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(57) MUzobperenne oOTHOCHTCS K  00IacTu
METAUTyprud, B 4YacTHOCTH K CIUIABY Ha OCHOBE
ANMIOMHHUS, W MOXET OBITh HCIOJB30BAHO IPU
MOJTyYEHHU U31eMni DIIEKTPOTEXHHIECKOTO
Ha3HAYEHUS npu [POU3BOJICTBE KaOeJbHO-

MPOBOJHUKOBON MPOAYKIUU UL 3JICKTPOIPOBOIKU
3/1aHUI U COOPY>KEHHUH.

[IpoBOOHUKOBBI CIUIaB Ha OCHOBE ATIOMHUHMS
comepxur, Mac. B %: xene3o 0,1-1,0; maramii 0,1-0,5;
kpemuut  0,1-0,5; wHukens 0,1-0,5, amromuHuMit -
OCTaJbHOE i XapaKTepu3yeTcs CTPYKTYpOIi,
MPECTaBIIOMEH Cco00i Matpuiy, 00pa3oBaHHYIO
ATIOMUHUEBBIM  TBEPJBIM PACTBOPOM B  KOTOPOM
PaBHOMEPHO  paclpeseNieHbl  >KeJe30coieprkKalire
yacTULEI B 00beMHOI g0 He MeHee 1 %, umeromue
cpeHUH pa3mep He Ooiee 3 MKM, [pH 3TOM
CyMMapHO€ KOJMYECTBO KPEMHHS M MarHusi B CIUIaBe
He mpesbimaer 1,0 wmac. B %. CmaB MoxeT OBITh
MONydYeH B  BUAC KAaTaHKH WA  IIPOBOJIOKH.
TexHUYECKUM pe3yJabTaTOM SBIICTCS  yBEIUUYCHUE
KOPPO3UOHHOW CTOWKOCTH U TEXHOJIOTHICCKOU
IUTACTUYHOCTH KAaTaHK{ I TPOBOJIOKH, MOJIYYCHHOU
U3 TIPEUIO’KEHHOTO CIDlaBa 3a c4eT 00pa3oBaHUs
KOMIIAKTHBIX  YacTHI[  JKejJe3oconepxammx (a3
ABTEKTUYECKOTO MPOUCXOXKICHUSI.



Uzobperenue OTHOCHUTCS K o0macti
METAJUTyprHH, B YAaCTHOCTH K CIUIaBy HAa OCHOBE

AJIIOMUHHA, U MOXCT OBITH HCIIOJIL30BAHO npu
MOoJIy4YeHUun U3IeIui SJICKTPOTEXHUYECKOI'O
Ha3Ha4YCHUA npu IPOU3BOACTBE Ka0eabHO-

MPOBOJHUKOBON TNPOAYKIHHU JJISI SIICKTPOIPOBOAKH
31aHUH U COOPYKEHUH.

JobaBneHrie B~ aTIOMHHHN  JIETHPYIOIINX
3JIEMEHTOB HPUBOINT K CHIDKCHHUIO
3JIEKTPOIIPOBOAHOCTH, TIO3TOMY IPOBOJIOKY OOBIYHO
JIeNnaroT U3 TexHudeckoro amomuHus (ASE unu A7E)
WIK U3  HU3KOJIETMPOBAaHHBIX  CIUIaBOB,  UTO
obecrieuMBaeT  BBICOKYIO  DJIEKTPOIPOBOAHOCTbD,
Malyl0 IUIOTHOCTh M XOPOIIYI0 KOPPO3HOHHYIO
croiikocte. Haubonbmee pacnpocTpaneHue Ui
MPOU3BOJCTBA  DJIEKTPOTEXHUYECKOH  IPOBOJIOKU
MOJIyYUJI TEXHUYECKUH amomMuHuil Mapku ASE, B
YaCTHOCTH,  NPUMEPOM  TIPUMCHEHHS  TaKOH
MPOBOJIOKH SIBJISETCS HM3TOTOBJICHUE INPOBOIOB JUIA
BBICOKOBOJIBTHBIX BO3JYIIHBIX JIDII. B
HarapTOBaHHOM COCTOSIHAHT IIPOBOJIOKA W3
TEXHHYECKOTO ATIOMUHHS OOCCIICUMBAET yJadHOe
COYETaHUE NPOYHOCTHBIX XapaKTEPUCTHUK, yCIBHOIO

3JIEKTPOCOIPOTUBIICHUS u CTOMMOCTH
MPOBOAHUKOBON MpoayKiuu. OJHAKO ee HU3KHMA
YpOBEHb OTHOCHUTEIIBHOTO YIUIMHEHUS B

HarapTOBaHHOM COCTOSIHUHM (OOBIYHO HE NPEBBIILACT
2-4 %), HHM3Kasg CTOMKOCTb K W3rubam u
MHOTOKDaTHBIM ~ IIepermdaM  OrpaHWYMBacT  ec
MIMPOKOE MCHOIB30BaHUE ISl BHYTPCHHEH MPOBOAKH
31aHUH U COOPYKEHUH.

Cpenn HHM3KOJIETMPOBAHHBIX  CIUIABOB  JUIS
NPUMEHEHUS! B JJIEKTPOTEXHHWKE CIEIyeT TakKxke
BBIICNIUTh CIUTaBbl cucteMbl Al-Mg-Si tuma ABE
nunu 6101 [1]. CruaBel 3TOTO THIIA B BUAE IPOBOJIOKU
B cocTosHUHM T6 00ecreynBarOT BBICOKHE 3HAYCHHS
MIPOYHOCTHBIX XapakTepucTHK He MeHee 295 Mlla u
YIOBJIETBOPUTEIBHBI  yPOBEHb  OTHOCHTEJIBHOTO
yanuHeHus: (0ObiyHO Ha ypoBHE 6-8%). Cpenu
HEJIOCTATKOB CIUIABOB 3TOTO THIIA CIEAYET BHIJICIUTh
HEOOXOMMOCTb HCIIOJIb30BAHMSI OTEPALNH 3aKaIKH
B BOXy M Oojee BBICOKMH YypPOBEHb 3HAYCHHH
YIIEIBHOTO IIEKTPHUIECKOTO CONPOTHUBIICHUS
(mpumepHO Ha 15%) MO CpaBHEHMIO C TEXHUYECKHM
amomuHueM tuna ASE.

W3BecTHBI Ipyrue HU3KOJIETHPOBAaHHBIE
aTIOMUHHUEBBIC CIUTaBbl 8xxx cepun Tuma 8030 wu
8176 [1], mpenHa3sHadeHHbIE IJIs TPUMEHEHUS B
Ka0eIbHO-TIPOBOAHUKOBON MPOIYKIUH u
conepxamrue (Mace. B %) 0,3-0,8% Fe; 0,15-0,3% Cu
n 0,4-1% Fe% 0,03-0,15% Si, coorBercTBeHHO. K
HEJIOCTAaTKaM YKa3aHHBIX CIIJIaBOB CJIEAYET OTHECTH
TO, YTO Ha BEpXHEM IIpeleNe JETHUPYIOIUX
JJIEMEHTOB, MPEXJEe BCEro IO XKele3y, yKa3aHHbIE
CILIaBbI XapaKTepU3yHTCs HU3KOHI
TEXHOJIOTUYHOCTBIO npu BOJIOYEHUH u3-3a
(hopMHUpPOBaHHSA OTHOCHUTENBHO TPYOBIX MMPOKHUIOK
KENEe3UCThIX (a3, YTO MPHUBOAWUT K IIOBBIIICHHOW
OOPBIBHOCTH TPY TIOJTyY€HHH TOHKOW IPOBOJIOKH, a
NP HU3KOM COJCP)KaHMHU JKele3a HEIOCTaTOYHBIH
YPOBEHb MPOYHOCTHBIX XapPaKTEPUCTHK.

Hawnbomnee OIIM3KIM aHaJOTOM K
NPE/I0KEHHOMY M300pETEHHUIO SIBISICTCS MaTepHall
Juist ka0eJyii Ha OCHOBE AJIOMHUHHMEBOIO CILIaBa C
BBICOKOI CTENEHBIO YJIMHEHHS M CHOco0 ero
nonydyeHus [2]. YkazaHHBI Marepuan COICPHKUT
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0,30-1,20% Fe; 0,03-0,20% Si:;, 0,01-0,30%
penkoszemenbHble  3nmementhl  (Ce w  La), a

OCTaBIIYIOCS YacTh COCTABISIOT ~QIIOMHHUN |
Hen3OexHble mnpuMmecd. Henocratkamu —JaHHOTO
CIIaBa SIBISIIOTCS:

1) HeOOXOMMOCTE JIETHPOBAHMUS CILIaBa OBICTPO
OKHCISIEMBIMH ~Ha  BO3AYXE  PEOKO3EMEJIbHBIMH
MeTaJlulaMu;

2) TpUTOTOBIICHHWE pAacIUlaBa TaKUX CIUIABOB
HPUBOINT K YBEJINYCHHOMY HIJTAKOOOPa30BaHHIO.

3ajgavyeil HACTOAIIErO W300pETEeHHs SBISIETCS

CO3JaHMEC HOBOI'0 MNPOBOJAHUKOBOIO CIlJlaBa Ha
OCHOBC AJIIOMHUHUA, XapaKTCpU3yromerocs
COYCTaHUEM BBICOKOT'O YpPOBH:A KOppO3HOHHOI7[

CTOMKOCTH U BBICOKOTO YPOBHS 3HAUEHHUM YJIEIbHOMN
aneKTpuyeckoit mposoguMoctu He Huxe 60% IACS -
MPOBOTUMOCTh B % OT MPOBOAWMOCTH Menu (MeIpb
npuHATh 32 100%).

TexHndeckum pe3ynbTaToM SIBIISICTCS
YBEJIMUEHUE KOPPO3HOHHOM CTOHKOCTH "
TEXHOJOTMYECKOI IUTIACTHIHOCTH MIPOBOJIOKH,
MOJIYYEHHON U3 MNPENIOXKEHHOIO CIUIaBa 3a CYET
obpazoBaHus KOMIAKTHBIX YACTHIL
JKEJIe30CoAePIKAIINX ¢ba3 IBTEKTUYECKOTO
MIPOUCXOKICHHUS.

B coorBercTBMM ¢ OJOHUM  acIEKTOM
HU300peTeHUs JIOCTIDKEHIE YKa3aHHOTO
TEXHUYECKOT0 pe3ysibTara 00ECIeYHBACTCS TEM, YTO
NpENJIOKEHHBIH CIUIaB Ha OCHOBE aJIIOMUHMUS,
COZIEPKALMI JKEIe30 U KPEMHHM, HpU 3TOM OH
JIOTIOJTHUTEIBHO COJEP>KUT, MAarHUid W HHUKENIb IPHU
CJEelyIOIIEM COOTHOILIEHUH KOMIIOHEHTOB:

Kemneso 0,1-1,0
Marauii 0,1-0,5
Kpemuuii 0,1-0,5
Huxkens 0,1-0,5
ATIOMAHAI OcranbHOe

IIpu 3TOM CTpyKTypa cIUIaBa NPEACTaBIISET
coboit MmaTpuily, 0OOpa30BaHHYIO aJIOMHUHHUEBBIM
TBEPIBIM PAcTBOPOM, B KOTOPOM paBHOMEPHO
pacrpenesieHsl  JKele30CoAepKallie YacTHIBl B
KoJuyecTBe He MeHee 1%, uMmeromme CcpeaHui
pasmep He Oomee 3 MKM, NPH STOM CyMMAapHOE
KOJIMYECTBO MarHUsI, KPEMHUS M HUKEIS B CILIaBE HE
npesbimaet 1,0 mac. %.

3asBIIeHHBII CIUTaB MPEAIOYTUTETIHFHO
XapaKTEPU3yeTCs yIenbHOU 3JIEKTPUYECKOU
MIPOBOIUMOCTBIO TPH KOMHATHOW TeMIlepaType He
menee 60% JTACS, a Taxkke OTHOCHUTEILHBIM
YAJHMHEHUEM NIPH KOMHATHOH TeMIlepaType He MeHee
30%.

Jns  oOecriedeHuss JTOCTHDKEHUSI  BBICOKOTO
YPOBHSI KOPPO3UOHHON CTOMKOCTU U HU3KOTO YPOBHS
3HaYEHUI YIENBHOTO 3NEKTPHUECKOTO
COTIPOTHUBJICHUS CTPYKTYypa IIPOBOJTHUKOBOTO
MaTepuaia JIOJDKHA HIpeCTaBIATh coboit
AJIOMUHUEBBIA TBEpABIA pPAcTBOP M KOMIIAKTHBIE
YaCTHUIIB 3BTEKTHUCCKUX JKeIe30cofepxKammx ¢as.
O60CHOBaHNE 3asBIIEMBIX KOJIWYECTB JIETHPYIOIINX
KOMIIOHEHTOB,  00ECHCYMBAIOIINX  JOCTIDKCHHE
3aJaHHOM CTPYKTYpHI, B JAHHOM CIUIaBE MPUBEICHO
HIDKE.

Kenezo B 3asBIISIEMBIX KOJIMYECTBaX
HEOOXOAMMO Uil TOBBINICHUS OOILEro YpOBHA
MEXaHUYECKUX CBOWCTB TEXHMYECKOIO aIOMUHUS
0e3 3HaYMMOTrO YBEJIMYEHHUS YJIEIBHOTO



JNEKTPUUECKOT0 conpoTusienus. [Ipu coxepxanuu
JKeJIe3a BBIIIE 3asBJICHHOTO 3HAYEHHS JTOT DJIEMEHT
OyzeT oKa3bIBaTh 3HAUMMOE HETaTHBHOE BIIHMSHHUE Ha
yIeJIBHOE JJIEKTPUYECKOEe COTNPOTHBIICHUE CIUIaBa 3a
CUET CHWXEHHMS OOBEMHOH MJONMM aJIOMHHHEBOTO
pacTtBopa. MUHHMaNbHOE COZIEp)KaHUE IKeJe3a
COOTBETCTBYET AOCTHKEHHIO MHHUMAIBHOTO YPOBHS
MPOYHOCTHBIX XapaKTEPUCTHK.

Marnuii B cocTaBe 3asABISIEMOTO  CIUIaBa
obpasyet uHTEepMeTaLTH g cocTaa M(,Si, KOTOpHIii B
mporiecce TepMHUYECKOH OOpabOTKM cIDiaBa W €ro
OTIyCKa, TIOBBIIAET MEXaHWYECKHE CBOWCTBA
CIJIaBa.

KpeMHuii B 3asiBICHHOM KOHIIEHTPallMOHHOM
JranasoHe oOecreynBaeT yiydlleHHe MOopQoIoTuu
Kenezocomepxamux — (Gaz  KpUCTAIUIU3ALUOHHOTO
MPOUCXOKIACHUA, IPU 3TOM KOHUCHTpalusd KPEMHUA
obecrieyMBaeT €ro MUHHMAJIbHOE KOJHMYECTBO B
IIOMHHUEBOM TBEPAOM PACTBOPE M MaKCHMAaJbHOE
kommaectBo  (azer  AlgFe,Si. Tlpum coxmepxanmm
KPEMHHS BBIIIE 3a5BJICHHOTO 3HAUYEHHS 3TOT 3JIEMEHT
OyzeT oKa3pIBaTh 3HAYMMOE HETAaTHBHOE BIHSHHUE Ha
YIENBHOE 3JEKTPUYECKOE CONPOTHBICHUE CIUIABA.
MuHuManbHOE COACPIKAHUE KPEMHUS COOTBECTCTBYCT
YPOBHIO IPUMECH.

Huxkenb B 3asBIIsIEMbIX KOJIMYECTBAX HeO6XOI[I/IM
JUISL yIy4IIeHUs. MOP(MOJIOTHHU IKEIe30CoAepiKaIInX
(a3 KpUCTAIM3aLMOHHOTO IPOMCXOXKICHUS, B
yactHOcTH (a3bl  AlgFeNi, ¢opmupyronmxcs B
CTPYKTYpe TIpH 3a/laHHOM COJEPXXaHUM JKeye3a, 0e3
YXYIIEHNS JIpYyTUX 9KCIUTyaTallMOHHBIX
XapaKTepUCTHUK, MIPEXKIIE BCETO,

JJIEKTPONPOBOIHOCTH.  Takasg cTpykrypa Oyner
obecrieuynBaTh BBICOKYIO TEXHOJOTHYHOCTH IIPH
MPOKATKe JINTOH 3aTOTOBKH JI0 KATAHKU M BOJIOYEHUH
KaTaHKU B MIPOBOJIOKY. [pu MEHBIINX
KOHLCHTPAlUAX HUKENs €ero BIUsSHUE OyJer
HEJOCTaTOYHBIM Il oOecrmedyeHus TpedyeMoit
CTPYKTYpbHI, a TIOBBIIICHHE COACPXKAHHUS BBIIIE
BEPXHETO TIpeJieNla HE OKaKeT 3HAYMMOTO BIMSHUS
Ha TIOBBIIICHHE TEXHOJIOTUYHOCTH TIpH 00paboTke
JIABIICHUEM.

CruaBbl 4711 WCCIICNOBAHUS TONYYAlOT ITyTEM
pacruiaBieHus amoMuHusg Mapok ASE niau A7E npu
temneparype 750-800 °C u ero smermpoBaHms
KpHCTaJUTMUeCKUM KpemMHHeM wu3 pacuéra 0.1-0.5
Mac. B %. JMraTtypsl QIIOMHHUS C KEJIe30M
(2.18%Fe) u uukenem (5%Ni). Comeprxanue xene3a
cocrasiset 0.1-0.5 mac. B %, nukens 0.1-0.5 mac. B
%.

[anee BBOAAT METAUIMYECKOM MarHuil u3
pacuera 0.1-0.5 wmac.% 3aBopaumBas €ro B
AJTIOMUHHUEBOU (oisre. 3areM pacruias
MepeMEeIINBalOT 10  IOJHOTO  PacIUIaBICHUA
KOMITIOHEHTOB CIUIaBa. Jlamee ymamsioT OUIaK c
MOBEPXHOCTH U OTJIMBAIOT NPOOBI A aHaAIW3a U
HCCIICIOBaHUS CBOWCTB CIIJIABOB.

IIpumep 1

Jns  TOATBEpXKICHUS  KOHIIEHTPALMOHHOTO
Jhana3oHa, pu KOTOPOM KeJle30, MarHui, KpeMHUN
W HUKeNb  (OPMHUPYIOT  NPEUMYILIECTBEHHO
TIOMHHU/Bl  BTEKTHYECKOTO TPOMCXOXKICHUS C
00beMHOM 1osel He MeHee 1 %.

Taoauna 1
MexaHu4ecKHe CBOICTBA H MPOBOIMMOCTH YIKCNEPUMEHTAIbLHBIX CILIABOB
Ne K*107, r/m? uac 2, MkOM"MM IACS, % {0, MIla 5150,%
1 26,80 27,2 63,1 71 43
2 23,78 27,1 63,2 76 45
3 24,45 27,3 62,8 86 37
4 24,0 28,4 60,6 97 47
5 26,13 29,2 58,7 108 29

rue:

p —YAEIBHOE JEKTPHUECKOE COMPOTHBIICHHE,
MKOM MM;

IACS - npoBoauMocCTb, B % OT cofepikaHus
Menu (Mean npuHsTa 3a 100%);

) B - BPEMEHHOE COIIPOTHUBIICHHUE Pa3pHIBY,

Mlla;
350 - OTHOCHUTEIIBHOC YIJIMHCHUE HA PACUCTHOM
minHae 50 My, %.

K*10°® — CKOpPOCTh KOPpPO3HH CILIABOB B Cpefie

2
anextposmra NaCl, r/mM”-uac

W3 mpencraBineHHoi Tabiwmmbl 1 BUAHO, YTO
TOJBKO CIUIaBBl ~ COCTaBa 2-5, COOTBETCTBYIOIHUE

3asBJICHHOMY Arara3ony KOJIMYCCTBCHHOT' O
COACpIKaHUA KOMIIOHCHTOB, 00€ecreunBaroT
Tpe6yeMI)I€ 3HAYCHUS MAacCOBOU JOJHN KCIIC3UCTBIX
COCTaBJIAIOIINX, MOPOBOAUMOCTH, KOppO?;PIOHHOﬁ

CTOMKOCTH U MEXaHUYECKUX CBOMCTB Ha pa3phIB.



CmaB coctraBa | He  yIOBIETBOpSET
3asBJICHHBIM TpeboBaHUAM 1o 3HAYEHHIO
BPEMEHHOTO CONPOTHBICHUS Ha pPa3phlB, a CIUIaB
cOCTaBa 5 HE YAOBICTBOPSACT TPEOOBAHUSIM IIO

3HAYCHHAM YIEIBHOTO JIIEKTPHIECKOTO
COINPOTHUBJICHHSI K OTHOCUTEIILHOTO Y UIMHEHUS.
IIpumep 2

IIpoBonoka quamerpom 1,8 MM, mosyueHHas U3
KaTaHKH CIUIaBa COCTaBOB 3 U 4, HCIIbITaHA Ha

CTOMKOCTH K TIeperudaM B CpaBHEHHH C TIPOBOJIOKOH,
MMOMyYCHHON W3 TEXHHUYECKOTO ANIOMUHUS MAapKH
ASE ('OCT 11069-2001). UcnpiTaHne 3aKTI09aTI0CH
B MHOTOKPAaTHOM JIBOMHOM mieperube Ha yron 90° ot
BEPTHKAJIHHOTO MOJOXEHHUS 00pas3ia IpPOBOJOKH B
o0e CTOpPOHBI [0 pa3pymeHus. Pe3yipTaTsl
WCTBITAHUN TpHUBEICHBI B Tabnume 2. Bricokas
TEXHOJIOTHYECKasl IUIACTUYHOCTh 00ecreunBaeTcs
0oNbBIION OO0BEMHOMN JIOJNeH 3BTEKTHYECKHX (a3 ¢
pasmepoMm He Oosee 3 MKM.

Taéauna 2.

KoanyecTBo ABOHHBIX MePern0oB MPOBOJIOKH 10 Pa3pyLIeHHs

Ne Uwncno neperndoB
3 10
4 14
ASE 5

Dopmy.ia H300peTeHust

ANIOMUHUEBBI  NPOBOJHUKOBBIA  CIUIAB,
COZIEpPXKALUI JKENEe30 U KPEMHUIM, OTINYAIOIIUICS
TeM, 4YTO JOTOJHUTCIHHO COACPKAT MAarHuii W
HUKENb npu CIIeyIoIeM COOTHOIICHUHU
KOMITOHEHTOB, B Mac.%:

JKene3o 0,1-1,0
Maraui 0,1-0,5
KpeMHHHN 0,1-0,5
HHUKEIb 0,1-0,5
aTFOMUHHI OcTtanpHOE

Komnerotepnsiit Habop: Hazaposa Ix. /.
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