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Inthe 70s of the last century, Soviet scientists developed an aluminum alloy with 7% rare earth elements
(REE), which at melt cooling speeds of up to 10V deg/s are dispersed into intermetallic phases, which
significantly increase the heat resistance, corrosion resistance, and weldability of finished products
for conductive material. To ensure melt cooling rates of up to 10* deg/s in those years, centrifugation
of granules in water was used. To increase the efficiency of this redistribution, a pilot industrial line
was used for continuous pellet pressing by the Conform method. A method has been developed for
producing small-section billets (£ 8-12 mm) with a crushed structure from AI-REM system alloys
by continuous casting in electromagnetic crystallizer (EMC) mounted at Magnetic Hydrodynamics
Scientific and Production Center LLC. In this method of casting, a dispersed structure is obtained
with a slight intra-dendritic segregation, which guarantees a high level of mechanical properties. A
series of experiments was carried out on continuous pressing at the Conform installation of a batch
of £ 12 mm rod and drawing it to £ 0.5 mm wire without annealing. To predict the properties of the
wire that meet the requirements of TU 1-809-1038-2018, an experimental plan has been drawn up
and implemented to determine the dependence of mechanical properties on the exposure time (v) and
the annealing temperature (1) of the wire. As a result of processing the experimental data, regression
equations were obtained and graphs of the dependence temporary tensile strength (o8) and relative
elongation (6) on the temperature and holding time, which can be used when annealing 4 0.5 mm wire
from 01417 alloy to obtain the required mechanical properties.
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TexHoJI0rMs U3rOTOBJICHHUS POBOJIOKH U3 ciiasa (01417

C 3aIaHHBIM YPOBHEM MEXAHUYICCKHUX CBOMCTB

1O.B. I'opoxos, B.H. Tumogeen, M.B. IlepByxun,
B.!. beaoxkonsiToB, M.M. MoTkoB, H.b. Ipabinees,
N.C. Kocsiuenko, O.51. SIkynnna, A.C. Ctpurun
Cubupckuil ¢hedepanvublii yHueepcumem

Poccus, 660041, Kpacnospck, np. Ce0600Hbi1L, 79

B 70-e 200v1 npowinoco cmonemusi omeyecmeeHHbIMU UCCIe008aAMeNAMU Dbl pa3spaboman cnide
amomunus ¢ 7 % peokozemenvuvix nemenmos (P3M), komopvie npu CKOpOCMAX OXAAHNCOEHUs.
pacnnaga do 10* epad/c oucnepeupyromcesi 6 unmepmemaiiuoHvle Pazvl, 3HAUUMENLHO NOGLIUAIOUUE
HCAPONPOYHOCb, KOPPOSUOHHYIO CIOUKOCTG U CEAPUBAEMOCHIb 20TOBbIX NOLYHAOPUKAMOE O
npPo6OOHUK08020 Mamepuand. /s obecneyenus ckopocmetl oxaasicoenus pacniaea 0o 10 epad/c 6
me 200bl NPUMEHATIOCH YeHMpu@gyauposanue eparyn 6 600y. [na nogviuteHus 3¢hppekmugHocmu 3mo2o
nepeodena Ovlia NPUMEHEHA ONbIMHO-NPOMBIWLIEHHASA TUHUSA O HENPEPbIBHO20 NPEeCCOBAHUSL SPAHYIL
memodom Kougpopm. Paspaboman cnocob nonyuenus uz cniagos cucmemst Al-P3M 3azomosox manoeo
ceyenus ¢ UsMENbYeHHOU CIPYKMYpOoll nymem HenpepbleHO20 UMb NPYMKOBbIX 3A20M080K MAIbIX
ceuenuii (D8-12 mm) 6 anekmpomacnumnuiii kpucmaniuzamop (OMK), cmonmuposannviii 6 OO0
«HIIL] Maznummoti 2u0poOuUHAMUKUY, NPU IMOM O0CTNU2AENCA ROLyYeHUe OUCNEPCHOU CIPYKMYpbL C
He3HAUUMENbHOU BHYMPUOEHOPUMHOU TUKEAYUel, 2apaHmupyroujeli 8biCOKUI YPOBeHb MeXAHUYECKUX
ceoticms. IIposedena cepusi onvimos No HENpepvl6HOMY Npeccosanuio Ha ycmauoske Kongopm
napmuu omaumozo 6 IMK npymra D12 mm u e2o gonouenus Ha nposonoxy B0.5 mm 6e3 omoicuzos.
s npoeHo3uposanus ceoticme nposonoku, coomsemcemayowux mpedosanuamn TY 1-809-1038-2018,
CcOCMagieH u peanu308an NiaH IKCHePUMEHMA NO ONpedeneHuio 3a8UCUMOCHIU MEXAHUYECKUX C8OLICME
om epemeHu (t) 8blOepIHCKU U memnepamypul (t) omdwcuea nposonoku B pesynomame obpabomku
IKCNEPUMEHMATLHBIX OAHHBIX NOTYUEHbl YPABHEHUS pecpeccul U NOCMPOeHbl 2PAPUKU 3a8UCUMOCTIU
BDEMEHHO20 CONPOMUBTIEHUs. PA3PbIBY (06) U OMHOCUMENbHO20 VYOIUHEeHUs (0) om memnepamypsl u
BPEMEHU BbIOEPIHCKU, KOMOPble MONMCHO UCHONb308AMb NPU omoicuze npogonoku 0,5 mm uz cnaasa
01417 ona nonyuenus mpebyembix MexaHUyeckux ceotucms.

Kniouesvie cnosa: cnaas 01417, snexmpomazHummubviii Kpucmaiiuzamop, 0Oopmosvie Nnpoeooa
camonemos, cpanyIuposanue pacniaea.

BBenenue

B 70-e rozpl mpouuIoro cToaeTHsI OTEYECTBEHHBIMU HCCIIEN0BATENsIMU ObLT pa3paboTaH CIUIaB
aroMHuHHUS ¢ 7 % penko3eMenbHbIX 31eMeHToB (P3M), KoTopble Ipu CKOPOCTSIX OXJIaKICHUS pacIiia-
Ba 0 10* rpan/c aucHeprupyroTcs B MHTEPMETaUTAAHbBIC (Da3bl, 3HAYUTEIBHO TTOBBIIIAOIIHNE KAPO-
IIPOYHOCTH, KOPPO3HOHHYIO CTOHKOCTH M CBAPHBAEMOCTh T'OTOBBIX MTOTY(HaOpPHKATOB J1JIsl IPOBOIHH-
KOBOI'0 MaTepuaia. bnaromaps 3ToMy crjiaB IpUMEHSeTCs AJIsI H3TOTOBJICHHS OOPTOBBIX IIPOBOIOB
caMoJIeTOB, paboTaroniux npu Temneparypax ot Muayc 50 1o 250 °C B3aMeH IPOBOIOB ¢ MEAHOM

skuoi [1].

TexHoI0rMs MOJIy4YeHN s NPOBOJIOKH U3 IPAHYJIHPOBAHHOIO PaCIIaBa

s obecniedeHus CKOPOCTEH OXJIaxaeHHs paciuiaBa 10 10* rpaj/c BHavajIe IPUMEHSIIOCH LICH-
TpudyrupoBanue rpany’ B Bony [1]. TexHonorndeckas cxema npou3BOJCTBA POBOJIOKH M3 I'PaHYyJIb-

HOIro Marepuasia npeacTaBJICHa Ha pUC. 1. Y3KuM MeCTOM 3TOI CXEMEI SIBJISICTCS NOJIyUCHHE U3 IT'PAHYIJL
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MIPECCOBAHHOT0 MPYTKa JJISI AaJIbHEHIIEro BOJIOUYEHUS IIPOBOJIOKH. DTOT Mepees COCTOUT U3 MOIy-
4yeHHs] OpHKeTa IITaMIIOBKOHM THIIB3EI, 3aII0JIHCHHOW TpaHyJIaMH, €r0 OOTOYKH M MPECCOBAHMUS, YTO
TpeOOBaJI0 3HAYUTENBHBIX TpyAo3arpar. IIpu 3TOM OTXOABI METaJLIa B CTPYXKKY U B IIPECC-OCTATOK
cocrasisuma 30—40 %.

Jst moBblieHust 3G (HEKTUBHOCTH IIPOU3BOJICTBA MPOBOJIOKH Obljla CIPOEKTUPOBAHA OIMBITHO-
MIPOMBITIIICHHAS. TUHUS JJIS HEMPEPBIBHOTO IpeccoBaHus metonoM KoHpopM mpyTka muaMeTpoMm
9 MM, CMOHTHpOBaHHasl Ha y4acTke rpaHyiupoBanus 1exa Ne 8 KpaM3a (puc. 2). [IpuBox koneca
nuameTpoMm 400 MM ¢ TpamnenenIarbHON KOJBIIEBON KaHABKOH MOmMepedHbIM ceueHueM 350 MM [2]
OCYUIECTBIISJICA IBUTATEJIEM IOCTOSSHHOI'O TOKA MOILHOCTBIO 75 KBT uepe3 nuinHIpuiecKul peayk-
TOpP € KPYTAIIUM MOMEHTOM Ha BbIXogHOM Bany 60 kHwm. Jlng nogauu rpanyn B pydeil Koneca Uc-
moJib30BaJicst OyHkep. CKOPOCTh BpaleH s Kojieca cocTtapiisuia 10-12 06/MuH, Ipu 3TOM TeMIiepaTypa

MeTalia B ouare nedopmanuu qocturaia 420-450 °C, 9To mo3BOISIIO BECTH MPOLECC HEMPEPEIBHOTO
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Bpuxeruporanue
iV
OfTaunsanne OpHKETa
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iV
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Puc. 1. TexHo0orn4eckas cxema IOJIYy4Y€HU S IIPOBOJIOKH U3 I'PaHy I

Fig. 1. Technological scheme for producing wire from granules

Puc. 2. Ycranoska Kondopm Ha ydacTke MO M3rOTOBICHUIO MPYTKOB U3 TPAaHYIHPOBAHHBIX AaTIOMHHUCBBIX
CILIaBOB

Fig. 2. Conform installation at the site for the production of bars from granular aluminum alloys
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npeccoBaHusi 0e3 MpeIBapUTENBHOIO HarpeBa IrpaHylsl. YCTaHOBKa CHaO)XeHa CUCTEMOW IpPUHYIU-
TEITBHOTO OXJIAXKICHHS pabdodero Koieca M OamMaka MpOTOYHOH BoJoH. OTIpeccoBaHHBIA MPYTOK
MOCTYIIAJ Ha MOTAJIKY JUIsl CMOTKH B OyxTy [3].

BHenpenue B IpoOM3BOACTBO YCTAHOBKH HEIPEPBIBHOTO MTPECCOBAHUS I'PaHYJI TO3BOJIUIIO 3HAYH-
TEIbHO TIOBBICUTh TEXHUKO-KOHOMHYECKHE MOKA3aTEIH IIPoliecca U3TOTOBIEHUS MMPYTKa: TPOU3BO-
JIUTEITBHOCTH, BEIXOJ TOIHOTO U T.J., H YMEHBIITUTE €r0 ce0ECTOMMOCTH B 5-6 pas.

OpHAaKo BOJIOYEHHUE U3 TIPECCOBAHHOIO MPYTKa MPOBOJIOKH MAJIOTO JTUaMeTPa, HEOOXOMUMOM IS
MIPOU3BOACTBA OOPTOBBIX MPOBOIOB, MPOXOAMIIO C IIEPHOAHMISCKUMH OOPBIBAMU M3-3a HATTUIHS BHY-

TPEHHUX JC(PEKTOB 3arOTOBKH, CBSI3aHHBIX C HACICACTBCHHBIM BIUSHHUEM IIOBEPXHOCTEH IpanyI [4].

TexHo10rMA NOJIy4YeHHS TPOBOJIOKH

M3 3ar0TOBOK MAJIOI0 CeYeHUs C M3MeJIbYeHHOM CTPYKTYPpOil

Jns monydeHuss u3 cruiaBoB cucteMbl Al-P3M 3aroToBOK Majioro CeYeHHsI ¢ H3MEIBYCHHOM
CTPYKTYpPO#, KOTOpble OblTM OBl CBOOOIHBEI OT HEOCTATKOB MAaTEpHAJIOB, MOTYyYaeMbIX METOJaMH
TpaHyJIbHON TEXHOJOTHH, IPEIJIOKEHO UCIOIB30BAaHNE HEITPEPHIBHOTO JINTHSI IPYTKOBBIX 3aTOTOBOK
MaJbIX CEYCHHH B AJIEKTPOMAarHUTHBIN Kpuctamumm3aTop (OMK) [5], cmorTupoBanHsrii B8 OO0 «HIIL]
MarHuTHOH THAPOAMHAMUKNY. JINTheM JUIMHHOMEPHBIX NPYTKOB Majoro cedeHus (J8-12 mm) u3
cmtaBa 01417 8 OMK nocturaercs nonydeHue AUCOEPCHOW CTPYKTYpPBl C HE3HAYUTENBHON BHYTPH-
JEHAPUTHON IMKBalMeH, TapaHTHPYIOIIEeH BRICOKUN YPOBEHb MEXaHHMUECKUX CBOUCTB [6].

[Tpu BonmoueHnn u3 HUX NMpoBOJOKK Ha mpeanpusaTusix OO0 «ABuaney, AO ««meKTpoKadbensy
Konpuyrunackuii 3aBoa» u OO0 «Asbsuc 2008» ObLIO yCTAHOBICHO, YTO 0€3 MPEIBAPUTEIBHOTO I'0-
MOTEHU3HPYIOIIET0 OT)KHUTa BOJIOUCHHE CIUTKOB cruraBa 01417 maxke ¢ HEOONBIION CTENEHBIO JICH-
JIPUTHOM JIUKBALIMU 3aTPYIHEHO.

B naGopaTopHbBIX yCIIOBHAX OBLT MOAOOpPaH PEXHM TOMOTCHH3AIIMOHHOTO OTXHUIA CIUTKOB
(550 °C, Bpems BBIACPKKH 4-5 ), MOC/Ie KOTOPOrO0 Ha MECTE OBIBIIMX IBTEKTHUYCCKUX KOJIOHHHA B
pe3ynbTaTe BEIPOXKICHUS 3BTEKTUKH 00Pa30BaIKCh CKOILICHHS AUCIEPCHBIX amtoMuHHI0B P3M. B
pe3ynpTaTe ObliIa yCTpaHeHa BHY TPHKPUCTAJUINTHAS IMKBALIMS U TIOHW)KEH yPOBEHb BHYTPEHHUX Ha-
NPsDKEHUI B MeTalle, 4TO 00eCIIeYHII0 YCIOBHS ISl 0Ty YeHH S IIPOBOJIOKH J0,5 MM IO TEXHOJIOT H-
YeCcKOW cxeme, MpeJcTaBlIeHHON B Tabu. 1.

B 3aroroBke, noiy4enHoi autbeM B IMK, HabmogaeTcss HEpaBHOMEPHOCTH Pa3MepoB Ioneped-
HOT'O CEUEHHUSI, UTO SIBJISIETCS IPHUMHON OOPHIBOB Ha IEPBOM TIEpPEX0/Ie, a IPU BojlodeHnH Ha J0,5 MM
MIPUMEHSETCS TPU IIPOMEKYTOUHBIX OT)KUTA B COYETAaHUH C TOMOT€HHU3aNNEH 3arOTOBKH.

Ha mocraBky npoBOSIOKH AJIS IIPOBOIOB BHINMYIIEHO TexHHYeckoe ycioBue TY 1-809-1038-96. B
COOTBETCTBHH C HUM BPEMEHHOE COIPOTUBIICHHUE PA3PBIBY B OTOXOKEHHOM COCTOSHHHM JIOJPKHO COCTaB-
naTh He MeHee 157 MIla, B HarapToBaHHOM cOCTOSIHHH — He MeHee 196 Mlla, oTHOocuTenbpHOe yIiu-
HEeHHe He MeHee § M He MeHee 5 % COOTBETCTBEHHO. Pe3ynbraThl HCIBITAHNS MEXaHUYECKUX CBOWCTB

TOTOBOK IIPOBOJIOKH IMOKAa3aJIx, YTO UX YPOBCHb HE BCEraa COOTBETCTBYET OTUM Tpe60BaHI/I$[M.

TexHo0rMsA NOJIy4YeHH s NPOBOJIOKH

¢ IpMMeHeHNeM HellpepbIBHOI0 IPecCOBAHUS IPYTKOBOI 3ar0TOBKHU

W3 ananmsa BBIIICTIPUBCACHHBIX TCXHOJOIMYECKUX CXEM CJICAYET, YTO I YCTpaHCHUSA MIIPU-

Cymux UM HCAOCTAaTKOB uenecoo6pa3H0 IIpu MpOU3BOACTBEC IMMPOBOJIOKU U3 aJIOMUHUCBOIO CIlJIaBa
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Ta6nuna 1. TexHoMOrHYeCKas cXeMa U3TOTOBJICHUSI MPOBOJIOKH J0,5 MM U3 3arOTOBKH, MONYUYCHHOMH JTUTHEM B
3JIEKTPOMATrHUTHBIM KPUCTAIIIN3AaTOP

Table 1. Technological scheme for the manufacture of wire &0,5 mm from a workpiece obtained by casting in an
electromagnetic mold

Crenenb
Cmuas 01417 sebopmatn, %
Tlomorenmzamus | T,,, 550 °C, oxmnakaeHre MEJJICHHOE C ME€YbI0, ajiee Ha BO3AyXe.
3aroTOBKHU Brixon Ha pexum 3-4 4, 1o 3aKJIaJHOH TepMonape, BEIICPKKa 5 9
Bomnouenue 12—10,9—10,0—9,0—8,0—7,0—6,0—5,0 82,6
Tor 420 °C, oxnaxeHue Ha Bo3ayxe. Boixos Ha pesxxum 4 4, BelIEpIKKa
OTX)KHUT 14
Bonouenue 5,0—4,45—4,0—3,6—3,0—2,6—2,25—2,0 84,0
Towx 420 °C, oxnaxaeHue Ha Bo3ayxe. Berxon Ha pexxuM 4 4, BEIIEPIKKa
OTxUT 14
Boaouenue 2,0—-1,8—1,6—1,4—1,2—1,0 75,0
Torx 420 °C, oxylaxcaeHue Ha Bo3yxe. Bbxon Ha pexuM 4 4, BbIAEpIKKa
OTX)KHUT -
Bonouenue 1,0—0,9—0,8—0,73—0,66—0,59—0,54—0,5 75,0
OTxKHUT

01417 npuMeHUTH cxeMy, BKIOYaroIyo JuTbe B OMK 3aroToBku U €€ HEIpPEephIBHOE IPECCOBAHUE
Ha yctaHoBKe KoHopm.

Ji1st TpoBeieH s CepHUH SKCIIEPUMEHTOB I10 UCCIIEI0BAaHUIO PEKMMOB HETIPEPBIBHOTO IIPECCOBA-
Hust otiuToro B OMK npyTka 12 MM 117151 BOJIOUEHHS IPOBOJIOKH 5 MM HCIIOIb30BaIaCh YCTAHOBKA
[7], cmonTHpOBanHas B aboparopun OO0 «HIIL] MarautHo# runpoauHaMukmuy». IIpeccoBblil y3en
U TEXHUYECKUE XaPaKTEPUCTHKHU YCTAHOBKH IIPUBE/ICHBI HA pUC. 3 U B Ta0I. 2.

MeToauka mpoBeIeHHsI 3KCIEPUMEHTOB M IOy YCHHBIE PE3yJITATHI IT0 HCCIICOBAHNIO PEKUMOB

HENPEPBIBHOTO MPECCOBaHUA NpyTKa 12 MM noxpoOHO onucaHbl B pabortax [8, 9].

Puc. 3. OnbiTHas ycranoska Koudopm OOO «HIILl MaruutHoii ruapoauHaMukn» [7]
Fig. 3. Pilot installation of Conform LLC “SPC of Magnetic Hydrodynamics” [7]
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Tabnuua 2. TexHnYeckHe XapaKTePUCTUKH ONBITHOH ycTaHOBKH KoHbopm

Table 2. Specifications pilot plant Conform

[TapameTpsl Enuuunns! uamepenus 3HayeHus
Panuyc xoneca no nHy kanubpa MM 136
MOIIHOCTB 371E€KTPOIBUTATEIS kBT 22
MoOMEHT Ha BBIXOJHOM Bary Hw™m 24910
YacToTa BpalieHUs BBIXOAHOTO BaJia 00/MuH 8
Jlnree 8 IMK

v
Orcrpyans Ha yeranoske Koundopm
v

Bonouenue

v
Tepmoobpaborra

Puc. 4. TexHONMOTMYECKast CXeMa MMOTyYECHUS TPOBOJIOKH U3 cruiaBa 01417

Fig. 4. Technological scheme for producing wire from alloy 01417

B nanpHeiineM OTIPECCOBAaHHYIO 3ar0TOBKY 0€3 TOMOT€HU3AI[UH MOBEPrajik BOJOUYECHUIO Ha
20,5 mm B yenoBusix OO0 «Anbstae 2008 3a 19 mpoxomoB 6€3 TPOMEKYTOUHBIX OTIKUTOB ITPOBOJIO-
ku. TexHONMOTHYECKAsI CXeMa U3TOTOBJICHHS ITPOBOJIOKH, BKIIOYAIOIIAS INThe TpyTKa B DMK, Henpe-
PBIBHOE ITPECCOBAHKE Ha OMBITHOU ycTaHOBKe KoH(OpM U BoJIOUEHHE, ITOKa3aHa Ha puC. 4.

CrnenyeT 3aMeTUTh, 9TO B 3TOW CXeMe OTCYTCTBYET OTXKUT OTIPECCOBAHHOTO MPYTKa IEpe.] BO-

JIOYCHUEM.

3KCHepI/IMeHTbI 0 UCCJICTOBAHUIO PEKUMOB OT/KHUI'a MPOBOJIOKH

s obecrieueHHs CBOMCTB MPOBOJIOKK 0,5 MM, MONYYEHHOW MO0 YKa3aHHON CXeMe, COOTBET-
ctBytomux TpedoBanusim TY-1-809-1038-2018, Mo HO HCITOIB30BaTh 1Ba BapuaHTa. IlepBbIii — nepen
3aKJTIOYUTENIEHBIMA TPOXOaMHU BOJIOUEHHS IIPOBOJIOKH ITPOBECTH MPOMEXYTOUHBIN OTXKUT € HOCIIe-
JYIOIUM yIIPOYHEHUEM TaKUM 00pa3oM, 4TOObI BPEMEHHOE COIIPOTHUBIICHHE Pa3PbIBY H OTHOCUTEIb-
HOE yJTMHEHNE HaXOAMIIUCH B Ipeieax HOPMBI JUIsl HArapTOBAaHHOT'O COCTOSIHUS. BTOpPO#i — BEISIBUTH
PEKUMBI GUHHUIITHOTO OTKKra Ha 0,5 MM, IPH KOTOPHIX BPEMEHHOE COIPOTHBIICHHE Pa3pPbIBY U OT-
HOCHUTEJIBHOE Y/UIMHEHHE HaXOIMINCh OBl B Ipeesiax HOPMBI JJIsI HarapTOBaHHOTO M OTOXOKEHHOTO
COCTOSIHUH.

OueBHAHO, YTO BTOPOM BapHaHT MpeaNoYTUTENbHEE IepBoro. [loaToMy npoBeneHa cepus OIbl-
TOB JJISL IOCTPOEHUSI PETPECCHOHHON MOJETN 3aBUCHMOCTH BPEMEHHOTO CONPOTHUBIIEHUS Pa3pBIBY

(0,) ¥ OTHOCUTENBHOTO YIJIHHEHUS (0) OT BpeMEHH (T) BBIICPIKKHU M TeMIIepatypsl (t) OTXKHUTa MPOBO-
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Tabnuua 3. YcaoBust sKCIiepuMeHTa

Table 3. Experimental conditions

YposeHs pakTopa t, °C T, MUH.
OcnoBHoit Xi =0 500 60
WnuTtepBan BappupoBanus Axi 50 20
Hmxanit Xi= -1 450 40
Bepxanii Xi = +1 550 80
KonoBrie 0603HaueHHSA X1 X2

Ta6nuua 4. [1naH sxcriepuMenTa 6, = 6,(f, T)

Table 4. Experiment Plan ¢, = 6,(¢, 1)

HOMep HapannenLHLIe OIIBIThI B 5 R ) B
omsr | X0 X, | XX oy, Mlla 7 o; ¥ (5, -7,
N V2 V3
1 + + + 210 210 215 211.7 8.3 211.7 0.00
2 - - + 221 212 208 213.7 44.3 213.7 0.00
3 + - - 171 175 171 172.3 53 172.3 0.00
4 - + - 203 204 203 203.3 0.3 203.3 0.00
Y 58.3
5 0 0 0 199 202 201 200.7 23 200.3 0.17

JIOKH T10ciie BojioueHust Ha 0,5 MM. Pe3ynbrarsl npeaBapUTeIbHbIX OMBITOB O3BOJIUIIHN ONPENCIIUTh
WHTEPBaJIBI BApbHPOBaHUS 3THX GakTopoB: t =450 — 550 °C; t = 40 — 80 muH.

B Tabn. 3 npuBeneHbl MHTEPBaJbl BapbHUPOBAHUS ISl IIPOBEICHHUS ONBITOB JJIsSI COCTABJICHUS
MaTPUIBI TTOJIHOTO (hPaKTOPHOTO HKCIICPUMEHTA.

BpemenHoe conpoTHBIieHHE Pa3pbIBy OTOMXOKEHHBIX 00pa3loB OMpPENeNsiii B COOTBETCTBUH C
I'OCT 10446 na mammnuae LFM-100 B coorBercTBuu ¢ OCT 10446. IlonyueHHble pe3ynbTaThl 3a-

HeceHBI B Ta0I1. 4.

Pe3yabrarbl 00padoTKH IKCIEPUMEHTAJBHBIX JAHHBIX

B pesynbprare 00paboTku o ctangapTHoi MeToauke [10] maHHBIX Ta0II. 4 TOIYYeHO YpaBHEHUE

perpeccuu:
$=200,25-8,25X, +12,42X, +7,25X;,

KOTOPOC ITPpU IMEPEXOJAC OT KOAUPOBAHHBIX 3HAYCHU U (I)aKTOPOB K HaTypaJIbHbIM IIPUHHUMACT BUJ

op= 200,25—8,25[t_50()}+12,42[1_60j+7’25[“500][7_60] _
50 20 50 20

=462,99-0,6r —3,000415-1t+0,00725-¢- 7.
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AHaJNOrHYHBIM 00pa30M IOJIy4YEHO YPaBHEHUE PErpeccHH, OKa3bIBalollee 3aBUCUMOCTh OTHO-

CUTENBHOTO YAJIUHEHUS (0) OT BpeMeHH (T) BBIIEPKKHU H TEMIEPATy PHI (t) OTXKUTA MIPOBOJIOKH.

5=9,65+125 1 300) g TO0) 5 139 123001760}
>0 20 50 20

=67,89-0,1022¢ —1,1735-7 +0,00211 -7 .

[lo ’KCTIEpIMEHTANBHBIM U PACCYUTAHHBIM 0 yPAaBHEHUSAM PETPECCHH JaHHBIM Ha pHC. 5 Io-
CTpPOEH rpaduK 3aBUCHMOCTH BPEMEHHOT'O CONTPOTUBIICHUS Pa3pbIBY (GB) M OTHOCHTEIIBHOTO YAJIMHE-
Hus (3) npoBosioku 0,5 MM OT TeMIepaTypbl 1 BpEMEHH BBIJIEPKKH OTIKHTA.

Ha rpadukax puc. 5 BUIHO, 4TO pacX0oXJICHHE TEOPETUUECKUX U 3KCIIEPUMEHTAIbHBIX JaHHBIX
cocranisieT He Oonee 5 %. Ha ocHOBaHMU 3TOrO JiesiaeM BBIBOJI, YTO yPaBHEHHS PEIPECCHH MOXKHO
HCIIOJIB30BaTh JUIsl IPOrHO3UPOBAHMS CBOMCTB IIPOBOJIOKH IIPH (PUHUIIHOM OTKHUTE. Pe3ynbrarsl nc-
CIIEZIOBAaHUSI MOXKHO PEKOMEH/I0BATh JJISI IIPOMBILIIIEHHOTO MCIIOIBb30BAHMS IIPU U3TOTOBICHUH IPO-

BoJIOKH 13 crtaBa 01417, coorBercrBytomeit TpeboBanusm TY 1-809-1038-2018.

3akaoueHue

1. Ha ocHOBaHWM aHaiM3a TEXHOJOTHYECKHUX CXEM MOJYUYEHHS MPOBOJOKHU U3 T'PAHYIUPO-
BaHHBIX CIIJIAaBOB BBISABIICHO, YTO IPH 3TOM TpeOyeTcs OONbIIOe KOTUYECTBO TEXHOIOTHYCCKUX
Hepe/IesioB, a BOJOYCHHE ITPOBOJIOKH MaJIOro JUaMeTpa He CTa0UIIbHO BCIIEACTBHE NEPUOUIECKIX
OOpBIBOB M3-3a BHYTPECHHHX Ie(PEKTOB, CBA3aHHBIX C HACICICTBCHHBIM BIUSHHEM ITOBEPXHOCTEH

rpaHyIl.

os, Mla

" Bpemsa BbIAEPKKM, MUH ¥

GE pact. mpi 450°C ——a® pacy npi 550°C
- =g axen npu 450°C GB SKen npa 330°C
ok paca npu 300°C o paca npu 430°C
—ad pacu npu 350°C =& =g ke npn 430°C
- # -4 akc npu 350°C — & pacy npu S00°C |

Puc. 5. I'paduk 3aBHCHMOCTH BPEMEHHOI'O CONPOTUBIICHUS Pa3pbIBy (OB) M OTHOCUTEIIFHOTO yIJIHHEHUS (3) OT
TEMIIepPaTypbl U BPEMEHHU BBIACPIKKHU MPOBOJIOKU 0,5 MM IIpH OTIKHUTE

Fig. 5. Graph of the dependence of the temporary tensile strength (oB) and elongation (5) on the temperature and
the exposure time of the wire &J0.5 mm during annealing
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2. Ilpoananu3upoBaH criocod MONTY4EHHs IPOBOJIOKH U3 3arOTOBKH, Oy Y€HHOH METOIOM JIH-
Thsl B 3JICKTPOMArHUTHBIA KpHCcTaimu3aTop. [IpyTok 12 MM MMeeT pa3HOTOJNLIMHHOCTB MO BCEH
nuHe nonydadpukara ot 10 1o 14 MM, 4YTO IPUBOJUT K OOpbIBaM IMPH BOJOYEHUH MPOBOJIOKH Ha
nepBbIX npoxoaax. [Ipu BosoueHnu npoponoku 0,5 MM U3 Py TKOBOM 3aroToBkH 12 MM 3a 19 nepe-
XOJIOB TPEOYETCsl TPU MIPOMEKYTOUHBIX OTIKUT'A, YTO yBEJINIMBACT CEOECTOUMOCTD MPOAYKIIHH.

3. B pesynbrare HCHOJIB30BAaHUS MAaTEMAaTHUYECKOTO INIAHUPOBAHUS SKCIIEPUMEHTA IOy YEHBI
yPaBHEHHsI PETPECCHH U NMOCTPOEHBI TPaMKU 3aBUCUMOCTH BPEMEHHOT'O COIPOTHUBJICHUS Pa3pbIBY
(0,) ¥ OTHOCHUTENHHOTO YAJUHEHU (8) OT TeMIIepaTyphbl 1 BPEMEHH BBIIEPKKH, KOTOPBIE MOYKHO HC-
HOJIB30BaTh MPH OTXKUre MpoBosioku 0,5 MM u3 crnaBa 01417 nis mojgyueHus! ypOBHS MEXaHHUYe-

CKHX CBOHCTB, TpeOyembIx HopMamu TY 1-809-1038-96.

BaarogapHocTn

HccnenoBanue BBINOIHEHO MpH (MHAHCOBOM moazepkke Poccuiickoro honna ¢pyHmamMeHTa b-
HBIX nccnenoBanui, [IpasurenscTBa KpacHosipckoro kpast, KpacHostpckoro kpaeBoro GpoHa HayKH 1
000 «Hay4HO-TpOM3BOACTBEHHBIHN EHTP MATHUTHOM THIPOJUHAMUKID) B paMKaX HAyYHOTO TPOEK-
ta Ne 18-48-242023 «MccnenoBanue TMHAMAYECKMX XapaKTEPUCTHUK TypOYISHTHBIX TEUEHNH pacIuia-
Ba MPH JIEKTPOMArHUTHON KPUCTAIIM3AINH U BIUSIHUSA €€ Ha CTPYKTYPY U CBOWCTBA HEIPEPHIBHO-
JUTHIX 3aTOTOBOK MAaJIOr0 CEYCHUS M3 HOBBIX AJIOMHHHEBBIX CILIABOB ISl MPOM3BOACTBA TOHKOM

IIPOBOJIOKH aBUAIITMOHHO-KOCMHNYECKOI'O HA3HAYCHU .
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