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NEPCHEKTUBHBIE CTAJIM CBAPOYHOI'O HASHAYEHUSI
C BBICOKOHM TEXHOJIOTHYECKOHU NJIACTUYHOCTBIO

Lenbio paGoThI sBIETCS pa3pabOTKa PalMOHAIBLHOIO XUMUYECKOTO COCTaBa He-
CTapeIOIINX HU3KOYTJIEPOAUCTBIX MAJOKPEMHHCTBIX CIIOKOMHBIX CTaleil U PEeKHMOB
00pabOTKH NpH M3TOTOBJICHUU KAaTaHKH /UL MAJOro auamerpa. [lokazaHo, 4To s He-
CTaperolell METaJUIONPOAYKIIMH HeoOXomumo obecrieunth B cranu He meHee: 0,02 %
amoMuHus (kucnoropactBopumoro), 0,010 % turana u 0,002 % Gopa. Katanky u3 Hus-
KOKPEMHHCTBIX MHUKPOJICTUPOBAHHBIX CIOKOMHBIX CTaJlCH B MPOIECcCe BBICOKOCKOPOCT-
HOW TPOKATKH HEOOXOJIUMO IMOJIBEPraTh pa3ynpoyvHSIONICH TepMOMEXaHIMYECKO 00pa-
OoTke.

CTajJb, MUKPOJerHPOBaHUEe, AJIOMHUHMI, TUTaH, O0p, KATAHKA, cBa-
pouHasi IPOBOJIOKA, TEPMOMeXaHNYecKass 00padoTka

CocTtosinue Bonpoca. OnHON U3 3a1a4 YepHONW METaTypruu Y KpauHbI
ABjAeTcsl obecredeHne MeTaIONOTPEOIAIOIIX OTpacie MeTaJlIoNpPOKaToM
BBICOKOTO Ka4ecTBa U TPeOyeMOoro COpTaMeHTa, B TOM YHCIIE [TEPCIEKTUBHOTO.
B monHO# Mepe 3TO OTHOCHTCS K CBapOYHON NPOBOJIOKE, MCIOJB30BAHUE U
00J1aCTH IPUMEHEHHSI KOTOPOH TTOCTOSTHHO PaCHIMPSIIOTCSL.

[Tpn M3roTOBIEHNN OTBETCTBEHHBIX CBAPOYHBIX KOHCTPYKIMH M3 JIETUPO-
BaHHBIX CTaJled METOZOM Ta303JIeKTPUIECKON CBApKH MIMPOKO MPUMEHSIOTCS
JerupoBaHHbIe cBapodHble MpoBosoku Mapok Ce—08I2C, Ce-08I'CHT, Cs—
10HMA u np. mo I'OCT 2246. IIpu 3TOM IpakTHKa CBapOYHBIX paboT B YKpa-
MHE U 3a pyOeXOM CTaBUT Mepel MPOU3BOJUTENSIMH 33hadd HCIIOIb30BaHMS
JUISL 3TUX LENeH MPOBOJIOKY MalbIX JuamMeTpoB. OHAKO, U3TOTOBICHHE TIPOBO-
JIOK MaJlbIX AUaMETPOB Ha MCTU3HBIX MNPEANPUATHAX O6yCJ’IOBJ’[I/IBaeT Heo0Xx0-
JUMOCTh AOIIOJIHHUTCIIBHBIX TCXHOJIOTHYCCKUX onepaunﬁ, BKJIIOYAOIMUX IMIpo-
Me)KyTO‘IHBIﬁ OTXXUT' U TpaBJICHUE. 910 MPUBOJUT K YXYAUNICHUIO CAHUTApHO—
TMTHEHMYECKUX YCJIOBHH Tpy[Ja, a TakXKe K JOMOJIHHUTEIBHBIM PEeCypco— TOI-
JMBHBIM W (PMHAHCOBBIM 3aTpaTaM M, Kak CJIEeJCTBUE, MMOBHIMIEHUIO Cce0eCTOu-
MOCTH BBIITyCKAaeMOH NPOIYKIIHH.

W3BecTHO, YTO Ha TPOIECCHl BOJIOYCHMS KaTaHKM HA MIPOBOJIOKY B 3HAUYH-
TENBHOM CTENEH! OKAa3bIBACT BIMSHHE COJCP)KaHMS KPEMHHS B CTAJIH, BBI3bI-
BaIOIETO 00pa30BaHHE KPYNHBIX CHIMKATOB B MeTayute. CymiecTByeT MHEHHE,
YTO CO3JaHHE CTaJel, B KOTOPBIX OTPAaHHYCHO COJCP)KaHHE OXPYMIMBAIOIINX
aneMeHToB — yriepona (ae 6onee 0,09 %), kpemuus (He 6omee 0,1 %) u a3oTta
(e Gonee 0,007 %) mpu OOECHEYEHUH COAEPIKAHUS KHUCIOTOPACTBOPUMOIO
amomuHus B ipenenax 0,02—0,05 % 1mo3BoyuT B METU3HOM Iiepesiesie Moayyarhb
MPOBOJIOKY MaJIbIX THAMETPOB 0€3 MPOMEKYTOUHOU TEPMOOOPAOOTKH.

JIn1st ycTOWYMBOTO MPSIMOT'O BOJIOUEHUSI KATAHKH Ha TPOBOJIOKY MaJIbIX
JUaMETPOB HEOOXOIMMO O0ECHEeYHTh XUMUYECKYI0 OIHOPOAHOCTH MeETallia,
BBICOKOE KayeCTBO IOBEPXHOCTH MOJKAaTa M MaKpPOCTPYKTYpbI, MOHHMKEH-
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HYIO 3arps3HCHHOCTh HEMETAUIMYCCKUMH BKJIFOUCHHSIMH, a TaKKe HU3KYIO
YYBCTBHUTEIBHOCTh KaTaHKH K AeopManimoHHOMy crapenuto [1,2].

CHIKCHHE TIACTUYHOCTH M OXPYIMYHBAHHUE MOJKATa B MPOIECCE U3-
TOTOBJICHUS TPOBOJOKU MaJbIX THAMETPOB OOYCIIOBIICHBI, MPEXKIEC BCErO,
HAJTMYHEM HECBA3aHHOTO B HHUTPHIBI a30Ta, KOTOPBIA HAXOAUTCSI B O—
JKEIIE3HOW MATPHIIC U BMECTE C YIIIEPOJOM TOPMO3HUT JBIDKCHUC JIHUCIOKAIUH,
a Taioke oOpasyer Heycroiunssle HUTpUIB! (FeoN, FeyN u Fe,N,) wmm kap6o-
autpuasl (tima Fe s(N,C),). 310 BhBBIBacT HEOOXOANMOCTD IS TIPEAOTBpAIIle-
HUsI OOPBIBHOCTH B MPOIIECCE BOJOYCHUSI MPUMEHEHUSI CIICIUATBHBIX MIASIINX
PESKHMOB XOJIOJHOW 00pabOoTKM MeTayuia (CHMKEHHE CKOPOCTH BOJIOYCHHS,
HCTIOJIH30BaHNE TIPOMEKYTOUHOTO OTKHUTa U Tpasienus) [3]. [loaromy ocHOB-
HBIM M HEOOXOAMMBIM MEPOIPHSITHEM ISl TIOMYUeHHUsI HECTapEIONel BhICOKO-
nehopMUPYEMOU KaTaHKH, [0 COBPEMEHHBIM BO33PEHHUSAM METAIOPU3UKH U
COBPEMEHHOW TEOPHH IMPOU3BOJACTBA CTalicil BBICOKOTO KadyecTBa, SBISCTCS
CHIDKCHHME KOHIICHTPAIMH a30Ta B METAJJIC M CBI3BIBAHHUE €T0 B MPOY-
HBbIC HUTPUABI 32 CYCT UCIOIH30BAHUSI BHICOKOA((EKTUBHBIX, HEJOPOTUX H
JMOCTYIMHBIX B METAJUIYPTHYECKOW MPAKTHKE MHKPOJETUPYIOMHUX dJIe-
MEHTOB C BBICOKUM CPOJICTBOM K a30Ty U yriiepoay [3-5].

Kpome Hakmema MeTajja, BBI3BIBAEMOTO a30TOM U YIJIEPOJOM,
CHMXaeT AehOpPMAIMOHHYI0 CIIOCOOHOCTh MeTajuia 00pa3oBaHUE HEMETal-
JMYECKUX BKIIOUEHUH, NPUBOAANIMX K OCIAOIEHHI0O MOBEPXHOCTHBIX U
BHYTPEHHHUX CIIOCB, MOBBINICHUIO HEOJAHOPOAHOCTH (aHM30TPOITHOCTH)
Mo/IKaTa 1o ero TONIIUHE U JjTuHe [6].

YuuTeiBas BbICOKHE TpeOOBaHHs 10 AeHOPMHUPYEMOCTH paccMaTphBac-
MOW METaJIONPOAYKIMH, B COBPEMEHHBIX MHPOBBIX U OTCUCCTBEHHBIX
CTaHAapTaX OTMEYCHa TEHICHIUS COACP)KAHMS a30Ta B HU3KOYTIIEPOIUCTHIX
cramsix He 6omnee 0,004—0,006 %. IMogydyeHne HU3KOA30THCTOMW CTAJld C IMOHH-
JKCHHBIM COJICPXKAHUEM YTIIEPOJia, IIBETHBIX W BPEIHBIX MPUMECEH MO3BOJHT
00ecTeunTh HEOOXOIUMEBIC YCIOBHS JJIS CO3MaHUs CTaeHi HOBOT'O TOKOJICHHS,
MTOJTy4YaTh KaTaHKy BBHICOKOW TUIACTHYHOCTH.

OCHOBHBIM YCIIOBHEM TIONYYCHHUS HECTapEIOMEr0 MeTajlla SBIACTCS
MaKCHMAJIbHOE CBS3bIBAHME MMEIOIIETOCS B CTANM a30Ta CHEHUATBHBIMU JI0-
0aBKaM® B MIPOYHEIC MEIKOANUCIICPCHBIC HUTPUABI U OKCHUIIBI B Ol—Kee3e. DTH
HUTPHU[IBI JTOJDKHBI OBITH MEIKOJUCTEPCHBIMH, B OOJIBIIMHCTBE CiydYa-
€B KOTEPEHTHBIMHU C KPUCTAJUIMYECKO# pemieTkoi Gepputa u He AOJIK-
HBl BBI3BIBATh TOPMOXKECHHS JUCIOKAIMH B MPOIECCEe MPSIMOTO BOJOYCHHS
KaTaHKH.

Heabo padoTsl sABIsIETCS pazpaboTka palliOHATLHOTO XUMHUYECKOTO CO-
CTaBa HECTAPEIOIINX HU3KOYTJICPOAMCTHIX MaJOKPEMHHUCTHIX CITOKOWHBIX CTa-
JIe U peKUMOB 00PaOOTKH MPH U3TOTOBJICHUN KaTaHKH I MaJioro AHaMeTpa.

PesynbTaThl uccnenoBanus. Ha ocHoBaHWU 0000UICHUS ¥ aHAJIU-
3a JaHHBIX O COPTaMEHTE HHUTPUI000pPa3yIOUIMX 3IIEMEHTOB, 3aracoB
MHHEPATbHO—CBIPEEBBIX PECYPCOB U OTXOJOB MPOMBINUICHHOCTH Y KpPauHBI
ompe/ecHbl Hele(GUIIUTHRIE, HEAOPOTHE U JOCTYITHBIC B METAJLTYPrHYCCKOM
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NPaKTUKEe YKPawuHbl CTaOWIN3UPYIOIIKE AJIEMEHTHl C BBICOKHMM CPOJICTBOM K
a3oTy B TBepaoM xkenese — Al, Ti, B.

CpOJICTBO DIIEMEHTOB K a30Ty (M0 M3MEHCHHIO BEIHMYUHBI CBOOOIHOM
sHepruu ['mbOca) mpuM KOMHATHOH TeMIlepaType CHIDKAeTCsl B CIIEIyIOLIEM
psiy DIIEMEHTOB: OCpHIUTHI — IUPKOHUH — THTaH — AIOMHHUA — 6op —
TaHTaJl — HAOOMH — BaHaAWI — MapraHen — XpoM — MOJHOJEH — BOJb-
(pa [3].

Bepwmmii, TaHTaN, HHOOWIA, BaHAIMI, MOJHOJICH U BOIb(paM SBISIOTCS
3JIEMEHTaMHU CTPATErMYECKOW TPYMITBI H OATOMY HE MOTYT OBITH PEKOMEHMO-
BaHBI Ul paccMaTpuBaeMbIx meneil. He MoryT ObITh HCITOTB30BaHBI XPOM
U KPEMHHH, COoJepKaHUsI KOTOPBIX B HOBBIX CTAJISIX JIOJKHBI OBITH MHHUMHU3HU-
pOBaHLI.

JlaGoparopHsbie MIaBKU TOKa3ald, 4To Tpedyemast Uil CHIOKOWHON HHU3KO-
YIJIEPOAUCTOW M MaJIOKPEMHHCTON CTalll CTENEeHb PACKHCIEHHOCTH MeTaa
nocruraercs npu Beoge 0,005% amromunus (xucioropactsopumoro) u 0,010
% turana [7].

TepmoanHaMuUecKre pacdeThl MOKa3bIBAIOT, YTO MPH TEMIIEpaTypax Xo-
JOXHOW nedopManyy MOJKaTa pacdyeTHas pacTBOPHMOCTh a30Ta B MeTajlie
cocrapmster 5,07-107 +6,81-107° % . J{ns1 Gopa [6] yCTaHOBIEHO, UTO JaXe MPH
Beoze 0,001-0,003 % HuTpMmooOpasyromeli MUKPOIOOAaBKH COAepKaHUEe He-
CBSI3aHHOT'O, CBOOOHOTO a30Ta CHIDKAETCS 0 OYeHb HU3KWX 3HadeHwui (1-107
% u HwKe). ITO CBHAETETLCTBYET O TOM, UTO MPH HAIMYMH B CTATH 60pa,
TUTaHa W AIIOMHUHUS (KHCJIOTOpacTBOpUMOro B kommdectBax Oonee 0,003 %)
JOJDKHO CO37]aBaTh OJAarONpHSITHBIC MPEANOCBUIKH Ul XOJOXHOTO AehopMu-
pOBaHMs TIOJIKaTa U3 CIIOKOMHBIX CTajiel C HEBBICOKUM HAKJIETIOM.

CoBpeMeHHasi TEXHOJIOTHS MPOU3BOJICTBA OMEIHEHHOW CBapO4HOM mpo-
BOJIOKH BKJIFOYAET:

- MEXaHH4ECKOe yJaJeHUE OKaJIHHBI;

- BOJIOYEHHWE KaTaHKW JUaM. 5,5 MM Ha JIEBSITUKPaTHOM CTaHe Ha IIPOBO-
JIOKY 110 ntuam. 2,2 —2.0 mm;

- TOCJIEeyIoIee MOKpoe BOJOYEHHE (B PACTBOPE SMYJIBCHH) Ha TPOBOJIO-
Ky KoHeuHoro auam. 0,8 — 1,6 MM, COBMEIIICHHOE C OMEAHEHUEM.

Omnepanuy MPOMEKYTOYHOTO PEKPHCTAIUIN3AIMOHHOTO OTXKUTa MPOBOJIO-
KH B CIy4ae TaKOH TEXHOJIOTHYECKON CXEMBI IIOJIHOCTHIO MCKITFOUAIOTCS.

HWccrenoBanmst, mpoBeaeHHbIE Ha KaTanke U3 crand Mapku Ce—0812C [8]
NOKa3aJu, 4TO HaOdroaeMasl B psje ClIydacB MOBBIIIEHHAs OOPBIBHOCTH NPHU
BOJIOUCHHH OOYCJIOBJICHA CTPYKTYpHBIMU (akTopamu. Hambosee cyiecTBeH-
HBIM B 9TOM IUIaHE SIBJISIETCS] HATMYKME B CTPYKTYPE YIPOUYHSIOUIMX CTaNb Oeii-
HUTO—MAapTEHCUTHBIX YYacTKOB KPHCTAJUIOB BBICOKOJMCIIOKAI[MOHHOTO TIjia-
CTHHYATOTO MapTEHCHUTa C MHOTOYHCICHHBIMH MHKPOIBOIHHUKaMH, KOTOPBIE
pu leopManuy ciykatr 0apbepaMu HpOJBIKEHUs auciokanuii. OOpasyro-
myecst mpu aAedopManun GeppuTa 1 MapTEeHCHTA MACCHBHBIE TUCIIOKAI[MOHHBIE
CKOIUTEHHSI TPaHC(HOPMHUPYIOTCS B MHKPO— M MaKpOTPELIWHBI, YTO, COOCTBEH-
HO, ¥ MHAIIUHPYET pa3pylIeHNe ITPOBOJIOKH B TIPOIIECCE BOJIOYCHUSI.
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IIpu pexumax IBYXCTaAMMHOTO OXJIAXKICHMS, PEAIU3yEMbIX Ha JIMHUU
CrenMop, B KaTaHKe M3 HU3KOKPEMHHUCTBIX MUKPOJIETHPOBAHHBIX CIOKOHHBIX
craieil MoxeT (OPMUPOBATHCS TaMMa JHMCIOKAlMOHHO HACHIIEHHBIX (eppH-
TO—MapTEHCUTHBIX u CMEIIaHHbIX (peppuro—nepnuro—OeHHNTO—
MapTEHCUTHBIX) CTPYKTYP, ONPEEIISIONINX KOMIUIEKC MEXaHUYECKUX M TEXHO-
JIOTHYECKUX CBOUCTB. Takoe CTPYKTypHOE COOTHOIICHHE MOKHO PETYIHPOBAThH
Pa3yTIPOYHSIONMEH TepMOMEXaHHIECKOH O0paOOTKOU, MPH KOTOPOU KOIM4e-
CTBO OCTPOBKOBBIX OCHHHUTO—MAapTEHCUTHBIX YYaCTKOB HE3HAUUTEIBHOE, a pac-
CTOsIHHEe MeXOy HuMH Ooisbinoe. B pabote [9] aBTopamm moka3aHa BO3MOXK-
HOCTP peaji3aliy MEeXaHn3Ma MepeMeIIeHIsI TUCIOKAINA Yepe3 OCTPOBKOBEIC
(mo 10%) mapreHcHUTHBIE M OCHHUTHBIE YYaCTKH CTPYKTYPbI MPH HAIOKCHUU
JIe(pOPMAIMOHHOTO BO3JCHCTBHUS, MMOITOMY, IIACTHYCCKHE CBOWCTBA TaKOM
KaTaHKU U €€ CIIOCOOHOCTD K J1e(OpMaIlMOHHOMY (POPMON3MEHEHHIO BBICOKHE,
YTO TIO3BOJISIET B TEXHOJOTMYECKOW CXeMe IPOU3BOJCTBA MPOBOJIOKH HCKIIO-
YHUTH MIPOMEKYTOUHYIO CMATYAIOLIYIO TEPMUUECKYIO 00paboTKYy.

3akaiouenne.

[Ipn pa3paboTke panuOHAIBLHOTO XMMHYECKOIO COCTaBa HECTapEIOIINX
HU3KOYTJIEPOANCTHIX MaJIOKPEMHHCTBIX CIIOKOWHBIX CTaJlel M PEKUMOB 0Opa-
OOTKH TIPU M3TOTOBIICHUH KaTaHKH W CBAPOYHOH MPOBOJIOKH MAaJOro JHaMeTpa
HE00XOAUMO HUCTIOIH30BATH CICAYIOIINE TIPHHIIUTIBL

— CTaJb MPOM3BOIUTCA CHOKOIHON M Menmko3epHHCTOH. Tpebyemast cre-
IIeHb PACKHUCIEHHOCTH METajla JOCTHTAeTCs 32 CUeT BBOJAA B XKHUIKYIO CTajb
ATIOMHHUS M TUTaHa. [l HecTaperollell MeTaJuIONpOAyKIUU HeoO0XOIUMO
obecrieunth B ctamu He MmeHee: 0,02 % amoMuHUS (KHCIOTOPACTBOPHUMOIO),
0,010 % turana u 0,002 % 60pa;

— HHM3KO€e coziepaHue kpeMHus B cranu (ue 6ostee 0,010 %) obecrieunBa-
€T HE TOJIKO yBelMuYeHHe AeOpMUPYEMOCTH KAaTaHKH, HO M CIIOCOOCTBYET
MOJY4E€HHIO BBICOKOHM CIUIOIIHOCTH MO €€ CEYEHHIO W OJHOPOJHOCTH CBOMCTB
3a CYeT IpeAOTBpAIICHUS 00pa30BaHUS CHIINKATOB;

— cozepKaHMe BPEAHBIX IMpUMeceil TakuX Kak cepa u ¢ocdop, orpanmdm-
Baercs 3HaueHUAMH He Oosee 0,015-0,020 % kaxmoro. JIJis MOBBIIIICHHS TIa-
CTHYHOCTH KaTaHK! B CTAJIb MOTYT BBOJIUTHCS MIETOYHO3EMENBHBIE 3JIEMEHTHI;

— KaTaHKYy W3 HU3KOKPEMHHUCTHIX MHUKPOJIETHPOBAHHBIX CIOKOHHBIX CTa-
neil B mporecce BBICOKOCKOPOCTHOM TIPOKATKH HEOOXOAWMO IIOABEPTaTh
pasymnpounstonieir TMO, B mpoiiecce KOTOPOi Ha 3aBeplarolieil CTaauu Mpo-
BOJIAIT 3aMEJICHHOE OXJIaXKEHHUE, YTO oOecreunBaeT pOpMHUpPOBaHHE CMEIIaH-
HOH (eppUTO—EepIUTO—O0CHHUTO—MapTEHCUTHOW CTPYKTYphl. Peanuzauus me-
XaHU3Ma TIePEMEIICHUS TUCIIOKAINK uepe3 ocTpoBKoBbie (10 8—10%) MapTeH-
CUTHBIE M OCHHUTHBIC YYaCTKH CTPYKTYPBI IIPH HAIOKEHNUH 1e(OPMAIIMOHHOTO
BO3/ICHCTBUS 00eCIeyrBaET BBICOKHE TUIACTUYECKHE CBOMCTBA TIPH IepepadoT-
KE KaTaHK! Ha TPOBOJIOKY.
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Cmamus pexomenoosana k nevamu
Ookm.mexH.HayK, npo@. B.D.Iloraxosvim

B.O.Ilonsakos, B.A. /Iyyenko, B.A.Konopawkin

IlepcrniekTUBHI cTaJi 3BapI0OBAJIBLHOI0 NPU3HAYEHHS 3 BUCOKOIO TEXHOJIOTiYHOIO
IUIACTHYHICTIO

Metoro poGOTH € PO3poOKa PaliOHATEHOIO XIMIYHOTO CKJIany HECTapilOYMX HH3b-
KOBYTJICLICBUX MaJIOKPEMHIEBUX CIIOKIHHMX CTajel Ta peKUMiB OOpOOKH MpPU BUTOTOB-
JICHHI KaTaHKH JUIS 3BapIOBAJIBHOIO APOTY Majioro aiamerpy. ITokasaHo, 1o Juis Hecra-
pirodoi MeTtanonpoaykiii HeoOXiqHO 3abe3neuntn B ctani He MeHie: 0,02 % axroMiHi0
(xucnoropo3uunHoro), 0,010 % turany # 0,002 % Gopy. Karanky 3 HU3bKOKPEMHIEBHX
MIKPOJIETOBaHUX CIIOKIHHHX CTajell y Ipolieci BUCOKONIBUAKICHOT IIPOKaTKU HEOOX1THO
MiJTAaBaTH 3HEMIIHIFOUHA TePMOMEXaHIYHIi 00pOOIIi.
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