIO, OCYIIECTBIAEMYIO CO 3HaUCHHEM UCTHHHON HaKOIUIEHHOM
aedopMmammeir e > 4, npwioxkeHHoM JaBieHun 0.1-6.0 ITla B uHTepBaie
roMosornueckux temneparyp 0.3-0.5T,.

Kpome TOro, ykazanabiii TeXHH4eCKHi pe3yJIbTaT JOCTHTAETCS 34 CYET TOrO,
YTO MHTEHCHUBHYIO ILIACTUYECKYIO Ie(POpPMALMIO OCYLIECTBIAIOT OJHHUM M3 M3BECTHHIX
METOAOB KpY4YeHHMA II0J] BHICOKMM [JaBI€HMEM, WIHM pPaBHOKAHAIBHOIO YIJIOBOTO
IIPECCOBaHUsA, WIM PaBHOKAHAIBHOTO YIJIOBOTO MPECCOBAHUA B MapaUIENbHBIX KaHaaX,
HJIM HENIPEPHIBHOTO PaBHOKAaHAJIBHOIO YIVIOBOTO NpeccoBaHus 1o cxeMe Koudopm.

Kpome Toro, ykazanabiii TeXHH4eCKHH pPe3yJbTAT JOCTHIAETCS 3a CYET TOrO,
YTO II0CJA€ MHTEHCHBHOM ILIACTHYECKOH JAedopMalui OCYIIECTBIIOT XOJOIHYIO
Aedopmanuio NpoKaTKO#M co CTeneHbo o0xkatus ot 10 g0 90 %.

Kpome TOro, ykazaHHbIH TeXHHYeCKHMH pe3yJIbTaT JOCTHraeTcs 3a c4eT TOro,
YTO TMOCJC MHTCHCHBHOM IUIaCTHMYECKOM JepopMalluél OCYIIECTBISIOT XOJOTHYIO
AehopMalMIO BOJIOYEHHEM CO CTENEHBIo o0xatus ot 10 10 90 %.

Kpome Toro, ykazaHHblii TeXHH4eCKHil pe3yJIbTAT AOCTHrAETCS 32 CUET TOro,
YTO IIOCJIC WHTEHCHBHOHM IUIACTUYECKOH AepopMamuy OCYIIECTBISAIOT TEPMHUYECKYIO
00paboTKy OTXKHMIoM B TeMnepatypHoM uHTepBaie 180-230°C mpoaonKUTENLHOCTBIO He
MeHee 1 yaca.

Texanuecknii pe3yabTaT JOCTHraeTcs GJaroaaps Cieayomemy.

W3BecTHO, YTO MCXOAHBIE 3arOTOBKM CILIABOB Al-Zr MOABEPrarOT TEPMHUECKOM
obpaborke (TO) — omkury B wuHTepBase Temmeparyp 300...450°C c BpemeHeM
BhIIepXKH OT 30 no 300 waco [2,9,12]. lanHas TO oGecmeumBaer 0Gpa3oBaHHE B
ATIOMHHHECBOM MAaTpHUIC HaHOpPa3MEpPHBIX dacTull ¢a3el Al;Zr (ee MeracTaGHIBHOM
moaudukaimu L1,), KOTOphie IpH IOBBIIIEHHBIX TEMIIEPATypaxX 3KCILTyaTalluH
OPenATCTBYIOT JACTpajallid MHKPOCTPYKTYPHI H, COOTBETCTBEHHO, IIPOYHOCTHEIX
CBOMCTB TOKONPOBOIAIIMX D3JEMEHTOB. Takke W3BECTHO, 4TO Bciaeacteue TO,
[IPOMCXOIUT CHIDKCHUE KOHIICHTpallMK LMPKOHMS COAEPIKAIErocs B TBEPAOM pacTBOpeE
alllOMHHUS, BBI3BAHHOE OOpa3’OBaHMEM HAHOPa3MepHBIX dacTul ¢asel AlZr U ero
BIMSHHE HA BEJIMYHHY 3JIEKTPUYECKOTO COMPOTHUBICHHUSA CTAHOBHTCA HE3HAYMTEIBHBIM
[12].

HsBectHO, uT0 popMHupoBaHNe YM3 CTPYKTYpHI MO3BOJSET JOCTHYh HEOOBIYHO
BRICOKOM NPOYHOCTH B METAJUIMYECKUX MaTepHajaX, B TOM YHCJIE€ M B aJIOMHMHHEBBIX
CIUiaBax, coiepxamux Maraumii [13]. Tawxoke m3BecTHO, yTo WA GopMupoBaHus YM3
CTPYKTYpPHl HCHOJIB3YIOT HHTEHCHBHYIO IUIACTUYECKYIO Ae(OpMallHio, peaTn3yeMyio
METOJaMM KpY4YCHHS TOA BHICOKMM [JaBICHHEM, paBHOKAHAJIBHOIO  YIJIOBOTO




IIPECCOBaHMsA, PaBHOKAHAJIBFHOIO YIJIOBOTO NPECCOBAHUS B MapalIeNbHBIX KaHalaX, WU
HENPEPHIBHOTO PABHOKAaHAJIBHOTO YIJIOBOTO NpeccoBaHus mo cxeme Kondopwm [14]. Ilpu
TOM HCTHHHas HAKOIUIEHHas AedopMamus [J0/DKHAa JOCTHraTh BEJIMYMHEL e > 4, a
WHTCHCHBHAs IUIaCTMYeCKas JedopMainys OODKHA OCYIIECTBIATBCA B HMHTEpBAIE
romonorundeckux temmneparyp 0.3-0.5T,, u mpunoxennomM aasienuu go 6 I'Tla [15].

W3BecTHO, 4YTO 3aroToBKM YMS3 aIIOMHHHMEBHIX CIDIABOB Iocie o0paboTku
UHTEHCUBHOH IUIaCTHYECKOU JedopMaliei MOTYyT IIOJBEpraTh XOJNOAHOH AedopManuu
BOJIOYEHUEM WM NPOKATKOH, KOTOpas IMO3BOJAET MPUIATh MM 3aJaHHYI0 I'€OMETPHIO,
JOTOJIHUTENIPHO YMEHBIIUTh pa3Mep 3€pHa M YBEJIWYHTh INPOYHOCTH COOTBETCTBEHHO
[13], 6€3 3HAUUTENBHOTO yXyALUIEHHUS 3IEKTPONPOBOIHOCTH.

ITocne obGpa3oBaHus B mpolecce TepMU4ecKod 00pabOTKM IUCIIEPCHBIX YacTHII
Al;Zr, conpoBOXKAAIOIIErocs 00€AHEHUEM ATIOMUHUEBOIO TBEPAOIO pacTBOpa aTOMaMH
IUPKOHMA M  YIy4YIIEHHEM DJIEKTPOIPOBOAHOCTH, B IIpoliecCE€ HMHTEHCHUBHOM
IUTACTHYECKON aedopMaluy, B CIUIaBe MPOHCXOIUT (popMUpoBaHHE YM3 CTPYKTYpHI C
pazMepoM 3epHa He Gomee 1 MkM. M3BecTHO, yTo popmupoBaHre YM3 CTPYKTYpHI C
pa3mMepoM 3epHa MeHee | MxMm npu UII/[ npuBOAMT K 3HAUUTEIBHOMY IIOBBIILIEHHIO
MEXaHWYECKOH IIPOYHOCTH AalIOMMHHEBHIX cIulaBoB (B 1.5-2 pa3a) 6Ge3 3amMeTHOro
YXYAIIECHUS WX SJCKTPONPOBOJHOCTH (mpH pasmepe 3epHa okoino 400 HM
3JIEKTPOINPOBOJHOCTE CHIDKaeTCsA He 6osee ueM Ha 15 %) [14]. Oto cBA3aHO C BHICOKOM
CIIOCOGHOCTHIO TPAHHII 3ePEeH YNPOYHATH ATOMHHHMEBHIC CILIaBBI M HX ciabrM
BIUSHUEM, NpU 3epHE B quana3oHe pazMepoB 1000...400 HM, Ha paccessHHE JIEKTPOHOB
IIPOBOJAUMOCTH.

CornacHO H300peTeHMIO, IOCJI€ MHTEHCUBHOM IUIaCTUYECKOM JepopManuu
OCYLIECTBIIAIOT OTXKUT B TemreparypHoM uHTepBajie 180-230°C, koTOphIii NPUBOIUT K
OanbHEHIIeH 3BOMIOLMU MHUKPOCTPYKTYphl, nomydeHHo# mocne WIIJ[. B pesynbrare
OTXWIa NPOUCXOAWT CHATHE BHYTPEHHUX HanpsHKCHHH B  CHOPMMPOBAHHOM
MHKPOCTPYKTYpe M crabmwim3anus pasMepa 3€pHa, 4ro 00ecHeuHMBaeT IOCTIDKEHHE
HEOOXOAMMOro COYETaHHA IMPOYHOCTH U JJIEKTPOIPOBOAHOCTH MarepHajia, a TaKkKe
obecrieurBacT HeOOXOUMBIH YPOBEHD €TI0 TEPMOCTONKOCTH.

CTpyKTypHblE U3MEHEHHS ATIOMUHHUEBBIX CILUIABOB PEATM3YIOTCS MPEI0KEHHBIM
cnoco6oM 06paboTKH NMPH COOIIOIEHUH YKa3aHHBIX YCIOBHI €ro OCYIIECTBICHUS.

B nenom, popmupoBanue omnucaHHo# Bbille YM3 CTpYKTYpH B QJIOMHHHEBOM
ciiaBe cHcTeMBl Al-Mg-Zr B npeaioxKEeHHOH COBOKYITHOCTH IPH3HAKOB HM300peTeHUA
NPUBOAUT K OJHOBPEMEHHOMY IIOBBHIIICHHMIO HUX MEXaHWYECKOH IPOYHOCTH,
3JIEKTPONPOBOJHOCTH M TEPMOCTOMKOCTH B CPaBHEHHHM C JPYTMMH ATIOMHHHEBEIMU
CILUIaBaMU, MCIOJb3YEMBIMH B 3JIEKTPOTEXHUUECKHUX U3ETHAX.

CymHoCTh W306peTeHNs NOACHIETCS pUCYHKAMH, I'e:
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Ha ®ur. 1 - npeacTaBieH o6 BUI MUKPOCTPYKTYPHI CIUIaBa MOCJIE MpEABAPUTEILHOM
TepMUYecKOi 06paboTKM, conepikamiedd HaHOpa3MepHBIE YacTHIBI MeTacTaOWIBHOM
¢a3el Al;Zr, KOTOpEIE UMEIOT chepuuecKkyro (GopMy M paBHOMEPHO paclipelefieHbl B
o0beMe aMOMHHUEBON MaTpuIlsl (8 — 3JJIEKTPOHHO-MHKPOCKOIMHMYECKOE H300paxKeHHe
YacTHI] B TEMHONONBHOM peXHME H300pakeHHus; 6 - 3IEKTpOoHHas Iudpakius ¢
pediexcaMu OT YacTHI MeTacTaOWiIbHOM ¢a3nl AlzZr ¢ KpUCTAIMYECKO# penreTkoi L1,
(pediiekchl yxa3aHbl CTpEIKaMH));

Ha ®ur. 2 - o6muii Buag YM3 CTpyKTyphl CIUlaBa, CGOPMHUPOBAHHOM MO 3asBJICHHOMY
criocoby, oOpa3oBaHHOM 3epHaMH pa3MepoM He Oomee 1 MKkM, conepxkamei
HaHOpa3MepHblE 4YacTUIBl MeTacTabmwinpHON (Qasel Al;Zr cdepuueckoit  GopM,
PaBHOMEPHO paclpe/icCHHbIE BHYTPH 3€peH (YKa3aHbl CTpElIKaMH). (2 — IEKTPOHHO-
MHKpPOCKOIIMYECKOE H300paKCHHE YIbTPaMEIKHX 3€peH B CBETJIONOIBHOM pEKUME
n300pakeHus; 6 — 3IEKTPOHHO-MUKPOCKOIIHYECKOE M300paKEHUE YIBTPAMEIKUX 3€PEH
¥ HAHOpa3MEpHBIX 4YacTHUl] MeTacTaOwibHON a3l Al;Zr B TEMHOIIOJIBHOM DPEXHME
n300pakeHUs; B — JIEKTPOHHAA qudpakius ¢ pediiekcaMy OT YaCTHUI] MeTacTaOWIbHOM
da3b1 AlsZr ¢ kpucTauIaeckoit pemerkoit L1, (peduiekch yka3aHbl CTpEIKaMH)).

H3o0peTeHne peauzyerca cJeAyIOIIHM 00pa3oM.

Jiis hopmupoBanus YM3 CTpyKTYpHl MCIIOJIB3YIOT HCXOAHYIO 3arOTOBKY CILIaBa
CO CIEYIOLMM COOTHOLICHHUEM/COAEPKaHMEM KOMIOHEHTOB, Mac. %: 0,2-0,8 Mg, 0,2-
0,5 Zr, menee 0.2 npUMECHBIX JIEMEHTOB B CyMMe (Kelie30, KpEMHHI, MapraHell, XpoM,
BaHaJIuii U Ap.), ocTansHOE Al.

Ha niepBom 3Tamne 3aroToBKy cIulaBa OJBEPraiOT NPEIBAPUTEIFHOM TEPMHIECKOH
06paboTke — OTXKUIY, BKIIOYAIONIEMY HarpeB 3aroTOBKH 10 Temmeparypsl 300-450°C,
BBIJIEPIKKY IPH JAaHHBIX TEMIIEPATYPHBIX YCIOBUAX MPOJOJDKHTENBHOCTBIO OT 30 1o 350
YacoB M MOCIEIyIollee OXJaXACHWE B BoJe WIM Ha Bo3gyxe. Ha maHHoOM 3Tame
NPOMUCXOIUT 0Opa3oBaHHE HaHOpa3MEpHBEIX YacTUL MeTacTabwibHOU (ase AlsZr,
PaBHOMEPHO PpaCIpE[CICHHBIX B 00BbeMe aIOMHMHHMEBOM MAaTpPHIBI, HMEHOIINX
chepuyeckyio opMy u cpenHmit pasmMep He Gojiee 25 HM, a TaKKe [JOCTHraercs
3aJ]aHHBIA YPOBEHB 3JIEKTPONPOBOJHOCTH, H3-32 CHIDKCHHA KOHIICHTPAllMM aTOMOB
IUPKOHUS B aJIFOMAHNH.

Ha Bropom srtane TepmooOpaGoTaHHYIO/OTONOKEHHYIO 3aroTOBKY IIOJBEPraroT
00paboTke MHTEHCHBHOH ILTacTHYeCcKoi JedopMarueit co 3Ha4EHHMEM HMCTHHHOM
HaKOIUIEHHOH nedopMarueii e > 4, npuinoxeHHoMm nasiennu 0.1-6.0 I'Tla, B uHTEpBase
romonorunyeckux temmeparyp 0.3-0.5T,. anHyro o6paboTKy MOXHO OCYIIECTBIATH
MO6BIM M3 M3BECTHEIX METOJOB KpY4YeHHS IIOA BHICOKHM JaBJIICHHEM, HWIH
PaBHOKAHAJIILHOTO  YIVIOBOIO  IIPECCOBaHMS, WIH PaBHOKAHAIBHOTO  YIJIOBOTO
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NPECCOBAHUA B MapaJUIC/IbHEIX KaHalaX, WX HEMIPEPEIBHOTO PaBHOKAHAILHOIO YITIOBOTO
npeccoBanus 1o cxeme Kondopm. Ha paHHOM 3Tame NpOMCXOOUT H3MENbYEHHE
MHKPOCTPYKTYpEl B O0BEMe 3aroToBKHM. BciiencTBHe 3BOMIONNMM MHKPOCTPYKTYPHI B
NpoLecce HMHTCHCHBHOM IUIaCTMYECKOH JAedopMallii NpH 3aJaHHBIX pEXHMaxX B
aTIOMHHMEBOM CIUIaBe QopMupyeTcs onHopoaHas YMS3 CTpyKTypa €O CpeaHMM
pasmMepoM 3epHa He Gonee 1 MkMm. B xonme peanmsanmMu WHTEHCHBHOM ILIaCTHYECKOM
AedopManuy NpH 3afaHHBIX PEXKUMaX HaHOpPa3MEPHEIE YACTUILIEI METACTAGHIBHOM (a3kl
HE MPETEPIICBAIOT 3HAYMMBIX U3MEHEHUH HU B OTHOLICHHM WX CPEHHEro pasMmepa, HH B
OTHOIICHMM MX XMMMYECKOIO COCTaBa, HU B OTHowmeHWH ¢opmbl. Hanomerpuueckwuii
pasMep 4YaCTHMIl M HX DaBHOMEPHOE pacmpeleleHHe oOecreunBaeT 3aJaHHYIO
TEPMOCTOMKOCTh MaTepHaa.

Ha tperpem stame YM3 3aroTroBKy moJBepraioT TepMHdYeckoit oGpaGoTke —
OTXHUIYy B TeMneparypHoM uHTepBajie 180-230°C mnurensHOCTBIO HE MeHee 1 daca, B
pe3yibTaTe KOTOpOro IPOMCXOAMT CTabWiu3anus pa3sMEpoB 3epHa M ofbecledeHHe
3aJJaHHOM IIPOYHOCTH, 3J1emponponozinocm ¥ TEPMOCTOMKOCTH CILIaBa.

s nosyyenuss YM3 3aroToBOK B BHZI€ TOKOIIPOBOASAIIMX 3JIEMEHTOB 3aJaHHOM
TEOMETPUHM: KATaHKW, I@POBOJIOKHM, IIMH pa3jINYHOM TreoOMETpUHM U T.I, IIOCHe
OCYLIECTBJICHH BTOPOro 3Tana (MHTEHCHUBHOH IUTacTH4ecKoi aedopMainiuu), MPOBOIAT
JOMOJIHUTENIBHYIO XOJNIOAHYIO Ae()OpMalHiO BOJIOYEHHEM HIIM MPOKATKOM CO CTETEHBIO
obxatusa ot 10 1o 90 %. B xome momonHUTENBHON AehOpMaldd, TIOMHUMO NPUAAHUA
3arOTOBKE 3a/JlaHHOH TI€OMETpHUH, NPOUCXOAWUT TOBHIICHHE €€ MPOYHOCTH, 3a CYET
JOTOTHUTENIFHOTO U3MENbUeHUA YM3 cTpykTyphl. B cilydae peanusamuy XOJIOAHO#M
nedopMary, TEpMHUYECKYI0O 00pabOTKY — OTXKHUT B TeMIlepaTypHoM HHTepBaie 180-
230°C anuTenbHOCTBIO HE MEHee 1 yaca He o0s3aTeleH.

3asgBieHHOE M300peTeHHe OBLIO anpoOHpoBaHO B J1aGOpPaTOPHBIX YCIOBUAX. B
pe3yibTaTe 3KCIEPHUMEHTOB OBUIO MOATBEPKACHO JOCTIDKEHHE YKa3aHHOTO pe3yJbTaTa:
IIOBBIIICHHE MEXaHWYECKOW MPOYHOCTH SJIEKTPONPOBOAHOCTH U TEPMOCTOHKOCTHU

ATFOMUHHEBRIX CIUIaBOB cucTeMBbl Al-Mg-Zr.
Ilpumep ocymiecTBIeHHS H300peTeHH.
IIpamep Nel

BHavane mnoArotoBwIM paciulaB B HMHIOYKIMOHHOW I€YHM U3 MEPBUYHOTO
amoMuHuUs, Turatypsl Al-Zr u Al-Mg. Jlanee B KpUCTa/LTU3aTOpPE MONYUYWIHA 2 JHUTHIE
3aroTOBKY B BHAE NMpyTKOB auamerpoM 20 MM ciuiaBa ¢ coaepxanueM 0.52 mac. % Mg,
0.28 mac. % Zr, 0.05X(Fe,Si,V,NiMn,Cr), ocramshoe Al. W3 JMTEIX HpPYTKOB
M3rOTOBWIM 3aroTOBKHU B BHAC OHMCKa AuaMeTpoM 20 MM M TOIIIMHON 2 MM. 3aroTOBKH

noAaBepriiv TepMoobpaboTke — otoxury npu temmneparype 385°C B TeueHue 336 yacos.
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ITocne omxura 3aroroBku ObUIM OXJIaXKJAEHBI Ha BO3QyXe. 3aTe€M 3aroTOBKHM IMOJABEPIIH
WHTCHCUBHOHM Iu1acTHdeckoi paedopmanuu kxpydenueM (MITJIK) mpum koMHaTHOMH
TEMIIEpaType C IPUIOKEHHHIM JAaBieHHeM 2 [Tla, g0 HCTHHHON HaKOIUIEHHOH
nedpopmaryu (e) S u 10. 3areM aepopMHpOBaHHBIE 3arOTOBKM H3BIEKIH M3 OCHACTKH
ans nposenenus UI1J] u moasepriim TepMudeckoit o6paboTke - OTXKUTY B TedeHue 1 yaca
npu teMneparype 230°C.

W3 mosydeHHBIX 3aroTOBOK OBUIM H3rOTOBJICHBI 00pasubl Ui MCClIeIOBaHUM
MHUKPOCTPYKTYPbI, MEXaHHYECKUX CBOMCTB, AJIEKTPONPOBOAHOCTH U TEPMOCTOMKOCTH.

AHanu3 MHUKPOCTPYKTYphl 3arOTOBOK OCYLIECTBIIUIM METOAOM IIPOCBEYHBAIOLICH
3JIEKTPOHHOM MUKpPOCKONMH Ha MuKpockone ¢pupmsl Jeol JEM 2100.

MexaHuyeckde UCHBITaHUA OOpa3slOB OCYINECTB/SUIM B  COOTBETCTBHHM C
tpeboBanmamu ['OCT 1497-84 «Metamnsl. MeTonsl WCHBITaHUNA Ha PaCTSHKCHHE».
DNeKTpPONpPOBOAHOCTh OOpa3LOB ONpEAEIM B COOTBETCTBUU ¢ TpeboBanusamu ['OCT
27333-87 «H3MepeHue yAeNnbHOM 3IEKTpUYECKON MPOBOJMMOCTH LBETHBIX METALIOB».
TepmocToiikocTh 06pa3ioB onpeaesin B cooTBeTcTBHE ¢ TpeboBanusamu IEC 62004:2007
«Thermal resistant aluminum alloy wire for overhead line conductors».

ITocne mnpeaBaputensHOM Tepmuueckoit 00pabOTKM — OTXKHra, B 3aroTOBKax
CIu1aBa 00pa30BaJIMCh HAHOpa3MEPHEIE YaCTHIRI MeTacTabuiIbHON ¢a3el AlzZr (Dwr. 1).
Ilonyuennas YM3 cTpykrypa B 3aroToBke cruiaBa (®@ur. 2), chopMupoBaHHas B XOne
pealM3anuu TPEeAToKEHHOro crnocoba o0paboTku, MMeeT CpeJHUH pa3Mep 3epHa B
nuana3oHe 500-800 M. Hapsany ¢ yasTpaMenkuMu 3epHaMHU B CTPYKType HaOmoAaloTcs
HaHOpa3MepHble 4YacTUIbl MeTacTabwibHOM a3zl AlZr (®ur. 2), uMerommue
chepuueckyio ¢opMy u cpegHuii pasmep 20 HM, paBHOMEPHO pacOpelciiCHHbIE IO
00BEMY 3€peH aIFOMUHUEBOM MaTpPHIIBI.

B tabnuue 1 npexacraBiieHBl pe3ybTaThl MEXaHWYECKUX UCIIBITaHUM, U3MEPECHUH
M JJEKTPONPOBOJHOCTH 3arOTOBOK CIUIaBa Mocjie€ MX OOpabOTKH IO MPEeATIOKEHHOMY
crnioco6y, a Takxke CBOMCTBA H3BECTHBIX aHAJIOTOB. |

Taxke B Tabmuue 1 mnpuBeseHH MeXaHMYECKHME CBOMCTBA W 3HAYEHUS
3JIEKTPONPOBOJHOCTH 3aroTOBOK, MOIYYEHHBIX IO MPEUIOKEHHOMY CHOcoly Iocie
OLICHKY YPOBHS MX TEPMOCTOMKOCTH, 2 HIMEHHO, nocie oTxkura B TedeHue 400 gacoB npu

temmneparype 180°C.
Tabmavma 1
ITo
3asBICHHOMY T OB, d, O, IACS,
CIIOC 06}’ Al MUKPOCTPYKTYPBI [MHa] [%] [MCM/M] [%]
06paboTku
HIIA mpu | VM3 crpykrypa  opasosama | 371g 105 | 3103 | 541
KOMHATHOM 3epHaMH ¢ pasMepoM He 6Gonee 700
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TeMIeparype 1o €

tepMoobpaboTan
Hoit mpu 385°C
3aroTOBKH c
MOCHe Ly IOUM
OTXKUTOM B
TeyeHue 1 daca
nipu 230°C.

HM M 4YaCTHUBl MeTacTabWibHOM
basbl AlZr paBHOMEPHO
pacrpezeieHHEIMH 110 00beMy 3epeH
afOMHUHUEBOH MaTpHLEI,
HUMEIOIMMH cheprueckyo GopMy H
cpeanuii pazmep 20 HM.

HI1 npu
KOMHATHOH
TEMIepaType 10 e
= 10
TepMoobpaboTaH
Hoit mpu 385°C
3ar0TOBKHU c
MOCJIE Y FOIUM
OTIKUTOM B
TeyeHue 1 daca
npu 230°C.

YM3 CTpYKTypa obOpazoBaHa
3epHaMH ¢ pasmepom He Gonee 500
HM M M YaCTHLbl MeTacTaGWIbHOM
¢hassl Al;Zr pPaBHOMEPHO
pacrpe/ie/IeHHBIMH 110 06beMy 3epeH
ATIOMUHHUEBO#H MaTpULIbI,
uMeromuMe cepudeckyo Gopmy U
cpenHuit pasmep 20 HM.

320

9.0

3091

53.3

Awnanoru

Japanese
Patent Laying-
Open 63-
293146 [1]

260*

550

EP 0787811 [2]

257*

56.1

317*

50.2

RU 2534170 [3]

340**

54.1

RU 2492258 [4]

253***

57.4

ITocne orxwura 400 gaco

B mpu 180°C

M npu
KOMHATHOM
TeMIieparype 1o €
= 5
TepMoobpaboTaH
goii mpu 385°C
3arOTOBKH c
MOCHEIYIOLIHM
OTIKUTOM B
TeyeHne 1 wdaca
mpu 230°C.

300

14.7

30.2

55.0

HIIq npHu
KOMHaTHOM
TeMIepaType 10 e
= 10
TepmMoobpaboTaH
Hoit mpu 385°C
3arOTOBKH c
MOCHeAYIONIUM
OTIKUTOM B

310

14.0

30.5

545
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TeyeHne 1 4Yaca
npu 230°C.

Op - Tpelell MPOYHOCTH; O - YAJMHEHHE O paspyllCHHA; O - yJENbHas JJIEKTpHYECKas
npoBoauMocTh; IACS — International Annealed Copper Standard, cooTBeTCTByeT yZIeIbHOH
9JIeKTpHYeCcKoi mpoBouMocTH 58 MCM/M, koTopoe npunumMaroT 3a 100 % no IACS.

* - pabogas Temneparype/Temneparypa dkciuryaranuu 150°C (B Teuenne 36 set) mim 180°C B
teuenue 400 gacos;

** - mocne orxura npu TeMueparype 300°C, B redenne 100 gacos;

**% . pabouasl TeMIlepaTypa/TeMIiepaTypa SKCIUTyaTallHd HE ONpeleieHa B COOTBETCTBHE C C
tpeboBarmsiMu IEC 62004:2007.

Kak BuaHo w3 Tabmunel 1, adIOMUHHMEBEI CIUIaB, MOMYYEHHHIH IO
IPEUIOKEHHOMY crocoby o0paboTKu, 1O CpaBHEHHMIO C H3BECTHBIMHM aHaJorawm,
MMEIOIMMHU TEMIIepaTypy MIMTEIbHON dKcuTyaTanuu npu 150°C uMeer 6osiee BEICOKHE
3HaYeHUs NPOYHOCTH U 3IIEKTPOIPOBOAHOCTH. Kpome 5TOro amoMUHHEBHIH CILIaB,
IOJIyYEHHBIN IO NPEMIOKEHHOMY crioco0y o6paboTKy, MO CpaBHEHHMIO C M3BECTHHIMHU
a”ajioramu o6agaet 6ojee IIPOCTEIM XUMHYECKHM COCTAaBOM.

IIpumep Ne2

MeTrooM COBMEIEHHOIO JINThS Y HPOKATKH MOJYYHIH HCXOMHEIE 3arOTOBKH
CILIaBa B BHJIE IIPYTKOB JUaMeTpoM 9 MM c coxepxanueM 0.40 mac. % Mg, 0.20 mac. %
Zr, 0.17>(Fe,Si,V,Ni,Mn,Cr), ocransHoe Al. IIpyTkH mOABEPIIH TepMOOOPaGOTKE —
oTxury 1npu temneparype 385°C B Teuenune 120 yacos. ITocine oTKura 3aroToBKd ObLIH
OXJIAXJIEHEI Ha BO3MyX€. 3aTeM 3aroTOBKM IIOABEPIJI HHTEHCHBHOM ILIACTHYECKOM
AedopMalid METOAOM HENpPEPHIBHOIO PaBHOKAHAJIBHOIO YIJIOBOTO IIPECCOBAaHUS IIO
cxeme KondopM 1pu KoMHaTHOIA TeMiieparype ¢ npuioxeHHuM AasienneM 0.2 I'Tla, no
HUCTHHHOW HaKoIUIeHHOH aedopMmanuu (e) 4. 3areM nepOpMHpPOBAHHEIE 3arOTOBKH
U3BICKIIA U3 OCHACTKM JUId NPOBEIACHUSA HMHTCHCUBHOM ILUIACTHUYECKOH medopMaiMu u
HOJBEPIJIA XOJIOJHOMY BOJIOYEHMIO CO CTENEHbIo oOxatusa Ao 85 % u mocnenyoinei
¢uHaneHOM TepMuueckoll 06paboTKe - OTXKUIY B TeueHHe | uYaca MpH TeMIepaType
230°C. B pesynprare npoBeAcHHOW 06paGOTKM MOAYYHIM OOpaslBl IPOBOJIOKH
JUaMeTpoM 3.2 MM M JUIMHHO#M 110 3 M.

W3 momy4eHHBIX 3aroTOBOK IIPOBOJIOKM OBUIM H3TOTOBIEHE 00pasubl Ui
UCCICJIOBaHUI MHKPOCTPYKTYpPBl, MEXaHMUYECKMX CBOMCTB, 3JIEKTPOIIPOBOJHOCTH U
TEPMOCTOHKOCTH.

AHalu3 MHKPOCTPYKTYpPHl 3aT'OTOBOK OCYILECTBJISLTH METOIOM IIPOCBEYMBAIONIEH
3JICKTPOHHOM MHKPOCKOIIMH Ha MHKpockorne ¢pupmer Jeol JEM 2100.

Mexannyeckue HCIBITaHHS OOpasloOB OCYIIECTBIUIM B COOTBEICTBMH C
tpeboBanuaMu ['OCT 10446-80 «IIpoBonoka. MeTox WCHBITaHMS Ha DPaCTIKEHHEN.
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DIIEKTPOIPOBOJHOCTh 00pa3lOB ONpe/ie/sIM B COOTBETCTBHH C tpebosanmamMu ['OCT
7229-76 «KabGenu, mpoBoga M INHYpH, METOJ OIPEACICHHA JSJICKTPUYECKOTO
CONPOTHBJIEHH TOKOMPOBOIIMX KM H MPOBOXHHUKOBY». TepMOCTOMKOCTH 0o0pasioB
ompenenst B cooteercreue ¢ TpeGopanmamu [EC 62004:2007 «Thermal resistant
aluminum alloy wire for overhead line conductors».

Iocne npemsapuTensHOM TepMudyeckod 00paboTkM — OTKHMIa, B 3aroTOBKax
cluiaBa  0GpA30BATMCh HAHOPA3MEPHBIE YACTHIBI METacTaGMIBHOH (a3l AlsZr.
[onyuennas YM3 cTpyKTypa B 3arOTOBKE CILIaBa, CpOpMHUPOBaHHAsA B XO/I€ pealn3aliii
IpeLIOKEHHOTO crocob6a o6paboTKM, UMEET CPEeNHUH pasMep 3¢pHa B JHANa3OHe 600-
400 uM. Hapsany ¢ yIsTpaMenKkiuMy 3epHaMH B CTPYKTYpe HalJTIo1aloTCsl HaHOPa3MEPHBIC
yacTHIEI MeTacTaGmibHOM ¢a3el Al:Zr, uMmeromue cdepuueckyio Gpopmy U cpeaHui
pasmep 20 HM, paBHOMEPHO pacipe/ieNieHHbIE TI0 00beMy 3epeH aTIOMUHHEBOH MATPHLIBL.

B Ta6unue 2 OpeACTaBIeHE! Pe3yIbTaThl MEXaHMUECKMX HCTILITAHUM, H3MEPEHHUH
¥ 3JIEKTPOTPOBOJHOCTH 3arOTOBOK CIUIaBa MOCie MX OOpabOTKM MO MPEUIONKEHHOMY
c1oco0y, a Takxke CBONCTBa M3BECTHBIX aHAJIOTOB.

Takke B Tabauie 2 TpPUBEJCHB MEXaHMYECKHE CBOMCTBA M 3HA4YCHUA
3]IEKTPONPOBOAHOCTH 3aTOTOBOK, NONYYEHHHIX IO INPEVIONKEHHOMY CIocoby mocie
OLIEHKH YPOBHS MX TEPMOCTOHKOCTH, 8 HMEHHO, NOC/IE OTXKUIa B TedeHHe | daca Tpu

temmeparype 230°C.
Tabmuua 2
ITo
3asABIICHHOMY T Op, 3, Y3(*3, IACS,
crocob y HII MHKPOCTPYKTYPBI [MI‘Ia] [%] [HOM M] [%]
obpaboTku
U1 npu | YM3 CTPYKTypa obpasoBaHa 267 2.4 30.18 57.1
KOMHATHOM 3epHaMH C pa3MepoM He Gosee 600
TeMmepaType 0 ¢ | HM M 4YaCTHLBl MeTacTaGuIBHOM
= 4 | dassl Al;Zr pPaBHOMEPHO
TepmMooGpaboTaH | pacrpele/eHHBIMH MO 06BeMy 3epeH
Hoi mpu 385°C | amoMuHHEBOH MaTpHLIEI,
3arOTOBKH UMeromuMH cheprdeckyo GopMy H
cpenHuii pazmep 20 HM.
Amnainoru
Japanese - 260* - - 55.0
Patent Laying-
Open 63-
293146 [1]
EP0787811 [2] | - 257* - - 56.1
317 - - 50.2
RU2534170 [3] 340%** - - 54.1
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RU2492258 [4] 253 %k* - - 574

[ocne omxura 1 yac mpu 230°C

U1 IpH | - 245 33 30.09 57.3
KOMHaTHOM
TeMIepartype 1o e

TepMoobpaboTaH
Ho#i mpu 385°C
3aroTOBKH c
MoCeIyIOIUM
OTIKHUIOM B
TeyeHue 1 wyaca
npu 230°C.

Op - TIpefeN TPOYHOCTH; & - yAIMHEHHE 0 paspymieHus; YOIC - yICHbHOE JJIEKTPHIECKOS
conporusienne; IACS — International Annealed Copper Standard, cOOTBETCTBYET yHEIBHOM
slIeKTprYecKoi poBomiMocTd 58 MCM/M, KoTopoe npunuMatoT 32 100 % 1o IACS.

* . paGouas TeMmIeparype/TeMnepaTypa skciutyaranuu 150°C (B TeueHue 36 ner) wm 180°C B
teueHue 400 gacos;

** _ poce oTxura npu temneparype 300°C, B reuenue 100 yacos;

*** _ paGouyad TeMIlEpaTypa/TeMIepaTypa SKCIUTyaTalldd He ONpeJeNeHa B COOTBETCTBHE C
tpeGosanmsmu IEC 62004:2007.

Kak Buggo #u3 TabmuMmpl 2, AJIOMHHHEBHH CIUIaB, IOMYYeHHBIH IO
TIpEIOKEHHOMY CIOco0y 06paboTKH, MO CPaBHEHMIO C HM3BECTHRIMH aHAJIOraM,
VIMEIOLIMMH TEMIIEPATYPY JUIMTENbHOM sKcIuTyaTammu npu 150°C, umeer Goliee BEICOKHE
3HAYEHMs TPOYHOCTH M OIEKTPONpOBOAHOCTH. Kpome 3TOro aliOMMHMEBBHIA CIUIaB,
NOJMy4YEHHBIH MO TpPEIOKEHHOMY Crocoby 06paGoTKH, 10 CPaBHEHHMIO C M3BECTHRIMH

aHajioraMM obJajgaer Oonee MNpOCTHIM XUMHUYECKUM COCTABOM.

TexHUKO-2KOHOMHYEcKas 3(GEKTUBHOCTh 3asBICHHOTO H300PETEHUs COCTOHMT B
NONyYEHHH AMIOMMHHEBOTO CIUIaBa, OO/NajaloliiM  BBICOKOH INpPOYHOCTBIO H
TEPMOCTOMKOCTBIO TIPH COXPaHEHHH 3JIEKTPONPOBOAHOCTH C INOMOIIBIO IMPOCTOTO H
3KOHOMMYHOTO CIoco6a. BEICOKME XapaKTepUCTHKU NMPOYHOCTH M TEPMOCTOMKOCTH, a
TaloKe  yJAOBJIETBOPUTENBHOM  JIEKTPOIPOBOAHOCTH  OOECHEeUMBAIOTCA 33  CYeT
XHMHYECKOTO COCTaBa M YJIBTPAaMEIKO3epHUCTOH CTPYKTyphl. CojlepkaHue IIMPKOHKA B
MATpHIIC ATIOMHHMA [PUIAET CIUIaBy HYKHYIO TEPMOCTOMKOCTb, 8 MarHuii Mo3BOJISET
YMEHBIINTh CpelHMI pa3vepa 3epHa B pesynbTare OOpaGOTKM HHTCHCHBHOH
lacTuyeckoil AeopMallM{, 4YTO IOBBIIAeT IPOYHOCTE Marepuana. Ilpm 3TOM
npejylaraeMele METONBl TepMOOOPaGOTKH MO3BOJIAIOT HCIOIB30BATh oba JIerupyrommx
3reMeHnTa 6e3 CHIDKCHHSA IEKTPOIPOBOIHOCTH.

ITpocToif XUMHYECKH COCTaB MpeIaraeMoro allOMUHUECBOTO CIIaBa IMO3BOJIACT
HCIIONIG30BAaTh OOBIYHBIE M HENOPOTHE TEXHONOTMYECKHE TMPOLECCHl JIMThA Ha

METALTyprudecKux npeanpusTusix. HeoGxomumas ynbTpaMeqKO3epHHCTad CTPYKTypa
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CILTaBa OGECIIEYHMBAETCA M3BECTHEIMM METOJaMH TepMOOOpaGOTKM M HHTEHCHBHOH
miacTiueckoif aedopManMy, MO3TOMY He TpeOyeT CyIIECTBEHHBIX W3MEHEHHH B
TEXHONOTHYECKHX  Ipoleccax  o6paboTKM ~ MeTaioB  TNPHMEHSCMBIX — Ha
METAJUIypPrHYECKUX PEANPHATHAX.

VICTONb30BaHMe  NPEMIaraeMoro  BEICOKOMPOYHOTO M TEPMOCTOHKOTroO
QTIOMMHHEBOIO CIUIaBa IO3BOJAET PAaCIIMPUTh PHIHOK MPOBOJHHMKOB CO CIICLHAIBHBIMU
CBOMCTBAaMH U1 IPOM3BOICTBA M3/IE/IHI 3NMEKTPOTEXHUIECKOr0 XapaKrepa, paboTaromux
TIpH MOBBHILEHHBIX MEXaHMYECKUX Harpy3Kax M HMCIIBITBIBAIOIIIX BO3/IEHCTBHE BEICOKHX
TeMIiepaTyp B IpoLecce HKCIUTyaTalli. BHeApEHHE NPEIaraeMoro BEICOKOMPOTHOTO H
TepPMOCTONKOTO AIIOMMHHMEBOTO CILUIaBa IIO3BOJUT TMOBBICHTh HAGKHOCTE H CPOK
CITyKOBI SIEKTPOTEXHUYECKHX M3/IENUI M SNEKTPOCETEH, a TAKKe CHUSHTH CTONMOCTD X

obcmyKuBaHu.
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TepmocToiikuii TPOBOIHHKOBbLIH yJbTPAMEIKO3EePHHCTDIH aJIOMHHHEBBIH CIIAB A

€noco0 ero moJayveHus
dopmyna n300peTeHns

1. TepMOCTOMKHIf TPOBOJIHMKOBBIN YIIETPaMEIKO3ePHHUCTHI aTIOMHHUEBBIH CILIaB,
collepKalllMii MarHui, omauyarOWuiics mem, 4¥mo OH JONOJHUTCIBHO CONCPKUT
LMPKOHMI PH ClIeAYIOIEM COOTHOIIEHHH KOMIIOHEHTOB, Mac. %:

marsmii 0,2-0,8;

iupkoHmii 0,2-0,5;

npuMecH (JKeJe30, KpeMHHI, MapraHer, XpoM, BaHaIui 1 ap.) e Gouee 0,2;

ATIOMHUHHUN — OCTAJIBHOE,

IIPH 3TOM CIUIaB HMEET MUKPOCTPYKTYPY CO CPEIHHM pasMEpOM 3€pHA HE 6onee 1 MKM,
¥ HAHOPa3MEPHBIMM YACTHLAMH MeTacTaGWiIbHOH (a3bl AlLZr B KpHCTAJUIMYECKOH
pemerke L1, KOTOphie paBHOMEPHO PacNpeNCICHHBIMH II0 00BeMy 3€peH M HMEIOT
cepuueckyio GopMy ¢ pasmepoM He Goiee 25 HM.

2. Croco6 MOJTydeHHs TEPMOCTOMKOro NPOBOJHUKOBOTO YJIBTPAMEIKO3CPHHUCTOrO
AMOMIHMEBOTO CIUIABA ¢ MCTONB30BAaHMEM I 1, 3aKMOYalolmuiics B MpeIBapUTEIbHOH
TepanecxbifI 06paboTke U AeGOPMALIIH, OMAUNAIOWUTICA MmeM, ¥mO TIPEABAPUTEILHYIO
TEPMHUECKYI0 00OpaGOTKy NpPOBOIAT OTKHMIOM B HHTEpBANC TCMIIEPATyp 300-450°C
TIPOIO/KUTENBHOCTEIO OT 30 10 350 4acoB, a nehopMaIMIo OCYIIECTBIIAIOT JO 3HAUYCHUA
MCTMHHOM HaKOIUIEeHHOH aedopmanuedi e > 4 METOAOM MHTEHCHMBHOM IUIACTHYECKOM
nedbopManuy Mpy MPUIOKEHHOM NaBICHUN 0.1-6.0 I'Tla, B HHTEpBAJIC T'OMOJIOTUYECKHX
temmepatyp 0.3-0.5Ty,. '

3. Crnocob mo 1.2, omiuualowutics mem, 4¥mo WHTCHCHBHYIO IUIaCTHYECKYIO
feGOpMaIIO OCYIIECTBIAIOT METOAOM KpPYYEHHs IMOJ BBICOKHM JaBJICHHCM, Wi
PaBHOKAHAJIBHOIO  YIJIOBOTO  IPECCOBAHMA, WIM  PAaBHOKAHAILHOTO yTJI0BOTO
IIPECCOBAHHS B apa/LICIBHBIX KaHaaX, WM HEMPEPHIBHOIO PABHOKAHATLHOTO YIII0BOTO
npeccoBanus o cxeme Kongpopm.

4. Crioco®6 mo Mm.2, omauyalowuucs mem, 4Ymo IIOCIE MHTEHCHBHOM IUIACTHYCCKOHN
JeopManuy, 3aroTOBKM CIUIaBa MOJBEPraioT XOJMOAHOM JedopMallid METOIOM
BOJIOYEHHMS CO CTeTeHBIo o0xatus oT 10 1o 90 %.

5. Croco6 mo 1.2, omaualowuiicsi mem, 4mo TOCJE HHTEHCHBHOH TIaCTHYECKOM
gedopManyy, 3aroTOBKM CIUIaBa IOIBEPraroT XonogHoOM JedopMallid METOIOM

TPOKATKH CO CTereHbio obxarus ot 10 1o 90 %.
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6. Croco6 mo m.2, omnuxaiowutica mem, uYmo TIOCIAE¢ HHTEHCUBHOH ILIACTHYECKOM
nebopMalliy, 3aroTOBKH CIUIaBa IOABEPraloT TepMUYECKOH 0oOGpaGoTKE OTXKUIOM B

temneparypHoM uHTepBaje 180-230°C nponomKUTENPHOCTEIO HE MeHee 1 Jaca.




TepmocTolikHii MPOBOAHHKOBbIH yIbTPAMEIKO3EPHHACTHIA

ATIOMHEHHEBLIH CIVIAB H COCO0 ero noayYeHus

Dur. 1



TepmocToiikHii NPOBOIHUKOBLIH YJIbTPaMeIK03epPHUCTbIH

AJTIOMHHHEBBIN cIJIaB ¥ cnocod ero NOJyYeHHHA

Dur. 2



o EAIIB/OI1-2
EBPABMHNCKOE HATEHTHOE BEAOMCTBO

OTYET O IATEHTHOM ‘Howmeép eBpasutickoit 3asBku:
MHOUCKE 201700576
(ctatba 15(3) EAIIK u npasuio 42
MarenTHOl HCTpYKIMH K EATIK)

Jlata nopaun: 21 nexa6ps 2017 (21.12.2017) |Jlara ncnpammsaemoro nproputera: 23 Hos6ps 2017 (23.1 1.2017)
Haspanue usoGperenus:  TepMocTolKkHi POBOAHUKOBLII YIbTPaMETKO3epHUCTHIN aMIOMHHUEBHIH CILIaB U CHIOCO6

€ro MoJIy4eHus
3assurens:  PEJEPAJIBHOE I'OCYJAPCTBEHHOE BIOJDKETHOE OBPA30OBATEJIbHOE YUPEXJIEHUE
BBICILIEI'O OBPA30OBAHH A "CAHKT-IIETEPBYPI'CKWUA I'OCY JAPCTBEHHbBI VHUBEPCHUTET"

(CIIBI'Y)

L] Hexotopbie nyHKThI popmy.tni He NoATeRAT NOKCKY (CM. pasaen I JOMOIHHTeABHOrO JIMCTa)
D Eauncrpo usobperenus ve cobaionero (cM. pasaen Il gonoaHuTeALHOr0 JHCTA)
TKJIACCI/ICDI/IKAHI/IH IMPEIMETA U30BPETEHUA:
MIIK: C22C 21/06 (2006.01) CIIK:
C22F 1/047 (2006.01)
B82Y 30/00 (2011.01)

C22C 21/06 (2013.01)
C22F 1/047+(2013.01)
B382Y 30/00 (2017.08)

Cornacto MexayHaponHoi narenTHoi knaccudukaruu (MIIK) wn HauuoHansHOK kaaccudukauuu 1 MITK
Bb. OBJIACTb ITOUCKA:

MunumyM MpocMOTPEeHHON TOKYMEHTalkK (CHCTeMa Kiaccubukauuu ¥ unaekcsl MITK)

C22C 21/00, 21/06, C22F 1/00, 1/04, 1/047, B82Y 30/00

Jlpyras nposepeHHas JOKYMEHTALKMA B TOH Mepe, B Kakoii OHa BKJIIOYEHA B 06N1ACTh MOMCKa:

B. JIOKYMEHTbBI, CHUTAIOIIUECS PEJIEBAHTHBIMU

Kareropusa* CCRUTKH Ha IOKYMEHTHI C YKa3aHHeM, TI€ 3TO BO3MOXHO, PECBAHTHBIX HacTel OTHOCHTCA K YHKTY Ne
DA EP 0787811 A1 (SUMITOMO ELECTRIC INDUSTRIES, LTD.) 06.08.1997, 1-6
pedepar
D, A RU 2478136 C2 (PEJEPAJIBHOE TOCVIIAPCTBEHHOE BIOJ.'DKETHOE ‘ 1-6
OBPA30OBATEJIbHOE YYPEXJIEHUE BBICILIEIO [TPO®ECCUOHAJIb-
HOI'O OBPA30OBAHUA "YOHUMCKHIA I'OCYJIAPCTBEHHBIU ABHA-
I{TMOHHBIN TEXHUUECKUNA VHUBEPCHUTET") 27.03.2013, pedepar
A CN 101923908 A (ANHUI YANAN CABLE FACTORY) 22.12.2010, pedepar 1-6
A US 4402763 A (SUMITOMO ELECTRIC INDUSTRIES, LTD.) 06.09. 1983 : 1-6
pedepar
A RU 2541263 C2 (OBIL{ECTBO C OTPAHUYEHHOH OTBETCTBEHHOCTBIO 1-6
"OM-KAT") 10.02.2015, pedepar, c. 4, ctpoku 10-15

JaHHEIC O NATEHTAX-aHANOraX YKA3aHB! B IPUIIOKEHHH
bonee Mo3AHMHA JOKYMEHT, ONyONHKOBAHHBIH NOC/E AaTh
IPUOPUTETA H NIPUBEICHHBIH 1 NOHUMAHHA U306peTeHHs

@mcncay}oume JIOKYMCHTHI YKa3aHsI B poAomkeHuy rpadsi B
ICOOBIC KATETOPHH CChIIOYHBIX AOKYMEHTOB:

"A" ROKYMEHT, onpenenstomuit o61ul ypoBeHb TEXHUKH

"E" Gonee paHHH IOKYMEHT, HO ONMYGIHKOBaHHBIN Ha JaTY
noaa4uy eBpasHickoil 3a9BKH HiIH NOCAC HEE

"O" NOKYMEHT, OTHOCALIHICA K YCTHOMY PACKDBITHIO, SKCIIOHH~
POBAHHIO H T.1,

"P" NOKYMEHT, ONYOIHKOBAHHAIN 0 AATHI MOAA4H eBPasUickol
3a4BKH, HO MTOC/E ARTHI HCMPALIHBAEMOrO NPHOPUTETA

"D" BOKYMEHT, IPUBEACHHEIN B €Bpa3HCKON 3aaBKe

"X" HOKYMEHT, UMEIOLIHIT HanGonee 6IH3KOE OTHOWICHHE K TIPEAMETY
TIOMCKA, TIopoalnkii HOBH3HY WIH H306PETATENBCKHH YDOBCHS,
834ThIl B OTACNBHOCTH

"Y" noxymeHT, uMeromnii Haubonee GM3K0E OTHOLIEHHE K NPEAMETY
TIOHCKA, NOPOYAIHH H306PETATENLCKHH YDOBEHD B COMETAHHH C
APYTHMH JOKYMEHTaMH TOM ¢ KaTeropun

"&" NOKYMEHT, ABIIAIOMMICA NATEHTOM-AHANOTOM

L WM Liensx

HaTa JENUCTBHTENBHOTO 3ABEPHICHUS MATCHTHOI'O [TOMCKA!

11 nexa6ps 2018 (11.12.2018)

DenepanbHbiil HHCTHTYT
NpoMbILIEHHO cO6CTBEHHOCTH
P®, 125993, Mockaa, ['-59, I'CI1-3, Bepexkonckas Hab.,
A. 30-1.Dakc: (499) 243-3337, Teneraiin: 114818 IOJAYA

HaumeHoBaHHe aapec Meumynaponnoro NMOHCKOBOT'O OpPraHa;
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