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Cubupckuii pedepanvHulil yHusepcumem

DNEeKTPOTEXHUYECKas OTpPacib MPOMBIIUIEHHOCTH HCIBITHIBAET MOTPEOHOCTh B
MaTepHuagax, COBMEURINIMX BBICOKYIO 3JIEKTPOIIPOBOJHOCTh M JIOCTATOYHYIO IPOYHOCTS,
coxpaHsrolytocs mocie HarpeBa cBeiie 250 °C. B Hacrosiee Bpems sl U3TOTOBJICHUS
JJEKTPOTEXHUYECKUX  M3IEIUA  NPUMEHSIOT  amoMuHui  mapok ASE, A7E wu
HH3KOJIETHPOBAaHHBIE CIUTaBbl cucTeMbl AHSI-MQ, oaHako, W3-3a HETOCTATOYHON MPOYHOCTH
U TEPMHUUYECKOM CcTaOUIBHOCTH OOJIACTh HUX TPUMEHEHUs CYIIECTBEHHO OrpaHHMueHa.
JlermpoBaHue alOMUHMS penKo3eMeNbHbIMU MeTamnamMu (P3M) cyliecTBEHHO MOBBIIIAET
MPOYHOCTH U JKApOIMPOYHOCTD, [TOATOMY BO3MOXKHO IpPUMEHEHHEe CI1aBoB cucreMsl Al-P3M
JUIS IPOU3BOJICTBA JJIEKTPOIIPOBOOB.

N3BecTHO, 4TO IO PacTBOPUMOCTH B aJIFOMUHHMEBOM TBEPJIOM PacTBOpE MEPEXOAHbIE
Metautel Ce, La oTHOCITCS K TpyNIie MallopacTBOPUMBIX JJIEMEHTOB, KOTOPBhIE 00pa3yioT ¢
ATIOMUHUEM IIPOMEKYTOUHbIE (Da3bl, OOBIYHO KPUCTAILTU3YIOIMECS B COCTaBE 3BTEKTUK. JTH
($a3pl, KaK MpaBUJIO, TYrOTUIABKHAE, a YBTEKTHUECKUE TEMIIEpaTypbl ONM3KU K TeMIepaType
IUTABJICHUSI QIIOMUHMS, 4YTO TIOJOXKHUTEIbHO BIHUSACT Ha IIOKA3aTeNd >KapolnpodyHocTH. B
Clly4ae BBICOKOM OOBEMHOMN JIOIM MPOMEXKYTOUHBIX ()a3 U JUCIIEPCHON CTPYKTYpPhl SBTEKTHKH
MeXaHUYeCKUEe CBOICTBA IPU KOMHATHON TEMIIEPATYPE TAKKE MOBBIIIAIOTCS.

[TapameTp peleTKH aqlOMUHUSA U 3JIEKTPOCONPOTUBIIEHUS MajO MEHSIOTCA IpHU
YBETHYCHHH KOHIIGHTPAIH [IepHs, TUIOTHOCTh yBemmamBaeTcst 10 2,707 r/em® mpu 0,5 % Ce.
[loBpllIeHE TBEPAOCTU U CHUKEHHWE 3HAUEHUH OTHOCHUTEJIBHOIO YAJIMHEHUs NMPU BBEACHUU
1epus He3HauuTenbHbl. J[00aBKM JlaHTaHA Ha MapameTp PeLeTKH, JIEKTPOCONPOTUBIICHUE,
TBEPAOCTh, IPOYHOCTh U OTHOCUTEIBHOE YIJIMHEHNE AIFOMUHHUSI CYILIECTBEHHO HE BIIUSIOT.

B na6opatopusix ycnoBusax ®T'AOY BIIO «Cubupckuit denepaibHblil YHUBEPCUTET
UCCIIEIOBAaHbl COCTaBbl AJIOMHHUEBBIX CIIJIABOB 3JIEKTPOTEXHMYECKOTO Ha3HAueHUs ¢
pa3IMYHBIM COJEpXKAHUEM Liepus, JIaHTaHa. J[Jas NpUTOTOBJIEHUS CILUIABOB B KauecTBE
OCHOBHBIX JICTHPYIOIIMX KOMIIOHEHTOB WCIIOJB30BaIM CIUIaBJICHHBIE JHraTypel Al
Munmetamn (MM) npoussoactsa pupmsl KBM.

B nanHo# paboTe nccnenoBany CIUiaBbl C pasinyHbIM cogepxkanueM P3M B nutom u
1€ GOPMUPOBAHHOM COCTOSIHUM. JIuTheM B MeTaulnuecKylo (GopMy mosydaroT cauTkd. [lo
TEXHOJIOTMU COBMEILICHHOTO JUThA M mpokaTku npeccoBanus (CJIUIII) nonyuaroT npyrku
nuamerpoMm 9 mMm. BonodyeHue MCHONB3YIOT Ui MOJIYYEHUs! MPOBOJIOKH TUAMETPOM 2 MM.
MHUKpOCTpYKTypa CIMTKOB, IPYTKOB U MIPOBOJIOKU IpHUBEEHA B Tabmuue 1.

@a30BbIll COCTaB CIMTKOB IPEACTaBIsAET CO00il 3epHa O-TBEPAOrO pacTBOpa H
OBTEKTUUYECKHE BKIIOUEHMS (a3, BBIJCIMBIIMECS MO TIPaHUIAM JIEHJIPUTHBIX SUYEEK IpHU
HBTEKTHUYECKOI KpUCTAJUIN3ALUU paciliaBa.

Hesnauntensnast pactBopumocts Ce, La B aJlOMUHHM MpeIoJiaracT MOsBJICHUE
IBTEKTUYECKUX (a3 B CTPYKType CIUIaBOB IpU HE3HAUYUTEIbHBIX KOHLIEHTpAIUAX
JETUPYIOLIMX peaKo3eMenbHbIX dieMeHToB (Bbimie 0,05 wmacc. %), 4Yro OOBsCHSET
NPUCYTCTBUE  OTACNBHBIX BKIIOYCHHH OBTEKTHYECKMX (a3 B  CTPYKType Jaxe
MasosiernpoBaHHbix P3M cniaBoB.

YBenn4eHne KOHLUEHTPALUH JIETUPYIO IIMX JIEMEHTOB BIIMSAET HAa pa3Mep ACHIPUTHBIX
syeek, (OpMY OIBTEKTHYECKUX KPHCTAJUIOB M  OOBEMHYIO OO  JBTCKTUUYECKHX



coctapysitoniMx B cruiaBax cuctembl AFP3M. Ilpu nerupoBanuu cruiaBoB P3M mo 1,5%
pasMep JEeHIPUTHOM SYCHKUM YyMeHbImaerca B 5-6 pa3 u cocrasiser 30-40 mxm. B
MHUKPOCTPYKTYpPE CIMTKOB IO TpaHHWIAM JCHAPUTHBIX SYEEK BBIACNACTCS HBTEKTHKA
iacTuH4aToi (opmsel, coctositmas w3 $a3 a + AlLMe (AliMes). Tlpu uccrenoBanuu
MHUKpOCTpYKTYphI ciiaBoB Al-P3M, conepxkanmx 2,5 u 4 macc. % P3M ycTaHOBII€HO, YTO
MOBBIIICHNE KOHIICHTPAILMH B aHAIN3UPYEMOM MHTEPBaJIe IPUBOIUT K YMEHBIICHHUIO pa3Mepa
JICHIAPUTHON sueiiki 10 20 MKM M yBEIMYCHUIO OOBeMHOW aonu 3BTektuku o + AliMe
(Ali1Me3). B BbIcOKONETHPOBAaHHBIX ciiaBax 4 macc. % P3M B cTpykType mMiacTHHYATOM
IBTEKTUKH IPUCYTCTBYIOT KpymHble Kpuctamwibl ¢assl tuma AlbMe (Al1Mes), B cocras
KOTOPBIX BXOJMUT JKEIE30 W/MIM KpeMHUU. BblaerneHus 3BTEKTUYECKUX KPUCTAIIOB
OKOHTYPUBAET JACHIPUTHBIC TICHKH.

Tabnuna 1 - Mukpoctpykrypa nonygabpukaros u3 cruasos Al-P3M, x1000
%
P3M

Cnutok [IpoBonoxka

0,5

1,5

2,5

4,0

Texnonoruss monydenuss npyrkoB wmerogom CJIIUIIIT u3 wmccneayeMbIX CIUTKOB
npuBela K 3HAYUTENbHBIM H3MEHEHHMSIM MHKpPOCTPYKTYpbl. Ha oOpasimax Bcex cCiaBoB
HaOMIOZaeTCsl  HEOJHOPOJHOCTH B BHUJE TOJOC  CTPYKTYPHBIX  COCTaBISIONMX,



OPUEHTHUPOBAHHBIX B HAMPABICHUU OCH JePopMaIlMU, COCTOSIMX M3 HIBTEKTUYECKUX
KOJIOHWH, IMEIOIIMX TIACTUHYATOE CTPOCHUE.

I[lo ceuwennro mnpyrka c¢ koHueHtpauuedn P3M 0,5 wmacc. % mnposBigercs
HEOJHOPOJHOCTh,  XapaKTePU3YIOIIAsACs  30HAMH  C  MOBBIINIEHHBIM  KOJHYECTBOM
IBTCKTUYCCKUX COCTABJSIONMMX, BBITSHYTBIX B CTPOYKA, W 30HAMH C CIUHHYHBIMH
BBIJICTICHUSIMA DBTEKTUUECKUX KpucTawioB (Tabmuma 1). [Ipuyem, oGmactu, oboramieHHBIC
OBTEKTUYECKUMH  BBIACTICHUSMHU, (OPMUPYIOTCS B  I[CHTPaJIbHOW YacTH  TNPYTKa,
nepudepuiinas 4acTb mnpaktuueckun He comepxkut ¢az AlbMe (AhiMes). VBenuuenwue
KOHIICHTPALMK JICTUPYIOIIMX 3JIEMEHTOB YCHJIMBACT W HEOJHOPOJHOCTh B CTPYKTYpE
MIPYTKOB.

BonouyeHnre mpoBOJIOKH W3 MCCIEAOBaHHBIX TPYTKOB HE YCTPAHUIIO HEOJAHOPOJHOCTH
UCXOJHBIX 3aT0TOBOK. CTpYyKTYpa MPOBOJIOKK Pa3HBIX COCTABOB IMOI00HA CTPYKTYpPE MPYTKOB
TEX )K€ COCTAaBOB. B MPOBOJIOKE MPHUCYTCTBYET HE3HAUYUTEIbHAS HEOJHOPOJHOCTh B BUE 1-2
CTpOYEK W30BITOUHBIX (a3 BaONb HamparieHUs jgedopmaruu. CTpOYEUIHOCTh B CTPYKTYpe
IIPOBOJIOKH BO3PACTAET C MOBBIIICHHEM JIETHpOBaHHOCTH ciutaBoB P3M (1,5-4 %).

MexaHndeckiue W IIEKTpo(U3NYecKre CBONCTBA B 3aBUCMMOCTH OT KOHIICHTPAIUH
MM B cruiaBe npuBEACHBI B TAOIHUIIE 2.

C yBenmueHuem KonmdectBa P3M B cmmaBe  BO3pacTaloT  MPOYHOCTHHIE
XapaKTePUCTUKU U MAJAI0T IUIACTUYCCKAE KaK MIPYTKOB, TAK U MPOBOJIOKH.

B ocHOBHOM, Ha YpOBEHb MHUKPOTBEPJOCTH CYIIECTBCHHOE BIIMSHHE OKA3bIBACT
HEOJHOPOJTHOCTh CTPYKTYpbl. MUKPOTBEPAOCTh M MPOYHOCTHBIE CBONCTBA MPOBOJIOKU
CYIIECTBEHHO BBIIE, YEeM TMPYTKOB, 4YTO OOYCJIOBJICHO BBICOKOH JIHCIICPCHOCTHIO
CTPYKTYPHBIX COCTaBJSIFONMX H  JAe(QOpPMAlMOHHBIM  YIIPOYHEHUEM, CBS3aHHBIM C
MCKQKCHHUSMH KPUCTANTMYECKOTO CTPOCHUS.

3aMepsl  AJICKTPOCONMPOTUBIICHUS Ha TPYTKaX TIIOKA3ajdd, YTO 3HAUEHHUS JTOTrO
napameTpa HaxoasTcs B npeaenax 0,0282-0,0311 OM-MMZ/M, TO €CTh YEM BBIIIIE COJICP)KAHUE
P3M, TeM BbIlle 3HAUEHUS YACITHLHOTO 3JIEKTPOCOMPOTUBIICHUS. JTO CBS3aHO B OCHOBHOM C
YBEITUYCHUEM OOBEMHOW JOJM SBTEKTHKM B CIUIaBaX MNP ITOBBIINCHHN KOHI[CHTPAIUN
JCTUPYIO LM X DJIEMEHTOB.

Tabmuma 2 — MexaHudeckue W OJEKTpO(U3UUYECKHE CBOWCTBA J1e GOPMHUPOBAHHBIX
nonyhabpukaToB U3 criaBoB cuctemsbl Al-P3M
Mexanuueckue Mexanuueckue
. . YaensHoe
cBouctba MukpoTBepa0CTh cBoucTsa MukpoTBepa0CTh | IIEKTPUUECKOE
% IpyTKa P P IIPOBOJIOKH P p
npyrkoB HV, nposoJioku HV, |conporusienue
P3M| mmamerpoMm JUaMeTpoM 2
KI'C/MM KI'C/MM IIPOBOJIOKH,
9 Mmm 2 MM 0 211
Gy MIIa] 8,% G, MITa | 5.% A
0,5 123 33 32,5+1,2 165 7,0 42,1+1,4 0,0282
1,5 124 32 31,0+1,3 186 6,0 53,0+0,9 0,0291
2,5 140 30 38,1+2,1 188 5,8 53,7+1,7 0,0297
4,0 158 23 32,9+0,9 199 5,6 52,3+3,4 0,0311

Takum o00pa3zoM, MNpOBEAEHHBIE HCCIEJOBAHUS IMOKa3adM, 4YTO pa3paboTaHHbIE
HU3KOJIETHPOBaHHbICe cIutaBbl cucteMbl Al-P3M MOXHO HCIoONb30BaTh Ui MPOM3BOJCTBA
3MEKTpUYECKU X NMPOBOAHUKOB. [lpu 3TOoM monyaOpukaThl U3 HUX 00JaJal0T BBICOKUMHU
IIPOYHOCTHBIMU XapaKTEpUCTUKaMU, B 1,5-2 pa3a NpeBbIIAIO IMMYU [10Ka3aTEIN BPEMEHHOIO
COIIPOTHUBJIEHUSI Pa3pbIBY KATAHKU U3 CTAHIAPTHBIX MAPOK 3JIEKTPOTEXHUUECKOTO aTFOMUHHUSL.



