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BBEJIEHUE

AKTyajIbHOCTH padoThl. [lo Hacrosmiero BpeMeHH B 00JacTH METaI000paboTKHU AJis
MIPOU3BOJICTBA IIPOBOJIOKM MAJOro MOMEPEYHOr0 CEUEHUs M3 aTIOMHUHUEBBIX CIUIABOB HAa BCEX 3Talax
TEXHOJIOTMYECKOIo Ipoluecca (IOJydyeHUE CIHUTKOB, IIPECCOBAHWE WM IPOKATKA, BOJOYEHHE,
TepMO0OpabOTKa) MPEUMYIIECTBEHHO HCIIONB3YeTCs JHEpPro- U MeTaioeMkoe (hopmoobpa3zyroriee
o0OpyIOBaHHWE ¥ MHOTOMEPEXOHbIe mpolecchl aedopmanuu Merawia [1-5]. Hcnonbs3oBanue
TPaJULUOHHBIX TEXHOJIOTHI 00pabOTKM KPYIMHBIX CIUTKOB TPEOYEeT 3HAUMTEIbHBIX 3aTpaT SHEPTUU U
TPYJla, YTO MPUBOJIUT K 3HAYUTEJIbHBIM IIOTEPSIM METAJUIA HAa PA3JIMYHBIX CTAIUIX METAILTYPrU4ecKOro
nporecca. Kpome TOro, 3Td TEXHOJOTUU CTAHOBATCS HE A(PPEKTUBHBIMU NMPH HEOONBIINX HapTHIX
3aKa30B, YTO B TIOCJIETHEE BpeMs SBIACTCS OCOOCHHOCTHIO TPOM3BOJCTBA IPOBOJIOKH W3
ATIOMHHUEBBIX CITaBoB cucteMbl Al-P3M (penko3emenbHbIe METaLibl), 0COOCHHO ISl IIPOU3BOJICTBA
KaOeIbHOW MPOMYKIIMU OTBETCTBEHHOro HasHaueHus [1-5]. Kpome Toro, takue TEXHOJIOTHH MOTYT
OBITh MCHOJIb30BaHbl AJI MOJYyYEHUS U3 3TUX CILUIABOB CBApOYHOM MPOBOJIOKH, NMPOBOJOKH it 3D
neyatd W T.. [1-5]. [lng oTe4ecTBEHHOW NPOMBIIUICHHOCTH, OOraTtod METaTyprHYeCKHUMU
OpennpusITHsIME, pa3paboTka »HeprodGPEeKTUBHBIX TEXHOJIOTUN MPEACTaBISET COOOWM KITIOUEBYIO
3alayy, KaKk B KOHTEKCTE€ YMEHBILIECHUS HHEPrOEMKOCTH, TaK M B IUIAHE IOBBIIICHUS LEHOBOM
KOHKYpeHTocrocoOHOCTH. B mocneanue roasl OypHO pa3BUBAeTCs TEXHOJIOTHS IPOU3BOJICTBA
3arOTOBOK METO/IaMH  COBMeIleHHOH o00pabotku [1-5]. Tak, Hampumep, HeENpepbIBHOCTHIO,
XapaKTepU3yeTcss  BBICOKOW  MOOWJIBHOCTBIO, THOKOCTBIO TEpexolla MEXIy Ppa3IndHbIMU
TUIIOpa3MepaMH, a TAK)K€ OTHOCUTEJIBHO BBICOKOM NMPOM3BOAMTEIBLHOCTBIO OTJIMYAOTCS TEXHOJIOTMH
MOJIyYEHUSI  CIMTKOB  MaJOro  IOMEpPEYHOr0  CEYEHMs, M3rOTaBIMBaeMbleé C  TOMOUIBIO
NIEKTPOMArHuTHOro Kpuctrawtuzaropa [1-5]. Tlocnmenmyromas WHTErpamuss UX ¢ YCTPOWCTBAMHU
coBMenieHHOM mnpokatku-npeccoBanus (CIIII) mo3BosiseT CyIIECTBEHHO TMOBBICUTh TEXHHMKO-
HPKOHOMHMUYECKHE TIOKa3aTeld M TOJy4aTh 3aroTOBKU JUIsl BOJIOYEHHs TpeOyeMbIX pa3MepoB.
HemanoBaxkHo, 4TO mHpuH HSTOM CBOICTBAa TaKMX 3aroTOBOK XapaKTEPHU3YIOTCS MOBBIILIEHHBIMU
MOKa3aTelsIMM  IPOYHOCTH U IJJACTUYHOCTU JJIMHHOMEPHBIX MOJNypaObpuKaToB W3 HU3BECTHBIX
QIIOMUHHUEBBIX CIUIABOB, YTO [JA€T BO3MOXHOCTH YCOBEPIIEHCTBOBAaTb IIPOLECC IOCIELYIOIIErO
BOJIOUEHMSI 3a CYET YKECTOUEHHMsS] pPEKUMOB OOXKATUH M CHUKEHHUS KOJIMYECTBA OTXKUTOB.
[IpakTUuecku Tako#l k€ TEXHUKO-IKOHOMUYECKUN d(DPEKT MAI0T TEXHOJIOTUH, COBMEIIAIONINE JTUTHE,
MIPOKATKY M MPECCOBAaHUE B OJHOM TEXHOJIOTHYECKOM arperate [6, 7]. DTH TEXHOJOTUU OTIIMYAIOTCS
TaK)K€ TEM, YTO IMPOU3BOJUTENIBHOCTh M BBIXOJ TOJHOTO TOTOBOIO METajyla IPU UX pealu3alyu
3HAYUTEIbHO BBIIIE, YE€M IMpPU NPUMEHEHUH TPAIUIMOHHBIX TeXHoJoruil obpaboTku. I[Ipumep -

MMPECCOBAHUE C IIOMOIIBIO TOPHU3OHTAJIBHBIX THAPABIMYCCKUX IIPECCOB. ,21.]'[5[ pcain3anuu TaKUX



TEXHOJIOTMI MOTYT TMPUMEHATHCS pPa3IU4yHbIe METOJbl, HampUMep, TIOJYUYMBIINI pa3BUTHE B
MOCJICTHEE BPEMsI METO] COBMEIIICHHOTO JINThS M TPOKATKU-TIpeccoBanmst [1].

Hayunast paGoTa MHOTHMX OTEUECTBEHHBIX M 3apyOeKHBIX YYECHBIX COCpPEJOTOYCHA Ha
HCCJICIOBAHUAX KOMOMHHUPOBAHHBIX M COBMEIICHHBIX IPOIECCOB, KOTOPHIE OCHOBAHBI HAa METOJAX
JUThA, TPOKATKU, IPECCOBAHMS M BOJIOUEHHUS, & TAK)KE HA TEOPETUUECKUX ACIIEKTaX 3TUX MPOIECCOB.
K 4uciny BbIIAIOMIMXCS YYEHBIX, BHECIIMX 3HAYUTENIbHBIM BKIIAJ B TEOPUIO U MPAKTHKY ITUX
npoiiecco, otHocsTcss b. AButiyp, B.JI. bepexnoit, A.W. barypun, H.A. benos, C.B. bensies, A A.
boraros, B.H. Beigpun, M.C. I'mnenenropH, 3. I'epman, 10.B. T'opoxos, M. I'pun, P. I'pxu6, I'.C.
I'ya, H.H. HoBxkenko, A.B. 3unoBbeB, A.I'. Konecuukos, B.H. Kopnunos, FO.H. Jlorunos, W.IL
Masyp, A.M. Ilecun, U.H. [Toranos, B.K. Cmupnos, JL.I'. Crenanckuii, A.W. Lenukos, C.H. YepHsik,
B.H. Ulepkynos, B.H. lllep6a u apyrue [1-23].

B 1o xe Bpems mosBIIEHHWE HOBBIX TE€XHOJOTHI TpedyeT Ooisiee TiTyOOKOTO M BCECTOPOHHETO
U3Y4EHUS 0COOCHHOCTEH (hOpMOM3MEHEHUS U HAMPSKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUS METAIIOB
pH pa3padOTKE W peaar3aui KOMOMHHPOBAHHBIX U COBMEIICHHBIX METOI0B 00paboTku. Hampumep,
MPAKTUYECKOE TPHUMEHEHHWE HOBBIX TEXHOJIOTUHA TpeOyeT TEOPEeTUYECKUX HCCICAOBaHUN U
MOJIeTTUPOBaHUS (POPMOUZMEHEHHUS U TEMIIEPATyPHO-CKOPOCTHOTO PEKMUMA B MPOIECCEe COBMELICHHON
MPOKATKH M MPECCOBAHMSI KPYTJIBIX 3arOTOBOK B 3aKPHITOM SLIMYHOM KanuOpe. ITo Tem Ooliee BaXKHO,
TaK KaK B Ka4eCTBE TAaKOW 3arOTOBKH JIJISi OPTaHHU3AIMK HEMPEPHIBHOTO MpoIiecca 00padOTKH MOMKET
UCIIOJIB30BATHCA KPYIJVIBIA CIWTOK MaJIOTO MONEPEYHOr0 CEUEHHUS, TMOJYyYEHHBIH C TOMOIIbIO
3JICKTPOMArHUTHOTO KPUCTAILIN3AaTOpa.

Eme ogHoit HayuHOI poOieMoil sBisieTcs: pa3paboTka TEXHOJIOTMYECKUX PEKUMOB BOJIOUEHUS
JUTSL TIOJTYYEHUSI TIPOBOJIOKH MaJIbIX IUaMeTpoB. OCOOEHHO ATO BAXKHO ISl TIOJYYEHUsS TIPOBOJIOKH 3
ATIOMUHHMEBBIX CIIAaBOB, 00JIAAIOIINX BEICOKOW TEPMOCTONKOCTBIO, AJIEKTPOIPOBOJHOCTHIO U MAJIBIM
yAEIbHBIM BECOM, TaK KaK, HampuMep, OAHOW M3 KIIOUEBBIX 33Jlad B aBHACTPOCHUU SBIISETCS
CHIKEHUE Beca JIETaTENIbHBIX alnapaToB MPU COXPAHEHUH 33JaHHOTO KOMIUIEKCA MEXaHUYECKUX M
AKCIUTYyaTaIllAOHHBIX CBOMCTB.

O0bexTOM Hcceq0BaHuii B paboTe, TaKUM 00pa3oM, SIBJISIOTCS TEXHOJIOTUYECKHUE TTPOLIECCH U
00opyoBaHue TS TOTyYSHHUs TIPOBOJIOKH M3 aTFOMHHHEBBIX CIIaBOB cucTeMbl Al-P3M.

TakuMm 00pazoM, co3aHre HAYYHO 0OOCHOBAHHBIX TEXHUYECKUX U TEXHOJOTMUECKUX PEIICHUH,
HalpaBJICHHBIX Ha WCIOJb30BAaHUE COBMEIICHHBIX IMPOIECCOB M KOHCTPYKIIUH MOJYJIBHOTO
obopynoBaHus s yBenudeHUs 3PGEeKTHBHOCTH MPOU3BOACTBA MPECC-U3IEITUN U3 ATFOMUHUSA U €T0
CIUTaBOB, TMPEACTaBISET COOON BaXHYI HAyYHO-TEXHUYECKYIO 3aJady, KOTOpas HYKIaeTcs B
He3aMeUIUTeIhHOM pemieHuu. g 3Toro pa3paboTaHbl W MPUBEACHBI B JIUCCEPTALUU

MCTOHOJOTHUYCCKUE U TCOPECTUUCCKHUE OCHOBBI IIPOLICCCOB COBMEIIIEHHOM 06pa6OTKI/I, COCTaBJIAOIINEC



Hay4YHbIC OCHOBBI JUIS TIPOU3BOJICTBA MPOBOJIOKHA TEXHUUYECKOTO Ha3HAYCHUS U3 CIUIaBOB cucteMbl Al-
P3M.

JlanHoe yTBepKJieHUE MOATBEP)KIACTCA TEM, YTO BBINOJHEHHAs paboTa BXOIUT B IEpEUYEHb
MIPUOPUTETHBIX HAIMPABJICHUNA PA3BUTHSI HAyKH, TEXHOJOTMH W TeXHUKH B Poccuiickoit denepanuu
(ytB. Yka3zoMm IIpesunenta PD ot 7 utons 2011 r. Ne 899, ¢ usMm. u gom. cornacuo Ykasy [lpesunenra
P® or 16.12.2015 r. Ne 623, n. 7. TpaHCcnOpTHbIE U1 KOCMUYECKHE CUCTEMBI), @ TAK)KE B IEPEUCHb
Kputhueckux TexHosioruit Poccuiickoit @enepanuu (yrBepxkaeH Ykazom IIpesumenta Poccuiickoit
®enepauun ot 7 urong 2011 1. Ne 899, m. 24. TexHoyioruu co3AaHusl PaKETHO-KOCMHUYECKOW U
TPAHCIIOPTHON TEXHUKU HOBOTO MTOKOJICHUS).

[IpencraBiennas paboTa BBINONHSAJACH B paMKax MHPOrpaMMbl peaju3allid KOMILICKCHBIX
IIPOEKTOB IO CO3/IaHUIO0 BBICOKOTEXHOJOTUYHOI'O IIPOM3BOJCTBA, YTBEP)KIEHHBIX IOCTAHOBJIEHUEM
[TpaButensctBa PO ot 9 anpenst 2010 r. Ne218 «Pa3paboTka TEXHOIOTUU MOTYYCHHs aTIOMUHUEBBIX
CIUIaBOB C PEIKO3EMENbHBIMH, IEPEXOAHBIMU METAJUIAMU U BHICOKOI(D(PEKTUBHOTO 000pYIOBAHUS AJIs
IIPOU3BOJICTBA ANIEKTPOTEXHUUECKON KaTaHKW» (13.G25.31.0083) u «Pa3paborka
HKOHOMHOJIETHPOBAHHBIX BBICOKONPOUYHBIX Al-Sc crmaBoB aisi NPUMEHEHHS B aBTOMOOMIBHOM
Tpancnopte u cynoxoactse» (03.G25.31.0265); rocynapctBeHHoro 3aganusi Ha Hayky PI'AOY BO
«Cubupckuii benepanbHbIN YHUBEPCUTET» «Pa3Butne (DU3UKO-XUMUYECKIX OCHOB
pecypcocOeperaromux TEXHOJOTHH MPOM3BOJCTBA IBETHBIX, PACCEIHHBIX W PEAKO3EMEIbHBIX
METaJUIOB, CO3J[aHWE HOBBIX MaTepuasioB Ha ux ocHoBe» (FSRZ-2020-0013); rocoroomxernoir HHUP
«MccnenoBanne  peONIOTUYECKUX  XApaKTEPUCTUK  Je(OPMUPOBAHHBIX  MONy(haOpUKaTtoB U3
QTIOMUHHMEBBIX CIUIABOB, TOJYYEHHBIX C IPUMEHEHHEM HOBBIX METOJOB JIMThS, MPOKATKU U
npeccoBanusi»; Trpanta PH® «Pa3paborka pyHIaMeHTaIbHBIX OCHOB MOJTYYEHUs A€POPMHUPOBAHHBIX
noy(aOpuKaToB U3 HU3KOJIETUPOBAHHBIX AJTIOMUHHUEBBIX CIUIaBOB cucteMbl Al-P3M  nmns
IPOM3BOJICTBA KaOEIbHONPOBOAHUKOBOM MPOAYKIIUN C HCIOJIBb30BAaHUEM DPA3JIMYHBIX COBMEIIEHHBIX
METO0B O0pabOTKU M HCCIIEOBAHME UX PEOJOIMYECKHX XapakTepucTuk» (23-29-00028); rpanra
POOU: «Pa3paboTka (yHIaMEHTalIbHBIX OCHOB MOJy4eHHUs Je(OpPMUPOBAHHBIX MONYy(hadpHUKaTOB
AIIEKTPOTEXHUYECKOIO0 HA3HAYeHMs] W3 BBICOKOJETHPOBAHHBIX CIUIaBoB cuctemsl Al-P3M ¢
IPUMEHEHHEM METOJIOB COBMEIIEHHON 00pabOTKM M MCCIIeI0OBaHUE UX PEOJIOTHYECKUX CBOMCTBY (18-
48-242021).

Leabio padoTsl siBIsieTcs pa3padoTKa KOMIUIEKCa TEXHUUECKUX M TEXHOJOTUYECKUX peIIeHUN
It co3maHust  dHEpProdddEKTUBHBIX W MaTepuasocOeperaronux TEeXHOJIOTHH IMPOW3BOJICTBA
NPOBOJIOKM MalbIX CedeHWH 3 criaBoB cucteMbl Al-P3M Ha 0a3e nmpuMeHEHHsS COBMEIICHHBIX
nporeccoB 00pabOTKH, 00eCcTIeYMBAIOIIUX IKOHOMUIO YHEPTOPECYPCOB, MOBBIIIEHHE BBIXOa FOJHOTO
MeTaJljia ¥ MPOU3BOIUTEIHHOCTH.

Jlnst nocTrKeHUs MOCTaBICHHOM 11eNu c(OPMYJIMPOBAHbI U PELICHBI CIEAYIONINE 3aJauH.



PazpaboTka HOBBIX TEXHMYECKHX pELICHUH JIi COBMEIICHHOW 00pabOTKH aTtOMHUHHMEBBIX
criaBoB cucteMbl Al-P3M 1 BBIOOD CIIABOB JIJIsl HCCIICIOBAHUIA.

Pa3paboTka METO/I0IOTUYECKUX U TEOPETHUYECKUX OCHOB MPOIEcca COBMEIIEHHOM MPOKAaTKH-
IIPECCOBAHUSl IPU KCHOJIB30BAaHUM OJHOTO TPHUBOJHOIO BAJIKa M 3arOTOBKM KpPYIJIOTO
MONIEPEUHOT0 CEYCHUSI.

Co3anne KOMIUIEKCAa KOMITBIOTEPHBIX MOJIECH, aHajau3 M IOJTYyYEeHUE HOBBIX JAHHBIX IO
TEXHOJIOTHYECKUM [apaMeTpaM COBMELIEHHBIX IIPOLECCOB MPOKATKH, MPECCOBAHUS U
BOJIOYEHUS MPU UCIIOJIB30BAaHUU 3arOTOBKU KPYIJIOrO MONepevHoro cedeHus u mnpouecca BIIII
JUISL IBYX UCCIIEAYEMBIX CIUTaBoOB cucteMbl Al-P3M.

[IpoBeieHNE PKCIEPUMEHTAIBHBIX HMCCIENOBAHUN I 3THX CIUIABOB C OLICHKOW MapameTpoB
TepMoeOpMaIUOHHON  00pabOTKM €  LEIbI0  TMOJYyYEHUs JJIMHHOMEPHBIX  JIUTHIX,
ne(OpPMUPOBAHHBIX U OTOXIKEHHBIX MOTy(HaOpUKaTOB U3 UCCIEAYEMBIX CILIABOB.

Onenka (QU3NKO-MEXaHUYECKUX CBOMCTB JUIMHHOMEPHBIX MONIy(paOpUKAaTOB U3 HCCIEAYEMBIX
CIJIAaBOB HA BCEX TEXHOJOTUYECKUX TEepeiesiax.

Pa3paboTka TEXHOJOTMU M TOJYYECHHUE ONBITHBIX MApPTUM MPOBOJIOKH SJIEKTPOTEXHHUYECKOTO
HasHavyenus quamerpom 0,3-0,5 MM u3 criaBoB cucteMbl Al-P3M ¢ pa3nudHbIM coaepKaHueM
LHepusi M JIaHTaHa, a TaK)XE ONBITHBIX MAPTUA CBAPOYHON MPOBOJOKU IHAMETPOM 3 MM U3
crutaoB 01570 u 1580.

[IpakTuueckoe MPUMEHEHUE IMOJYYEHHBIX PE3yJIbTaTOB HCCIEAOBAHUN Ui TPOU3BOJCTBA
MIPOBOJIOKU U3 UCCIIEAYEMbIX CILUIABOB.

CtpykTypHas cxema IuccepTallMOHHON paboThl MpuBeieHa Ha puc. B.1.



PA3BBUTUE HAYYHBIX OCHOB U PABPABOTKA KOMILVIEKCA
PECYPCOCBEPETAIOIINX TEXHOJIOT UM JIJISI TIPOU3BOJCTBA ITPOBOJIOKHA N3
CIVIABOB CUCTEMBI Al-P3M C IPUMEHEHUEM COBMELIEHHBIX METOZ1OB
OBPABOTKH

v
Llenb: pa3paboTka KOMIUICKCA TEXHUYECKMX W TEXHOJOTMYECKMX PEUICHUH IS CO3AaHUsI
9HeprodGHEKTUBHBIX U MaTepHATOCOEPEralouX TEXHOJOTHHA IPOU3BOJCTBA IPOBOJOKH MaJbIX
ceueHui u3 ciiaBoB cucteMbl Al-P3M Ha 0a3e nmprMeHEeHHs1 COBMEIIEHHBIX MPOIECCOB 00paboTKH,

O6€CH€“II/IBaI-OI_HI/Ix OKOHOMHIO OSHEPropeCypCoB, IIOBBIMICHHUEC BbIXOJa TI'OAHOro METaljla H
MMPONU3BOANTCIILHOCTH.

OOBeKT HCCIeOBAHUN - TEXHOJOTMUYECKHE MpPOIEecChl M 00O0pyAOBaHHE MJIsi TIONYy4eHHS
IPOBOJIOKH U3 CIUIaBOB cucteMbl Al-P3M

V

Crutassl cuctembl Al-Ce-La Cruiasel cuctembl Al-Mg-Sc

MaTteMaTH4YeCKOe H KOMIIbIOTEPHOE
MO/IeIMPOBAHME MPOIECCOB COBMeEIIEHHOM
00padoTKHu criIaBoB cucrembl Al-P3M

P

MaremaTtnueckas MOJIEIb Komnerorepnoe Pazpabotka
Ipoliecca COBMEILIEHHON MOJICJINPOBAHUE pPErpecCUOHHBIX MOJENEH
MIPOKATKU-TIPECCOBAHUS dbopmMou3MeHeHus, PEOJIOTHYECKUX CBOWMCTB

3aroTOBKU KPYIJIOTO — TEMIIEPaTyPHO-CKOPOCTHBIX < UCCIIEAYEMBIX CILIAaBOB U
MIOIIEPEYHOI0 CECUCHUS B Y DHEPTrOCUIIOBBIX MOJEJINPOBAHUE IIpoLiecca
3aKPBITHIX SIIUYHBIX napameTpoB nponecca CIIIT CIIII c ogHuM
Kamopax JUISL KCCIIETYEMBIX CILJIABOB MIPUBOJIHBIM BaJIKOM

Paspa6oTka pecypcocOeperaomux TexHOJIOTHi
NPOM3BOACTBA MPOBOJOKH MAJIbIX ONEPEYHbIX CEYECHUH
Ha 0a3e cO31aHUsI KOMILIEKCA TeXHOJOTHYECKUX H
TEeXHUYECKHX PpelleHHi

\/ \!/ \l/ \l/

TexHonorus Texnonorus TexHonorus TexHU4YecKre pemeHus mno
MIPOU3BOJICTBA MIPOU3BOJICTBA MIPOU3BOJICTBA croco0y, KOHCTPYKITUU
MIPOBOJIOKH U3 MTPOBOJIOKH U3 CITIaBa MIPOBOJIOKH U3 YCTPOMCTB TSI

cIulaBa CHCTEMBI cucremsl Al-Ce-La CILTAaBOB CHCTEMEI COBMEILIEHHOU 00paboTKH
Al-Ce-La JTUAMETPOM Al-Mg-Sc nraMeTpoM | ¥ XHMHYECKOMY COCTaBy
JUaMETPOM JIO 2 MM 10 0,30 mMm i (o) 3|,0 MM HOBOTO CIlJIaBa
v v
00O «3aBox AO OO0 «HIIL MI'», IlaTenTnr: No2457914, No2570684,
COBPEMEHHBIX «Kpacmary 000 «Anpsuc 2008, Ne 2689460, No2724758,
MaTEpUAJIOB) COAO «I'omenbkabenn Ne2792327, Ne2847204

Pucynok B1l. CtpykrypHas cxema IuccepTaiuoHHONW paboTh
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Hay4yHasi HOBH3HAa M TeOpPeTHYECKAsA 3HAYNMOCTh:
1. B pamkax pa3BUTHS HAyYHBIX OCHOB COBMEIICHHOW MPOKATKU-TIPECCOBAHUS JITMHHOMEPHBIX
nedhopMupyeMbIx 1monyhadbpruKkaToB U3 aIFOMUHUEBBIX CIJIABOB BIIEPBHIE pa3paboTaHa TEOpPETHYECKAs
0a3a I UCClIeIOBAaHUHN TIPOLIECCOB AehOpMaIi 3arOTOBKH MPSIMOYTOJILHOTO MOTIEPEYHOTO CECUCHHS
IPY KCIIOJb30BaHUHM OJIHOTO MPHUBOAHOTO BaJIKa WM 3arOTOBKM KPYIVIOTO MONEPEYHOTO CEYEHHUS NPHU
MCIIOJIb30BAaHUU JIBYX MPUBOJHBIX BAJIKOB B 3aKPBITHIX SIIMYHBIX KATHOpax, BKIIOUYAIOIIAs METOIUKY
omnpenenenuss peanudyemoctu mnpomecca CIIII, omeHky QopMou3MEHEHHsI MeTalia, pacder
TEeMIEPaTypHO-CKOPOCTHBIX M JHEPrOCHJIOBBIX IMApPAMETPOB C HCMHOJB30BAHUEM IMPEI0KEHHBIX
dhopMys M pe3yabTaTOB KOMITBIOTEPHOTO MOJICTUPOBAHHS.
2. C mpuMeHEeHHEM BapHAIMOHHBIX METOJIOB pa3paboTaHa MareMaTHdecKas MOJelb Ipolecca
COBMEIICHHON TMPOKATKU-TIPECCOBAHUSI B 3aKPBITHIX SIIMYHBIX KaduOpax 3aroTOBKH KPYIJIOTo
MOTIEPEYHOT0 CEYECHHMsI, C TIOMOIIbIO KOTOPOWl BIEpBbIC OBLIM IMOJYYCHBI HOBBIC HayuyHbIE 3HAHUS
KOMIUIEKCA T€OMETPUYECKUX, TEXHOJOTUYECKUX U DHEPrOCUIIOBBIX MapaMETPOB 3TOr0 IPOIEcca, YTO
MO3BOJIMJIO PEAIM30BaTh €ro MPAKTHUYECKOE HCIOJIb30BaHHUE IS 00pabOTKHU HUCCIEAYyEeMbIX CIUIAaBOB
cucremsl Al-P3M.
3. C moMoIip0 METOAO0B OCAIKH M KPYUYEeHH S TIOJTyYeHbl HOBBIE JaHHBIC U TOCTPOCHBI PErPECCUOHHBIE
MOJIEJIA PEOJIOTUYECKUX CBOMCTB JUIS HCCIEAYEeMbIX CIUIABOB, KOTOpPHIE Jalld BO3MOXHOCTh
BBITIOJTHUTH KOMITBIOTEPHOE MOJICTTUPOBAHUE H3yJaeMBbIX IIPOIIECCOB COBMEIICHHON 00pa0OTKH.
4. TlyreM KOHEYHO-3JIEMEHTHOTO MOJICIMPOBAHMS YCTAHOBJICHBI 3aKOHOMEPHOCTH (POPMOM3MEHEHHUS
MeTaslia, paclpeAesieHusl TEMIIEPaTypbl, CKOPOCTEN TEUEHUS U IHEPTrOCUIIOBBIX NTAPaMETPOB MO JIUHE
ouara nedopmaruu nporecca CIIIT npu ncnons30BaHUU 3aTOTOBKU KPYTJIOTO MOMEPEYHOTO CEUCHHUS
JUIS TIpoIiecca TOJy4eHHUs] TPYTKOB M3 CIiaBoB cucTeMbl Al-P3M, oTimyarommxcs pasiddHbIM
CoZEep)KaHUEM LIEpHS U JJaHTaHA.
5. [lonydeHbl HOBbIE HAyYHBIC TAHHBIE M YCTAHOBIIEHBI 3aKOHOMEPHOCTH M3MEHEHUS MEXaHUYECKUX
CBOWMCTB Mpecc-u3Jeauii U3 CIIaBoB amoMuHus cucteMbl Al-P3M, monyuennsix merogom CIIIT u
MOCHEAYIOIMM  BOJIOYEHHMEM €  NPUMEHEHHWEM  OTKHIOB, YTO  TO3BOJMIIO  JOCTHYb
pETIaMEHTUPOBAHHBIX TEXHHUYECKUMHU YCIOBHUSIMU KOMIUIEKCA MEXAHUYECKHX U JJIEKTPUUYECKUX
CBOICTB.
6. [lomyueHsl HOBbIE Hay4YHbIC JaHHBIC U YCTAHOBIEHBI 3aKOHOMEPHOCTH U3MEHEHUS MEXaHUYEeCKHX
CBOWCTB TIpecC-M3Jeiuii U3 CIuIaBoB amoMmuuus cucteMbl Al-P3M, momydennsix metogom BIIIT u
MOCJEAYIONMM BOJIOYEHHEM, YTO MO3BOJWJIO CHU3UTH TPYAOEMKOCTh MPH TMOJIYYEHHUH MPOBOJIOKH
ManbIX ceyeHui u3 criaBa 01417.
7. TlomyueHbl HOBbIE Hay4YHBIC JaHHBIC U YCTAHOBIEHBI 3aKOHOMEPHOCTH U3MEHEHUS MEXaHUYECKHX
CBOMCTB TIPECC-M3CIMA W3 CIUIABOB ATIOMUHUS cUCTeMBbl Al-Mg ¢ pa3nuuHbIM COJepiKaHHeM

CKaHIus, MOJTYYCHHBIX METOAOM BIIIT n MOCJICAYOIIUM BOJOYECHUEM C NPUMCHCHHUEM OTXKHUI'OB, YTO
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MO3BOJIMJIO JIOCTHYB TPEOYyeMOro KOMIUIEKCa (PU3NKO-MEXaHMYECKIX CBOUCTB.

IIpakTHYecKyI0 3HAYUMOCTH UMCIOT CIIEAYIOUINE PE3yIbTaThl PAOOTHI:
1. Co3nana  MeroaMKa peanu3alud IOCJIEIOBAaTEIbHOCTH Pa3pabOTKU IPOLECCOB MPOKATKH,
IIPECCOBAHUS, BOJIOUEHHS] U TEPMOOOPAOOTKU JUIMHHOMEPHBIX MOITy(aOpHKaTOB M3 aTFOMHHHUEBBIX
CIVIAaBOB, C IPUMEHEHHUEM KOTOPOI MPOBEACHBI BCECTOPOHHUE MCCIIEAOBAHMS TEXHOIOTUHN MOTYYCHUS
MPOBOJIOKHM TEXHUYECKOTO Ha3HaYeHUs U3 4 cruiaBoB cuctembl Al-P3M.
2. Pa3paboTaHbl KOMIBIOTEPHBIE MOJIEIT U3YYaEMBIX MPOLIECCOB 00pabOTKH, KOTOpBIE B JalIbHEHIIIEM
ObUIM MCHOJIB30BAHBI JUISl aHANM3a (POPMOM3MEHEHNUs, YHEPIOCUIIOBBIX U TEMIIEPaTypPHO-CKOPOCTHBIX
apaMeTpoOB IIPOLIECCOB COBMEIIEHHON 00pabOTKHU CIIaBOB alntoMUHHUA ¢ P3M.
3. Pa3paboTtaHbl U Mccae10BaHbl PEKUMBI ITOJTYUYEHHSI U3 3aTOTOBOK Kpyrioro ceueHus nocie DMK u3
cmaBa 01417 ngmamerpom 12 m 18 MM JUIMHHOMEpPHBIX J1e(OPMHPOBAHHBIX MOIYy(PaOpUKaToOB
meropamu CIIII u BonoueHHs ¢ MPOMEXYTOUHBIMH OTKHIaMH, KOTOpPbI€ MO3BOJIMIM PEaTU30BaTh
HOBYIO 3HEProcOeperarolyo TEXHOJIOTHIO TPOU3BOICTBA MPOBOJIOKK HAa YCTaHOBKaX COBMELICHHOMN
00paboTKH.
4. C WuCTONBb30BaHUEM pe3yJIbTaTOB MOJACIHPOBAHUS UM OKCIEPHUMEHTAIBHBIX HCCIEIOBAHUI
pa3paboTaH KOMIUIEKC pecypcocOeperammmx TEeXHOJIOTUH Ui I[POM3BOJACTBA IPOBOJIOKH U3
uccieyeMbix criaBoB cucteMbl Al-P3M ¢ mpuMeHeHHEeM COBMEIICHHBIX METOJOB 0OpabOTKH, 4TO
MO3BOJIIET CHU3UTD d3HeproeMkocTh Ha 30-50 % u yBenuuuTh BBIXOJ rogHoro meramia Ha 18-20 % no
CpPaBHEHHIO C TPAJUIIMOHHOW TEXHOJOTHEH MPSMOTr0 TOPSYETr0 MPECCOBAHUS HAa THUAPABINYECKHUX
npeccax.
5. Pa3zpaboranbl TexHoOJIOTHYECKUE, JAe(hOpMAllOHHBIE U TEMIIEPATypHO-CKOPOCTHBIE PEKUMBI
HenpepsiBHOTO TipeccoBanus s ycraHoBok CIIIT-400 w CIII-200 u mpoBeneHBI WCIBITAHUS B
yenoBusix OOO «3aBox coBpeMeHHBIX MarepuasioB» (T. KpacHOspck) ¢ IeNibl0 HM3rOTOBJICHHS
OMBITHBIX MapTHH IeGOpMHUPOBAHHBIX TONy(hadpukaToB Manoro auamerpa u3 cmiasoB Al-P3M u3
HeNpepbIBHOIUTON 3aroToBku mnociae DMK kpyrioro momepeuynoro cedenust meronom CIIIT u u3
pacmiaBa merogoM BIIIT.
6. TloydeHbl ONMBITHO-TIPOMBIIIUICEHHBIE TTAPTHH MTPOBOJIOKK MAaJIOTO TOMEPEYHOTO CEYCHHUs (Iuamerp
0,3 mMm) u3 cmmaBa 01417, KOTOpble TPOIUIA HE3aBUCHMbBIC HCIBITAHUS MEXaHHUUYECKUX,
AIIEKTPUYECKUX CBOMCTB M TEPMOCTOMKOCTH, U YCTaHOBIIEHO ux cooTBeTcTBHe TY 1-809-1038-2018.
7. YcTaHOBJICHBI palMOHAIBHBIE NePOPMAMOHHBIE PEKUMBI OSCCIUTKOBON MPOKATKU-TIPECCOBAHUS
IpU TOJYYEHUH 3aroTOBKM TIOJ MOCIEAYIOLIee BOJOYEHHE CBapOYHOM IPOBOJOKH M3 CILIABOB
cucrteMsl Al-Mg ¢ pa3nuuHbIM cosiepxkanueM ckanaus (criassl 1580 u 01570).
8. IlpennoxeHa TEXHOJIOTMYECKass CXEeMa TMOJY4YeHHS JUIMHHOMEPHBIX  J1€(OPMHPOBAHHBIX
nonydabpukaToB U3 crutaBoB cucteMbl Al-M( ¢ pa3muuHbIM colepKaHUeM CKaH s, KOTOpasi COCTOUT

u3 Tpex TtexHomormyeckux mnpoueccoB (BIIII, coproBoil mpokaTku M BOJOYEHUS U OTXKUTA),
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MO3BOJISIOMIMX TOJIYYUTh CBapoOuHyI0 MpoBoioKy aumamerpoMm 3 mMm no ['OCT 7871-2019 u
Ka4eCTBEHHBIC CBAapHBbIC IIBHI MpPHU €€ MPUMEHEHUH, YTO TO3BOJIAET OO0ECIEYUTh MPOYHOCTH
(BpeMeHHOe CONPOTHUBIICHNE) Ha ypoBHE 75-85% OT MPOYHOCTH OCHOBHOTO METalIa.

9. Cozman psAn TEXHUYECKMX U TEXHOJIOTMYECKUX pEIICHUH, 3allMIIEeHHBIX mareHtamMmu PO
(Ne2457914, Ne2570684, No 2689460, No2724758, Ne2792327, No2847204), Ha OCHOBE KOTOPBIX
CIPOEKTHPOBAH WHCTPYMEHT M U3rOTOBJICHA YCTAHOBKA I COBMELICHHON 00pabOTKN aTFOMHHUEBBIX
CIUIaBOB, OTJIMYAIOIIMECS TEM, YTO MX NPUMEHEHME IO3BOJSET CHU3UTH TPYAO- U SHEPTOEMKOCTD,
MOBBICUTh MPOU3BOAUTEIHHOCTh MpOIECCa HEMPEepPhIBHOW MPOKATKU-TIPECCOBAHUS W  KadeCTBO
MoJlyyaeMbIX Mpoduieii, a TakkKe IMO3BOJSET MOdy4yarh nAedopmupoBaHHBbIE MONyhadpUKaThl U3
3aroTOBOK KpPYIJIOIO IIONEPEYHOT0 CEYEHHUS MAJOIUIACTUYHBIX METAJJIOB U CIUIABOB C BBICOKUM
YPOBHEM MEXaHUYECKUX CBOMCTB.

Peasmm3anus paGoTsl B NPOMBINIEHHOCTH. Pe3ynbTaThl HCCIEA0BAHUN MPOILIN apoOaIuio
Ha ClenyrImux npoMbinuieHHbix npennpustusx: OOO «3aBoa COBpeMEHHBIX MaTepuanoBy» (T.
Kpacnosipck), OOO «Hay4HO-IpOM3BOJCTBEHHBIH IMEHTp MaruuTHol THUAPOAMHAMHUKH» (T.
Kpacnosipck), OO0 «Anssinc 2008» (r. Kpacnosipck), AO «Kpacmam» (r. Kpacnosipck), COAO
«omenbkabens» (r. Tomens, Pecnyomuka benapycs) (Ilpunoxkenune A-E).  Oxxumaembrii
SKOHOMHYECKUN 3PPEeKT OT BHEApPEHHs pa3pabOoTaHHBIX TEXHOJOTHM COBMENIEHHOW 00paboTku
TOJIBKO JIJIs U3TOTOBJICHHS TPoBOJIoKU U3 ciaBa 01417 coctaBun 7215500 py6 B roa (IIpunoxxenue
X).

Pesynbrarel paboThl BHEAPEHBI B Y4eOHBIA MpPOIECC ISl MOATOTOBKH MAarucTpoB IO
HanpaBieHuto 22.04.02  «Meramnyprusi»  (mporpamma  22.04.02.05 «OOpabGoTka MeTayLuIOB
JaBJICHWEM») U acHUpaHTOB 1o HampasieHuio 22.06.01 «TexHosornu MaTepHaioBy CIEIHAIBHOCTH
2.6.4. (05.16.05) «O6paboTtka merayuioB naieruem» ([Ipunoxenue N).

JlocToBepHOCTL  pe3yJIbTAaTOB  HUCCIEAOBaHMM  oOecneumBaeTcs  UCMOJIb30BAaHUEM
NPOBEPEHHBIX HAyKOH METONOB TEOpUH OOpabOTKM METAIJIOB JaBJI€HHEM, MaTeMaTHYeCKUX U
CTaTHUCTUYECKUX MOJENEeH, a TaKKe pe3yJbTaTaMH Ja00paTOPHBIX U 3aBOJICKMX HCIIBITAHUM, KOTOpbIE
OTpakaroT peasIbHbIE MPOU3BOICTBEHHBIE YCIOBUS.

JUis mpoBeAECHUsT HCCIIEOBAaHUI HCIONB30BATNCH OCHOBHBIE 3aKOHBI TEOPUH 00pabOTKH
METAIIJIOB JaBJICHHEM, a TaKXke OHKCIEepPHUMEHTaJbHble METOAMKHU [UIsl OMpEIEeNICHUs TapaMeTpoB
nedopmupoBanud. CBoiicTBa MeTaula aHATU3UPOBAIMCH 4Yepe3 HCIBITAHUS Ha pacTsDKEHUE U
Kpy4eHHE, a €ro MHUKPOCTPYKTypa H3ydajach C MPUMEHEHHUEM MeTaiorpapuuyeckux METOOB.
MonenupoBanue npouecca aedopMalnuy MpoBOJMIOCH C MOMOIIbIO METO/Ia KOHEUHBIX 3JIEMEHTOB B

nporpaMMmHoM komruiekce DEFORM-3D.
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IToJ10:keHNs1, BBIHOCUMbIE HA 3aIIMTY:

—  pe3yiabTaTbhl 4YMCIEHHOTO MOJEIUPOBAaHMS M HKCIEPUMEHTAIbHO-aHAIUTUYECKOH  OLIEHKU
[IapaMeTpoB IIpoLEcca COBMEIIEHHOM IPOKATKU-IPECCOBAHUM 3arOTOBKU KpPYIJIOTO CEYEHMSI B
3aKpBITOM SLIMYHOM KaauOpe AJIsl MCCIIeyeMOro CIUIaBa;

—  pe3yabTaThl 3KCHEPUMEHTAIbHBIX HCCIEJOBAHUNM PEOJOIMUYECKUX CBOWCTB HENPEPBIBHOIUTHIX
3aroTOBOK, MOJYYEHHBIX ¢ momoIibio DMK, n pu3nko-MexaHn4ecKiX CBOUCTB IITMHHOMEPHBIX JTUTHIX
1 1ehopMHUPOBaHHBIX MoaydadbpukaToB u3 criasa 01417;

— TEXHUYECKHME U TEXHOJOTMYECKHE DELIEHUS JUIsl IOJydeHHUs IMpOoBOJOKH auamerpoM 0,5 MM
metroaoM CIIIT u3 crmaBa 01417 ¢ TpeOyeMbIM ypoBHEM (PU3UKO-MEXaHUUECKHUX U AKCILTYaTallHOHHBIX
CBOMCTB;

—  TEXHMYECKHE M TEXHOJIOTMYECKHUE PEIICHUs Ul MOJy4eHHs HPOBOJOKM aAuameTpoMm 2,0 MM u3
craBa Al+1%P3M ¢ npumenenunem metonoB CIIIT u BIIIT ¢ TpeOyembiM ypoBHEM (HU3UKO-
MEXaHUYECKUX U HKCIUTyaTaIllHOHHBIX CBOMCTB;

—  TEXHHUYECKHE M TEXHOJOIMYECKHE PELIEHUS IS MOJIy4YeHHs MPOBOJOKH auameTpoMm 3,0 MM u3
cruaBoB 01570 u 1580 ¢ npumenenuem Merona BIIII ¢ 3agaHHbIM ypoBHEM (PU3UKO-MEXAHUYECKUX U
9KCIUTyaTallMOHHBIX CBOMCTB.

OcHOBHBIE pe3yJIbTaThl AUCCEPTALMOHHON PabOThI U3JI0KEHBI U 00CYX/I€HbI HA POCCUMCKHUX,
MEXIyHApOJHBIX KOH(EpEeHIUsAX M KOHTpeccax, Takux kak «XV International scientific conference
«New technologies and achievements in metallurgy, materials engineering and production
engineering» (r. Yencroxona, Pecnybnuka [lonbmia, 2014 1.); «[IBeTHBIE MeTaIBI U MUHEpATBD» (T.
Kpacnosipck, 2017, 2019 r.); «Magnitogorsk Rolling Practice» (r. Marautoropck, 2019, 2023, 2024
r.); «Hayka u rexnonorun» (r. Muacc, 2023 r.), «/IHHOBalMU U IPOPBIBHBIE HAYKOEMKHE TEXHOJIOTHH
B Pa3BUTUU MPOMBILIUIEHHOCTH U oOpa3oBanus» (r. Pynusiii, Pecniydnuka Kasaxcran, 2024 r.).

IMy6amkanuu. Pe3ynbrarel auccepTallMOHHON paboThl OTpaxkeHbl B 39 myONuKalusaxX, B TOM
yuciae | MoHorpadgum, 10 craThsx U3 mepeuHs XypHaloB, pekoMeHayembix BAK, 22 craTtesax B
U3JIaHUSX, BXOJIAIINX B MEXKIYHAPOIHYIO 0a3y Scopus, U 6 mareHTax.

Hacrosmas pabora siBisieTcss npOoAOHKEHUEM KOMIUIEKCa HayyHO-HCCIIEeI0BaTEIbCKUX PadoT,
BBINOJIHSAEMBIX Ha Kadeape oOpabOTKH METayuIoB AaBJI€HHUEM MHCTHTYTa LBETHBIX MeTanios (MLIM)
OI'AOY BO «Cubupckuii ¢penepanbubiii yauBepcuter» (COY).

[IpoBenenHble pabOTHI OCYIIECTBISIIMCH COBMECTHO C COaBTOpPaMH, MPU 3TOM B AMCCEPTALIHIO
BKJIIOUEHBI PE3yJbTaThl MCCIEAOBAaHUM, KOTOpPbIE COCTaBISAIOT Ty YacTh, KOTOpas IOJydeHa

HEMMOCPEACTBCHHO aBTOPOM MJIH IIPU €TI0 BEAYIIECM YUaCTHUH.
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CTpykTypa u o0bem guccepramuu. Jluccepramusi COCTOMT W3 BBEACHHUA, 7 TIaB H
sakmroueHus. Coxepkur 275 CTpaHUI] MAaIIMHOMHUCHOTO Tekcra, 141 pucyHok, 62 TaOuUIIbI,
oubmorpaduieckuii ciucok u3 261 HaumMeHoBaHUS U 8 MPUIIOKESHUN.

ABTOp BbIpaxkaeT IIyOOKYIO OIaroapHOCTb CBOEMY YUMUTEII0 M HAaydHOMY KOHCYJIbTaHTY,
JTOKTOPY TEXHHYECKHX HayK, 3aciayxeHHoMy u3oOperatento Poccuiickoit Deneparuu, npodeccopy
C.b. CunenbHUKOBY.

OtnenpHyro OnaromapHocTh aBTop BhIpakaeT OOO «Hay4HO-IPOW3BOACTBEHHBIN IICHTP
MarHUTHOM TUAPOAMHAMUKI» B JIMIIE IUPEKTOpa, AOKTOpa TEXHHMYECKUX Hayk, mnpodeccopa B.H.
TumodeeBa, 1 HayallbHUKA OT/ENIa TEXHOJOTHI M HOBBIX MPOJYKTOB, KaHAM/IaTa TEXHUYECKUX HAYK

M.M. MoTkoBa 3a IIOMOIIIb B alIpoOaIiy pe3yabTaTOB UCCICIOBAHUH.
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1. COBPEMEHHBIE TEHAEHIIMU B PA3BBUTUU COBMEINEHHBIX METO/10B
OBPABOTKHN AJIOMMHHUEBBIX CIINIABOB U METOJOJOI'MYECKHUE
OCHOBbBI UX PEAJIM3ALIMHN

B mocnennee BpeMsi mpoLecchl COBMENIEHHONH 00paOOTKHM ¢ MPUMEHEHHEM OMNEepaIfil JIUThS,
nedopManuu MeTalia U TepMOOOpaOOTKH TOIYYaroT Bce OOJbIiee pPa3BUTHE JUISI TPOU3BOJICTBA
JUTMHHOMEPHBIX JIe(opMUPOBaHHBIX MONy(HhaOpHKATOB U3 CIUIABOB IBETHBIX MeTaiwioB [1, 15, 20-23].
HawnGonee 3HaunmMoe mprMeHEeHNE OHM MOJTYYMIIN IPpU 00paboTKe aIFOMHHUEBBIX CIUIaBOB. [loaToMy B
JAHHOW TJaBe pa3padOTaHbl M TPHBOAATCS METOMOJIOTHUECKHE OCHOBBI PEATHM3ALUH IPOIECCOB
COBMCIIICHHOW O00pabOTKM alIOMHHHUEBBIX CIUIaBOB. B COOTBETCTBMM C HHMH IIOKa3aHa
MIOCJIEI0BATENbHOCTh  Pa3padOTKM  TEXHOJOIMYECKUX IPOIECCOB  COBMELIEHHOM  00paboTKu
ATIOMHHUEBBIX CIUIABOB JUISl TOJyYCHUS MPOBOJOKM MAIBIX IMaMETPOB W3 CIUIABOB ATIOMUHHS C
nepexoqHpIMH MeTaiiamu [1]. Kaxnapelii M3 3TamoB BKIIOYAET AHAJIUTUYECKHE, TEOPETHYECKHE U
IKCIIEPUMEHTAIbHBIC HCCIICIOBAHUS TPOIECCOB MOJYYCHHS 3arOTOBOK METOJIOM HEMPEPHIBHOTO
JIMTBS, UX Je(POPMAIMIO ITyTEM MPUMEHEHUSI COBMEIICHHOW MPOKATKHU-TIPECCOBAHUS U JaIbHEHIIEro
BOJIOYEHUS MTOJyYEHHBIX IPYTKOB JI0 33/IaHHBIX Pa3MEPOB MPOBOJIOKH.

Marepualisl TJ1aBbI OMy0OJIMKOBaHbI B padoTe [1].

1.1. Meroaogornyeckue OCHOBBI peajinzanuu  IpoueccoB COBMeIllEHHOM oﬁpaﬁonm

AJIIOMHMHHUEBBIX CIIJIABOB 1JIA MMOJYYCHUSA MTPOBOJIOKHN MAJIBIX THAMETPOB

Jnst pa3pabOTKM M UCCIIENOBAHHS TIPOIIECCOB COBMEIICHHOW OOpabOTKH aJFOMHUHUEBBIX
CIJIaBOB C(HOPMYJIHUPOBAHBI CIECIYIONIME OCHOBHBIE JTalbl peaM3allid TEXHOJOTUH, HMMEIOIINE
METO/I0JIOTUYECKYIO HANPABIEHHOCTb.

MeTonuka peanu3alui IMOCIEAOBATEIHLHOCTH pa3pabOTKU TEXHOIOTHYECKHX TPOIIECCOB
COBMEILIEHHON 00pabOTKMU aJIIOMHUHMEBBIX CILJIABOB JUIS MOJIyUYEHHUS MPOBOJIOKHM MallbIX JAWaMETPOB
BKJIIOUYAET CJIEAYIOLIUE ITallbI.

1. AHanm3 COBpEMEHHBIX TEHACHIUN Pa3BUTHs MPOU3BOJCTBA JUIMHHOMEPHBIX Ie()OpMHUPOBAHHBIX
nonygabpuKaToB U3 ATFOMUHHUEBBIX CIIJIABOB.

2. Anamu3 ($a3oBOro W CTPYKTYPHOTO COCTOSHUSI BBIOPAHHBIX ISl UCCIICIOBAHMS CILIABOB, BHIOOP
JETUPYOIIUX 3JICEMEHTOB C IMOMOHOIBIO AWarpaMm COCTOSIHHUSA W KOJWMYCCTBEHHOT'O COOTHOIICHUSA
OCHOBHOT'0 METAJIJIa U JIETUPYIOIIHUX 3JE€MEHTOB.

3. llpoBeneHre MaTEHTHOTO MOKMCKA HA COCTAaBbl ATFOMUHHUEBHIX CIUIABOB M KOHCTPYKIIMI yCTPOWCTB
I UX COBMGHIeHHOfI O6pa6OTKI/I u BI)I60p NEPCICKTUBHBIX JIA WCITIOJB30BaAHH B ITPOMBIINIJICHHOCTH

CIIJIaBOB U CITOCOOO0B AehopMaIiii MeTaIa.
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4. AHanmu3  pe3yibTaTOB  TEOPETUYECKHX  MCCIEOBaHUN  (opMOM3MEHEHUS  MeTalla |
TEMIIEPATYPHBIX YCIOBUH MPOIECCa COBMEILIEHHOM MPOKATKU-IIPECCOBAHUS.

5. OnucaHue BO3MOMKHBIX TEXHOJOIMUECKUX CXeM M BbIOOp 00OpYyIOBaHUSA [yl IOJy4EHHs
ne(OpMHUPOBAHHBIX 110J1y(PAOPUKATOB COBMEILIEHHBIMH METOJAMH.

6. Teoperuueckue uccie0BaHuUs MPOIECCA COBMEIIEHHOM TPOKAaTKU-IIPECCOBAHUS.

7. MopaenupoBaHie PEKUMOB U TOJATOTOBKA PEKOMEHJIAIMH 10 BHIOOPY TepMOaePOPMALIMOHHBIX U
CKOPOCTHBIX [TapaMETPOB COBMEIIEHHON 00pabOTKY JUI UCCIEIYEMOTro CILIaBa.

8. Pacuer peanu3yeMOCTH TIpOLIECCOB COBMEIIEHHOH OOpPabOTKM HCCIEAYeMbIX CIUIABOB,
Ne(OPMALMOHHBIX PEKUMOB U CHJIOBBIX 3aTpaT, CPaBHEHUE DPE3YJbTATOB pacueTa ¢ pe3yjbTaTaMu
MOJICIIUPOBAHMUSI M BBHIOOP TEXHOJIOTHYECKUX IapaMeTpOB JJsl MPOBEIEHUS SKCIEPHUMEHTAIBHBIX
UCCIICJOBAHUM.

9. [IIpoexTupoBaHHE HHCTPYMEHTA, HOJrOTOBKA YCTAHOBKH COBMEIIEHHONH 00pabOTKM U anmaparypsl
JUIs 3aMepa SHEProCHJIOBBIX IIapaMETPOB H3Yy4aeMbIX IIPOLIECCOB C YYETOM OCOOEHHOCTEH
neopMannu u CBOMCTB UCCIIENYEMbIX CIIABOB.

10. IMony4yeHue ONBITHOTO CIJIaBa M W3YYEHHUE CBOWMCTB JIMTHIX MONYy(HaOpUKAaTOB, KOPPEKTHPOBKA
KOJINYECTBA JIETUPYIOLIMX 3JIEMEHTOB B CIUIABE M UX COOTHOLICHHUSI.

11. Pa3paboTka moC/IeA0BAaTENbHOCTH TEXHOJOIMUYECKHX oOmepanuid oOpaOOTKM A HOJIy4YEeHUs
IIPOBOJIOKH 33JJaHHBIX Pa3MEPOB.

12. Tlony4yeHue ONBITHBIX MApPTUH JUIMHHOMEPHBIX Je(OPMHPOBAHHBIX TMONYy(paOpUKATOB U
UCCIICIOBAaHUE UX CTPYKTYPbI U YPOBHA (PU3UKO-MEXaHHUUECKUX CBOWCTB.

13. Ha3naueHue pexuMOB TepMOOOPabOTKH J1e(OPMHUPOBAHHBIX MOITY(PaOpUKaTOB.

14. N3yuyenue 3aKoHOMEpHOCTEH (OPMHUPOBAHUSA CBOICTB TOTOBBIX H3JEIMA B 3aBHCHUMOCTH OT
OCOOCHHOCTEH TEXHOJOTMM U IOCJIEJOBATEIbHOCTH JTalloOB MOJY4YEeHHUS AePOPMHUPOBAHHBIX
noiy(habpuKaToB.

15. KoppekTupoBka pe:kxuMoB 00pabOTKH C LIEJIbIO MOJIYUYEHHs YPOBHS 3aJaHHBIX CBOWCTB.

16. IIpomsleHHOE ONpoOoBaHKe pa3padOTaHHOW TEXHOJIOTHH M IMPOBEPKA Ha COOTBETCTBHE YPOBHS
($U3MKO-MEXaHUYECKUX CBOMCTB IMOJIY4EHHBIX HOay(})aOpuKkaToB TpeOOBaHUSAM CTAaHIAAPTOB WU

TCXHUYCCKUX YCJIOBI/Iﬁ .
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1.2. AHaau3 coBpeMeHHbIX TeH/AeHIUil Pa3BUTUSI MPOU3BOACTBA MONYy(padpuKaToB M U3deIUil U3

AJIIOMHMHUEBLIX CIIJIaBOB, BBIﬁOp CILIABOB M TEXHOJIOTMH MX oﬁpaﬁoncn

1.2.1. TenneHuuu pa3BUTHS NMPOU3BOJACTBA MOJY(PaOpPHUKATOB W M3AEJUH W3 ATHOMHHHEBBIX

CILIABOB

HccnegoBanue HaydyHO-TEXHUUECKOW U MAaTEHTHOM smteparypsl [1-70] mpoaeMoHCTpupoBaio,
YTO B KaU€CTBE MEPCHEKTUBHBIX MAaTEPUAJIOB JJIsl IIPOU3BOJICTBA NIPOBOJIOKH B Pa3IMYHBIX OTPACISIX
IPOMBIIIJICHHOCTH CIIEAYEeT YYMTBHIBATh JIBE€ TPYIIbl AJIOMHUHHMEBBIX CIIJIABOB C PEAKO3EMEIbHBIMU
metamuiamu (P3M):

1. ciiiaBbl cucrembl Al-Ce-La [1-5, 7, 26-55, 57-65, 68];
2. ciiaBbl cucrembl Al-Mg-Sc [1, 6, 8, 67-68].

CrutaBbl IepBOM IpyMIlbl B OCHOBHOM HCHOJB3YIOTCS JUISl HPOM3BOJICTBA AJIEKTPOTEXHUUECKOM
IPOBOJIOKH, BKJIIOYash IPOBOJKY OTBETCTBEHHOIO HAa3HAYeHMs, TPeOyIOIUX MOBBIIIECHHBIX
MEXaHUYECKUX XapaKTePUCTUK U YCTOWYMBOCTU K BBICOKMM TeMmieparypaMm. K cmiaBam u3 BTOpoOM
TPyl OTHOCSITCSI MaTe€pHalibl, IPUMEHSEMbIE JUIsl IPOU3BOJICTBA IIPOBOJIOKU, KaK CBAPOYHOM, TaK U
JUTaTypHOM.

Penxozemenbubie MeTaiisl (P3M) Obpitu BriepBbie oOHapyxkeHsl B 1788 rony. Onnako 1o 1950
rojia €XerolHOe MUPOBOE MPOU3BOACTBO U notpediiernne P3M cocrasiso meree 5000 TOHH OKCHIOB
peIKO3eMENbHBIX META/LIOB, ¥ /10 1960 roja oHH peaKOo UCIOIb30BAIUCH B IIOBCEIHEBHOW KU3HH [71-
75]. Co Bropoii monoBuHbl XX cTonieTusi npuMeHeHre P3M CyleCTBEHHO pacHpOCTPaHUIOCH Ha
MOBCEHEBHYIO KHM3Hb, TaKyl0 Kak HedTemoOblua W CBA3aHHbIE C HeW o0sacTH, pa3iauyHble
KOMIIBIOTEPHBIE CUCTEMBI U TEJIEBU3UOHHBIE 3KpaHbl. ['1obanbHoe noTpediaeHre u npousBoacTso P3M
3HAYUTEILHO YBEIUUUIIOCH B MOCIenytome necstuietus (pucyHok 1.1) [75].

OO1m1ast cToMMOCTh IPOAYKTOB IO BCEMY MHUPY, coaepxkamux P3M, cocrasnser He menee 1,52
TpuiuinoHoB  joiapoB CIHA (momn. CIHA), ¢opmupys mnoutn 5% MUPOBOro BaJIOBOTO
HAIMOHAILHOTO TPOJyKTa (eciu paccmarpuBaTh ToibKo 2009 romx) [72]. DTOT mepexoia MpHuBEAET K
3HAYUTEIBHOMY pPOCTY cmpoca Ha P3M B Ommxkaiimme romer [73, 74]. DOra TeHmeHuus Oyzner
CTUMYJIUPOBaTh POCT CHpoca Ha Mpou3BojacTBO P3M Bo BceM Mupe, uTo MOTpeOyeT CO3/1aHUs
JIOJITOCPOYHOM YCTOWYMBO# 1IEMOYKH TTOCTABOK [ 75].

B 2016 rony mupoBoe npousBoactso P3M coctaBuio 126 000 meTpuyecKkux TOHH (pPUCYHOK
1.2) [75, 78], xotopoe B ocHOBHOM obOecmeunBan Kurait (85%) u ABctpamus (10%), a ocrampHas
qacTh ObUIa pacnpeneneHa Mmexxay bpasunueit, Manaiizueit, BeetHamom, Poccuniickoit denepanueit u
Wunueit. Kpome TOro, CTOMT NpHUHUMATh BO BHHMMAaHHE TaKOW CYIIECTBEHHBIH (akTop, Kak

OCYIIIECTBJIEHUE HE3aKOHHON JOOBIYM U MPOU3BOJICTBA B 10kHON yacTu Kuras [75].
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Pucynox 1.1 — MupoBoe mpou3BoacTBO 1 cripoc P3M [76-78]

Phosphors and pigments,
I%

China
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Otwm;a'& production 126 000

Polishing, 12%

Pucynox 1.2 — MupoBoe npousBocTBo/morpednenue P3M [75, 78]

XOTs1 HEBO3MOXKHO TPEICTABUTH €IUHYI0 MOJIENIb, HE3aKOHHOE MPOM3BOJCTBO, MO OICHKAM,
nocturaetr 20% neransHOro Tpou3BojcTBa B Kutae [75, 79]. B Hacrosiee BpeMsi BBIIBIEHO Oojee
200 P3M-coaepxamux muaepasioB [80, 81]; Tem He MeHee, OOJIBIIAs YaCTh MUPOBOTO IMPOU3BOJICTBA
P3M B HacTosimiee BpeMsi IPOMCXOJUT W3 YETHIPEX MHUHEpAIOB: OACTHA3UT, MOHAIUT, KCCHOTHM M
gonaput [82]. HanbosmbIast 10511 MUPOBOTO TIPOU3BOJICTBA PEIKO3EMETbHBIX MHHEPATIOB PUXOIUTCS

Ha KUTalCKUi 6aCTHA3UT, 32 HUM CIEAYIOT MOHALIUT U3 ABcTpanuu U MHnuu, nomaput u3 Poccuiickoii
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@enepalii ¥ KCEHOTUM W3 Manaiizuu. OTH peaKo3eMeNbHbIE MUHEpaJbl B OCHOBHOM CBSI3aHBI C
MarMaTU4ecKUMHU opoaamMH (IETOYHBIMU TIOPOJIaMH U KapOoHaTutamu) [75].

Kpome Toro, apyrue sKOHOMHYECKH LIeHHbIE MuUHepaibl P3M BcTpedaroTcsi B paBHUHHBIX
MECTOPOKICHUAX, IErMAaTUTAX, KEJIE€300KUCHBIX MEIHO-30JI0ThIX, MOPCKUX (hocdaTax U OCTATOUHBIX
OTJIOXKEHHUAX TIIyOOKOro BhIBETpHBaHUs MarmaTuueckux nopon [83]. Cpean 3THX MHHEPAJIOB JIETKUE
muHepasibl P3M cocTaBislfoT camblif OOJBIIONH CETMEHT, B TO BpeMs Kak TsDKenble MuHepaisl P3M B
HACTOSIIEE BPEeMsI B OCHOBHOM JJOOBIBAIOTCS M3 MOHHO-a/ICOPOLIMOHHBIX TJIMH Ha rore Kutas, npudem B
9TOM PEruoHe, B YaCTHOCTH, COCPEJIOTOYCHO M HeJlerajbHOE MPOM3BOICTBO [ 75].

OcHoOBbIBasiCh Ha OMYOJIMKOBAHHBIX JTaHHBIX [ /5], 00muil 00beM rinobdanbHbIX pecypcoB P3M
cocrasiisieT 478 miH. T okenzoB P3M, pacnionoxxennsix B Kurae (164 mun. 1), bpazunuu (55 M. 1),
Ascrpanuu (49 miH. 1), Poccuiickoit ®enepanuu (48 muH. T) u ['pennanauu (43 MiH. T), OCTaBIIMECS

119 mun. T pactipoctpanensl B Kanaze, llIseruu, CLIA, Bretname u ap. (pucyHok 1. 3).

Vietnam Other
33 USA 8%
¢ 3%
Plac lon absorption
Sweden :)K; o 1% Other
% i o 1%
g '. : China
35%
10CG
Canada 15%

7%

World REO resources
47814 Mt
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Pucynok 1.3 — Pacnipeaenenue riao0anbHbIX peAKO3EMENbHBIX PECYPCOB IO OCHOBHBIM THIIAM

MECTOPOKJICHHUH U cTpaHam [75]

OTH pecypchl MOTYT MOCTaBIATh odambHble P3M ¢ Tekymiel npousBoauTensHocThio (130
ThIC. T/Toa okcuaoB P3M) B TeueHue 6oee cTa Jier.

JlaHHBIE O KOHLIEHTpauuu oTAeiabHbIX P3M B Hacrosiee BpeMs IOCTYHNHBI HE AJIsl BCEX
MECTOPOKJCHUH, MOCKOJIbKY OOJBIIMHCTBO W3 HUX HAXOJUTCA Ha PaHHUX CTaUsIX pa3pabOTKH.
Opnnako 59 u3 178 mecropoxaenuit P3M nocturiam craauu pa3paboTku (JIMOO HAXOAATCS B CTaluU

pa3Beqkd, MO0 TEXHUKO-DKOHOMHUYECKOW OIleHKH), W uX pacnpenenenne P3M oroOpaxkeHo B
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JIUTEPAType; PECypChl, COOTBETCTBYIONME 59 MecTopoxaeHusM P3M, cocTaBisioT 276 MIIH. T OKcuza

P3M, uto skBUBaIEHTHO 58% OT 00mMX pecypcoB 178 mecTtopoxaeHuit (puc. 1.4).
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Pucynok 1.4 — Pecypcbl okcuoB P3M muist 59 MectoposkaeHuil Ha pOABUHYTOM

cTaauu pa3padotku [75]

Ucxons u3 stux nanueix, uepuit (Ce) sBusercs Hambonee pacrnpoctpaHeHHbIM P3M (~ 130
MJIH. T), 32 KOTOPBIM cieaytoT nanTas (La) (~ 68 muH. 1), Heonum (Nd) (~ 43 muH. T), pazeonum (Pr)
(~ 13 man. 1) n urtpuii (Y) (~ 9 mMiH. 1).

N3menenue TpeboBaHMii moTpedUTENe K MEXaHMYECKUM CBOMCTBaM Je(OPMUPYEMBIX
nonygabpuKaToB, UCHOIB3YEMBIX B CHJIOBBIX KaOelsiX M TOKOIMPOBOISIIUX KHUJIaX, MPUBENIO K
PE3KOMY POCTY TIOTPEOICHUS IIEKTPOTEXHIUUSCKOHN MPOAYKIINY U3 aTIOMUHUEBBIX CIUIaBOB. B KaraHke
JUISE U3TOTOBJICHHS TPOBOJIOB W KaOelel W3 WMEroImmMXcs Ha pbiHKe cruiaBoB ABE B kadecTe
JETUPYIOMUX JT00aBOK WCIOIB3YIOTCS KPEMHUH ¥ MarHuid, KOTOPBIE YIIYYIIAlOT TPOYHOCTHBIC
XapaKTePUCTUKH, HO 3HAYUTENIBHO CHIDKAIOT MPOBOJUMOCTH MPOBOJIOKUA. UTOOBI MUHUMH3UPOBATH
MOTEPH AIEKTPOIHEPTHUU BO BpeMs ee mepeaayu, Tpedyercs co3JaHue HOBBIX ATFOMUHHEBBIX CIUIABOB,
00yasaomuX BBICOKOM MPOYHOCTHIO M XOPOIIMMH 3JEKTPOINPOBOAHBIMU XapaKTEPUCTUKAMH.
[IepcriekTHBBI pacHIMpeHUs] pbIHKA MPOBOJAOB C HOBBIMHU CBOMCTBAMH - 3TO, IPEXKJE BCETO, 3aMEHa
BbIpaboTaBIIuX cBOM pecypc amomunueBbix JIDII u mepexoxn JIDII Ha u3onmupoBaHHBIE MPOBOAA U
MPOBOJIA CO CHENHATbHBIMU CBOMCTBAMHU (YCTOMYUBOCTh K TIOTOJHBIM YCJIOBHSIM, OOJEIEHEHUIO,

CHIIBHBIM BHOPAIMsIM, BEICOKUM WIIM HU3KUM Temrieparypam). [1ocKoIbpKy mpoBoaa M3 aTlFOMHHHAEBBIX
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CIUIaBOB JICIIEBJIE MEIHBIX, TO B KAa4E€CTBE AJBTEPHATUBBI PACCMATPHUBAECTCS BO3MOXHOCTH 3aMEHbI
HEKOTOPBIX MEIHBIX KabOenel, NMPUMEHSEMBIX B CHUJIOBBIX CETSAX, HAa KaOeiaH, HM3TOTOBJICHHBIC W3
MHHOBALIMOHHBIX aJIOMHUHHUEBBIX CILJIABOB.

CoBpemeHHast 3JeKTpokadenbHass WHIYCTPUS IIUPOKO HCIOJIb3YET alFOMHUHHEBBIC CIUIABBI.
JlanHble cruiaBel 00ECHEUMBAIOT OYEHb IIEHHOE COYETaHHE CBOWCTB: MeXaHHUYECKue, (pusmueckue,
xuMuueckue (Koppo3uoHHbie). Takke O3TH CIUIaBbl MMEIOT OTHOCHUTEIBHO BBICOKYIO CTEICHb
TEXHOJIOTHYHOCTH M XOpOLIO TMOAJAI0OTCI MeToJaM oO0pabOTKM MeTalyioB JaBieHueM. Jlis
ANEKTPOTEXHUYECKON MPOMBIIIJICHHOCTH aIFOMMHUNA U €r0 CIUIaBbl ¢ J00ABICHUEM PEIKO3eMETbHBIX
METAJIJIOB IICHATCS, MPEeXAE BCEro, 3a HU3KOE DSJIEKTPOCONPOTHBICHHE, YTO OOYCIAaBIMBAET HX
MIMPOKOE NMPHMEHEHHE B CTpaHax C pa3BUBAIOLICHCS SKOHOMUKOH, OCOOEHHO B CEKTOpax, e ITOT
[I0Ka3aTelb SBISETCS KI0YeBbIM (pakTOpoM. B pa3zBuBaromuxcs v pa3BUTHIX CTPAaHAX, B TOM YHCJE U B
Poccuiickoit @enepannu, 3MEKTPOTEXHUYECKAs TPOMBIIUIEHHOCTh 3aHMMAET 3HAUUTEIBHYIO JIOJI0 B
obOnactu mOTpeONieHUsl alOMUHUA. 3HAYUTENbHbIE 00BEeMBbI MONYyPaObpUKATOB B BHUAE PA3IUYHOU
AIIOMUHUEBON MPOBOJIOKH HIMPOKO MCHOJIB3YIOTCS Il U3TOTOBJIEHUS MPOBOJOB BO3AYILIHBIX JTUHHM

anextponepenay (JIDII) (puc. 1.5).
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Pucynok 1.5 — Jlnarpamma notpednenns amomunus B Poccuiickont @eneparyn [84-86]

[Torpebnenue amromuaus B mupe U Poccuiickoit denepanyiy HEYKJIOHHO pacTeT KaKIbli Tol.
[Ipumepro 90% amOMuHUSA, HCIONB3YEMOTO B D3HEpPreTudyecko cdepe, NPUXOIUTCS Ha
AJIEKTPOTEXHUUECKYIO (KabeIbHYI0) HHIYCTPHUIO, a Takke 14% oT Bcex 00beMOB MOTPEOJICHHS 3TOTO
metauia (cM. puc. 1.6). B cTpanax ¢ pa3BUTON SKOHOMHKOW CHpPOC Ha aJTIOMHHMU pacTeT Ouaromaps
pacIIMpPEHHIO aBTOIIPOMA, B TO BpeMs KaK B Pa3BUBAIOLIUXCS TOCYAAPCTBAX OH YBEINYUBAETCS 3a CUET
Pa3BUTHUS CTPOUTENBCTBA U AIEKTPOTEXHUIESCKOM MPOMBIIIICHHOCTH (prucyHok 1.7) [87].

PenxosemMenbHbIE 371€MEHTHI, TAKHE KaK LEpUi, JaHTaH U MPa3€oaUM, MPEACTABIAIOT O0JIbIION

MHTEpEC B KauecTBE J00aBOK K MPOBOJSALIMM MaTepHaiaM, 0COOEHHO K aTIOMUHHEBBIM IPOBOASIIUM
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MaTcepuaiaM, IMOCKOJBbKY OHHU OKAa3bIBAIOT IMOJOXUTCIIbHOC BJIMAHNUC HA aJIFOMHUHHCBBIC CIIJIABbI [33]
HpPI 9TOM OCHOBHBIMH HOJIY(I)a6pI/IKaTaMI/I SABJIAOTCA IJIOCKUC U NUIIMHAPHUICCKUC CIIMTKH, JINTCHHBIC

CIIJIaBBbI M SJICKTPOTCXHUYCCKAas KaTaHKa.
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Pucynok 1.7 — CTpykTypa Ipou3BOJCTBA pa3IUYHBIX MOTY(HaOpUKATOB U3 CIUIABOB ATFOMUHUS

Jns BeIOOpa CIUIAaBOB B COOTBETCTBUHM C TPEMJIOKEHHOW METOIUKOW HEOOXOAMM aHallu3
(ha30BOTO COCTOSIHHSI COOTBETCTBYIOIIUX CHCTEM M KOJMYECTBEHHOTO COOTHOIIEHHUS OCHOBHOTO

METaJliIa 1 JICTUPYIOIINX 3JICMCHTOB.
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1.2.2. Onucanue cBOMCTB BblﬁpaHHbIX JJIA UCCJIeA0BaAaHuS CILIAaBOB

Anamu3 auarpamMm  (a3oBbIX paBHOBecuil a8 cmiaBoB cucrtembl Al-Ce-La mokasan
(W) (913% {011 (SN

Juarpammbl  (a30BBIX PpABHOBECHH aTIOMUHHS C IIEpUEM, JIAHTAaHOM U TPa3eoIuMOM
npezncrasiensl Ha puc. 1.8-1.10. [Ipu ux oOpa3oBaHuM U B 3aBUCUMOCTH OT BBIOpaHHOTO crocoba
KPUCTAJIM3AIMU CIUIABOB 3THU MeETauibl (OPMUPYIOT C AIIOMHHHEM aHaJOTW4YHble cucTeMbl. Mx
B3aMMOJICICTBHE C ATFIOMUHUEM IPOUCXOJUT IO CXOKEMY MEXAHU3ZMY.

Hanuune penko3emMenbHbIX METAIIOB B BUJE KPYIHBIX YACTHI] yKa3blBa€T Ha HEPALIMOHAIBHOE
pacxoZ0BaHHWE HTHUX JIOPOTOCTOSALIMX KOMIIOHEHTOB. OTcrofa cienyer, 4Yro s [OJXYYEHHs
ATIOMHUHHUEBBIX CIUIABOB, UMEIOIIHUX B CBOEM cocTaBe paznuyHble P3M, HeoOX0IuMO HCIONB30BaTh
pa3iuyHble TeXHuYeckue mpueMbl. OHO U3 OCHOBHBIX HAIIPABJICHUN 3TUX MPUEMOB — 3TO MOTyYEHUE
pa3IMYHBIX COEAMHEHHH, COepKAIINX HHTepMeTaILIHAbl ¢ P3M, B mprCyTCTBUM M30BITKA aTFOMHHUS
MMEIOLINX BBICOKOJUCIIEPCHOE COCTOSIHUE.

[Tosromy Hambonee »sddekruBHoro serupoanuss P3M MOXHO [10OUTHCA, MCHOIB3YS
HeOOoJIbIIINE KOJTMYECTBA 3TUX KOMIIOHEHTOB, BBOJIS MX B cIu1aBbl Al-P3M nipu npuroToBieHuHu CIuiaBa.
Coenunenns tuna Alj1Ces kpucrammmsyrores npu Temmeparype 1240°C u HaxoasTcs B paBHOBECHU C
TBEPABIM DPACTBOPOM. B Xozie mpoxoasumx 3BTEKTHUECKMX peakuuil npu temmeparype 640°C B
CIUIaBax alllOMHUHUA, cojepxamux P3M B KonuyecTBE HECKOIbKUX ATOMHBIX IPOLIEHTOB (WM
MEHBbIIIE), TPOUCXOAUT KPUCTAJUIM3ALNSA, U BO3HUKAIOT MHTEPMETAIIIMIHBIE COSITMHEHHSI AIFOMUHUS C
stumu P3M.

Coenunaenne Al;;Ces nMeeT IIaBHYIO JIMHUIO U KPYTOU €€ MOAbeM KHJIKOU (a3bl B pacTBOpE
QIIOMUHUS Ha JAuarpaMMe. OTO JlaeT JIOCTHKEHHWE DPABHOBECHS B KOHIIEHTPALMU Cpasy, Kak
oOpa3zoBanuch sapa HHTepMeTauIUI0B. [Ipu 3TOM nanee poct 3THX siaep ocTaHaBiIMBaeTcs. Bo3Hukaer
pacTBOp MOYTH YKUCTOTO AJFOMHUHHUA, TaK KaK MPHU IBTEKTUUYECKOW TeMIepaType pacTBOpuMocTs P3M
(Toro >xe uepus, JaHTaHa W Tpaszeoauma) He Oyaer Oonee 0,01%-at. lanHas OCOOEHHOCTH TIPHU
KPUCTAIM3AMM MO3BOJSIET TOJMy4aTh MHTEPMETAJUIMIHBIE YacTUIBl pPa3MEpPOM 4YacTUI[ [0

HECKOJIBKUX MUKPOH B HO,HO6HBIX CIlJIaBax, BIUIOTb OO pasMepa MCHCC 1 MM 110 OOJIBIIIEH YaCTH.
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Pucynok 1.10 — lmarpamma (pa3oBoro paBHOBECHS B CHCTEME ATIOMUHUN — IPA3e0 UM

U3-3a HU3KOro conepxanusi P3M mpoyHOCTh Takke yBEIWYUBACTCS, a AJIEKTPONPOBOJIHOCTD
MOJKET IPAKTHUECKU HE OTIUYATHCA OT JEKTPOIMPOBOJAHOCTH YUCTOTO aMOMUHUS. Bhicokue ckopocTu
KPUCTAUTU3AI[MM B TIPOLIECCE M3TOTOBJICHUS 3arOTOBOK, MNPEJHA3HAYCHHBIX [UIA IOCIEIYIOIIeiH
nedopMaluy, CHOoCOOHBI BbI3BIBATH (DOPMHPOBAHME MEPECHINIEHHBIX TBEPABIX PAacTBOPOB. IJTO
TpeOyeT reTeporeHH3allMOHHOIO HarpeBa, BO BpEMs KOTOPOTrO MeTacTaOWJIbHbIE MepeChIlEHHbIE
TBEpJbl€ PACTBOPBl pPa3pylIatOTCs, BBICBOOOXKIAsi BBICOKOAMCIIEPCHBIE HHTEPMETAINUYECKUE
COCIMHEHUS, YK€ HaXOSIINECs B TBEPJIOM COCTOSHUH, U CHU)Kask KOHIIEHTPAIIUIO TBEPIOTO PpacTBOpa
QTIOMUHUS. 3aTeM TMPOIEecC OCYIIECTBISIETCS TeTEepOreHHBIM crmocobom. Bo MHormx cimydasx
reTeporeHn3alMOHHBIA HarpeB COBMEIIAETCS ¢ TEIJIOBOM 00pabOTKON MOA AaBIE€HHEM, O3TOMY MpHU
OpoBeleHUM  Takod  0oOpaOOTKM  HEOOXOJMMO  YYUTHIBaTh  BO3MOXHOCTb  MPOTEKAHUS
reTeporeHn3alMOHHBIX MPOLIECCOB.

Penxo3zemernbHbIE METaIBI MOTYT YMEHBIIATh Pa3Mephl 3€pPeH, M3MEHSATh MHUKPOCTPYKTYPY,
yIy4IIaTh pacrnpeaenacHne ¢a3 BKIYCHUS, YIydIaTh IPOBOIUMOCTD U yIAIISATh BPEAHbBIE TPUMECH Si
u Fe [34-37, 43]. Panee Obuto BbisBieHO [38], uto comepxkanme Ce or 0,05 mo 0,16 mac.% B
QIIOMUHUEBOM CIUIaB€ BBITOJHO JUISL YBEIMUYEHHS AJIEKTPUUYECKOW INPOBOJAMMOCTH U BPEMEHHOTO
COTIPOTHUBIICHUS, MOCKOIBbKY Ce CHMKAaeT pacTBOPHUMOCTH TBEPIBIX MpUMecHBIX diemeHToB (Fe, Si) B
aTrOoMUHHEBOW MaTpuile. B padote [39] yTBepkmaercs, 94TO BpeMEHHOE COMPOTHUBIIEHUE ciuiaBa Al—

Mg-Si—Zr—La, npurotoBieHHOT0O Ha OCHOBe cruiaBa AA6201, yMEHBIIIHIIOCH, & 3JIEKTPOIPOBOJIHOCTD
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yIay4Iuiaack, Koraa coaepxanue 106asku La npessicuiio 0,2 mac.%, 4TO MOXKET OBITH KOMIIPOMHUCCOM
MEXy MPOYHOCTHIO U 3JEKTPONPOBOAHOCThIO. B Xone HemaBHuMX uccnenoBanuii [40] oOHapykeHO,
yTo Korjaa conepkanue La ne mpesbimaer 0,3 mac.%, anekTponpoBoaHOCTh ciiaBa Al-La moxer
NOJJAEPKUBATh BBICOKHMN ypoBeHb - 60,35% wmexayHapognoro cranaapta IACS wu3-3a ocaxaeHus
coenuHeHul, coxepxamux La, Si m Fe. ABTopel pabGotel [41] BBIACHWIHM, YTO MaKCHMallbHAS
AJIEKTPONPOBOAHOCTh JIUTOTO MPOMBIILIEHHOTO YUCTOTO amtoMuHHUs cocTtaBisieT 59,7% IACS c
nob6asnennem 0,2 mac.% Ce. TepmooOpabotka mo pexumy T7 MOXET AONOTHUTEIBHO YIYYIIUTh
aneKkTponpoBoHOCTh 10 60,7% IACS, OCHOBHBIM MEXaHU3MOM KOTOPOW SBIISETCS SBOJIOIUA
BTOpPUYHBIX (a3 rmocie BeaeHus Ce. [Ipu npoBeaeHNN UCCIIEIOBAaHUI PEKUMOB TEPMOOOPadOTKH [42]
crutap Al-Ce omkuranu W BBJICPKHBAIM TPU  BBICOKOH TeMmmeparype W OOHapyX Wi, 4YTO
PEIKO3EMENBHBI JJIEMEHT WrpaeT BaXXHYIO poiib B pekpuctamm3anuu craBa Al-Ce. [lannble,
noiyueHHele B pabore [44] mokas3pIBarOT, 4TO Ja00aBlieHHE peako3emenbHoro sinemeHta Ce B
ATIOMUHHUEBBIN CIIaB YBEIMYMBAET BpeMeHHoe conportuBieHue. Coaepxanue Si oka3blBaeT 0OJbIIOE
BJIMSIHUE HA €ro MPOBOJAUMOCTb. V3 BBIIEU3I0KEHHOIO CIEAYET, YTO COOTBETCTBYIOLIEE COJIEPKAHNE
no6aBok La mmm Ce mMeeT mpeuMyliecTBa B yAaleHHH BpeAHbIX npumeceil Si u Fe, packucnennn,
JETUIPOTeHU3AIMHN U U3MEIbUCHUU 3€PEH, YIYUIIEHUH MTPOYHOCTH Ha PACTSKEHHE U OTHOCUTEIHHOTO
YAJTUHEHUS aJIOMUHUEBBIX CIIaBOB [45-49]. Tem He MeHee, B IUTEPATYPHBIX UCTOUYHUKAX [OYTH HET
cooOuieHu#t o pazauile Mmexay La u Ce B kauecTBe 100aBKH K JIIOMUHUEBBIM CILJIaBaM ISl TIOJTYYCHUS
addekTa yydimeHus: ypoBHs dJIeKTporpoBoaHocTH. Ha pucynke 1.11 mokazaHa 37eKTpOIpOBOTHOCTh

ciaBoB Al-XLa u Al-XCe (rze X = 0,075-1,0%) [33].
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Pucynok 1.11 — DnexTpornpoBogHocTs 00pa3ios craaBoB cucteMbl Al-La u Al-Ce ¢ conepixa-

auemM P3M 0,075-1,0%: a — mutoe cocrosiaue, 6 — otoxokeHHoe mpu 300 °C B Teuenue 24 gacos
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B mutom crimaBe (pucynok 1.11, a) cmaB Al-Ce umeet Goiee BBICOKYIO MPOBOJUMOCTD, YeM
crutaB Al-La toro ke cocraBa. Korma comepskanue Ce cocraBuser 0,15%, 31meKTpornpoBOIHOCTH
cimiaBa Al-Ce gocturaeT Hauoounbiero 3HaueHus IACS 63,62%.

Korna conepxanne La u Ce B crutaBax npesbimaet 0,45%, npoBOIMMOCTh CIIABOB HUXKE, YEM
y unctoro amomuaus. OgHako mocie tepmoodpadotku mpu 300 °C B Teuenue 24 9 (puc. 1.11, 6)
AJIEKTPOTIPOBOIHOCTh BCEX CIIAaBOB yBEIWYMBAeTCs, W cruiaB Al-La mposBiseT Takylo ke
AIIEKTPOTPOBOIHOCTD, 4TO ¥ ciiaB Al-Ce. Hamnydmas 35meKTponpoBofHOCTE 000MX CIUIABOB MOKET
npesbimiath 63,5% IACS. [Ins cnnaBa Al-La mpoBoauMocTh mocie TepMOOOpaOOTKH, OYEBHJIHO,
BbIllIe, YeM y JuToro cruiaBa. Onnako i cmiaBa Al-Ce mpoBOAMMOCTB mociie TepMooOpaboTKU
CYILIECTBEHHO HE OTJIMYAETCS OT MIPOBOJUMOCTH JIMTOTO CILIaBa.

Ha pucynke 1.12 mokazan rpaduK 3aBUCHMOCTH BPEMEHHOTO CONPOTHUBICHHS CIUIABOB

cuctembl Al-La u Al-Ce ot congepxanus P3M [33].
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Pucynok 1.12 — BpemeHHOE cONpoTHUBIEHUE 00pa3IoB U3 CIIaBOB cucTeMbl Al-La

u Al-Ce c coaepxxannem P3M 0,075-1,0% B TUTOM U OTOXKEHHOM COCTOSIHUU

[IpouHocTHBIE CBOMCTBA yiydlnaroTcs ¢ yBenuueHueMm cojepkanus La m Ce, a BpeMeHHOe
compotuBienue kak Al-La, Tak u Al-Ce-cruiaBoB HECKOJIBKO YMEHBIIAETCS TOCIE TEPMOOOPaObOTKH
npu 300 °C B TeueHue 24 yacos.

B nuTepaTypHBIX MCTOYHMKAX MMEIOTCS JAHHBIE MO pe3yjbTaTaM MCCIEIO0BaHUS PacTpOBOU
JEKTPOHHOU MHKpockonuu criaBoB cuctembl Al-La u Al-Ce c¢ comepxanuem P3M 0,3-0,8% B
TUTOM U oTOXkeHHOM coctossHuM [33]. Conepxanue La u Ce B ocTaTo4HbIX (pa3zax yBeIHMUHUBAETCS
nocie tepmudeckoit obpabotku mpu 300 °C B TeueHue 24 4, MOCKOJBbKY OOJBIIOE KOJIUYECTBO
pPEeNKO3eMEeNbHBIX JIEMEHTOB HE MOXKET OBICTPO OCaXXJaThCs M3 TBEPJOro pacTBOpa B aIIOMHUHHEBOU
MaTpHIIE B MPOIIECCE JIUThHS, a PEAKO3EMENIbHBIE JIEMEHTHI PACTBOPSIIOTCS B CILIaBe M OyAYyT OBTOPHO

OCAXKIAThCA U3 MATPULIBI B XOAC ITpOLECCa TepMOO6pa6OTKI/I.
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Lepuit obecnieunBaeT CHIIbHYIO OUYUCTKY OT npumeceit Fe u Si B aqromMuHMEBO# MaTpule, 4YTo
NPUBOAUT K oOpa3zoBaHuio coeauneHuit Al-Fe-Si-Ce, a He TBepJoro pacrtBopa B allOMHUHHEBOMN
matpuue. s La ero cmocoOHOCTh K OUMCTKE OT MmpuMeceil HeMHoro ciabee, yeM y Ce, mo3ToMy B
ATIOMUHHUEBOM MAaTpUIle COJAEP>KUTCS OOJIbIIE aTOMOB TBEPIOTO PAacTBOpa, YTO MPUBOIUT K Oosee
HU3KOW MTPOBOAMMOCTH 10 cpaBHEHUIO ¢ qobaBkoii Ce. [Tocne repmoodpadorku npu 300 °C B TeueHue
24 9 mns craBoB Al-La m Al-Ce OONBIIMHCTBO aTOMOB TBEPJOTO PacTBOpPa MOTYT IOJHOCTBIO
BbINa/laTh B OCAJOK M3 AJIIOMHUHHEBOW MAaTpULbl. DTO SBISETCS OCHOBHOW NMPUYMHON OJMHAKOBOI'O
MPOSIBIICHUS] TOKOIIPOBOSIIINX CBOWCTB y JAHHBIX CIIJIABOB.

Jpyroil npuyrHON pa3HON MPOBOAMMOCTH SIBISIETCS pacIpejaeneHiue BTOpUUHbIX (a3. Bropas
¢daza nuroro crmmaBa Al-La HenmpepbIBHO pacmpeaessieTcss Ha TpaHuIax 3epeH, Te KOJIMYECTBO
OCaXXJICHHBIX YaCTHI] YBEIMYMBACTCS C yBelndeHueM noOaminenusi La. Bropas dasa muroro crmaa
Al-Ce pacnpoctpansiercst B popMme 4acTHI[ B BUJC KOPOTKHX CTEPXKHEH B MaTpPHIIE, KOT/1a KOJHYECTBO
nobasnenHoro Ce mano. Kpome toro, Bropast (a3a KOHIICHTPUPYETCSl Ha TpaHMIAX 3€peH, Korjaa
kosmdecTBo nobasisemoro Ce Benuko. Ilocie TepmoobpadoTku mpu 300 °C B Teuenue 24 4 Bropas
¢daza cruraBoB Al-La m Al-Ce mmeer ¢opmy yacTuIl U3 KOPOTKHX CTEpP)KHEH B alOMHUHHEBOM
MaTpHlIe.

MUKpOCTpYKTYpHBIE XapaKTEpUCTHUKU TIOKa3bIBalOT, uTo joOaBienne Ce ycuiMBaer
oOpa3oBaHNe OMHAPHBIX, TPOWHBIX WU 4eTBepTUUHBIX coequHeHmit Ce, Si, Fe u Al, kotopbeie 6oraTsl
Ce, Si u Fe [28]. Ha ocHOBaHMH pacdeTa MOCTOSTHHON PEIIECTKH W SKCIIEPUMEHTAIBHBIX HAOII0AeHUI
nobasnenne Ce B cmiaB Al mpUBOIUT K YMEHBIICHUIO COJEpXKaHUS pacTBopeHHoro Fe u Si B
pactBope Al [33, 28]. PactBop Ce B pacTBope Al siBAsieTCS] HCKIIOYEHUEM, OYE€BHIHO OTIUYAIOIIUMCS
OT Jpyrux MPHUMECHBIX aTOMOB, BKirouaromwmx La, Fe, Si U T. 1., ¥ TOBOJBHO TOXO0X HA YHCTHIN
amroMuHuit [28].

CylIecTBYIOT JIB€ BO3MOXHbBIE MPUUYUHBI 3HAUYUTENBHOIO YIYYIIEHHS MPOBOJUMOCTH IPH
nob6asnenun Ce B criaBel Al. Bo-nepBbix, no6aBnenne Ce NPUBOJUT K YMEHBIICHUIO COAEPIKAHUS
pactBopeHHoro Fe u Si B pacTtBope Al, yMeHbIIasi CTaTHYECKOE UCKaXXEHUE PEIIETKH B pacTBope Al u,
CJIEIOBATENbHO, YBEITMYNBAs CPEIHIO UTMHY cBOOOHOTO mpoxosa [50]. Bo-Bropsix, Bei3BaHHOE Ce
U3MEHEHHE CTPYKTYpbl SHEPreTHYEeCKOM 30HBI 3JEKTPOHOB peuieTku Al, OTIMYHOM OoT apyrux
HNPUMECHBIX aTOMOB, MOXET YCUIUTh 3(P(HEKTUBHOE YUCIIO FNEKTPOHOB [28].

[TpuMeHeHHe BBICOKOJETHPOBAHHBIX CIUTaBOB cucTeMbl Al-P3M Tarke naer 3Ha4YMTEIbHBIC
MPEeUMYIIECTBA, €CIM TpeOyeTcss MOBBICUTH MPOYHOCTHBIE CBOMCTBA CIUIaBa, XOTS MPU ITOM U
MIPOUCXOUT CHIDKEHHUE AeKTporpoBoaHocTH [51-55]. B pabote [51] coobmiaeTcst o pernaromieid poiu
Mopdosorun uHTepMeTaunueckon (aszsr Al11P3Ms u mex¢asnoit mosepxHoctu Al/Al;1P3M3, 1o
IUIACTUYECKOW AepopMaliy, JJIEKTPUYECKMX M MEXaHWYECKUX CBOMCTB U TEPMOCTOMKOCTHU

almoMUHUEBBIX  ciuiaBoB. OOpasusl  swuroro crmiaBa Al-4.5 (Ce + La), mnoasepruyrsie
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cheponIM3upyIOIeMy OTXKUTY U 0e3 Hero, MoJBeprajyd KPY4YEHHIO IO/ BBICOKMM JaBIICHHUEM IPH
KOMHAaTHOW TeMIeparype ¢ nocienytromum orxuroM npu 230 °C, 280 °C u 400 °C B TeueHue 1 u.
bbu10 noka3aHo, 4YTo U3MEHEHHE UCXOIHONW CTPYKTYpHI CIUIABA U YMEHBIIEHUE IUIOIMAIN Mex(a3Hoi
IOBEPXHOCTU  BIMSIOT HAa  paclpeseleHue HHTEPMETAUIMYECKUX YacTHll, paclpeleseHue
CYNEpIUCIIEPCHBIX 3€peH, IUIOTHOCTb JWCIOKAIMid M 00pa3oBaHUE MEPECHIIIEHHBIX TBEPIBIX
pactBopoB Ce u La B amOMHUHUU TOCIE€ KPY4EHHs IIOJ BBICOKUM JaBieHHEM. OnTuUMalbHOE
coueTaHue MpPOYHOCTH (BpemMeHHoe comnpotusieHue 430 MIla) u npoBogumoctn (55,9%
MexayHapoaHoro cranaapra IACS) 6b110 nostyueHo nocnie ceponu3upyroIiero OTKUra, Kpy4eHus
10J] BBICOKMM JaBJIE€HUEM U TeMiiepatypsl oTxkura 230 °C.

Jlo6aBku HeOopmoro koymuectsa P3M 1o 4,5% mnoctatouHo Ui TOCTHIXKEHHUs OallaHca 110
BpeMeHHOMY conpoTuBieHuto 10 500 MIla u snextponpoBoanoctu 110 52,2% B coorBercTBuu ¢ IACS
IPU KPYYEHHUs C BBICOKUM JIaBJICHHUEM IPH KOMHATHOM Temreparype U MOCIeAYIOIIUM OTXKUIOM IpU
280 °C.

Kpome Ttoro, Obuto 0OHapyx)eHO, 4TO C(HEpPOUTUHPYIOMUNA OTKHUT TEepe] IUTACTUYCCKOM
nedopMarueii OKa3pIBaeT yiydllaroniee JeHCTBUE KaK Ha CBOWCTBA, Tak M HAa Mopdooruio (as3sl kak
no, Tak W nocie naepopmanuu. OHa U3MEHSET MUKPOCTPYKTYpY CIUIaBa, IpeBparias
UHTEPMETANINYECKUE IUIACTUHBI B CEepUUecKue YacTUIbl, YTO MPHUBOAUT K YMEHBIICHUIO OOLICH
wiomaan Mex(asHOH MOBEPXHOCTH M OMMOJAIBHOMY pACIpEACICHUI0 MEIKHX YacTHUI[ IOCye
Kpy4Y€HUS 0] BBICOKUM JaBJIECHUEM.

VYMmeHblieHHe oOuIel miomaay MexgdazHoi MoBEepXHOCTH, 00yCIOBIEHHOE cheponan3anuei,
IPUBOJIUT K HECITIOCOOHOCTH CIlJIaBa 00pa30BbIBATh MepechIllieHHbIH TBep bl pacTBop Ce u La B Al Bo
BpeMsi KpyueHuss mnoa ngasinenwem. uddysus Ce m La B Al, mporekaromas mpu KOMHATHOM
TEMIEpaType, CTAHOBUTCS BO3MOYKHOM BO BpeMsl Kpyu€HUs TP KOMHATHON TeMIlepaType B OCHOBHOM
13-3a YpE3MEPHON KOHILIEHTpauuu BakaHcui [S1]. K TakuM aneMeHTaM OTHOCATCS peAKO3EMENbHbIE U
HIePEXO/IHbIC METAILIbI, TAKHE KaK IUPKOHUIA, UTTPUI, HUKENb, MapraHell, )kene30 u kodansT [96].

OpuuM n3 Hambojee pacnpoCTPaHEHHBIX CIJIaBOB, HAIIEANIMX MIMPOKOE NPUMEHEHUE Mpu
IIPOU3BOJICTBE 3JIEKTPONPOBOAKHK [UIsl JIETaTeNbHBIX amnmaparoB, BbicTynaer cruiaB 01417. On
COJepKUT peako3emenbHble MeTauisl (P3M) B nuanasone 7,0-9,0% u mpeanonaraer 3KCIUTyaTaluio
npoBoAKM n3 Hero npu temmeparype +250°C. CHukeHHE Beca CUCTEMBI JHEPrONUTAHMS IIPU
MpUMEHEHNH ciuiaBa BO3MOKHO OT 100 go 300 Kr, a BBIMIPBIINI MO 3IEKTPONPOBOJHOCTH MOMKET
nocturath 30 %, ecu CpaBHUTH C Me/IbI0. XUMUYECKHI COCTaB CIljIaBa PEryJUpyeTcss TEXHUYECKUMHU
yenousamu  (TY) 1-809-1038-2018. CopepkaHue OCHOBHBIX KOMIIOHEHTOB U KOHTPOJIHPYEMBIX

nprUMeceil B IMraType COOTBETCTBYET TpeOOBaHUAM, YKa3aHHBIM B Ta0. 1.1.
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Tabmnma 1.1 — Xumuueckuii coctas criasa 01417, % macc.

OCHOBHBIE HJIEMEHTBI KonTponupyemsIx pumeceii, He Goee
Al P3M: Ce, La, Pr Fe Si poYre, KaskIbIi [pOYHE, BCErO
OCHOBA 7,0-9,0 0,6 0,3 0,2 0,4

Cormacio TVY 1-809-1038-2018, mnpoyHOCTH HAa PACTSHKEHUE M AJIEKTPOTEXHUYECKHE
XapaKTEePUCTUKU TMpoBOJOKM U3 cmaBa 01417 cnenyromme: BPEMEHHOE CONPOTHUBIICHUE,
MHUHUMaJIbHOE 3HadyeHue, coctaBisier 140 MlIla nocne omxkura m 196 Mlla mocne HarapTOBKH;
yIenpHOe AJieKTpudeckoe comporuBiieHue (p) He mpesbimaer 0,03200 Om-MM?/M; OTHOCHTEIBHOE
yIuHeHue (8) TOIHKHO OBITh HEe MeHbIIe §%; MPOYHOCTH MPH PACTSHKEHUH MpH Temneparype 250°C
Haxoautcd B nuamnaszone 100-120 MIT1a.

B mnocnenHee BpeMsi BeayTCsl MOMCKHM XHUMHYECKHX COCTaBOB AQllFOMHHHEBBIX CIUIABOB C
MNOHWKEHHBIM COJIEP’)KaHUEM PEIKO3€MEIbHBIX METANIOB, B YAaCTHOCTU LEpUS M JIAHTaHA 0]
temriepatypy skcruryatanuu 10 150 °C. Ilpu stom ee cTtouMocTh OyAeT 3HAUUTEIBHO HUXKE, YeM
npoBosioku u3 crutaBa 01417. Ha ceroansimiHuii 1eHb BEyTCS aKTUBHBIE pa3pabOTKU MO MOTYyYEHUIO
nonydabpukaToB u3 ciuiaBoB cuctembl Al-Ce-La B Buie mpoBOIOKH, MPYTKOB M KATAHKH.

OTnnuuTeNnbHON OCOOEHHOCTBIO JUarpaMM cocTosiHus amomMuHus U P3M sBisercs manas
B3aMIMHAsE PACTBOPHMOCTH B TBepaoMm cocrosiuuu [88-90]. Hebomnpmias pactBopuMocts P3M B
TBEPJOM AITIOMUHUU OOBSACHSAETCS HEOJAroNnpHUsITHOCTHIO OCHOBHBIX (PAaKTOPOB, OINpPEAEISIOLINX
o0pa3oBaHUE TBEPIBIX PACTBOPOB.

Oco0OeHHOCTh CIUIaBOB, M3TOTOBJIICEHHBIX HAa OCHOBE AallOMUHHUS TIyTE€M JIETMPOBaHUS
NEPEXOIHBIMU METaJlIIaMH, 3aKJI0YaeTCs B TOM, YTO OHHU IIJIOXO PACTBOPUMBI B TBEPAOM aJTIOMUHUU U
MI03TOMY HE CHI)KAIOT CYIIECTBEHHO 3JIEKTPOIIPOBOJHOCTh. A 3TO B CBOIO OUEpE/lb SBISETCS B JAHHOM
cllydae BaKHEHIIel 0COOEHHOCTBIO, OMpeIesIONIel IKCITyaTallMOHHbIE KauecTBa MpoBoaAHuKa. [Ipu
akTUBHOM B3aumojeiicteun P3M ¢ [IM u amoMuHHEM MPOXOAMUT Tpouecc (OPMHUPOBAHUS
UHTEPMETAJUTUIOB, YTO MOXKET MPUBOINUTH K 3HAYUTEIHLHOMY YIIPOYHEHHIO cruiaBa [68].

B nocnennee Bpemsi BO3HUKIIA TOTPEOHOCTh B MPOBOJIOKE MalbIX auaMeTpoB (10 0,5 M) u3
ATHX CIUIABOB, B3aMeH u3BecTHOro crutaBa 01417 [32, 92, 93], umeroiieil Takoi ke KOMILUIEKC (hU3HKO-
MEXaHUYECKUX CBOMCTB [94].

[Ipon3BOICTBO NPOBOJIOKU MpEANOaraeT HEMpepbIBHOE JUThE CIUTKOB MallbIX CEUYEHUH B
aNeKTpoMarHuTHOM Kpuctamumsatope (OMK) [95-102]. Hanee ciaemxyer nedopmaiusi B yCTaHOBKAX
HenpepsiBHOTO mpeccoBanust Conform [103-109] unu CIIIT [21, 110-114], u 3aBepmiaercs mpoiiecc

COpTOBOfI HpOKaTKOﬁ i  BonoueHuem. K NpuMepy, palnuoOHaJIbHO HUCIIOJIB30BaTh MCETOAbL
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COBMEIICHHBIX MPOLECCOB, OMMCAHHBIX BhIEe. BHeIpeHne mogo06HOM TeXHOIOTMH MO3BOJISIET peIaTh
HAYYHO-TEXHUYECKHE 3a/la4M IOJIyYeHHs MPOBOJIOKHA MAJOTo JAMaMeTpa, O0JIafaromeil 3a1aHHbIMH,
KOMOMHHPOBAaHHBIMHU IKCIUTYaTallHOHHBIMHA CBONCTBAMH.

Habmonaercss poct crnpoca Ha CBapOYHYIO MPOBOJIOKY. [IpOMBINUIEHHBIE MHPEINPUITUS
MAIIMHOCTPOCHHUS U METAJUTYPTHH, SBISISICH OCHOBHBIMH IMOTPEOUTENSMHU, NPEABABISIOT BCE Ooiee
ctporue TpedoBanus [91].

B psiny Takux cruiaBoB HaxoJsTcs ciuiaBbl cucteMbl Al-MQ-Sc, akTuBHas pa3paboTka KOTOPBIX
MpYBEJIa K MOSABJICHUIO TAKUX CIIaBoB, Kak 01570, 1580 u np.

CrmmaBbl cuctembl Al-Mg cepun 5XXX  sBisrorcs aeGOpMHPYEMBIMH, HO TEPMHYECCKH
HEYIPOUYHSEMBIMU. DTH CIUIaBBl COYETAIOT B ce0€ Psiji IEHHBIX CBOWCTB M MOITOMY HPEACTABISAIOT
MHTEpEC KaK KOHCTPYKIIMOHHBIE MaTepuallbl B BHJE JIUCTOB, IUIUT W CBAPOYHOM IPOBOJOKHA B
YCIIOBHUSIX KpallHEro ceBepa, Ijie MOCTOSIHHO Mpeo0iaialoT HU3Kue Temmepatypsl [115-117].

K cnnaBam cepun 5XXX oTtHOcAT Takue cruiaBbl kak AMrl, AMr2, AMr3, AMr4, AMrS,
AMr6, AMr61, ubu MexaHWYECKHE CBOWCTBA YJyUIIarOTCS TOJBKO IyTEM XOJOJHOW AepopMariui,
JMICTIEPCUOHHBIM YIIPOYHEHUEM M YIIPOUYHEHHEM TBEPABIM PACTBOPOM, a TAKKE TEPMPOMEXaHUIECKON
oOpaboTkoil monydadbpukaroB. Ilpum 5ToM Hakien HEU30EKHO COMPOBOXKAACTCS CHIKEHHUEM
OTHOCUTENILHOTO YAJTMHEHUS.

JHuarpamma cocrostaus cuctemMbl Al-Mg (puc. 1.13) mokaspIBaer, 4TO NpPU IBTEKTUYECKOMH
temrepatype 17,4% Mg MoxkeT ObITh paCTBOPEHO B AIFOMUHHMHU (B HEKOTOPBHIX MCTOYHHUKAX - 16,5%)
[67, 115].

3aBUCUMOCTh MEXaHMUYECKHX CBOWCTB CIIaBOB cuUCTeMbl Al-Mg oT cojepxkaHus MarHus
npencranieHa Ha puc. 1.14. Ho Ha nmpakTuke o0iacTb NPUMEHEHMs IPOMBIIIIEHHBIX CIUIAaBOB CEpUU
5XXX 00BIYHO OTrpaHMYMBAETCS COJAEPKAHMEM MarHusl 10 MaKCHMalbHOro mpeznena B 6% [59].
['maBHOe ycioBue Ui MOJNy4YeHHsS JePOpPMHUPOBAHHBIX MOIYy(PaOpPUKATOB BBICOKOTO KadyecTBa M3

criaBoB  cucteMbl  Al-Mg — 3TO BO3MOXHOCTH it (OPMHUPOBAHHUS TOHKOW OJHOPOJHOMN

MHUKDPOCTPYKTYPBHI.
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Pucynok 1.13 — Jluarpamma cocrosinusi cucrembl Al-Mg
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CmunaBel Al-Mg yariie nerupyrot Li, Ce, Cr, Fe, Cu, Be, Sc, Zr, Ti, Mn, Zn, Si u ap. [118-144].
Sc siBisiercst HanboJIee MEePCIeKTHBHBIM C TOYKH 3peHust ynpounenus [143, 144]. MLE. [pun u B.1.
Enarun, a takxe B [IHUM KM «lIpomeTeii» UMEIOT 3HaYMTEIbHBIE HapaOOTKH B JTAHHOM BOIMPOCE
[145-151]. Pesynbrathl, npejacTaBicHHbIe B paboTax [152-162], moATBEp)KAAIOT, YTO MEPEXOIHBIC
METaJIJIbl OKA3bIBAIOT 3HAYUTEILHOE BIUSHHUE HA CTPYKTYPY ATFOMHUHHUEBBIX CIUIABOB, KaK B KaueCTBE

JICTUPYIOMINX, TaK U MOIU(DUIIUPYIOMUX T00ABOK.

Pucynok 1.15 — Mukpoctpykrypa ciautka ciiaBa Al-Zn—-Mg tuna 1970:
a—6e3 Sc; 6 — ¢ nodaskoii 0,2 % Sc, x 100

Pe3y.]'ILTaTI>I dHaJIN3a MCXaHUYCCKUX XAPAKTCPUCTUK HECKOJIBKNX OTCYCCTBCHHBIX CIIJIABOB Al-

Mg c BBeJIeHHBIM B KaueCTBe JIerupyromiero sneMenta Sc [162] npencrapnens! B Tabnumne 1.2 [115].

Tabnuna 1.2 — OteuecTBEeHHBIC AMIOMUHHIEBBIE CIUIaBbI cucTeMbl Al-MQ-Sc, pacipocTpaneHHbIE B

MMPOMBIINIJICHHOCTH, U UX CBOMCTBa

Mexannueckue CBOMCTBA XMMHUYECKUN COCTaB
Mapka crinasa

Go2, MIla oy, Mlla 0, % Al - 6% Mg - 0,4 Mn-0,22 Sc-0,1 Zr
01570 300 400 15 Al —5% Mg - 0,22 Sc - 0,1 Zr
01545 290 380 16 Al — 4% Mg —0,22 Sc-0,1 Zr
01535 280 360 20 Al - 2% Mg - 0,22 Sc - 0,1 Zr
01523 200 275 16 Al - 1% Mg - 0,22 Sc - 0,1 Zr
01515 160 250 16 Al —6% Mg —0,4 Mn-0,22 Sc-0,1 Zr

[IpoBeneHbl UCCIENOBaHMS U TONYyYEHBI JaHHBIE O PEOJIOTMUECKUX CBOWCTBax craBa 1580,
SKOHOMHUYHO JIETUpOBaHHOTO ckauaumem [115, 164, 165]. VYcranoBmeno [1], uTo ypoBeHB
MEXaHUYECKUX CBOMCTB JIMCTOB M TIPECC-U3NIEUH, IONyYEHHBIX M3 O3TOTO CIUIaBa METOJOM C
UCIIOJIb30BAaHUEM COBMEIIEHHOW 00pabOTKH, COMOCTaBUM C YPOBHEM CBOMCTB Ae(POpPMHPOBAHHBIX

u3nenuit u3 crasa 01570, ucnoab3yeMbIX B MPOMBIIITIEHHOCTH.
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CoBmenieHHbIe MeTONBI JUIst nedopmaruu cruiaBoB Al-MQ-SC mMakcumanbHO TpHOIHKAIOT
MOJIy4aeMble KOHCTPYKIIMM K BECOBOMY COBEPIIEHCTBY C MUHHUMM3ALMEH UX CTOMMOCTH, COXpPaHsIs
IPOYHOCTh M aHTHKOPPO3HOHHBIE KauecTBa [166-170].

[Tockonpky no6aBiieHHE WHBIX KOMIOHEHTOB YMEHBIIAET MPOBOJUMOCTH AJIEKTPUYECTBA, TO
MIPOBO/IA MPOU3BOIAT U3 TexHHuecKoro amoMmunus (A7E, ASE) 6o U3 HU3KOJIETHPOBAHHBIX CIJIABOB
Ha ocHoBe Al — Si — Mg (A/131, AJI31E u ux pasunoumnocteit ABE, 01327, AE1, AE2 u npouux)
[171, 172].

YuuThIBas, 4TO TeMIlepaTypa PEeKpUCTAILIU3ALNN aTIOMUHUS 06e3 H00aBOK HAaXOIUTCS HUXKE
250°C, to cnmaBel A7E, ASE s maHHBIX NPOBOJOB HE MOAXOAAT. JlJIsl pelieHusi 3TOM BaKHOM
npoOJIeMbl  CaMbIM ~ MHOTOOOCIIAIONIMM TyTeM CYHMTAeTCs pa3padoTKa HHU3KOJIETHPOBAHHBIX
TIOMUHHEBBIX CIIABOB C PEIKO3EMEIBHBIMH 3JIEMEHTAMH.

Jlerupyroiue SJEMEHTHI 10 CTENEHH CHUXXEHUS DIEKTPOIPOBOJHOCTH  OTOMXKKEHHOTO
ATIOMHUHUS MPUHATO JEJIUTh Ha JIBE TPYMIbI (CHIKAIOUINE JIEKTPOINPOBOAHOCTh HE3HAYUTEIHHO HIIU
cymecTBeHHo) [173, 174].

AKTYaJlbHOCTh HCCIIEZJOBAHUA B 3TOM 00JaCTH MOATBEpXKAAeTCa TeM, 4uTo B Poccumiickoit
®denepan B HACTOSIIEE BpeMsi HAOIIOAeTCs CYIIECTBEHHBIM H3HOC I€HEPATOPHBIX YCTAaHOBOK M
JUHHUH 3JIeKTporepeaay U, KpoMe TOro, HabmogaeTcs poCcT MPOU3BOJCTBA KaOEIbHOU MPOAYKIUU U

snekTporpoBoaos (tabd. 1.3) [175].

Tabmuna 1.3 — luraMuveckuii pocT peIHKa KabenbHO# mpoaykiuu B Poccun

HOI[O_]'[LCK B Poccuiickoii d)ez[epaulxm ObLIH 3aITyHICHBI B SKCILUTYyaTallUIO ABA 3aBOJa 110 NPOHU3BOACTBY

KaTaHK! KaXIblii MOITHOCTEIO 1200 TOHH.

Capanck 3asoag BMC u llBeTyiuT BbIIUIM HA NOJIHYO MOIIHOCTH B 2006 T.

Yranu Kommnanus Nexans pa60TaeT HaA CTPOUTCIBCTBOM CBOCTO IICPBOTO 3aBOJia 110 IPOMU3BOACTBY

kabenst B Poccun (tumanoBoe notpedieHne cocrariser okoio 400 TOHH B MecsIl).

Konpuyruao | DnexTpokabesb 3amyCTHI B IKCILTyaTalluI0 HOBOE 000pyI0BaHHE ISl TIPOM3BOJICTBA Kabeseh

Cp€AHCTO U BBICOKOT'O HAIIPS’)KCHHUA C MMOJTUATUIICHOBOM I/I30JI$[LII/IGI7L

PriOuHCK PriOuHCKKa0EIb OTKPBUT HOBBIW 3aBO/I 110 MMPOU3BOJICTBY H30JIMPOBAHHOTO CHUIIOBOTO KabeJsl.

O>xustaeMblil ypOBEHb OTPEOIeHNS aTIOMUHNA cocTaBisieT 195 ToHH B Mecs.

[Tepmb Kamxabenb 3aBepIIiI CTPOUTENHCTBO 3aBO/IA IO IPOU3BOJICTBY Kabesel cpetHero

HaIps>KCHUA (C MMOJIN3THUIICHOBBIM HOKpBITI/ICM).

Uysamus UYysamkabens ocymecTsiseT npoekT CAMII-2, 11e1b10 KOTOPOro sIBJISETCs paclIpeHHe

ACCOPTUMCHTA MPOAYKIIUU.
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Bonee Toro, Ha CeromHSIIHWUNA JCHb HAONMIONACTCS 3HAYMTEIBHBIA W3HOC aBHAINapKa
poccuiickux camoneroB [176]. OcHOBHOM Marepuan [Jsi aBHACTPOCHHUS — 3TO Ppa3IUYHbIE
QTIOMUHMEBBIE CILUIABBI, CIIy>KalllUe ISl IPOU3BOJCTBA KOPITYCOB M JJIEKTPOIPOBOJIOB JIETATENIBHBIX
armapaTos.

BopToBble aBHalIMOHHBIE IPOBO/A CIIY’KAT Ul MEpeadyn SHEPTUU U CUTHAJIOB B 3JIEKTPOCETAX
U KOHTPOJBHBIX CHUCTEMax aBUAIMOHHOW TeXHHWKH [176]. KioueBbIM TpeOOBaHHEM SBISICTCS HX
CHOCOOHOCTh TPOTHUBOCTOSTH MEXAaHMYECKHMM Harpy3kam: TeperndaM, C)KaTHI0 U TPEHHIO,
oOecrnieunBasi 1IEJIOCTHOCTh MPH YCTAHOBKE W B Mpoliecce 3kcrutyarauuu. Kabenu nomxHbl 061agath
HErOpIOYECThI0 M YCTOMYMBOCTBKO K SKCTPEMAJIbHBIM TEMIIEpaTypaM, BIAXKHOCTH, Pa3PsHKEHHOMY
JaBJIEHUIO, a TaKXe BUOpalsaM, yAapaM U BO3JEHCTBUIO arpECCUBHBIX CPEll, BKIKOYasl aBUALIMOHHOE
TOIUIMBO, Macja U Ipyrue XMuMU4YECKHE BELECTBA.

OcHOBHBIMU BHUJAMU KaOesield B OOPTOBBIX CUCTEMAaX CaMOJIETOB BBICTYMAIOT MPOBOJA MapoK
BIIBJI u BBIUID (cm. pucyHok 1.16). JlanHble mpoBoaa mpeqHA3HAYEHBI JUIS JKCIUTyaTallud B

nuarasone remrepatryp ot -60 mgo +70 °C.

a o 8

Pucynok 1.16 — ITpoBoaka 6opToBbIx cucteM npoussozacTtBa CIIA 1 AHrIuM: a — ¢ u3oisuuen us
MOJUBUHUIXJIOpHIHOTO TutacThkaTta Mmapku BIIBJID nms GopToBoii ceTn camoineTos;

6—c I/I3OJ'I$IIII/I€I\/'I N3 MMOJIMBUHWJIXJIOPUAHOTO IIJIACTUKATA; 6 — IIPOBOJ THUIIAa HUITPCH

ITpoBona BIIBJIA nmpousBonsarcs ¢ ceueHueM 35-95 MM? u paccuntansl Ha HanpsbkeHue 600 B
nepeMeHHoro toka. OHM MpeaHa3Ha4YeHbl I 3KCIUTyaTallid B TEMIIEPaTypHOM JAMana3zoHe OT -55 10
+100 °C. B Coenunennnix [lITatax AMepuku mpoBoaa BBIMTYCKAIOT 75l paOOTHI IPH TeMIEpaTypax OT
-55 no +105 °C B Tpex Bapuanrtax (cMm. puc. 1.16). B BenukoOputanuu npousBoastcs OOpTOBBIE
IIPOBOZA JUIsl aBUALIMH, PACCUNTAaHHBIE HA NTepeMeHHoe HanpsbkeHue 10 600 B ¢ wacroroit no 1600 I'n,
i pabouero nuamnasona temmeparyp or -30 mo +105 °C. Bo ®panuuu npousBogsaTcs OOpTOBbIE
MPOBOJA JJIsl SKCIUTyaTalMu B quana3zone tremneparyp ot -50 qo +105 °C.

Jlns mpou3BOJCTBA 3JIEKTPONPOBOJOB, pabOTAIOMIMX NPHU MOBBILEHHBIX TeMIepaTypax,
LIMPOKO NMPUMEHSIOTCS CIUIABbl AIIOMHHUS C PA3IUYHBIM COJAEPKAHUEM PEIKO3EMEIbHBIX METAUIOB.

TexHomorus MMPONU3BOACTBA NJIMHHOMCEPHBIX U3IEIUNM U3 TaKHX CILIaBOB XapaKTCPU3YCTCA BBICOKOM
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DHEPro- W TPYAOEMKOCThIO. [Ipum STOM Ha pa3nMuUHBIX 3Tanax AegopMarii MeTalla BO3MOXKHO
oOpa3oBaHue AePEKTOB, KOTOPHIE HAPYIIAIOT TEXHOJIOTUYECKUH MPOIIECC, YTO MPUBOIUT K CHUKEHUIO
MPOU3BOJUTENILHOCTH U BBIXOJIa TOJHOTO. B TO e BpeMsi pa3paboTaHbl TEXHOJIOTHH HEMpPEephIBHON
00paboOTKM aTIOMUHHUEBBIX CIUIABOB, OCHOBAaHHBIE HA COBMEILEHUU OINEpalfil JUThs, MPOKATKA U
IIPECCOBaHUs, W IMPOBEICHBI MCCIEIOBAHUS PEXKHMMOB HarpeBa W jaedopMalii MeTajlla, a TaKKe

KOHCTPYKLUH IpeccoBOro nHcTpymeHTa [ 18].

1.2.3. O030p TeXHOJIOIrHii 1 KOHCTPYKIHI YCTPOICTB /1Jisl 00padoTKH cnjiaBoB cucrembl Al-P3M

P3M B amomuHue 0OYyCHaBIMBAeT psAA  HOJOXKHUTEIbHBIX S(P(EKTOB:  MOBBIMIACT
KApONPOYHOCTh,  YJAy4IIaeT CONPOTHUBIEHHE KOPPO3MM, YBEIMYMBACT IPOYHOCTh  CIUIABA,
ONTUMU3UPYET (PU3UKO-XUMHUUEcKUe cBOHCTBA. C LIeIbl0 aHajaM3a COCTaBOB AJIFOMUHHUEBBIX CILIABOB,
coaepxanux P3M, ObUT IPOBE/ICH MaTEHTHBIN MOUCK C TOPU30HTOM B 20 JIeT.

B xome moucka Obutd 0OHapyskeHbI maTeHThl Ha cruiaBel Al ¢ P3M [60-66], perymupyroiue
MEXaHUYECKUE U MEKTPO(U3NIECKHE CBOWCTBA.

CoBpeMeHHbIE TEXHUYECKHE pEIIeHUs] IO KOHCTPYKLUUH YCTPOMCTB [JIi COBMEILEHHON
00pabOTKM ATIOMHHHEBBIX CIUIABOB C NMPHUMEHEHHEM OIepalfii HEMPEPBHIBHOTO JUTHS, MPOKATKH U
NPECCOBAHMUS MOKHO Pa3JIeIUTh Ha TPU OCHOBHBIC Tpyribl [177-195]:

—  YCTpOWCTBa JIJIsl HEIPEPBHIBHOTO JIUTHS U MPOKATKU-IIPECCOBAHUS,

— yCTpoiicTBa s COBMEIIEHHOW  HPOKAaTKU-TIPECCOBAHMS C NPUMEHEHHEM POTOPHBIX
KpUCTAJIJIN3aTOPOB;

— ycTpoWcTBa Jjii COBMEIIEHHOW NPOKATKU-TIPECCOBAHUSA C MPUMEHEHHEM AJIEKTPOMAarHUTHOTO
KpHUCTAJIIIN3aTOopa.

Jlj1s HenpephIBHOTO JIMThS U MPOKATKU-TIPECCOBAHUS MPEATIOKEHO YCTPOICTBO 1o nateHty Pd
Ne73245 [188], nokazanHoe Ha pucyHke 1.17.

Takas cxema 00paboTKu HauboJiee BBINOJHA KaK C MO3ULUN COKpAIICHHs TEXHOJIOIMUYECKHUX

nepexoa0B, Tak U € HOSI/IIII/Iﬁ IIOBBIIICHUA BbIXOAa I'OJHOI'O.
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Pucynok 1.17 — YcTpoilcTBO 11 HEMPEPHIBHOTO JIUThsI, TPOKATKH U MIpeccoBaHus: 1 — neub-Mukcep; 2
— perymasTop; 3 — BaJIOK C pyubeM; 4 — BaJIOK C BBICTYIIOM; 5 — CTaHMHA; 6 — MOJIOCTH JIsl OXJIAXKACHUS
BaJIKOB; 7/ — MaTpuIla; 8 — KJIMHOBUAHBIC TIOJ0CTH; 9 — KIIMHOBOM Mexanu3M; 10 — Hampassiromme

posuky; 11 — moTtanka

YcTaHOBKa U1 HENPEPHIBHOTO JIUTHS, MPOKATKA W MPECCOBAHUS METAa/UIa BKIIIOYACT IEYb-
MuKcep 1 ¢ perymaropoMm 2 mojayd paciuiaBa B KajauOp BaJIKOB, BaJOK 3 ¢ pydybeM U BaIOK 4 C
BBICTYIIOM, PacIlOJIOKEHHbIE B CTaHMHE 5, UMEIOIME TMOJOCTH 6 A OXJIaXAEHUS M oOpasyrolue
3aKpBITBIM  KanmuOp. BbIxox mnepekpbiBaeTcss MarTpuied 7 ¢ KIMHOBUIHBIMH TOJOCTSIMHU IS
oxnaxaeHus 8. KnuHoBol MexaHusM 9 ¢ HampaBisitoliMMU posnvkamu 10 momkumaeTr maTpuny 7 K
BasikaM 3 u 4. CMOTKa npyTKa B OyXTy IPOU3BOIUTCS Ha MOTaNKy 11.

OnHo u3 perniennii (yctanoBka mo natenty PO Ne 2639203 [177]) mokazano Ha puc. 1.18.

Y CTpOHCTBO CONIEPKUT POTOPHBIA KpHCTAIU3ATOP 3, GOPMHUPYIOLINI HEMPEPBIBHYIO JTUTYIO
3aroToBKY 4, BaJIOK 7 C py4beM M BaJOK 8 C BHICTYIIOM, oOpasyromme padbounii kanmudp u marpuiry 9
Ha BBIXOJe U3 KanmOpa. OHO CHAOXXEHO TaK)Ke yCTPOWCTBOM 5 ISl PEryJIMpOBaHUsl TEMIIEpaTyphbl
JUTOHM 3arOTOBKM M HAINpPaBIAIOUIMMU >JeMeHTamMu 6. Bepxuuil snemeHT BbicTyna 14 Ha Bajke 8
opopmaen B Buae T-oOpazHoro mnpoduis, TOorra Kak Ha UWIMHAPUYECKOH wyacTh Bayika /
pacronioskeHsl BBICTYIBI 12, [umuHaprdeckas MOBEPXHOCTh Bajika 8 comepKuT masbl 13, koTopsie B
coyeTaHWW ¢ BbICTynamu 12 Qopmupyror coenmuHenne BankoB. B marpume 9 m e€ aepikarene
pean30BaHbl B3aUMOCOTJIACOBAHHBIE MMAa3bl M BBICTYIBI, TApaHTUPYIOHIME (PUKCALMIO MOJOKEHUS

MaTpulbl.
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Puc. 1.18 — Cxema ycranoBku CJIUIIII (@) u Bux gedopmupyroiero ysia (6):

1 — neub-muKcep; 2 — paciiaB MeTa/lIa; 3 — POTOPHBIA KPUCTALIU3ATOP; 4 — TUTAsl 3ar0TOBKA;
5 — yCTpOHCTBO IS pETYIMPOBAHUS TEMITEPATYPhI JIATON 3aTOTOBKH; 6 — HAIPABJISAIONINE SJICMECHTHI; 7
— BAJIOK ¢ py4beM; 8 — BaJIok ¢ BeicTynoM; 9 — MaTpuia; 10 — kaTanka; 11 — ycTpolCTBO OXJTaXICHHUS

KaTaHky; 12 — BeicTynbl; 13 — nassl; 14 — rpeGeHsb BhICTyna

I[aHHaSI KOHCTPYKIHMA IIO3BOJISACT OPraHU30BaTh IMPOU3BOACTBO ITPECCOBAHHBIX I/I3I[€J'II/II71 B
HCIMIPECPBIBHOM PECKUME, oOecrieunBas BBICOKYIO ITPOU3BOJAUTCIIBHOCTb, a TAaKXXE COKPATUTh H3HOC
BAJIKOB M YMEHBILINTH MOTEPH MeTaia Omaronaps 3¢(pdexry camo3aMblKaHUsl B COCIMHEHUU pydeii-
BBICTYII.

Jns BHenpeHUs TpeTbel TEXHOJOTMYECKOM CXEeMbl PEKOMEHJIOBAaHO OOOpyAoBaHUE IJif

HETPEPHIBHOTO JIMThs, MPOKATKA M MPECCOBaHMS MeTajia 1o mateHTy PD Ne67492 [185] (pucyHok

1.19).
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Pucynok 1.19 — O6muii BUj yCTAaHOBKH JIJ1s1 HEMPEPHIBHOTO JINThS, IPOKATKU U MpeccoBaHus: 1 —
NeYb-MHKCep; 2 — AIEKTPOMArHUTHBIN KPUCTAIUIM3ATOP; 3 — MUTATENH; 4 — MpaBUIIbHO-33/1at0IIIee
YCTPOWCTBO; 5 — BAJIOK C BBICTYNOM; 6 — BAJIOK C py4beM; 7 — MaTpHIIA; 8 — KIMHOBUIHBIC MTOJIOCTU
JUISL IOABOJIA XJIa10TeHTa; 9 — rugpoumusap; 10 — eMkocTh y3na oxnaxaeHus; 11 — kanuOpoBouHbIif

ctaH; 12 — ycTpoiiCTBO HAMOTKH.

OHa BKITIOYAET MMeYb-MHUKCEP, KPUCTALTU3ATOP, APOPMUPYIOMIHIA Y3€J1, COCTOSIINN U3 BaJKa C
PYy4YbEM U BaJIKa C BBICTYNOM, 00pa3yroluMH pabouuil Kainbp, Ha BBIXOJIE U3 KOTOPOr0 yCTaHOBJIEHA

MaTpula ¢ KIMHOBUJIHBIMU ITOJIOCTAMM IS OXJIAKIACHUA

1.2.4. AHau3 BO3MOKHBIX TEXHOJOTHYECKHX CXeM H 060py1101;a}ma AJIA MOJYYCHU A

neopMUPOBAHHBIX M0JY(aOpPUKATOB U3 CIJIaBOB cucteMbl Al-P3M

Jlo nocnenHero BpeMeHH 3aroTOBKHU Il KabeabHOH npoaykuuu u3 ciiasa 01417 nomyyanu no
rpanynbHON TexHonoruu [1]. CyiecTByromas ONBITHO-MPOMBIIIJIEHHAs] TEXHOJIOTHUS MPOU3BOACTBA
IPaHyJIMPYEMBIX CIIJIaBOB IPUBOJUT K TOMY, YTO IMOJIy4a€MbIi MaTepuall COAEPKUT Ta30Bble IPUMECU
(kucnmopoj, Bofopoa) W Biary. Takum o0pa3om, mepes] MPEecCOBAaHHEM TIpaHyJbl MOJBEPrajuch
Jiera3aly JUIsl TOCTH)KEHUsl CoJiepKaHusl Biard U Bogopoaa He Oosee 0,5 c¢m3/100r. Tomnbko mpu
COOJIIOIGHUH ATOTO YCJIOBHS MONy(}haOpuKaTel, MOJydYE€HHbIE W3 TpaHysd, 00Janaid HEoO0XOIuMOI
IUIOTHOCTBIO, MCKJIIOYAIONIEW HalW4yue MOop, W JAEMOHCTPHUPOBAIM BBICOKHE (PM3UKO-MEXaHHMYECKHE
XapaKTEPUCTHUKHU.

Hcnonp3oBamuch Kamcylbl JABYX KOHCTpykmui [196] mnpu coxpaHeHuum TpedyeMoii
MIPOM3BOIUTENILHOCTH TI€Ur M MU 00eCIeYeHNH KaueCTBEHHOT0 yaajaeHus ra3oB u3 rpanyi. Kamncymy

MOMeIlaId Ha acOeCTOBBIA KapTOH, CHUMAJIM CTPOIBI U ITOBTOPHO F€PMETU3NPOBAIIU TPYOKHU KarCyJibl
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OKOJIO MeCTa UX MPUBAPKH K AHUIIY. OcTaBIIascs yacTh TPYOKH JOJDKHA OblIa HIMETh UIMHY HE MEHEe
100 mm. [l MOBBIIEHHS TEPMETUYHOCTH KOHIIOB TPYOOK PEKOMEHA0BAJIACh aproHHO-IYroBas
CBapka.

B cnyuae, ecniu BpeMeHHON HMHTEpBall MEXKy TepMeTH3aluel Karcysl ¢ OTIera3upoOBaHHBIMU
rpaHyJaMU U MPOLIECCOM MPECCOBAHMUS ObLI 3HAUUTENILHBIM, CJIE0BAIO MPOBECTH MPOBEPKY KayecTBa
repMETU3allUd  KOHIIOB TpyOoK. [l 3TOro MCHoib30BajICAd CHELUAIbHBIM IIOCT IPOBEPKU
repMETUYHOCTH Kancyn. [Ipum oOHapyKeHHHM HEIJIOTHOCTeH NpOM3BOJMIACH TOBTOpPHAsl aproHHO-
IyroBasi cBapka KOHLOB TpyOok. IlpuMeHnenue rpaHyiabHOW TEXHOJIOTMM, BKJIouarome 17
TEXHOJIOTUYECKHX IePe/esoB, AJsl MPOU3BOJACTBA 3arOTOBOK IOl BOJIOUYEHHE — Mepa BBIHYKICHHAs,
13-32 HEBO3MOKHOCTH IPUMEHUTH KJIACCUYECKUE METO/IbI IIPECCOBAHMSI HA TOT MOMEHT.

Bropas TexHomornveckas cxema npenycMarpuBaeT o0paboTKy JaBIIEHUEM JIMTON 3arOTOBKH C
HEOOJIBIIUMHU pa3MepaMu monepeyHoro ceuenus (quamerp 10-20 MM) 1 METKO3EPHUCTON CTPYKTYpO,

HOJTYYEHHYIO B DJICKTPOMArHUTHOM KpucTauiu3atope (pucyHok 1.20) [197].

a o
Pucynok 1.20 — OnbITHO-TIPOMBIIIIJICHHAS YCTAHOBKA HEMPEPHIBHOTO JINThS B AJIEKTPOMArHUTHBIN

KpUCTAILTN3ATOP (@) ¥ MEKPOCTPYKTYpa JINTO# 3aroToBKH auaMeTrpom 12 mwm (6), x1000

B utore moBepXHOCTh y CIUTKA IIagKas, a CTPyKTypa Oosiee menkosepHuUcTas. CTpykTypa
UMEET BBICOKYIO IUIOTHOCTh W MENKOJUCIEPCHOCTh B MepudepuilHOW 30HE. DIEKTPOMArHUTHOE
TUApaMHAMUYECKOE TIepeMelInBaHue OaronpusaTHO CKa3bIBaeTcs Ha CTPYKType cauTKa. HecnuTunbt
Y JIMKBAI[MOHHBIE HAIIBIBBI OTCYTCTBYIOT OJaroapsi BEICOKMM CKOPOCTSM OXJIAXKICHHUSI U OTCYTCTBHIO
KOHTAaKTa MEKy METALIOM M CTEHKaMH KPUCTAIIH3aTopa.

Wrak, ucnosb3oBaHue 3IeKTpoMarHUTHOW kpuctaumm3anuu (OMK) mo3Bomsier co3gaBaTh
JTUTHIE TONYPaObpUKAThl C TOHKO3EPHUCTOM CTPYKTypou. CIIEICTBHEM AITOTO SIBISIETCS TOBBIINICHUE
TUTACTUYHOCTH JIUTHIX U3/enuid. JJaHHBINA MOIX0/ OTKPHIBAET MEPCIEKTUBEI A7l 00pabOTKU JaBIeHUEM

CIUIaBOB, XapaKTEPHU3YIOIIUXCS CI0XKHOHN 1e(pOpMUPYEMOCTHIO U HU3KOW TTaCTUYHOCTHIO.
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B Buay Tpymo- u 3HEpPro- 3aTPaTHOCTH KJIACCHYECKUX CIOCOOOB OOpabOTKM METaIOB
JIABJICHUEM 11eJIeCO00pa3HO sl AeopMaliii IPUMEHSITh METO/IbI HEPEPBIBHOTO mpeccoBanus [198]
WM KOMOMHUPOBAHHOW 00pabOTKM — COBMEIICHHOU npokaTku-npeccoBanus (CIIIT).

Konpopm u DkcTpoiumiHr - HamOoliee MEPCHEKTUBHBIE Ha TEKYIIMH MOMEHT CIIOCOOBI
MOJIyYEeHUsI TPOBOJIOKH, KOTOPHIE MO3BOJISIIOT YCTPAHUTh HEIOCTATKH KIACCHYECKHX TEXHOJIOTUH
(pucynok 1.21) [18].

Jlaxxe mpuHMMAas BO BHHMAaHHC BBISBJICHHBIC orpaHudeHuss meroaa Kondopm [91, 138],
JAHHBIA CIIOCO0 B XOJIC MHOTOJICTHUX M3BICKAHWW HaIle] MPaKTUYeCKOe IPUMEHEHNE B COBPEMEHHBIX
YCIIOBHSX TMPOMBINUICHHOCTH. MHOTOYUCIIEHHBIE yCTaHOBKM KOH(OPM pa3IMyHOrO HCIIOTHEHHS

paboTaroT 10 BceMy MHpY (prCyHOK 1.22).

N
h

3 /;
@

@)

8 3 2

a o
Pucynok 1.21 — Cxemsl HenpepbIBHOTO MpeccoBanus: a — KoHpopM; 6 — DKCTPOJUIMHT;
1 — pabouee koiseco; 2 — paboune Basku; 3 — KOJIbIIEBask KaHABKa; 4 — GamMak ¢ yropow;

5 — MatpuIsl; 6 — KOJbIIeBast BCTaBKa; / — 3arOTOBKA; 8 — mpecc-u3aenue

Wnes SKCTpoIMHTa TOTyYHiIa MPAaKTHYECKOE BOIUIOMICHHWE B MPOMBINIICHHOCTH Ojaromaps
YCOBEPILICHCTBOBAHUSIM, BKIIIOYAIONIMM MPHUMEHEHHE 3akpbiToro kaiauOpa [18, 138] u na3BanHOTrO
COBMEIICHHOM MpOKaTKo-peccoBaHreM. bBbIIO CO37aHO HECKOJBbKO J1aOOpaTOPHBIX M ONBITHO-
MPOMBIIIICHHBIX YCTAaHOBOK (pucyHok 1.23) [1].

Wutepecna pa3zpaboTka W BHeApeHHEe Ha VIPKYTCKOM alIOMHHHEBOM 3aBOJIE YCTaHOBOK
COBMEIIICHHOW 00pa0OTKM HOBOTO THIIA, MONYyYMBIINX Ha3Banue ExstruForm (puc. 1.23, 6) [207].

HpI/IMeHeHI/IC IpyuHIHUIIa COBMEIIICHHOM MMPOKATKU-TIPECCOBAHUSA TMO3BOJJIACT HJAHHBIM YCTAHOBKAM, B
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OTJIMYHUC OT .HHA, HU3roTaBJIMBAaThb KaTaHKYy U3 aJIOMUHHUCBBIX CIIJIaBOB B paMKax OJHOI'O

TCXHOJIOTHYCCKOT'O ITMKJIA.

Pucynok 1.23 — 3D mozenu yCTaHOBOK COBMELICHHOMN MPOKATKU-IIPECCOBAHUS

[Ipumep ycrtpoiictBa ¢ wucnons3zoBanueMm yctaHoBku CJIuIIIl u PKVYII-Kondopm s

peanu3aIim mporecca COBMEIIEHHOM 00paboTKH MpeacTaBicH Ha pucynke 1.24 [199].
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Pucynox 1.24 — Ycrpoiicto CJIuIIIT u PKYII-Kondopwm nist coBmerieHHO#M 00paboTKH:
1 — neub-mMuKCep; 2 — BOPOHKA; 3 — BAJIOK C KAHABKOW; 4 — BaJIOK C BBICTYIIOM; 5 — MaTpwIia; 6
—3aroTtoBka; 7 — kojueco ycranoBku PKYII-Kondopwm; 8 — HemoaBmKHBIIH 010K yCTaHOBKH

PKVYII-Koudopwm; 9 — mpytok

TakuM 00pa3oM, aKTyadbHOCTb HCCIIEAOBAHUN B OOJIACTH CO3/IaHUS HOBBIX ATIOMHUHHEBBIX
CIUTABOB W TEXHOJIOTHMA WX OOpaOOTKM I CO3JaHus JJIMHHOMEPHBIX Tony(haOpuKaToB ¢
MPUMECHEHUEM COBMEIICHHBIX METOJIOB 00paboTKM 00OCHOBaHA, KaK B AKOHOMHYECKOM, TaK W B

HAayYHOM OTHOLICHUH.

1.3. AHajau3 pe3yJbTATOB TeOPETHYECKHX HCCIe0BaHUIl (POPMOU3ZMEHEHUSI MeTajljia U

TEMIIEPATYPHBIX yCJ'lOBI/[ﬁ nmpouecca COBMeEIIleHHOM MPOKATKU-NIPECCOBAHUSA

B paGorax [18, 19] npuBeneHsl pe3ynbTaThl TEOPETUUECKUX MCCIEAOBAHUN Ipoliecca
COBMENIEHHOM MpoKaTKu-TipeccoBanusi. Cxema ouvara aedopmaruu acummerpudroro mporecca CIITT
C JByMs TMpPUBOJHBIMM BaJKaMH IIpeJAcTaBieHa Ha pucyHke 1.25. Cxema Xapakrepusyercs
CJIEAYIOIIMMH OCHOBHBIMHU Pa3MepaMHU: pajnyc Bajlka ¢ BbICTYNOM Ri, paguyc Banka ¢ pyuseMm Ry u
paauyc pedopasl R3. 3aroroBka mmena mpsMOYroJlbHOE CEYCHHE BBICOTOM Mo, a mojyyanu mpyToK
nrameTpom d.

IIpouecc ypmaneHuss 3aroTOBKM, KOTOPBIM COOTBETCTBYET 3aJaHHOW Jyre 3axBara,
OIPEAEIAETCS C UCIOJIB30BAHUEM CIIEAYIOLIErO BBIPAXKEHUS. JTO BBIPAKEHUE CIYKUT JUISI TOYHOTO
pacyeTra TpPACKTOPHH JBMXKEHHUS, HEOOXOAMMOTO Ui BBIIOJHEHHs OINEpaldd, U YYUTHIBAeT BCE
KIIIOYEBBIE MapaMeTphbl AYTH, TaKhe Kak paJuyc, yrojl MoBOpOTa M HadallbHOE MojoxkeHue. Taxoi
MOJX0Jl 00ecreurBaeT BBICOKYIO TOYHOCTh OOpaOOTKM MaTepualia U MHUHUMH3UPYET BEPOSTHOCTH

OIIMOOK IIPpU BBIITOJIHCHUU onepaunﬁ.
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L - Rﬁ—(Rz—%hjz, (L.1)

rac Ah — abcoimroTHOE 00KaTHE 3arOTOBKH I10 BEICOTE.

Vribl 3axBaTa:

(1.2)

TAC 01 — YroJ 3axBaTa Ha BAJIKC C BBICTYIIOM, (O — YI'OJI 3aXBaTa Ha BAJIKC C PyYbEM, X = Ri/RZ

— K03((HUIIUEHT aCUMMETPUYHOCTH TpoIiecca.

Pucynok 1.25 — Cxema k pacuery peanuzyemoctu nporecca CIIII sHepreTuueckum MeTo10M

C IMOMOIIbIO MATEMATHYCCKOI'O MOACIUPOBAHUA ObLIH BBIBCACHBI 3aBUCUMOCTH, IIO3BOJIAIOIINC

BBIYUCIIUTH KJIIOUEBBIE MTapaMeTphl 1edopmanuu Metauia. Cuna Ha Baiku Py u Matpuny Po:

= lDl_—PZ;‘ .100%
R , (1.3)

K

y

Vv
rae A= V—X — KOO PUITUEHT, XapaKTePU3YIOIIN OTHOCUTENBHYIO CKOPOCTh MeTasua [ 18].

8

Cunna Pq:
Pi=1(F1+Fy), (1.4)
I/Ie T — 3HaYeHHe HAMPSHKEHHs] KOHTAKTHOTO TPEHHUSI, T = \J Gs, | — MOKa3aTesb TPEeHUs 1o 3u0ento; Gs
— compoTuBieHue Metawia aepopmanmu, F; F, — mimomanu kKoHTakTa BajJKOB € METaIOM
COOTBETCTBEHHO JISI HIYKHETO M BEPXHETO BAITKOB.
F,=0,0349 (Otl + 91) Ry (b + hl),
F, =0,0349 (0(2 + 92) R, b,

rne b — mmpuna kamuOpa; h; — BeicoTa KanuOpa B HaWMEHBIIEM CEYEHUH; O , 01, oz , 02 —
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COOTBETCTBYIOIIHME YIJIbl, OTPAaHMYHUBIIKE OYar aedopMaluy, OKa3aHbl HAa pucyHke 1.25.

Cuna Po:

P, =2,577c,F, Inptop2ar | , (1.5)
rae |, — umHa kanuOpyroIero nosicka MaTpHisl, Fy — romaae 3epkaia MaTpuisl, I, = d/2 — paguyc
KaJTHOPYIOIIEro OTBEPCTUS MATPHIIBI, |L — KOO (PHUIHUEHT BBITSDKKYA IPU TPECCOBAHUH.

PacuerHbie BBIpaKEHHS, TOJTBEPKICHHBIC ONBITHBIMH JaHHBIMH, PEKOMEHJOBAaHBI K
IPAaKTUYECKOMY UCIOJIb30BAHUIO. JIONOIHUTENBHO OBUIN AE€TAIBHO MCCIE0BAHbl PEXUMbI 00pabOTKH
[18].

VYcioBust paBHOBecus odyara jaedopManuu ¢ ABYMSI MPHUBOJHBIMH BAJIKAMU PAaCCMOTPEHBI B
pabore [19].

[Ipu >TOM HEOOXOIUMO CTAOMIM3UPOBATH TEIMJIOBbIE YCIOBHMSI pabOThl MHCTPYMEHTAa U
HOJ/IEP)KUBATh MOCTOSIHHYIO TE€MIIEpaTypy BBIXOAHOTO npoduis. s peryaiupyemMoro TemiooTBoja
OBLT peUIOKEH BO00X 0k 1aeMblii mHCcTpyMeHT [200, 201].

Cucrema ypaBHEHUH ONMCHIBACT YCIOBHS [Tl HECTAIIMOHAPHON TEILUIONPOBOHOCTH:

a, O’ Ty (x,t) OT,(xt) 4,
ox? ot C.o

2
26T2(2X,t)_6T2(X,t):O, npu —R<x<0, t>0,
OX ot (1.6)

=0, npu 0< x < +oo,

(610] CJ'IG,I[YIOH_II/IMI/I KpacBbIMU YCJ'IOBI/I}IMI/IZ
T,(x,0) =T,(x,0) =T,,
T,(0,t) =T,(0,1),

T, (o0,t) — 0oepanuuena,

o1, (x,t) oT,(x,t)
- - = ’ :Oy
A o A o q, npu  x
oT,(x,t)

A, =—Q,, npu x=-R.

OX (1.7)

C yueToM OXJIaXKICHHsI MaTPHIIbI HCIIOIB30BaIaCh METOIMKa U3 paboTsl [19], mocie yero Obiia

MOJIyY€Ha CIIeyIolas CUCTEMa YPAaBHEHUM:
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4q, z\/_ erfc R 2.4t ierfc( X )—
by (k, +1° 2@ Jj bk, +1) 2,[at
_Agkot
bz(k2+1)lerfcz ait 2J_

_ 294t —|¥ +x. 2003t R—|x|
Tz(x’t)_bl(k+ [erfc( \/_) h,ie f( \/g)] b, [|erfc( \/a—zt

_h,jerfe(2 Ry, 20,4t erte( Xy 4

2fat - bl 2fat " (L8)

B pesynbrate perienus TeMiiepaTypHoi 3aJjaun aBToOpaMu paboThI ojdydeHa Gpopmyra

T.(xt) =

—=)+T,;

At

(b+h1)j ,(h7)dr

TZz'i TZOi
2Pz5(b+hl+25) , (1.9)

rac

Atjj

! q kG z-| h qv bl
q,(r)dr =9 A7, ———(1-4i %erfe( ) + z .

'([ ’ 1+ks JaAT, (d+ks)co,

At} h 2ATh (AT, 1
L_4A 2|3erfc + !
R T s

—ierfc(

h
—)’
V&AT, (1.10)

AT; — Bpems npeObIBaHMS BAJKOB B i-TOi 30HE; dj — TNIyOMHA AKTUBHO 30HBI BAJKOB B I-TOi
3o0He [19].

[Ipu sTOM, MO cjOBamM aBTOpa, KOHTPOJb HAJ CTEIEHBIO OXJIAXKICHHS BAJIKOB M MATPHUIIBI
MO3BOJISIET MOJIEPKUBATH 30TepMudeckue ycioBus B mpouecce CIIII.

KntoueBbiMM  acmiekTamMu TpH  MPOEKTUPOBAHWU OOOPYIOBaHMS MAJii KOMOWHHUPOBAHHOM
00pabOTKH BBHICTYIMAIOT YMPOIIEHUE KOHCTPYKIIMU W MUHUMM3AIUS TOTEPh SHEPTUM B IMPOIECCE €€
TPAHCIIOPTUPOBKH OT JBUTATENS] YCTAHOBKH K BaJIKaM. B y»e BBITIOJIHEHHBIX UccienoBanusx [91, 115,
202-208] mpoOIEMOHCTPUPOBAHBI  PE3yNbTaThl  MOACIUPOBAHUS ACHMMETPUYHOTO  Ipoliecca
coBMenleHHO mpokaTku-tipeccoBanusi CIIII ¢ ncnonb3oBaHMEM ABYX MPUBOJHBIX BAJIKOB, OJHAKO
M3y4YeHue Tpoliecca ¢ MPUMEHEHUEM OJHOTO TIPUBOIHOTO BaJIKa HE OCYIIECTBIISIIOCh. B CBSA3M ¢ 3TUM,

aKTyaJIbHOH npezacTaBiseTcs 3agauda ucciegosanuii nmpouecca CIIIT ¢ ogHUM NPUBOAHBIM BaJIKOM.

1.4. BeIBOABI ¥ TOCTAHOBKA 32124

Amnanus HaquO-TCXHquCKOﬁ U MaTeHTHOH JIATCPATYpPhl TIO3BOJIMII CACIIATH CJICAYIOMIUC

BBIBObI.
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1. OpnHolf M3 KJIIOYEBBIX TEHACHLUUN B MPOMBIIUIEHHOM IPOM3BOJCTBE IJIMHHOMEPHBIX
I/I3I[CJII/H>'I U3 NIBCTHBIX METAJJIOB U HUX CIINIABOB CTAHOBHUTCS HCIIOJIB30BAHUC KOM6I/IHI/Ip0BaHHBIX
MeTo0B 00paboTku. Takoil moaxon obOecrneynBaeT CYHIECTBEHHbIE IPEUMYIIECTBA, BKIIIOUas
COKpAII[EHUE YUCIJIa TEXHOJIOTHUYECKHUX 3TAMOB ¥ 3aMETHOE YMEHBIICHHE SHEPronoTpeOIeHusI.

2. B kayectBe 0a30BBIX MaTepUaoOB JJsl MCCIEIOBAHUI 11E1eCO00pa3HO HCIIOIB30BAThH
craBbl cuctembl Al-P3M, Tak Kak OHM MOTYT TPUMEHSTBCS JUIsi W3TOTOBJICHHS TPOBOJIOKU
AIIEKTPOTEXHUYECKOTO HA3HAYCHHUSI CO CPABHUTEIHLHO BBICOKUMH MEXaHHMYECKHMMH CBOWCTBAMH,
JIOCTATOYHOM SJIEKTPONPOBOJHOCTHIO M TEPMOCTONKOCTBIO, a Takxke cruiaBbl cucteMbl Al-Mg-Sc s
MIPOU3BO/ICTBA CBAPOUHOI MPOBOJIOKH.

3. Jist  pa3paboTKM TOMOOHBIX TEXHOJIOTMYECKHX TIPOIECCOB OJHHM U3 HauOolee
MNEPCHCKTUBHBIX TCXHUYCCKUX peHIGHI/Iﬁ ABJICTCA NPUMCHCHUE COBMCIHICHHBIX METO/I0B O6pa6OTKI/I,
KOTOpBIE JIOTIOJHSIOTCS MOCIEAYIOUIMM TPOIECCOM BOJIOYEeHHs. Takod MOAXOJ MO3BOJIAET
MakcUMaibHO 3((EKTUBHO 3aJeHCTBOBATh MPEUMYIIECTBA KaXKIOT0 M3 METOJO0B, oOecreynBas
MOBBIIICHUE KAa4eCTBA KOHEYHOTO Pe3y/IbTaTa U ONTUMHU3AIINIO POU3BOJICTBEHHOTO MPoIIecca.

4. Haubonee mepcrneKTHBHBIMA METOJAAMH TEpMOACPOPMAIIMOHHON 00pabOTKU ClieayeT
CUMTAaTh METOJl COBMEILEHHOW MPOKATKU-TIPECCOBAHUS C  HCIOJNb30BAHHEM POTOPHBIX U
3IEKTPOMArHUTHBIX KPUCTAJUTM3ATOPOB, a TAKKe METOJ OECCIMTKOBOIN MPOKATKU-TTPECCOBAHUSI.

5. AKTyaJ'IBHBIMI/I ABJIIFOTCS HCCICOOBAHUA COBMGHICHHOfI IMPOKATKU-IIPECCOBaHUA C
HCIIOJIb30OBAHUEM OJHOI'0 IIPUBOAHOTO BaJika, TaK KaK 3TO IO3BOJIACT CHU3UTH JSHCPrOCMKOCTDH
nporecca.

6. Bonpocel, kacarommecss  (GOpMOM3MEHEHHs  allOMHUHUEBBIX  Tony(dadpukaToB,
HU3IrOTOBJICHHBIX C HUCIIOJIB30BAHHUEM TGXHOHOFHﬁ, O6”I)€I[I/IH5[I-OHII/IX Pa3JINIHBIC CXCMbI I[G(bOpMaIII/II/I B
€IMHOM Yy3Jie 00paOOTKU, OCTAIOTCS HEIOCTATOYHO H3YyYEHHBIMH. DTO OCOOEHHO aKTyaldbHO ISt
ClIy4aeB, KOrja Takue moiyhaOpukaThl MPUMEHSIOTCS B KAayeCTBE 3arOTOBOK ISl MPOM3BOJCTBA
MPYTKOB KPYIJIOTO CEUEHHUS, HAIIPUMEP, TOCPECTBOM AJIEKTPOMArHUTHOTO KPUCTAJUIU3ATOPA.

7. AHaM3 CyMECTBYIOIUX TEOPSTHUSCKUX 3aBUCUMOCTEH, UCIIOIB3YEMBIX JIJIS pacueTa
AHEPro3arpar U CHIIOBBIX XapaKTEPUCTHK, UTPAET KIIOYEBYIO posib. He MeHee BaKHO MPOBECTH UX
HKCIIEPUMEHTAJIbHYIO MPOBEPKY, YTOOBI OIEHUTh MPUMEHUMOCTh JaHHBIX METOOB Ui CIUIABOB Ha
ocHoBe cuctem Al-P3M u Al-Mg-Sc.

Ha ocuoBannu CACJIaHHBIX BBIBOJOB CCbOpMy.]'II/IpOBaHBI IIejibp MW 3aJadud JaHHOI'O

JAUCCEPTALIMOHHOI'O UCCIIEAOBAHMsA, IPEACTABIICHHBIC BO BBEACHUH.



48

2. TEOPETHYECKHE MCCJEJIOBAHUA IPOIECCA COBMEIIEHHOM
IMPOKATKHU-ITPECCOBAHMUSA P PEAJIM3ALINU PA3JIMYHBIX CXEM
TEPMOJIE®@OPMAIIMOHHON OBPABOTKH AJJIOMUHUEBBIX CILIABOB

B 53Toil T1yIaB€ WM3JIOKEHBI PE3YJAbTAThl TEOPETUYECKUX HCCICAOBAHMN U YHUCJIEHHOIO
MOJICTTUPOBAHUSI KOMOMHHPOBAHHBIX MPOIECCOB MPOKATKHU-TIPECCOBAHUS, BBITIOJHEHHBIX Kak st
BapuanTta CIIII ¢ eAMHCTBEHHBIM BEIyIIUM BaJIKOM, Tak U JuIs koHpuryparuu CIIII, ncnonp3yromen
IBa BeAylmux Baika. W3ywamace 00paboTka Kpyrjiol 3aroTOBKH, IOJTYYEHHOH MOCPEACTBOM
3JIEKTPOMAarHUTHOIO KpHUCTauIM3aTopa. Marepuansl, NOCIYXUBIIME OCHOBOM JUIsl JAHHOM TJIaBbl,

paHee ObUIM OOHAPOIOBAaHBI B HAy4YHBIX Tpyaax [1, 208-214].

2.1. TeopeTH4ecKkHe UCCIETOBAHUS TeOMETPHYECKUX MAapaMeTPoOB ovara aegopManuu u

Mo/ieJMpoBaHue acuMMeTpu4yHOro npomecca CIIII ¢ oqxHuM NPHUBOAHBIM BAJIKOM

KiroueBbIMM MOMEHTaMHM TpPHU HPOSKTHPOBAHWH METAILIO00Pa0aTHIBAIOMIETO O0OPYIOBaHUS
CIIy’KaT yIpPOIIEHHE KOHCTPYKIMM M MUHHMHU3ALKA [IOTEPh SHEPIUU IIPU €€ Iepeade OT NPUBOAA K
uHCTpyMeHTy. B mpenbinymmx paborax [18] mpencraBieHbl pe3yiabTaTbl MOJAEIMPOBAHUS IS
acummeTtpuyHoro npouecca CIIII ¢ ucnonb3oBaHUEM IBYX BaJIKOB, OJJHAKO MCCIIEOBAHUS MpoOIiecca ¢
MCIOJIb30BaHUEM E€IMHCTBEHHOT'O IPUBOJHOIO BajKa HE MPOBOJMIMCH. Takol MOIXO[ CIIOCOOCTBYET
YMEHBILEHUIO Pa3MEPOB U CHUXKEHHUIO 3aTpaT Ha U3TOTOBJICHUE YCTAaHOBKHU.

Jlis uccnenoBaHUM UCMONB30BAIM JIBE CXEMbl COBMEIIEHHON O0pabOTKM MeTamia: ¢ JBYMs
NpUBOIHBIMU BasikamH [18] u ogHuM npuBogHBIM BaskoM (puc. 2.1). IIpuBogHbeiM BeicTyman Bajiok 1
C HanOOJIbIICH KOHTAKTHOM MMOBEPXHOCTHIO, BHIMIOJIHEHHOHN ¢ KaHAaBKOH (Bpe3oM). Basok 2 ¢ BeICTynIOM
SBJISUICS. HETIPUBOJHBIM U O00pa30oBBIBAT € BaJKOM 1 3aKpbIThIN KamuOp, UMEIOIUN MPsMOYrojIbHOe
HOIEePEYHOe CeYCHHEe ¢ MHUHUMAIBHOM BBICOTOM N;. 3aroToBKY KBagpaTHOTrO cedeHHs 4 BbICOTOM h.
3a/laBajiil B KaJuOp, MEPEKPhIThIil Ha BBIXOJE U3 BAJIKOB MaTpulied 3, KOTopas uMena Kaauopyrolee
OTBepcTHE 10 GPopMe U pazMepaM MPeccyeMoro npyrka 5 auamerpom d.

HccnenoBanue aedopmanuy Metaia B mpolecce MpoKaTKU-NPECCOBaHUS ¢ OAHUM BeAYIIUM
BAJIKOM OCYIIECTBIISIOCh METO/I0M KOOPAMHATHBIX ceTOK. OOpasel, MoJIBEprHyThIi 3TOMY IMpoleccy,
MpeACTaBIeH Ha pucyHke 2.2. HemokaT, WCMOIB30BaHHBIA B OSKCIEPUMEHTE, OBLI TMONY4YeH Ha
ob6opynoBanuu CIIII-200, nmpumeHsieMOM MPH MPOKATKE-IIPECCOBAHUU C OJHUM MPUBOJIHBIM BAJIKOM.
[18] mpu ocraHOBKE yke ycTaHOBHBIIErocs mpouecca. [1o ceTke oOpasna B pazpe3e CyauiIu O X0Je
IPOTEKaHUS MPOoIecca U €ro 0COOEHHOCTSIX.

MeTon KOOpPAMHATHOM CETKHM HCHOJb30BalcSd g U3ydeHus (opmousmeHeHus olpasla,

nonsepruyroro nporeccy CIIII ¢ onnuM npuBoaHbM BaikoMm. CeueHune y oOpasia Ipu 3TOM ObLIO
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pasmepoM 14x14 mm ¢ ceTkol ¢ stueiikamu 2,5+0,2 mMm. Jlanee o6pasubl noasepranuck nporeccy CIIIT
U 110 UCKAXEHUIO SIUECK CYIMIM 00 OCOOCHHOCTSAX TEUEHHS MeTaula MPHU pean3aliy JaHHOW CXEMBbI

obpabotku [214].

Pucynok 2.1 — Ouar gedopmaruu npouecca CIIII ¢ omHuM npUBOJHBIM BaIKOM (CXEMAaTUYECKOE
n3o0paxeHue): 1 — Baok B BHICTYIIOM; 2 — BaJIOK C KaHaBKOH, 3 — MaTpuIla; 4 — 3aroToBKa; 5 —

npyTok; | —30na npokarky; |l — 30Ha pacnipeccoBky; |1l — 30Ha npeccoBanus

B Xole NpOBENEHHBIX HCCIENOBAHHMN BBISBIECHO, YTO IPH BXOJ€E 3aroOTOBKH B 30HY
nedopManuu MPOUCXOAUT €€ W3rM0 B HANpABIECHHHM HPUBOAHOTO Bajika. OIHOBPEMEHHO C 3THM
MPOUCXOJUT HAIUIBIB METa/la ¢ MPOTHBOIMOJIOKHON CTOPOHBI BajKa C BBICTYNOM. Takoe siBICHHE
OOBSICHSICTCS pa3HUIEH B CKOPOCTSAX TEYEHHS MeTalla B Ppa3HBIX 30HAX 3arOTOBKH, 4YTO
WUTIOCTPUPYETCS Ha cxeme (CM. puc. 2.2). JleTanbHblil aHATHU3 MO3BOJISIET MPEANOI0KNATH, YTO TaHHOE
TIOBE/ICHHE MaTepraia 00YCIOBICHO CIOKHBIMU B3aMMOICHCTBUSIMH MEXIY MapaMeTpaMH Mporecca
nedopmarnyu, BKIIOYas paclpeaesicHHe IaBICHHUS W CKOPOCTHBIE PEKHMBI OTIEIBHBIX YYaCTKOB
KOHTaKTHO# MmoBepxHOCTH. [214].

[Tpu MakcMMabHOM O0KATHH MPOUCXOIMUT IMOJHBIA KOHTAKT I'paHell 3arOTOBKU C KaluOpoM
[18]. Hanee HaGmomaeTcst OTCTaBaHKWE OT HEMIPUBOIHOTO BaJKa M3-3a PA3JIMYHBIX CKOPOCTEH TECUCHUSI.
3aTeM IPYTOK BHIIABIMBAECTCS YEPE3 OTBEPCTHE MATPHUIIBI. TeueHHe UMEET PaJraIbHbIA XapaKkTep, 4To
COOTBETCTBYET HW3BECTHBIM 3aKOHOMEPHOCTSM IMpeccoBaHMs. Tarkke HaOIromaerTcss —ympyras

I[e(bOpMaI_[I/IH, TaK KaK 3aMCTCH ICPCIKUM B MCCTC MIEPEXOaa OT 3aroOTOBKHU K IIPYTKY.
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Pucynok 2.2 — Bua HefokatoB nipu peanusanuu mnpouecca CIIIT ¢ ogaum (a) u asyms

(6) MpUBOAHBIMHU BaJIKAMU

[eomerpust ceTku u3Mepsulach ¢ MoMoIiblo mporpammbl AUtoCAD 1o CkaHMPOBaHHOMY
CHUMKY 3768%3574 nukceneil. Jlanupie Ob 00pabOTaHBI M TPEACTABICHBI I'PpadUIECKU IS CITydast
CIIII ¢ ogHUM NPUBOHBIM BaJIKOM Ha puc. 2.3, 2.4 [214].

[Tpu ananmse rpadukoB, OTOOpaXKAIOIIUX MPOIIECC MPOKATKU-IIPECCOBAHUS C UCIIOJIb30BAHUEM
OJTHOTO MPHUBOJIHOTO BaJIKa, OpocaeTcs B IJ1a3a, YTO KOHTAKTHAs JIMHUS TOKA, PACIIOIOKEHHAs OJIKe K
BAJIKy, OOHAPY)XMBAeT JMHAMHKY, CXOIHYIO C JIMHUSMH, BO3HHKAIOUIMMHU IPHU TPUMEHCHUH [BYX
BankoB [18]. B TO ’xe Bpems, ocTajdbHbIE JIMHUM TOKa MPETEPIICBAIOT M3MEHEHHUsS, MPHUIAIOIINE
NPOLIECCY YHUKAIBHOCTh IO CPAaBHEHHUIO C IPOKATKOW-TIPECCOBaHMEM C IBYMs Bajkamu. OTcrona
CIIEIyeT BBIBOJI, YTO ABIIKCHHE METa/lla B MPOIECCEe MPOKATKU ONPEEISeTCs] B3aUMOBIUSHUEM CHIT
TPEHMs: KaK AaKTHBHBIX, TaK W PEAKTUBHBIX, JCHCTBYIOIIMX HA KOHTAKTHBIX ITOBEPXHOCTSIX.
HccnenoBanue KOOpAWHAT Y3JIOB CETKH BIOJIb JIMHUHM TOKA, MPUJICTAIONICH K MPHBOJHOMY BaJKYy,
JICMOHCTPUPYET MX CMEIleHHe emié J0 TOro, KaK JOCTUTaeTcs reoMEeTpHYecKHi odvar nedopmarmu

(puc. 2.3, 6), mpu 3TOM KapTHHA CX0Ka CO CIIOCOOOM C JIByMsl IPUBOJAHBIMU Bankamu [214].
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Pucynok 2.3 — I'paduk pacnpenenenus mo cedeHuo o0pasiia ropu3oHTaIbHBIX Fy (@) 1 BepTHKaIBHBIX
Fy (6) nepemerenuii y310B KOOpAUHATHON CEeTKU: 1 — KOHTAKTHAs JINHUS TOKA CO CTOPOHBI
IPUBOIHOTO BaJIKa; 2 — OCeBasi JIMHUS TOKA; 3 — KOHTAKTHAs JIMHUS TOKA CO CTOPOHBI HEITPUBOJAHOTO

BaJIKa
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Pucynok 2.4 — I'pacvik n3smMeHeHus: ropu30HTaNbHOI Vy (a) 1 BepTuKaibHOit Vy (6) cocTaBistonmx
CKOpPOCTH T€UCHHS MeTajuia: 1 — KOHTaKTHAs JIMHUS TOKA CO CTOPOHBI IIPUBOTHOTO BaJIKa; 2 — OCeBast

JIUHUA TOKA, 3 — KOHTaKTHas JIMHUSI TOKA CO CTOPOHBI HCITPUBOAHOT'O BaJIKa

Ha cropoHe HenmpuBOAHOrO Bajka B HAYaJbHOW CTaJUM TIpoLiecCa NPAKTUYECKH HE
HaAOJII0JIaeTCsl ONEPEKEHUS] YacTHUI] MeTala, HaxolIduuxcd B 30He KoHTakTa. OJHAaKo Mo Mmepe
MPUOJIMKEHUST K 00JIacTH HauOOJIbIIEro 00KaTHs 3arOTOBKHM B IMPOIECCE MPOKATKH JMHUW TEUCHHS
MeTalljla HAYMHAIOT U3MEHSTh CBOE HAIPaBlIEHUE, U3TU0AsICh B CTOPOHY JIBUKECHHS MPOKATKU. Takoii
s ekt 00yCIIOBIEH 3aMETHON pa3HHUIEH B CKOPOCTAX Pa3UYHBIX CIOEB METalja OTHOCHUTEIHHO
MMOBEPXHOCTH BaJIKA, YTO MPOSBIAECTCS OCOOCHHO OTYETINBO B 3TOM 30HE. DUKCUPYETCS 3HAUUTEITHHOE
CHIDKEHHE MTOKa3aTesIeH Mo Mepe IepeMeNieH s BIOJIb OCH MPOKATKK (CM. puc. 2.3, a). DTOT craj sipKo

BBIPAXKCH U YKA3bIBACT HA CHCLII/I(I)I/ILICCKYIO AUHaAMUKY B3aHMOJICMCTBUS METalllIa U BaJIKOB. B oTian4due
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OT 3TOr0, JAHHbIC, MOJyYCHHBbIC NPHU HUCIOJIB30BAHWU JABYX MPUBOJHBIX BaJKOB B aHAJIOTHYHBIX
YCIOBUSAX IPOKATKU-IIPECCOBAHUS, JEMOHCTPUPYIOT MHOM XapakTep HW3MEHEHMH, 4YTO HAaIJISIIHO
oTMedaeTcs B padotax [18].

Kpome Toro, Ha cTOpOHE HENPUBOJHOIO BaJKa 4acTO OTMEUYAETCsl OTCTaBaHUE METala OT €ro
NOBEPXHOCTU. J[aHHOE sIBIeHHE OOBSCHSAETCS CYLIECTBYIOIIEH PAa3HOCTBIO CKOPOCTEH NepeMelleHus
MEXYy OTAEIbHBIMU CIIOSIMH METajula, YTO MPUBOJAUT K HEOAHOPOJHOMY KOHTHHYAJIbHOMY
B3aMMOJICHCTBHIO M TPEOYET MOMOTHUTEIHLHOTO Y4eTa B MOJICTHPOBAHUH MporieccoB [214].

Haumensbniee 3HaueHrne CKOPOCTH HAOIIOAETCs B CIIOSAX MeTalljla, pacHoOJIOKEHHBIX OJMKe K
HENPUBOJHOMY BaJIKy, YTO OOBSCHSETCS OCOOCHHOCTSMHU MEXAaHUKU MpOoIecca W pacipeeeHueM
ycuJIui Ha 3arotoBke. B To e BpeMs HauOosblllee M3MEHEHUE TOPU30HTAIBHON COCTaBIIAIOIIEH
CKOpPOCTH TeueHusi Metawia (obOo3Hayaemoil kak Vy) oOOHapyKMBaeTcsi B 30HAX 3arOTOBKH,
IpUIEraloImux K o0JacTu NEHCTBUS MPHUBOJHOIO BajKa, YTO HArJSAHO MPOJEMOHCTPUPOBAHO HA
rpaduke (pucyHok 2.4, a). I'padux BepTHKanbHON cocraBisitomieil ckopoctu Vy (pucyHok 2.4, 6)
[IOKA3bIBACT MHYIO KapTHHY: O0CO00 3HAUUTENIbHbIE HW3MEHEHUS OSTOW KOMIIOHEHTBI CKOPOCTH
HAOJII0JIAI0TCS B LIEHTPAJIbHBIX, WIM OCEBBIX CJIO0AX MeTallia. DTO ABJISETCS KIIOUYEBON OTINYUTEIbHON
yeptoii mpouecca CIIII ¢ ogHUM TPUBOIHBIM BajJKOM, OCOOCHHO CHJIBHO BBIJCNSIONICHCS Ha (oHE
Ipolecca ¢ UCMOJb30BaHNEM ABYX MPUBOAHBIX BaKOB. Ha nanpHeimux cragusax GopMou3MeHeHus, B
00JacTu paclpeccOBKM METaula, M3MEHEHUs COCTaBJISIOIIMX CKOPOCTEM CTaHOBATCS elle Oosee
BBIPQXEHHBIMU. 3JI€Ch MPOMCXOJUT 3aMETHOE YBEJIMYEHHE BEPTUKAJIbHOW COCTABISIOLIEH CKOpOCTU
Vy, KoTOpast JOCTUraeT CBOEr0 MaKCUMAaJIbHOIO 3HAYEHUS! HEIIOCPEICTBEHHO IIepe]l BXOAOM MeTajlla B
MmaTtpunly [214]. Takoit xapakTep W3MEHEHUS OOBSCHSETCS CIOXKHBIMHU YCIOBHSAMH Aedopmanuu u
MHOTOCJIOMHBIM XapaKTepOM TeUEHHUsl MaTepuraa.

Anamu3 u pacuér xapakrepuctuk CIIII ¢ npumeHeHHMEM OAHOrO NPUBOJHOTO BaJKa
ocymectBisicss B cpere DEFORM 3D. 310 mO3BOJNIMIO BBISIBUTH 3aBUCUMOCTH MX JUHAMUKH, B
YaCTHOCTH, PACIPEAEICHUE MOMEHTOB Ha BEIOMOM M BEYLIEM BaJIKaX, CKOPOCTH IEPEMEIEHUS
MeTaJljia, CUJIOBBIX Harpy30K Ha BaJIKU M MaTpHUILy, a TAK)Ke TEMIIEpaTyp B ouyare AepopMaiuu.

JUis  KOPPEKTHPOBKHM PEOJOTMYECKOM Mojenu, O0a3upysach Ha JaHHBIX MEXaHHYECKUX
UCIIBITAaHUH, OBUTH MOTYYEeHBI CBEJCHHS O CBOMCTBaX OMBITHOTO cijiaBa 01417 B pa3nuyHbIX yCIOBHIX
[209].

Pacuetst B cucreme DEFORM 3D mnpoBoamiuchk ¢ COOMIOEHUEM CIENYIONIUX YCIOBUUA M
JonyieHui (puc. 2.5):

- paccMaTpUBaeMBIii IIPOLIECC HE SIBISIETCA N30TEPMUUECKUM;

- B&JIKU IPUHUMAIOTCS KaK HEC)KUMAEMBbIE;

- MaTepual 3aroTOBKU OJTHOPOJEH U U30TPOIEH;

- nepopmupyemast cpena KiaccuPuIMpyeTcs: Kak BI3KOIIACTUYIHAS;
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- TPEHHUE Ha BAJIKaxX M MaTPUIE COOTBETCTBYET 3aKOHY 3n0ers.

B kauecTBEe HayaJbHBIX IIApaMETPOB Ui MOJEIMPOBAHUS IPUMEHSUIMCH CIEIYIOIINE
BenuuuHbl. Crias: 01417. KoaddumuenT tperus no 3ubento: Ha marpulie v, = 0,58, Ha Basikax yB =
0,9. I'aGapuThl MOMEPEYHOTO CEUYEHUS JIUTON 3aroTOBKU cOCTaBsIu 14x14 mM. /lnamerp Banka c
pydubeM ObLT paBeH 162 MM, TuameTp Bajika ¢ BBICTYIIOM — 214 MM. CTenieHb 00XaTus pu MPOKaTKeE €
= 50%. Hcxoanas Temrieparypa auToi 3arotoBku 7, = 550° C. YacToTa BpallieH!s] BAJIKOB COCTaBIISIIA
4 o6/mun. CraproBas TeMmIieparypa BaJKoB [, W Marpuiel 7, ObLIa TPHHITA OJUHAKOBOM

(Temmeparypa HHCTpyMeHTa 1) 1 BapbupoBaiach B auana3one ot 80 mo 400 °C [214].

Pucynok 2.5 — Moaens unctpymenta mais npouecca CIIII, nonyuennas B cpeae SolidWorks

[Iporiecc MomenMpoOBaHUs 3aIyCKaJICS W OCYIIECTBIBLICS JO TeX IOp, MOKa He HacTymal
ycranoBuBmmiics mporecc CIIIT (puc. 26-2.9). OOlee KOJUYECTBO 3JIEMEHTOB: 3arotoBka — 40665
eauHul; Marpuna — 9660; Banok ¢ BeicTynioM — 97785; Basiok ¢ kaHaBkoi — 81326. C yBenuueHueMm
TEMIIepaTypbl padO4Yero MHCTPYMEHTA CYIIECTBEHHO CHIDKACTCS HEPABHOMEPHOCTH PACIPEeIICHUS
TEeMITEpaTypbl 3arOTOBKH 110 o4ary aedopmarmu (cM. puc. 2.6) [214].

Step 316

Temperature (C

a
Pucynoxk 2.6 — Ycnosus npotekanus npouecca CIIIT Ha pa3HbIx cTanusx o0paboTKU:

a — CTaaus NPOKAaTKu, 6 — CTagusd paclpeCCOBKU; 6 — CTagusd ITPECCOBAHUA
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6 2

Pucynok 2.7 — Pacnipenenenue teMneparypsl U 3Ha4E€HUs CUJIbI, IEHCTBYIOIIEH HAa MaTpULly, IPH
TeMreparype 3arotoBku (7;), paBHoit 550 °C, B 3aBUCUMOCTH OT HAYaJIbHOM TEMIEPATYPhI

uuctpymenTa (Ty): a — 80 °C; 6 — 100 °C; 6 - 200 °C; 2 — 400 °C

Tak npu HadanpHOM TeMmieparype HarpeBa uHcTpymMeHTa paBHOM 80 °C 3HadeHusd
TEMIEPATYpbl M3JEJIMS Ha BBIXOAE W3 MaTpulbl coctaBwio okoso 200 °C, a npu HavalbHOU
TeMriepatype uactpymenTa pasHoit 400 °C temriepaTypa npyTtka cocrasmia okoio 390 °C.

VYcTaHOBIIEHO Tak)Ke, YTO TOBBIINICHHE TEMIIEpaTypbl BajdkoBoro umHcTpymeHTa a0 400 °C,
MPUBOANT K CHIDKEHHIO CHJI Ha BajKax W marpuie B cpemHem Ha 50 — 70 %, uro GmarompusTHO
CKa3bIBae€TCs HA CTOMKOCTH pabouero HWHCTPYMEHTa U TII03BOJIIET 0OpabarhiBaTh CILIaBbl C

HOBBINICHHBIMU ITPOYHOCTHBIMHU XapAKTCPUCTUKAMMU.
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8 2
Pucynox 2.8 — 3HaueHus cuibl, 1eHCTBYIONIEH Ha BAJIKH, TIPU TeMIIepaType 3arotoBku (7;), paBHOM

550 °C, B 3aBUCHMOCTH OT Ha4alIbHOM TemIieparypbl nHcTpyMeHTa (7}):

a—80°C; 6—-100°C; ¢-200 °C; 2—400 °C

[IpoBeneHHoe MojenupoBaHue MoATBepx)AaeT xapaktep TedeHuss npu CIIII ¢ oxHum
MPUBOAHBIM BalkoM. OJHAaKO, Kak OBLJIO YCTaHOBJICHO B pe3yJbTaTe aHaju3a paclpeesieHus
CKOpOCTeH Mo ovary aedopMaiiuu, ¢ yBelndeHHueM Temmeparypbl BaikoB 10 400 °C cyiiecTBeHHO
CHUYKAETCsl JIEMCTBHUE COCTABISAIONICH AKTHUBHBIX CHUJ TPEHHS, YTO MOXKET MPUBECTH K OCTAHOBKE

mporiecca BeIIaBInBaHus Metaiia [214].
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6 2
PucyHok 2.9 — 3HaueHUsl MOMEHTA IPOKATKH Ha BaJIKe C Py4beM IPH TeMieparype 3arotoBku (75),

paBHo# 550 °C, B 3aBHCUMOCTH OT Ha4aJIbHO# TeMIepaTypbl HHCTpyMeHTa (1)

a—380°C;6—-100°C; 6—200 °C; 2—400 °C

B cBs3u ¢ 3TuM ObUTM TpoBeleHbl MccienoBaHus peanusyemoctu npouecca CIIII ¢ ogaum
MIPUBOJHBIM BAJIKOM U CpaBHEHHE Pe3yJbTaTOB PacueTOB C pealu3yeMOCTbIO Ipoliecca, Korjga oba
BaJIKa SIBJISTFOTCS TIPUBOTHBIMHU.

CornmacHO METOJMKE pacueTa, MpeAcTaBlieHHOW B pabote [18], BBeIEGHO IOIyIIEHWE, YTO
MOIITHOCTh, KOTOPYIO BAJIKH MepeatoT Oiaroaapst akTHBHOMY TpeHHIO, o003Hauaemas kak N, 00s3aHa
PaBHATHCA WIM MPEBBIIATH MOIIHOCTh, HEOOXOAMMYIO JUIS BBIMOJHEHUS TJIaBHOM nedopmanuu
marepuana Ny, Takum o0pa3om, coOmOIEeHHE MaHHOTO YCIOBHS HUIPaeT KIIOYEBYIO pOJb B
obecrnieueHnn 3((HEKTHBHOCTH M CTA0MIILHOCTH ITpoIiecca 00padOTKH MaTepHala.

Na > Nip. (2.1)
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B orimume ot AByX NpHBOAHBIX BaJKOB [18] mpu ompeneneHuu yciaoBHM OCYHIECTBUMOCTH

npouecca CIII ¢ ogHUM NPUBOJHBIM BaJIKOM, HE YYUTHIBAIM AaKTUBHBIE COCTABJISIIOLINE CUITBI TPEHUS
CO CTOPOHBI HEMPUBOIHOIO BajKa (BaJika C BHICTYIIOM).
JliHa KOHTaKTa B 30HE MPOKATKH VISl BAJIKAC PyUYbEM:

V40
L, =—2.R,, .
> 180 ° @2

rae Ly — qmna nyru 3axBaTa Ha BaJIKE C pydbeM, O, — YTOJI 3aXBaTa Ha BaJKe ¢ KAaHABKOM,

R, — paauyc Bajika ¢ kaHaBKoM (cM. puc. 2.1).
[Tnomanb CONPUKOCHOBEHHS 3arOTOBKH C HIDKHEH MOBEPXHOCTHIO BajiKa OyeT

SKl = LZ‘ba (23)

rae b — mmpuna kaauobpa.

HJ'IOH_IaI[I/I KOHTAKTa 3arOTOBKH C OOKOBBLIMHU ITOBEPXHOCTSIMHM BaJIKa.
2

Ry,

S- .=2hL +LR, +L xR, —
ooxl 1L1 L12 Li 2 360

(2.4)
_R)Lcosa, m(xRy)*ay  XR,L cosoy
2 360 2

rac hl — BBICOTAa HAMMCHBILICTO CCUCHUA KaJ'II/I6pa, L1 — IAJIMHA 30HbI KOHTAKTa IO BAJIKy C

BBICTYIIOM, Q; — YT'OJI 3aXBaTa Ha BAJIK€ C BBICTYIIOM.
HHOIIIaI[B COIMPHUKOCHOBCHUS 3arOTOBKU C BAJIKOM CPYUbCM:
g T 0,
k2
180

Ota (opMyia yUUTHIBA€T Fr€OMETPUUECKHE MapaMeTphl Ballka, XapakTep NpoQuiisi KaHaBKH, a

R, -b, 25)

Takke cBoicTBa 3aroToBku. OHa CIIYKUT OCHOBOM 11 nocJICAyromux pacde€ToB CHJIIOBBIX U

I[e(l)OpMaI_[I/IOHHI)IX XapaKTCPUCTHK IIpoLIeCCa MPECCOBAHUA, obecreunBasi TOYHOE OIKMCAHUE YCJIOBI/Iﬁ

BSaHMOHeﬁCTBHﬂ 3aroTOBKH C MHCTPYMCHTOM.

nRZZGZ B

S
360

soc2 = 2| MLy + LR, + xR, —
(2.6)
_RyLycos0, m(XRy)’0, XR,L,cos6,

2 360 2

rae 02 — eHTPaNTBHBIA YTOJ BaJIKa C KAHABKOM.

d)opMyna JJIs1 BBIYHUCIICHUSA CHIIbI, O6y0J’IOBJ’I€HHOI>i )IeﬁCTBPIeM AKTHUBHBIX CHUJI TPEHUA, MOKET

OBITH IpeaACTaBJICHA CICAYIOIIUM 06pa30M
I:)1 = Vs GS(Skl + SK2 + SGOKI + 8601(2) . (27)

Cuuty 17151 BBIIaBIMBaHMsI MeTaiuia depe3 Matpuity [210]:
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P, =2577o0s-F-Inpu+mos - p-ry |y (2.8)
rae | - Ko3(pQUIUEHT BBITSDKKA IPU MPECCOBAHUM, Iy - PAIUYC KAIUOPYIOIIEro OTBEPCTHS
Matpullbl, |, - BennunHa pabovero mosicka MaTpuibl.

PeanusyemMocTsb mporecca OleHuBaIU € TOMOIIBI0 KA dHUIIeHTa

« PP

y

100%, (2.9)

1

rae P; — cwia, mojaBoauMasi BajlKaMM 3a CYET CUJ TpeHus, P, — cuia, HeoOXomumasi s
BbIIaBJIMBAaHUsl MeETallla 4epe3 OTBepCTHE MaTpullbl, A — Ko3(D(PUIMEHT, XapaKTepU3yIOIIUn
OTHONIEHUE TEKYIIEH CKOPOCTH METAJIJIa K CKOPOCTH BajikoB [18].

M3menenns koaddunuenta Ky npexcrasnenst Ha puc. 2.10 - 2.12 [210].

B pesynpraTe aHanmm3a MONYYEHHBIX JaHHBIX OBUIO BBIABJICHO, uTo oOxatus 30 % mpu
MpOKaTKe HeIocTaTouHo ans peanusauuu mnpouecca CIIT ¢ oguum npuBoanbiM Bajkom. [lpu
HEOOJIBIION BEIMYMHE YAAJCHUS MATPUIIBI OT OCH BajKOB MpH BHITsDKKEe | = 15,7 mponecc CIIIT
HeocymiectBuM (puc. 2.10, a). Bmecte ¢ Tem, npu oOxatuu npu npokarke € = 30 % mponece CIIIT ¢
JIBYMsI TIPUBOJHBIMHU BaJIKAaMH OCYLIECTBUM Ipu BBITsKKE L = 4,8 u 8,0 (puc. 2.10, 6). Ilpu stom
BIUSHUE BBITSOKKM Ha KOIPOUIMEHT peaanu3yeMOCTH IMpoliecca HE3HAUYUTENbHO MpU YAaleHUU
Matpuiibl OT 15 110 25 mMm.

Iporece CIIIT (¢ = 50 %) ¢ ogHUM MPUBOIHBIM BAJIKOM OYAET MPOTEKATh YCTOHYHUBO TOJIBKO
npu 3Ha4eHun KodduuueHTa BoITSDKKH U = 4,8 u 8,0 (puc. 2.11, a). Ilpu sTom cuna, moxBoauMas
BaJKaMM, OyAeT MpeBbIIAaTh CHIIYy JUIs BBIAABIMBAaHUS NpyTka Ha BenuuuHy oT 40 mo 80 % B
3aBUCUMOCTH OT K03(h(HUIIMEHTA BHITSDKKU. B citydae ¢ IByMsl MPUBOJHBIMU Bajikamu (puc. 2.11, 6)
BIMSHUE MapaMeTpa |l Ha IOoKa3aTellb pealin3yeMOCTH Ipollecca OCTAaeTCs CIadblM MPU CMEIIEHUU
MaTpulbl B Ipenenax ot 15 10 35 MM u nipu koadunmeHTe |, HaxoasaieMcs B Auanasose ot 4,8 1o
15,7.

B pesynmpraTe MopenupoBaHUs omepanuu mnpokatku ¢ oboxkatuem 70 % (puc. 2.12)
0o0OHapy’KeHOo, YyTo K03 (HUIMEHT pean3yeMocTH mpoiiecca Bozpoc oT 20 % 1o 35 % no cpaBHEHHIO C

npeaAbIAYIIUMU paC‘IéTaMI/I, KakK aJjist KOH(i)I/IpraIII/II/I C OAHMM, TaK U C ABYMA IPUBOJHBIMH BaJIKaAMHU.



59

60 60

2 30 30
A‘ —— 1=} 3

< 20 Z 20
- 1= ()

10 10 l

— <~

10 - t -10

1 7 15 22 29 35 1 7 15 22 29 35
Lz v Lz.voa
a 9]

Pucynok 2.10 — 3menenue ko3 duimenta peanmsyemoctu nporecca CIIIT qist onbTHOTO CrutaBa
0T K03 (pUIMeHTa BBITSHKKY |L ¥ BEITUYHHBI YIAICHUS MATPUIIBI OT OOIIEH ocH BaJKkoB L,
pu € =30 %: a — ¢ OTHUM IPUBOTHBIM BAJIKOM; O — C ABYMsI IPUBOIHBIMH BaJIKAMH
80 80
70 | 20 \
60 | 60
S0 ./‘.-‘\ it

£ 50 £
240 4 - , ~ » > a0 | | | , A
30 /\ﬁ 30 - /—_-‘-*h‘ ——11=8,0
20 1 ' ' | ' ' 20 - , , ! 4 —— =157
10 10 - !
1 715 2 23 3H 1 7 15 22 29 35
Lz.nvma L2: MM
a o

Pucynok 2.11 — M3menenue koa¢puimenta peanuzyemoctu nporecca CIIIT qis onbITHOTO crijiaBa
0T KO3 (pULIMeHTa BBITSKKY |L ¥ BEIMYMHBI YIaJIEHUs: MaTPULIbI OT 0011el ocu BajkoB Lo
pu € = 50%: a — ¢ OAHUM MIPUBOJIHBIM BAJIKOM; O — C IBYMS IPUBOJHBIMU BaJIKaMH

100

100 50

Ky 0
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L2 L2

a o
Pucynok 2.12 — 3menenune koagduinmenta peanuzyemoctu npouecca CIIIT ans onbiTHOrO crtaBa
0T K03 (ULIMEeHTa BBITSKKHU L U BETUYUHBI YAAJIEHUSI MaTPULIbI OT 00IIel ocu BajakoB Lo

npu e= 70%:a—c OJHUM IIPHUBOJHBIM BAJIKOM; 6—c ABYMs IIPUBOAHBIMHA BaJIKaMH
b
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B Takom citydae OyzeT 3HaUMTENbHBIA POCT MOMEHTOB 1 ycuiuit [210].

Takum obpasom, koddpdunuent peanusyemoctu Ky ans nponecca CIIII ¢ oqHMM IpUBOIHBIM
BaJIKOM B cpeiHeM Ha 20 % HIKe 0 CPaBHEHHUIO CO CXEMOU C IByMs PUBOAHBIMU BaJIKaMH.
s mpoBeneHMs SKCIEPUMEHTAIbHBIX HCCIIENOBaHUM B KadecTBe napamerpoB mpouecca CIIII
PEKOMEHI0BaHbI CIIEYIOIINE 3HAUCHU:

— BeJIMYMHA 00KaTus € IIpHU IIPOKATKE TOJIKHA COCTABJIATE HC MCHEC 50 %;

— BEJIMYMHA YJIAJICHUSI MATPHIIBI OT TUNIOCKOCTH HAUMEHBIIIETO CEYCHUs KanOpa JOJDKHA HAXOAUTHCS B

nauarmazoHe ot 15 10 25 MM npu kodhHUIHEHTEe aCHMMETPUYHOCTH TIporiecca X = R1/Ry = 1,27,

— MaKCHUMaJIbHBIN KO()(OUIIMEHT BBITSKKH IPH IIPECCOBAHUU - JI0 3HA4YeHUH mopsaka 10 - 15.
CuiioBpIe  MapaMeTpbl  PACCUUTHIBAIOTCS TI0  ¢dopMmylie, pa3paboTaHHOW HA OCHOBE

AKCIIEPUMEHTAIIbHBIX JIAHHBIX U aHATTUTHYECKOTO MoaenupoBanus nporecca CIIIT [18, 210].

I[J'IH OopCaACIICHUA CHIIBI, co3/1aBaeMoM BaJIKaMU, UCIIOJIb3YCTCA (1)OpMYJ'Ia

P,=0,017K og,,D( /% + ) (b+h), (2.10)

I Ogg, - CpeaHee CONPOTUBICHHE MeTamia AehopMallii ¢ Y4CTOM 3aXONaXHMBAHUs METajla B
Bankax; K, - xo>dduIMEHT, yduThIBAIOmMIi TONIMHY M TeMIepaTypy 3aycenna; D —  cpennuit

JMaMeTp BAIKOB, o - YrON 3axBaTa MeTajna Baikamu; AN — aGcomoTHoe 06KaTHe MU IPOKaTKe; ff —
YTOJI OTCTOSIHHS 3epKajla MAaTPHUIIBI OT OOLIEH OCH BaJIKOB.
Cuna, neiicTByromryto Ha Marpuiry [210]:
P, =157K o, (1 642F,Inpu+0,5ud, 1), (2.11)

rac u— I(OC-)q)(l)I/II_II/ICHT BBITS’KKU ITPU ITPECCOBAHUU; | — BenuuuHa pa6oqer0 MMOsSICKAa MATPHIIBI;

i}
FM - [jIomaab paCHpCCCOBaHHOﬁ 3aroToOBKHU NIEPEa 3¢PKAJIOM MAaTPHUIIBIL.

B mporecce ¢ ogHMM NPUBOAHBIM BaldkoM, Korjma oOxkatue coctaBiser 50%, ycunwme,
HE0OXOoaMMOe IS BpaIlleHUs] BAIKOB, YMeHbIaeTcs B cpeaHeM Ha 30-50%. DTo mpoucxoauT u3-3a
TOIr0, YTO CHUXXACTCA TPCHUEC MEKAY METAJIJIOM U HEIIPUBOJAHBIM BAaJIKOM.

B TtemmeparypHoif 3amade Ui YOpPOIIEHHs] aHamU3a paclpeielieHus: TeMIepaTyphl,
reoMeTpuuecKre 00BEKThHI OB CMOJICITUPOBAHBI CIICTYIOIUM 00pa3oMm:

[Mpodwmne: PaccMmatpuBancs Kak MacCHBHOE TEJO, 3aHMMAIONIEe TOJIYIPOCTPAHCTBO
(TToTyorpaHMYEHHOE TPOCTPAHCTBO); MATpPHIIA: TPEACTABISIACh B BHJIC IUIOCKOM TUIACTHUHBI
0OECKOHEUYHOW MPOTSHKEHHOCTH, UMeoIel TonuuHy R. OxnaxkaeHne 3Toi MIaCTUHBI TPOUCXOIUIIO 32

CUET OTBO/JIa TEIUIA C €€ BHEIIIHEH MOBEPXHOCTH C MOCTOSSHHONW MHTEHCHUBHOCTBIO (o [210].
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Jlyis aHanmu3a TemrepaTypHBIX WU3MEHEHHN MpPU MPOKATKE-TIPECCOBAHUHU SKCIIEPUMEHTAILHOTO
CIUTaBa UCIOJB30Banach nporpamma [222] (Microsoft Excel), mo3Bossiromas geTaibHO pacCYUTHIBATH
00BbeMHBIEC U MOBEPXHOCTHBIE UCTOYHUKH Teria. [IporpaMMa orcnexxuBalia U3BMEHEHUE TeMIIepaTyphbl
nehopMUpPYEeMOro MeTajljla U BaJIKOB B 30HE KOHTAKTa Ha KaXkJIOM dTane JAegopMalii, Kak ¢ yueToMm,
Tak 1 0e3 ydyera 3pQexTa OXITaKACHUS HHCTPYMEHTA.

PesynpTaTthl pacdeToB mo AiMHE ouara aedopManuu, ONpeAessieMOd OTHOUICHWEM JJIHMHBI
KaKIOW XapakTepHOM 30HBI L k ero oOmeill nporskeHHoctH L, nis onbiTHoro cmasa 01417
MpEACTaBICHbl Ha pucyHKax 2.13-2.15 u moATBep)KAaloT OOIIMe 3aKOHOMEPHOCTH HW3MEHECHHS

TEeMITEpaTyphbl METaJlIa [T AIFOMHUHUEBBIX CILIAaBOB, OTMEUEHHbIe B padote [201].

450

350
T
250 2 —p
150 3 il
[ JEe——

5!:!

0 02 04 06 08 1

Pucynok 2.13 — 3aBUCHUMOCTb pac4eTHOM TEMIIEPATypPbl METAJJIa OT OTHOCUTEIbHOM JITMHBI
ouara nepopmaruu Li/ L ipu cneayromux napamerpax: 1 — & = 0,74 ¢, I,= 480°C;
2-&=149c¢t I,=480°C;3-=0,74 ¢, T,=550°C; 4 —£=1,49 ¢}, T,= 550 °C
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Pucynok 2.14 — 3aBUCMMOCTB pacueTHOM TeMIIEpaTyphl BAIKOB 7 OT OTHOCUTEILHOM JUTMHBI
ouara gedopmaru Li/ L npu crexyioumx mapamerpax: 1 — & = 0,74 ¢, T, = 480 °C;
2-&=149ct T,=480°C;3-=0,74 ¢, T,=550°C; 4 — £=1,49 ¢}, T,= 550 °C

Banku OT6I/IpaIOT TCIUIO B HAYAJIC MpOoHecCa, MOITOMY TEMIICpATypa IMaaacT (pI/IC
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2.14). Tlpu ObicTpoM Ie(OPMUPOBAHMU METAUT HArpeBaeTcs u3-3a Ae(hOpMalMOHHOTO
pa3orpeBa, a BpeMsi KOHTaKkTa C MHCTPYMEHTOM cokpaiuaercs. [IpuMenenue oxiuaxaaeMon
MAaTpUIlbl TO3BOJISIET CHU3UTH TeMmIiieparypy roroBoro uzaenus Ha 30-50 °C um caenarb
npouecc CIIIT 6onee cTaOUIBHBIM ¢ TOYKU 3pEHUS TEMIIEPATYPHI.

T,°C
370
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80 130 180 230 280 330 380
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Pucynok 2.15 — 3aBucUMOCTb pacyeTHOU TeMIiepaTypbl MeTaia I’ OT Ha4aJIbHOU
TeMIIepaTyphl HarpeBa BalkoB T, IIPH CIeAyouHX napamerpax: 1 — & = 0,74 ¢, T,= 480 °C;

2-E=149ct T,=480°C;3-=0,74 ¢, T,=550°C; 4 — £=1,49 ¢}, T,= 550 °C

OTMeuaeTcs TakKe CKauOK TEMIIepaTypbl BAJIKOB B MOMEHT CTapTa MPECCOBaHUs, 00bsSCHUMBII
neGOpMalMOHHBIM HarpeBoM. AHanu3 rpadU4ecKux JJaHHBIX TIOMOT OIPEICIUTh ONTHMAIbHBIN
TEMIEPATYpHBIM Juana3oH Ui MOJ0TpeBa HHCTPYMEHTA, KOTOPhIM HaxoauTcs B npeaenax ot 100 o

150 °C.

2.2. Teopeanecmle HCCIICI0BAHUA T'COMETPUYCCKUX MMAPAMETPOB odara }qu)OpMallHI/l u
MOACTUPOBAHUEC ACUMMETPUYHOIO Ipouecca CIIII c ABYMsI TIIPUBOJAHBIMH BajJJKaMH C

HCNMOJb30BAHUEM 3arOTOBKH KPYIJIOT0 CCYCHUSA

®dopmousmMeHeHre mpu 00pabOTKe KpYIJbIX 3aroTOBOK B MPSIMOYIOJBHBIX KanuOpax,
MIPEICTABICHHOE Ha PUCYHKE 2.16, KOPEHHBIM 00pa30M OTIMYAETCS OT AePopMaliuu, IPOUCXOIAIICH
npu paboTe ¢ THIIOBOI KBaJpaTHOM 3aroToBkoi [212-215].

Jedopmarust KpyriblX 3aroTOBOK B NMPSIMOYTOJbHOM KaluOpe CYIIECTBEHHO OTIMYAaeTcs OT
nedopmaruu  KBajgpaTHeIX. Tpebyemoe 50% oOxkarme st crabminpHoro mpormecca CIIIT
NPSMOYTOJIBHBIX 3arOTOBOK MPHMEHHUMO TOJIBKO TPH TIOJHOM 3allOTHEHWH KaimOpa, 4YTo He
BBITIOJIHSACTCS. I KPYTJbIX. BBUAY HETEXHOJOTMYHOCTH IIOJNy4eHHMsI KBaJpaTHBIX 3arOTOBOK B

QJICKTPOMArouTHOM KPHUCTAJIIIM3aTOPEC, I KPYTJIBIX 3arOTOBOK PEKOMCHAYCTCA YBCIIMYCHUC MIHUPUHBI
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KaHaBKM KanmbOpa Ha 5-15% or numamerpa. Hemocrarounoe oOkaTtue MPHUBOAMT K CHIXKEHHUIO
KOHTAKTHBIX CHJI, IPOCKAJIb3bIBAHUIO M OCTAHOBKE MPOIECCa, YTO MOATBEPKIACTCS aHAIM30M CIIEI0B

KOHTaKTHOI'O BBaHMOHeﬁCTBHH.
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Pucynok 2.16 — Cxema nporiecca COBMEIIEHHOMN MPOKAaTKU-IIPECCOBAHUS 3arOTOBKU KPYIJIOIO CEUYEHUS
B 3aKPBITOM SAIIUYHOM Kanuope [215]: a — oOwmuii Bu; 6 — Ha BXxoje B AehOPMUPYIOIIHIT y3ei,

6 — IIpU MPOKATKCE, ¢ — IIPH BbIAABJIMBAHUHN NIPCCC-U3ACIINA U3 MATPULIBL

Pucynok 2.17 - Bup kpyriioi 3arotToBku nocie aeopMariu B MpsiMOYroJIbHOM SIIIUYHOM Kalnope

yctanoBku CIIIT u octaHOBKHM TIporiecca

BBICOTy rpe6H51 BaJIKa C BBICTYIIOM JJIA CTaOUIILHOU INPOKATKU W 3allOJIHCHHA KanHGpa

omnpenenstor (cMm. puc. 2.16) [212-215]:
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2
hb=0,25nd,°, (2.12)
rae N, — BeIcOTa OCaXKEHHOM 3arOTOBKH TIOCIIE TIPOKATKA B MUHUMAJILHOM CEYEHHMHU Kanuopa; b—

IIMPYHA KaHABKHU BAJIKa C pyubeM, Uy — IMaMeTp HCXOIHOM 3aTOTOBKH KPYTJIOTO CEYEHHSI.
C y4yeToMm 3aJlaHHOI'0 PACCTOSHUS MEXy O0UKaMHU HaXOJUTCA:

2
h=¢6+d, —@, (2.13)

rae N, — BricoTa rpeGHs BaKa ¢ BBICTYIIOM.
YcnoBue peanu3yeMocTu:
h.>h., (2.14)
rae N, —skcnepuMenTanbHOE 3HAUYEHHUE BHICOTHI IPEOHS BANIKA, 3aJI0KEHHOE B KOHCTPYKIIMH

YCTaHOBKH COBMEIIEHHON 00pabOTKH.
Hcxonnble aHHbIE IpeACTaBiIeHbl B Tab. 2.1 [212-215].
BricoTa rpe0OHsi Banka 6,5 MM IOJIHOCTBIO COOTBETCTBYET pe3yibTaraM JSKcrepuMmeHTta (6,5

Tabmuna 2.1 — [TapameTpsl nporecca A 00pabOTKU KPYIIIbIX 3aroTOBOK Ha ycrtaHoBkax CIIIT

[TapameTpsl CIIII-400 CIIII-200
JnameTp 3arotoBkH Co, MM 12; 18 12
Temmepatypa 3arotoBku T, °C 480; 550 480; 550
YacroTa BpalieHus BakoB N, 006/MUH 4: 8 4: 8
Crenenp aedopmMaruu 1mo BBICOTE MPH MPOKaTKe &, %0 50 50
Juametp Basika ¢ BbICTyNoM D1, MM 385 214
Jnametp Basika ¢ kaHaBkoil Dy, Mm 385 167
BricoTa rpe6Hs Bajka ¢ BHICTYHOM N, , MM 8 7
BenuunHa 3a30pa Mex1y BaJKaMu 0, MM 2 2
Pa3mepsl kanmbpa B HauMeHbIeM cedenun hxb, MM 7x15; 10x21 3
¥Ycunue runponpmxuma, kKH 400 20
Juamerp matpuns! 0, , MM 59 2
BricoTa paGouero nosicka Matpuusl Ly, Mm 3 50
BricoTa 3epkana matpuis hy , MM 20; 26 12
KoaddunneHT BBITSKKY TPU IPECCOBAHUU LU 6,5 - 27,2 5




65

[To ycranoBke CIIII-400 c xamuOpom 10x21 MM (Tabnuma 2.1) TMONYYEHBI CIIEAYIOLIHE
pe3ynbTaThl. BeduciaeHHas BBICOTA TPeOHS B YKa3aHHBIX YCIOBUAX cocTaBuia 8,6 MM. CormocTaBieHHE
9TOM BENMYMHBI € OKCHEPHUMEHTAJIbHBIMH JaHHBIMH TOKa3alo HapyuieHue ycioBwus (2.3).
CnenoBatenbHo, ocymectBienue mnporecca CIIII mpum ykasaHHBIX MapamMeTpax HEBO3MOXKHO.
LlenecooOpa3Ho nanee MPUMEHSATh 3aroTOBKY jauamMeTpoM 18 Mmm  BeicoTy rpebus 7,9 mm. Ha
OCHOBAHMHU TOJIYYEHHOTO PE3yJbTaTa MOXKHO 3aKiItouuTh, uTo mpouecc CIIIT Oyner rapaHTHpOoBaHHO

pean30BaH IpH JaHHBIX yCiIoBUsAX [212-215].

2.3. MaTtemaTn4eckoe MOJeJIMPOBAHHE MPOLECCA COBMEIIEHHON NMPOKATKH-NPECCOBAHUS

3aroTOBKU KPYIJIOT0 MOMEPEIHOI0 CEYHCHUSA B 3AKPLITHIX AIIUYHBIX Ka.lmﬁpax

I[J'ISI CO3/aHUsI MaTeMaTHYECKUX MOJEIei HCIOJIb30BaIl BapI/IaI_II/IOHHHﬁ INpUHOUII MUHUMYMa

MOJIHOM MOIIHOCTH, YpaBHeHUe Oananca mourHoctel [216-219] u cxemy npouecca Ha puc. 2.18.



b

Pucynok 2.18 — Cxema ovara geopmanuu npoiecca COBMEIEHHON NMPOKAaTKU-IIPECCOBAHUS

3aroTOBKHU KPYIJIOro CEYCHUA B 3aKPBITHIX AITUYHBIX Ka.]'II/I6an

I[J'I}I peuICHud 3aJa4r KOJIMYCCTBCHHOI'O ONMPCACIICHUA PCATIN3YyEMOCTU UCCIIEAYEMOr'o IIponuecca

3amnuiieM ypaBHEeHHe OanaHca MOIIHOCTEH, KOTOpoe OyIeT BBITIISAIETh CISTYIOINUM 00pa3omM

N,~N, =0, (2.15)
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rae Na - MOIIHOCTh, (opmupyemas aKTUBHBIMH CHJIAMU TpEHHS, ACHCTBYIOUIMMH Ha
KOHTAKTHO} TIOBEPXHOCTH BPaLIAIONIMXCS BAJIKOB ¢ Aeopmupyemoii 3arotoskoit; N p - MOIIHOCTS,

3aTpaynMBaeMas Ha OCYIIECTBIICHHE MPOIIECCa BhIIABIIMBAHUS METaJJIa Ye€Pe3 OTBEPCTUE MATPHIIHI.
[Ipu pemrenun 3aaauu ObUTHA IPUHSATHI CICTYIOIINE TOMYIICHHS.

1. Kararonmue amameTpsl Banka ¢ BeicTynoM Di=2R; m Banka ¢ kaHaBkoiu (Bpesom) D,=2R;

OJIMHAKOBHI 1 paBHbI D=2R.

2. BenuunHa oTCTOSHUS MaTpUllbl OT 00ILEN OcH BaJIKOB Ly NpuHSATAa MaKCUMaJIbHO BO3MOKHOM.

3. CpenHsis 1O CEUEHHIO CKOPOCTh JBIMDKCHHS MeETallla 1O 30HE NPOKATKH MaKCHUMallbHa W

ONpPENENACTCA  OKPY)KHOM ~ CKOPOCTBIO ~ BpallleHHst BalkoB V., ¢ yderoM Koddduimenra

IMPOCKaJIb3bIBAHU S k a CpEaHsAA CKOPOCTh MEPEMCIICHUA METalllla USMEHACTCA C Y4E€TOM YCJIOBUA

np >
MOCTOSIHCTBA CEKYHAHOTO 00BbeMa Ae(POPMUPYEMOTO METaILIA, PACCUUTHIBAEMOTO 110 (hopMYyJIe:

V =k V -F. =k -w-R-b-h, (2.16)
K np 6 1 np

ce

7-N
rae W= E - YIJIOBasi CKOPOCTh BPAIICHUSI BAJIKOB; N - YUCIIO 000pOTOB B MUHYTY [211].

4, W3menenwue BoICOTHI Ny B 30Hax 1 u 2 (cM. puc. 2.18) moaurHsSeTCs BRIPaKEHHUSIM
_ 2
h =h+R-a“, (2.17)
x1
h.. =h+R-p2 (2.18)
X2 '
5. Jlis pacueToB HCIIOJIB30BANIM 3HAYEHHE CPEIHEro COMPOTUBIEHUS aedopMmanuud MeTaa,

OTIpeIeIIeMOTO 10 (hopMyIie

Oy =[0¢ O, (2.19)

cp 0 K

I7le O. - HavyajJbHOE 3HAU€HUE CONPOTUBIIEHUS 1e()OPMIINH; Og - CONpOTUBIIEHUE

0 K

S

I[e(l)OpMaI_[I/II/I Ha BBIXOJC U3 Oo4ara ,Z[e(l)OpMaI_II/II/I.

6. Jnst crabunbroro npotekanus npouecca CIIIT nmpunsTo, 4to HE0OX0mUMO, 4T0Obl N, ObLIO
6omnbime N p © YCIIOBHBIM 3a11acOM MOLIHOCTH, PABHBIM 10 %.
Tonuas momuocts N p TIPH pean3yeMOM MpoLecce paBHa
N, =Noep + Ny + Ny (2.20)
rre N degp ~ MOIIHOCTB, 3aTpayMBACMAas Ha nedopmanuio Metamia 6e3 yaera KOHTaKTHOTO

TpEHU, N - MOIIHOCTB, 3aTpadynuBacMas Ha IIpCOJO0JICHUEC CHJI TPCHHUA HAa I'PaHUIIC ol B
) mp
M
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IIACTUYECKOM 30H Nepe]] MaTpulei; Nmp - MOIIIHOCTb, 3aTpayrBaeMasi Ha MPeoJ0JICHUE CUIT TPEHUs
n

Ha KaTHOPYIOIIEM MOSICKE MATPHIIBL.
MouHocTh (popMOM3MEHEHUS:
Naeqb & Oy Voo It (2.21)
rae ¢ - KoahOUIMEHT, YIUTHIBAIONINHA BIMSHUS CUJI CPpe3a U HEPABHOMEPHOCTH Jie(hOpMaIlHH,
NPUHMMAaeMbIi B HameM ciydae paBHbM 2 [220]; V... - cexyHmHbIi 06beM 1ehopMHEpyeMOro

MeTaa; 4 - KO3 (GUIHUEHT BBITSXKKU [P IPECCOBAHUU.

MorHoCTh, HeoOXoauMast st ipeoaoieHust cui TpeHus B OUII3:

gz, V, (2.22)
mpy S|n9 H

Tone F - IuIoMaJb 3€pKajla MaTpPHIIbI; 9 - YroJ KaHaJsia IUIOCKOM MaTpHIlbl, HpI/IHI/IMaeMHﬁ paBHBIM
3Mm

(o2
S
90% 7T w =Y. \/ﬂ’ - CpelHee 3HAUYCHHE HANpPsHKCHUS TPEHUS B OOKUMAIOIICH YacTH TIepes

ManHI.[eﬁ, pacCcynuTbiBACMOC B COOTBCTCTBHU C 3aKOHOM 3I/I6GJ'I$I; Y - OCpe,HHeHHBIfI IIOKa3aTcCJIb
TPCHUA, XapaKTepI/I?»YIOH_II/Iﬁ YCJI0BUA TPEHUS HA 3€PKAJIC MATPHULIBL; V’[ - CpCAHECC 3HAYCHUC CKOPOCTH
M

CKOJIBKECHHUSI METaJlIa, ONpeaessieMoe 1Mo Gopmyie

4
T CeK h b 72_ d 2

\Y

—). (2.23)
MouHocTh, He0OX0qiMast IS IPEOAONICHUS TPEHHS O KaTHOPYIOIIuii mosicok Marpuirst [110]:

Nmpn =u-F,-7, 'Vr,, , (2.24)

rne Fn = Hug 5 -In - TUTOIA/Ib TIOBEPXHOCTH TPEHUS KaTHOPYIOIIETo MosicCKa KaHaJla MaTPHUIIBL, Hug 5

1

HNepUMETp KaTUOPYIOLIETr0 OTBEPCTUS MATPULbL, T, =V, - Og -E- CpellHEE 3HAUEHUE HaIPSLKEHUS
K

TPEHHMS Ha KAJTUOPYIOLIEM TTOSICKE MaTPUIIBI, PACCUMTHIBAEMOE T10 3aKOHY 3U0O€Is; i/, - OCPEAHEHHBIN
MOKa3aTeNlb TPEHUsI, XapaKTePU3YIOMNUM yCIOBUS TPEHHS Ha TOSCKE MaTPHIIBI; VT =VC€K / F
i

CKOPOCTh CKOJILKEHHSI METaJlla 10 MOBEPXHOCTH MOSCKA MATPUIIBI, IPHHUMAaeMasi paBHOH CKOPOCTH
ucreuenus [211].

CyMmapHas MOIIHOCTD!

N =N_ +N (2.25)
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rac N mp - MOIIHOCTHL AaKTHUBHBIX CHJI TPCHUA, I[CP'ICTBYIOHlHX Ha KOHTAKTHBIX ITOBEPXHOCTIX,
1

06p330BaHHBIX KaTaromuMu JUuaMCETpaMu 00oux BaJIKOB, Nm

D - MOIIHOCTh aKTUBHBIX CHUJI TPCHUA,
2

JICUCTBYIOIMX Ha CTEHKaX Bayika ¢ pyubem [110].

MOH_IHOCTB Nmp Ha KaTaroluX IIOBEPXHOCTAX 000HX BaJIKOB 6y,Z[CT paBHaA
1

z h
Nmp_z N knp .Vg(Tg +TH)'b' R(j)(l_m)d?/ =
= knp -V@(‘L’6 +TH)-b. R.[(a+ﬂ)_\/garctg(\/%.(a_i_ﬂ)]’ (226)

I o - YroJj, ONpeAesSIOIUM Iyry KOHTaKTa MeTaljia ¢ BaJKaMd B 30HE IPOKAaTKW; [ - yroi,

OIpEeeNAIOIUI 1yTy KOHTAKTa MeTa/lla ¢ BAJIKAMU B 30HE IIPECCOBAHMs Nepe]l MaTpULeH; y =a + f3;

o) o)
S S
T, =W, \/%’ uzt, =y, \/33 - CpelHUE 3HA4YCHMS HAIpPSHKEHUN TPEHMs, COOTBETCTBEHHO, Ha

BCPXHCM M HHIKHEM BaJIKaX, PACCUUTBIBACMBIC II0 3aKOHY 3I/I6GJ'I${; Ve u v, - OCPCIAHCHHBLIC

IMMOKa3aTCjin TPCHHA, XAPAKTCPUIYIOIIUC YCIOBHA TPCHHA, COOTBETCTBCHHO, Ha BCPXHEM W HUIKHEM

BaJIKax.
Mommuocts N mp, » CO31ABACMYIO CHIIAMH TPCHHS HA CTCHKAX BAIKa C PydbeM, OPEACIAIH IO
dbopmye:
N =k -2z -h -R-(a+p)- Earctg( E-(a+/3)], (2.27)
mpo np 6 cm ¢p R h
e ¢ o=y -0 - CpeJHHE 3HAUCHUS HANPsHKEHUH TPEHHWS Ha KaXKIOW M3 JIBYX OOKOBBIX
cm cm
p
CTEHKax kanuopa, PacCYMTHIBAEMBIX B COOTBETCTBUU c 3aKOHOM 3ubens;

¥ - OCPEIHEHHBIN IOKAa3aTeslb TPEHMS, XapaKTEPU3YIOIUN yCIIOBUsS TPEHUS HA CTEHKAX BajlKa C
p

pyubem; h, - cpeqHee 3HadeHHE BBICOTHI odara AeOpMalMy B 30HAX NPOKATKH U PACIPECCOBKU
[211].
3HayeHUs MoKa3aTeNel Ha Pa3IMYHbIX KOHTAKTHBIX MOBEPXHOCTSAX OBLIM NMPHUHSITHI paBHBIMU:

Ha BaJIKax gz/g =0,75-1,0; Ha matpuiie WM =0,50 - 0,75.

Koa¢ddunment 3anaca momuoctu Ky, paccuntsiBaercs mo gopmyse [211]

K -—4a (2.28)
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rmue KN = 1,1 — ko3¢ duUnIKeHT, yUYUTHIBAIOIINMA, YTO TPHU BHIAABIMBAHWM YacTH METasia B 3a30p

MCKOY BaJIKaMH n ManHHefI pacxonyercd JOIIOJIHHUTCIIbHAaA SHEpru-, KOTOpasa 10

AKCIIEPUMEHTAIBHBIM OlIEHKaM cocTaBiisieT 10 10 % oT 3aTpadyeHHOi.

IMpu K N > 1,0 nponecc CIIIT ctaHOBUTCS OCYIIIECTBUMBIM.

Pacuer mnpoBemen s ycnoBuil peanuzanuu npouecca CIIII mo nomydyeHHIO IpPYTKOB
nuamerpoM 9 mm u3 crutaBa 01417 na ycranoBkax CIITT-200 u CIIIT-400 (cm. Taba. 2.2, puc. 2.19). B
Tabn. 2.2 MpUBEACH MPUMEP OJHOTO M3 PACUETOB JUIS YCIOBUU IMOJTy4YeHUs MpyTKa u3 cruiaBa 01417
auameTpoM 9 Mm Ha ycranoBke CIIIT-200. TemmepaTypa 3arotoBku Oblia mpuHsTa paBHoi 550 °C
[211].

Ananu3 naHHeix [91], npuBeneHHbIX Ha puc. 2.19, mokaspiBaeT, 4YTO yBEIMYEHUE THUAMETpa
BajKkoB (puc. 2.19 a, 6) mpuBoauT K pocTy KoaduimeHta MomHocTd 10 1,9 BeiencTBue pocrta
AKTHUBHBIX CUJI TPEHUS 3a CUET YBEJIMUYEHUS IUIOIIAJM KOHTaKTa METajula ¢ BajJKkaMu. B aTom ciyuae
YMEHBIICHHWE pa3MepoB KanuOpa BeAeT K CHIDKEHHIO Kod(¢wuimeHnta 3amaca momuoctn Ky 10
MUHUMAaJbHBIX 3HA4eHUH (cM. puc. 2.19 a), 4TO npu NMOHMKEHHBIX 3HAUEHUSAX TPEHHUS HAa KOHTAKTE
MeTaJljia ¢ BaJIkaMU MO>KET IPUBECTU K OCTAHOBKE Ipoliecca.

OTHU pe3ynbTaTbl YYWUTHIBAJIM MPU IJJAHUPOBAHUM SKCIEPUMEHTAIbHBIX HCCIECIOBAHUNA U
BbIOOPE pa3MepOB BAJIKOBOT'O U IIPECCOBOIO HHCTPYMEHTA.

Bricokuil nokaszatens TpeHus (YB > 0,9) obecrieunBaeT yCTOMUMBOCTb. DTO HEOOXOIUMO IS
WHTCHCU(PHUKAIIMN aJre3NOHHOTO B3aMMOJICHUCTBUSL MEXIy MaTepuajlaMH, 4TO CHOCOOCTBYyeT Ooiee
s dexTuBHOMY mepenocy aedopmanuu [13]. B mpoTHBOMONOKHOCTH 3TOMY, MPU MPECCOBAHHH
HEOOXOJUMO MHHHUMHU3HUPOBAaTh (PPUKIMOHHBIE CHJIBI, YTOOBl CHU3MTHb JHEPro3arparbl H
IPEOTBPATUTh MOBPEKICHNE MHCTPYMEHTA U 3aroTOBKM. MUHMMU3alMs TPEHUsS MPU NPECCOBAHUU
JIOCTUTAEeTCd MPUMEHEHHEM CMa30YHBIX MAaTEpHUajOB, ONTHUMM3ALMEN TI'E€OMETPUM HHCTPYMEHTAa U
KOHTpoJieM ckopocTH aedopmanu. CozaHue yclIoBHM, OJIM3KMX K MHTEHCUBHOMY IPWINIIAHUIO TIPU
CIIII, nanpotuB, oOecrieyuBaeTCsl MyTEM AaKTUBAllMM IMOBEPXHOCTH, IOBBIIIEHUS TEMIIEPATyphl U
BbIOOpA MAaTEPHAIIOB C BHICOKOW COBMECTUMOCTBHIO. TakuM 00pa3oM, perylupoBaHie TPEHUS SBISETCS
KITFOYEBBIM (DAKTOPOM IS TOCTHUKEHHS ONITUMANIBHBIX PE3YIbTaTOB.

Ha ocHOBaHMM  BBIIIEU3IIOKEHHOTO, IPEACTABISAETCS  BO3MOXHBIM  3aKJIIOUYHUTH O

BBITIOJITHUMOCTH WU HeBbIosHUMOCTH Tiporiecca CIIIT mpu ycranoBneHHbIX yenoBusix [110].



71

Tabmuna 2.2 — 3HadeHUs MapaMETPOB U COCTABISIFONIMX MOIIHOCTH JUIS TIONYYEHHS MPYTKOB

muamerpom 9 mm 3 criaBa 01417 na ycranoske CIIT1-200

BxoaHble napaMeTpbl

Cpennwii paanyc BaJIkOB, MM 90
[upuna kanmubpa b, Mmm 15
MuHUMaBHBIH 3a30p MEXIy BaJIkamu N , MM 7

Bricora 3epkana Matpuisl h, , MM 20
JuameTtp npeccyemMoro npyrka d , MM 9

JlnrHa kanuOpyrolero nosicka MaTpuusl |,, MM 2

Uwucno 060poTOB BAIKOB N, 00/MUH 4

JnameTp 3aroToBKM do, MM 12
HavanpHoe conmpoTuBiieHHe MeTalIa aeopManum O, > MIIa 40
[Tokazarenb TpEHUS HA KATAIOIIUX MTOBEPXHOCTSIX BAIKOB Yy, Yy 0,9
ITokazarenb TpeHUSI HA CTEHKAX BAJIKA C PYYbEM Yer 0,9
[Tokazarenb TpeHHUS Ha 00KUMAIOIIEM U KaTMOPYIOIIEM Y4aCTKaX MaTPUIBL Yy, Wy 0,5
Koadduuument, yuntsiBaromumii HepaBHOMEPHOCTh Aedopmaruu & 2,0
Kosdpunuent npockanb3bianus k,, 1,0

PacueTHbIe reOMETPHYECCKHUE U TEXHOJTOTNICCKUEC MAPAMETPbI

BeicoTa 3aroToBkM Ha BXoz€ B oyar jaeopMaliy B 30He IPOKaTKu h, , MM 14,0
BeicoTa 3aroToBkM Ha BXO/€ B oyar je(opMaiiiu B 30HE IPECCOBAHUSA, hsy mm 20,0
Y05, onpeaeNsonInii JJIMHY o4ara ge(opMamuu B 30HE IPOKATKH o , TPAJ] 15,65
VYroi, onpeaensoumi AIMHy o4ara JeopMaluy B 30He pacpeccoBKU [, Tpaj 21,2
[TepumeTp KaIMOPYIOIIEro OTBEPCTUS MATPULIBI [7,,,, , MM 28,3
JIuHeliHast CKOPOCTb BpallleHHs! BaJIKOB V, , MM/MHUH 39,8
CkopocTb UCTEUeHUs MeTalljia U3 MaTpuusl vV, ., , MM/C 61,3
Hanpsiokenue TpeHus B 00KUMaroliel 4acTi MaTpulsl 7, , MIla 15,1
HanpsiokeHne TpeHHs Ha KanuOpyroleM mosicke MaTpuusl z,,, MIla 19,6
HanpsoxeHnue TpeHHs Ha KaTaroKMX MOBEPXHOCTIX BAJIKOB 7, , 7, , MIla 27,1
Harmpsixkenue TpeHus Ha CTEHKax BaJlka ¢ pydseM 7, , MIla 27,1

3HaYeHHA COCTABJSIIOIINX yPaBHEHHUs1 0aJIaHCa MOLIIHOCTEH
U KO3 PuiueHT 3amaca MOIHOCTH

MorHoCTh neopmanyu, 3aTpaunBacMas Ha OCYIIECTBIEHHE TIPOLECCa N, , BT 5123
MoIHOCTh TpeHHs, Ha MPEONOJICHNE CUII TpeHHs Ha MaTtpune N, BT

" 257,7
MoIHOCTh TpeHHs, 3aTpayrBaeMast Ha KaTHOPYIOIEeM MOsSCKE MaTPHUIIBI N Br

™ 4492

CymmapHas 3aTpadnBaeMast MOIIHOCTb, N, BT 12193
MOIIHOCTE CHJI TPEHHS Ha IOBEPXHOCTH KATAKONIMX IMAMETPOB BAIKOB N, ,BT 927.96
MonIHOCTE CHJI TPEHHS Ha CTEHKaxX Balka ¢ py4beM N,,,,, BT 901,66
CymMapHast MOIITHOCTh aKTUBHBIX CHJI TpeHHs N, , BT 1829,62
Koadduuument 3amaca momHoctn K \ 15
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By ppomppe e v,= 050
| =055
1.3 o | T
¥, = 0,60
16 A
v, =075

I = ol R B SR T I B (N
0,75 0,20 0,85 090 0,95 ¥e 0,75 0,20 0,85 090 0,95 ¥e

a 6
Pucynok 2.19 - Msmenenune ko3dduimenta 3amnaca mMomHocTd Ky B 3aBUCHMOCTH OT Pa3lIWYHBIX
YCIIOBUIM KOHTAKTHOTO TPEHHUS METajlla ¢ BAJIKaMH U MaTpuliel nmpu o0paboTKe KPYTIbIX CIUTKOB U3
crutaBa 01417 metogom CIIII: a — HavaneHbIi quameTp BainkoB D = 180 mMm; pa3zmeps! kanubpa

7x15 MM, 6 — HadaIbHBINA quamMeTp BatkoB D = 400 mm; pasmepsl kanuopa 10x21 Mmm

Pesynbratel npoBeneHHbIX HccnenoBanui [ 18, 91] moarBepauian peaau3yeMocTh Impoliecca:
- paccTosiHHE OT 3epKaja MaTPUIlbl 0 OOIIel OCH BaJIKOB HYXHO BBIOMPATh MaKCHMaJbHBIM, HO HE
MIPEBOCXOIAIINM TUCTAHIIMIO OT OOIIEH OCH BAJIKOB 0 TOYKU PACKPBITHS Kanuopa;
- KOHTAaKTHOC TPCHUC HGO6XOI[I/IMO MaKCUMHU3UPOBATb, CO3aaBas yCJIOBUA MPCACIBHOIO TPECHUA MCKIY
METaJIJIOM U BaJIKaMU;
- IMaMeTp BAJIKOB IPH MJAEHTHUYHBIX pa3Mepax KaiuOpa cielyeT BHIOMpaTh KaK MOKHO OOJBLIMM (OT
400 MM ¥ BbIIIIE), TOCKOJIBKY 3TO CIIOCOOCTBYET yBeNUUEHUIO K03 duinenTa 3anaca;
- YMEHbIIEHHE Pa3MEepoB KaiuOpa BeAET K yMEHbIIEHHIO Kod(¢uiuenTa 3amnaca MomHoct KN 1o
MHUHHUMAJIbHBIX 3Ha‘-I€HI/If/'I;
- BeJIMYMHA 00XaTus IpU MpOKaTKe JOJDKHA MpUOKaThes kK 50%;
- KO3 UIMEHT BBITSKKH NPH BBLAABIUBAHUM, HPU BO3MOXHOCTH €r0 BapbUpPOBaHUS, B paMKax
nmanHoro mporecca CIIIT HeoOxoauMo BEIOUpaTh B quana3oHe | = 4,7 — 8,6.

JInst penieHust BTOpOi 3aau OblIa TIOCTPOEHA MaTeMaTHYeCKask MOJIeNTb ATOTo Tpoiiecca [18,
219].

BapuanuoHnHoe ypaBHeHHE IPUHIIMIIA MUHUMYMa [TOJIHOM MOIITHOCTH

S( Ngu+ Nep— Nex — Nigay) =0 (2.29)
U ypaBHEHHe OajlaHCca MOIIIHOCTH, 3allMCaHHOE B BUJIE

NBH + Ncp_ NCK - NBan= Oa (230)
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rie Ny — MOIHOCTB BHYTpeHHUX CUIT; N, — MOIHOCTE cHil cpe3a; Nex — MOIIHOCTD HaNPSKEHUI
TPEHUS HAa CKOPOCTSIX CKOJMbXKEHUS; Ny, — TOABOIUMAS BAJIKAMU MOIIIHOCTb.

Cxema ouara nedopmanuu, npuHATas 1Jid pelIeHHs] BapUallMOHHOW 33/1a4yl MIpe/ICTaBlIeHa Ha
puc. 2.18. Jlnsa xapakTepucTuku GopMbl U pazMepoB ouara aedopmaruu mpouecca CIII npenmoxeHs
Oe3pa3MepHbIC TapaMeTPhl, OTHO3HAYHO OMUCHIBaIOIIKe ovar aedopmariuu (Tadm. 2.3) [18].

Ucnons3oBanre BapbUPyEeMBIX IapaMETPOB B  T'E€OMETPUYECKOM  MOJEIM  IO3BOJISET
aJanTUPOBAaTh €€ K pa3judHbIM QGopMaM M pa3MepaMm odara jaeopmailiu, IMOBBIMIAS TOYHOCTH
MojenupoBaHus. KuHeMaTHdeckn BO3MOXKHOE TIOJ€ CKOpocTel obOecrnieuynBaeT (U3HUECKYIO
KOPPEKTHOCTh MOJIENIM, HCKJIIOYas HepealMCTUYHbIE cleHapuu aedopmupoBanus. KommoHeHTHI
MOJTHOM MOIIHOCTU TO3BOJISIOT Y4eCTh BCE (DAaKTOPHI, BIUSIONIME HA SHEProOaiaHC CHCTEMBI, 4TO

HEO0OXOIMMO JIJIsl TOUHOTO MTPOTHO3UPOBAHUS XapPAKTEPUCTHK MIpoIIecca.

Tabnuna 2.3 — be3pazMepHbie mapaMeTpbl oyara aedopMauu

O603HaueHne 3HavyeHus 6e3pa3MepHBIX
[TapameTp Bripaxxenue
BEJINYHHBI napameTpoB
IIpuBeneHHBIN TuaMeTp D-d
A A= 0 10; 30; 50

BAJIKOB h
[IpuBeneHHas mupuHa - ~ b

b b=— 1,6;2,0; 2,4
Kanuopa h
[puBeeHHbIH THAMETP . - d

" ho =— 1,1;16;2,1
3arOTOBKH 0 h
[TpuBeneHHas BrICOTA ~ ~ h

h.H hJ\/l = = 111; 210; 219
MaTPHIIBI h
IIpuBeneHHBIN TMaMeTp i} - d

hy hi=-® 04;07;1,0
npecc-u3Aemus h

JlaHHBIf ~ OMana3oH  M3MEHEHHWsS TapaMeTpOB BbIOpaH Ha  OCHOBE  HMMEIOIIUXCS

skcniepuMeHTaiIbHbIX ycTaHoBoK CIIII-200 u CIIII-400 (cm. Tabu. 2.2).

FGOMeTqueCKaH MOACIb COBMGHICHHOfI IMPOKATKU-ITPECCOBAHUSA 3arOTOBKH KPYIJIOrO CCUYCHUA

MNoCTpOCHAa C YUYCTOM oco0eHHOCTEH rmpormecca,

uccinenoBanusx [18].

YCTAHOBJICHHBIX TIpU pPaAHCC MPOBCACHHBIX

21.]'[5{ pEeUIICHUSA 3aJa49y NPUHATHI CIICAYIOINE JOMYIICHNUA U I'PaAHUYHBIC YCIIOBUS.

1. Kararorue nuametpsr o6oux BakoB D1 u D, oquHakoBs! 1 paBHBI D.

2. BenuunHa 0TCTOSHUS MATPUIIBI OT 00IIeH 0cH BaJIKOB Ly MpUHSATAa MAaKCUMAIBHOM.
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3. H3MeHeHHEe BEBICOTHI HOBerHOCTGI\/'I BAJIKOB 3aBUCHUT OT KOOpAWHATHI X M IOAYHUHACTCA

BhIpaXKCHUIO [213]

hy =0,5h+0,5D —1/0,25D% — x2, (2.31)
IJie X — TeKyIlas KOOpJuHaTa 1o COOTBETCTBYOIIEH ocu (cm. puc. 2.18).
Ouar nedopmanuu B iepexoiHoM ceueHuu [18]:
h =h+D—D*-4k*-L3, (2.32)
L
L2

rae k = K — ko3 PUIUEHT, XapaKTePU3YIOIIHIA MOJI0KEHHUE TIEPEXOTHOTO CCUCHUS

OTHOCHUTCIIbHO MaTpPpUIbI.

PaBeHCTBO mIomanei B NepexoJHOM CEUECHUH IIPU X = Lk .

4. [TapameTprl kanuOpa oOecreuuBarOT MOJIHOE €ro 3aloJHEHUE, O3TOMY YIIMPEHUE MeTaylia
IIPU IIPOKATKE HE YYUTHIBACTCS.

S. IIpuHATO, 4YTO Ha BCEH KOHTAKTHOW IIOBEPXHOCTH PpEAIM3YETCsS CKOJIBKEHHE MeTajlla
OTHOCHUTEJIHO BAJIKOB U MHCTPYMEHTA, a CpeJHEee HapsHKeHHUE TPEHUsI onpeensercs no popmysie

r oy =y S, (2.33)
mp S \/§

I7Ie  — ToKa3aTelb TpeHus mo 3uOento, 3aBUCSIIUNA OT TeMIlepaTypbl MeTalia, COOTHOIICHUS
pa3MepoB ouara naedopMaluu U COCTOSHUSL TPYLIUXCS MOBEPXHOCTEH, T; - MpeAeN TEeKy4YeCTH
MeTalljia Ha CABMUT.

C yd4eroM IaHHBIX AKCIEPHUMEHTATBHBIX HCcleaoBaHuid [213] mist pacdyeToB TpPUHUMAIH
cienyromue 3HaueHus nokazatens tpenus: y =0,8; 0,9; 1,0.
6. OOpabareiBaeMbIii MaTepHal 00JIaJaeT CBONCTBAMHU >KECTKOIUIACTUYECKOW CpEeIbl, a YCIOBHE

IUIAaCTUYHOCTH UMEET BUI 1= Ts.

7. J111s pacueToB MCIONB30BAM 3HAYCHHE CPETHETO COMPOTHUBIICHUS AeGopMaIii MeTala.
Taxum 06pa3omM, OCTpOEHHAs: TeOMETpUUYECKasi MOJIeIb OMUCHIBAET 00JacTh o4ara

IUIACTUYECKOM Je(hOpMAIIK C TOYHOCTHIO JI0 HEU3BECTHOTO Oe3pa3mMepHoro mapamerpa K.
CocTaBJIsroIue CKOPOCTH JUIs 30H | 1 2 3aMUCBhIBAIM, UCXO/IS U3 peKOMEHIaIuii padoTsl [216],

HCIIOJIB3Y: IMPU 5TOM CIICAYIOIIHUE BBIPAKCHUA:

V.= f(x),V,=1f(x,z), v, =0. (2.34)

Cocrasnsomntyio ckopoctu V,
S

Vx :VO S_’

(2.35)
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rae Vo = v V4 — CKOpOCTh BXOJIa METajula B BaJIKH; V — CKOPOCTHOM K03 duiment; V, — CKOpOCTh
BpalllcHUsl BAJIKOB; Sp — IUIONIAJb IOMEPEYHOTO CEUYEHHUs 3aroTOBKH; Sy — TEKyIlas IUIOAb
MOTIEPEYHOTO CEUCHUS B TUIOCKOCTHU C KOOPIUHATOH X.

Ji1st 30HBI 3 cUMTANU, YTO KUHEMATHYECKH BO3ZMOXHOE M10JIE CKOPOCTEN OMpeIesieTcs C

Y4ETOM THMIOTE3bI INIOCKUX CEYCHUH ISl OCECUMMETPUYHOM 3a1aun [ 18]
— 1 4 _ '
V,=f(x),V, =V, -sing’, V, =V cos¢’, (2.36)
rie V,— paauanbHas COCTABISIONIAs CKOPOCTH, ¢’ - YIOJI MEKAY COCTaBIIIOIIUMHI CKOPOCTH Vy uv,.

Torma cocTapisromue CKOpPOCTH C YUYCTOM TOro, 4r0 IJid OIIPCACICHUSA COCTaBJIAIOIICH VZ

HCIIOJIB30BAJIM  YCIIOBUE HEC)KMMACMOCTH, MOI'YT OBITH 3alMCaHbl II0 30HaAM (01 (21474302000 500705

BBIPAKCHUSIMH.
3oubl 1 1 2.
_ Vo 'So
* b-(h+2x*/D)’
4-V,-S,-X-2

V_

* D-b-(h+2x2/Df (237

rie So — IIOMAb OMEPEYHOTO CEYCHHUS 3aTOTOBKH; Sy — TEKYIIasl IJIOMIA (b IIOIIEPEIHOTO
CEUEHHS B IUIOCKOCTH ¢ KoopAuHaToi x [211].
Cocrapsromue CKOpoCcTH aedopMaluu:
PGS VT
XX 21
o D-blh+2x*/D)
_ 4-V,-S,-2
D-b-(h+2x?/

Sy =6, =0.

30Ha 3. CLII/ITaH, 4YTO CKOPOCTH Vp pacrnpenciicHa B CCHCHUHU 110 HHHeﬁHOMy 3aKOHY, TOJYYHNIIN

Xz

oF (h-6x? /D), (2.38)

S, -V 0,5-S, -V .
V, = . 0 0 =V, = . 0 0 ~-sing’ - tang
b P Bt I 1_L +0,5h, P P Bt et N 1_L +0,5d,
1-k L, 1-k L,
05-S,-V ,
Vv, = 00 ~-C0Sp’ - tang

. L()Sdl 1_L +0,5d,
1-k L,
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05-S,-V
V. = 0 0 > tang. (2.39)

. %—7050'1 1_L +0,5d,
1-k L,

JuddepeHunnpoBaHre COCTaBIAIOMIUX CKOPOCTU AePopMaIiu:

£ 2-S,-V, -tge oo V, -S, - tang

3 pp 3
. R, -0,5d, 1- X +0,5d, _— R, -05d, 1- X +0,50,
1-k L, 1-k L,

1(av, | 05-S, -V, -(tan?p—2)
=2 ~0,5d, 3
[ (-2 o,5le
2 ) (2.40)
Sxp = Spp
CpenHue CKOpOCTH CKOJIbKeHUs [54]:
IJVCK , (2.41)
1
ch1,2,3 = F_'U (VH _VB)'aF,
K F (2.42)

rne Fon , Fx - COOTBETCTBEHHO IIJIOIIAah 30HBI KOHTAaKTa METAIa C BajJKaMH W TIOJHAs
KOHTAKTHas IUIOIA/b; V,, - CKOPOCTh TEUCHHUS METaJlIa B IOBEPXHOCTHOM CJIO€.
ITocTpoeHHOE MoJIe CKOPOCTEH OMMCHIBAET TEUECHHE METAJLIA C TOUHOCTBIO 0 BapbUPYEMbIX
napameTpoB K u v.
Cocrapnstomue mojHoi MourHOCTH [219] 3amuchiBaii ¥ peniain CUcTeMy ypaBHeHU# (2.29—
2.30).

CoCTaBIISOIIKE TOJTHON MOIIHOCTH HaXOIUIIH MO 00IIen3BecTHRIM (opmynam [219]

mp = K mp ~ Ball

N, =[z,HdV, N, j N -V, N, jr V. dF, N_ jr v dF, (2.43)
\%

o +
rne H — uHTeHCHBHOCTh ckopocTed nedopmanmu ciasura; Vo u Vo — Npoekuuu CKOpOCTH
TEUEHHs MeTaula Ha KacaTeIbHYIO IUIOCKOCTh K IIOBEPXHOCTH paspbiBa CKOpocTed F;
COOTBETCTBEHHO C BHYTPEHHEW U BHEIIHEW CTOPOH 3TOM IMOBEPXHOCTH; N — YUCIO NOBEPXHOCTEHN
*

paspbIBa CKOPOCTEN; T ,,, — NPOEKIMS MOJHOIO HANPSKEHUS TPEHMS HAa KacaTEeIbHYIO K OKPYKHOCTH
BaJIKa B JIF000H TOUKE KOHTAKTHON TOBEPXHOCTH

* _ *

T mp=Tmp (V el Ver), (2.44)
r7e V ¢« — MPOEKLHUsi CKOPOCTH V ¢ Ha KacaTelIbHYIO K OKPYXHOCTH BaJIKa.

Kaxnast cocTaBnsitomas ypaBHeHUs IPUBOAMIACH K Oe3pasMepHoMy Buay [219]:
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¥

x=(bj-aj)g+a;, rme 0<0<1 npu a; <x<by;

O'—;H

y=(di-ci)r+c;, rme 0<r<l mpu C; <y<d;

z=(fi-e;)s+ei, rme 0<s<1 mpu €; <z<T;.

K(b —a;)(d; —c;)(f; —e )dqdrds

Torna st mepBoii 30HBI MOITHOCTH BHYTPEHHUX CHJI OyZIeT paBHa

N,,, = ﬁjl(m L -b-(h +D—~/D? -4x? )jqdrds
000

1BH ~—

6x2 )
87, -V, -S Zz(h_ Dj
s Vo~ X2 +

2x2 Y’
D-b(h+ DJ (h+

2x2 Y’
D j

re X=L0; y=br; z=h;s; h, =h+D-~/D? —4x* .

B 6e3pa3MepHOM BUJC OHA 3alIMIICTCA CICAYIOIIUM o6pa30M:

~ ~ g, |[h*-9° +

{915}2[1_6[EAQ]2 T

8V, 15 -h2-hy -l -b +1 g
N, =—2— 01— 2 dgdrds
bt ] - |
i qf ) h
= — q | .r_ L. b~
e gi=1+ A—+ A2 —41% -2 ; 92—[1+ ” ] h=tib=ih =t
J71s1 BTOpOY M TPEThEH 30HBI UMEEM
~ 2
2 2 2
ostfo- 2]
TR Tal || SEUSRY A
. . 2- . . . 111
NZBH:8VO oo ohy ko, b”j J dgdrds
A 000 94
= Ak’ ~ L, ~ L
rae gs=1+ A= A2 —4k® 12 -q%; g1+ | =2 =k
A h h
-~ - L1t glR, —q(R, —0,5h, )
Noyy =21, -Vy -h2 BBy T, -(L-k)od +533g2 +4[ [ | R, ~alR, ~o5h dadsdr
000

s 1-q@-K)]+0sh,

(2.45)

(2.46)

(2.47)

(2.48)

(2.49)

(2.50)
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5(1+A— A2—4k2I~22j
- R,—05d,).~ d
- 2

MoIHOCTH CHII cpe3a Ha FpaHMIe TPeThei 30HbI [211]:

NlcP:4TS'VO.h2‘6‘ i I ~ II[(h +1¥ 1}1rds
A(1+22 J
A : (2.51)
v operg R—osh) dgds
N.., =7V, -h?-h,-b i(l—k)l ! !(53—0,551)1%,551 (2.52)

MOH_IHOCTB TPEHUA Ha ITOBEPXHOCTHU BAJIKOB JJIsA nepBoﬁ 30HBI 3aITMIICTCA B BUJC

~ 2
(21 2
169?| arcsin| —%

Nk = rmVBAﬂhsz-arcsin[Z—llj“. v-hg =+ > —1dqdr
A Jod e e
, (2.53)
~ 2 ~ 2
- 2 200, 2 [ 21
rzae ge=1+2q°A arcsin A || 797 |1+ A= AT — 4 g/ arcsin e :
JInst BTopoii 30HBI OyzieM UMETh
2i )Y
— 16q{arcsin(;B g,
Nock =7 VBAﬂh bA- aI’CSIHLZIk jjj : V'Ho 12 + a1 —1dqdr
A Joo 96 96
(2.54)
Pa3BrBaemasi MOIIIHOCTH TPEHHUS HAa OOKOBBIX CTeHKax kaiuoOpa i [211]:
~ L i~ |1 -4I~qsg §
Nick s = 20Vian -0 LG, [ [ oy, [+ EEPELL —1dqds
0 0 9, A"g; (2.55)
, T T 1 4i;q591-2
Nk oo = 2TVgy - N 'Ikgl_'- _[ Vh 72— —Lldqds
0 0 gZ A g2 (2 56)

MOIIIHOCTh CHII TPCHUA, HCﬁCTBYIOHlHX Ha MOBCPXHOCTH ManHQHOﬁ BOPOHKH, BbIpa3num

CIIEIYIOIIM 00pa3oM:
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2
1 1\/1+o,25{|~(f'8k)J
_ nbo(R. —os5h _ 2 M , 2.57
Nyex = 27,,Voh?nob (R, 0,5h1)£ ! & —osn koo drds (2.57)
N 2 72
ruegsz\/b(“A_’/A 41, )_0’551.
VA

MOIIHOCTh CHII TPEHHUS B 30HAX, ONpPEeiieMbIX yriom ¢ [211]:

Nacrws = Top *Vaan ‘b -A-h? -[arcsin(z—kJ — arcsin[%ﬂ , (2.58)

MotHOCTh TpeHHsI Ha OOKOBBIX CTEHKaX KanuOpa B TPEThel 30He:

N3CK60K = ZTTP 'VBA/I (i; —E) hzj-(]j' A_\/A2 _4(@ - IT< )5 + I; )2 de. (2-59)

0

MOoMHOCTh TPEHUS Ha KATMOPYIOIIEM TOSICKE:

Nyox =4k -h?-V, -b-h -7,/ h, (2.60)

I
rae |, = F” — Oe3pa3MepHas BeIMUMHA KaTHOPYIOLIEro Moscka MaTpPHIIbL.

IToaBoavMMasi BaIKaMyd MOITHOCTD.
2
Npr =T Ve -h ANy, (2.61)

Koadduument MomHocTH mociie npeodpa3oBaHmiA:

- o 20 carcsir 20 | [ LT T ()

n.= (b —0,5A arc:sm[fl +arcsi Tz +K h, -1, + hp L+ (A+D{L +1, ) . (2.62)
Pemenue 3anaun B nporpaMmMHoM nakete MathCAD c¢ ucnonb30BaHHEM METO/A T'PaIUEHTHOTO

crycka u pazpaboranHoro anroput™a (puc. 2.20) [18] ast moucka BappbUpyeMbIX apaMeTpoB K u v

MO3BOJIUJIO MOJIYYUTh MAaCCHUB JIaHHBIX MPH Pa3IMUHbIX COUETaHUSIX Oe3pa3MEpHBIX MapaMeTpoB,

rpaduyeckoe mpeacTaBlieHHe KOTOPBIX PUBEICHO Ha puc. 2.21-2.23 [211].

AmnajnoruyHele JeHCTBUSA MMPOBEJIN AJId OIIPEACIICHUS CUJIBI U KPYTALICTO MOMCHTA ITPOKATKH,

KOTOPBIH, 3Has BelurHy N, MOKHO onpenenuTs 1o Gpopmyste [219]
Ball

Miyan = 0,574-0y-h® A%nyy. (2.63)
Jns pacdera cpemHero mo ouary aedopmanuu KodhduIeHTa HaMpsSHKEHHOTO COCTOSTHUS
ucnonp3oBain ciaeayroimyo Gopmyay [1, 18] (Ns1, Nsz — KOADDHUIMEHTH HANPSHKEHHOTO COCTOSIHUS
COOTBETCTBEHHO JIJISl BEPXHETO M HUKHETO BAJIKOB):
Ny -F+ns,-F,

n. =
“ F +F, ’

(2.64)
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Bxon

y

_~

Beog L,k v

Nllzf( I2 ny ki! Vi)

A A A

\4

N’Z:f( |2 . ki’ Vj+AV) Vii=Vij +Av

HCT

IN'2|>N]

\ 4

N’sz( |2 kitAK, V]) ki:=ki+Ak

A

IN'2|>Ns]

\ 4

~ _~ -~ ~

N'>=f( Iz ntA |2 , Ki, vi) L ni= L n+al,

IN2>[N"|

[leuats |9 ny Ki, Vi

Pucynok 2.20 — Anroput™ peuieHus BapualliOHHON 3aJJauid METOJIOM I'paJId€HTHOTO

CIycKa
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G ~1 | | b=
\. b =20
4 | b=16
10 20 30 w0 A
a
6 oy ?
| h -
5 \\ - 0'4
— l],:O]
4 hy=1.0
1=V
10 20 30 a A
o

. .‘\\ ;’°=1'1
e =N ~
\\ ho=1.6
5 —— ———
ho =21
4
10 20 30 40 A
6
I,

P || W08

" T W -09

4 ¥ =10
40 A

Pucynok 2.21 — I'paduxu u3MeHEeHuUs BeIMUUHbI |, OT 6e3pa3MepHBIX MapaMeTpoB ouara aedopme



82

10 20 30 20 A
a
n 5
& pa=ti
2 /""" I’;o=1,6
pum— ~
e ho =21
1 :
10 20 30 40 A
6
-

nO'
,/

o)

Pucynok 2.22 — I'paduku nsmenenus Benuuunbl g 0T Ge3pasMepHBIX TapaMeTpoB

odara jaepopMariu
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BaN
2,0
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. \\&\
%\ .
1[0 222,4
b =20
0,5 b=16
10 20 30 40 A
a
n
Ban
2,0
\ S — ~
1,5 \ \~ h0:2’1
1,0 _X\‘ h0:1,6
. \ ;10 :1'1
10 20 30 40 A
9]
n
Ban
2,0
1,5 'k‘
§ s
1,0 \\\‘\ hu:2,9
05 \\' h_M =2'O
' =1,1
10 20 30 40 A h“

8

Pucynok 2.23. I'paduku u3meHeHus BelimauHbBl 1 0T Oe3pa3sMepHBIX MMapaMeTpoB
Ball

ouara aedpopmMariu

KoHTakTHOE JaBleHne MpH MPOKAaTKE PaCCYUTHIBAIOT 10 hopmyte [217]
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p=115- n .o . (2.65)

Tor;[a CHUJTY IPOKATKH MOXKHO OIIPCACIIUTD IO BBIPAKCHUTIO
P =p-F, 2.66
=P (2.66)

rae F — miomnaas KOHTakTa MeTajlia ¢ BaJIkaMu.

AHnanmusupys puc. 2.21-2.23, MOXXHO CeaTh BBIBOJIBI O BIUSHUHM O€3pa3MEpHBIX MapaMeTPOB
Ha BEJIMYWHBI, ONPEACISAIONINE pa3Mephl odara ae(opManui U 3HEProCUIOBbIC TTapaMeTphl Ipoiiecca
COBMEIIIEHHOW MPOKATKHU-TIPECCOBAHUSI 3arOTOBKM KPYTJIOrO TIOMEPEYHOTO CEYCHHS B 3aKPBITHIX

SMIMYHBIX KanuOpax [18]:

— C YBCIMYCHHUEM IIPHUBCACHHOI'O AJHAaME€Tpa BaJIKOB A BenmumuuHa |2 YMEHBIIACTCSA BO BCEM

Juaria3oHe N3MCHCHH A 663p3.3M€pHHX napaMeTpoB, IIPU 3TOM 3a CUYCT YBCIMUYCHUA KOHTAKTA METAJlJIa
C BaJIKAMH W AaKTHBHBIX CHJI TPCHUSA HWHTCHCHBHO PAaCTCT IIOABOJMMAsA BaJlKaMU MOIIHOCTD,

HeoOXoauMasi 1Ji SKCTPYAUPOBAHUS METAJLIA;

— yBEJIMYEHHE MPUBEACHHON IIUPUHBI KalnOpa b Bemer k POCTY BEIUYMHBI |2 , TaK KaK IIpY 3TOM

3HAYUTEILHO MOBBIIIAETCS 00BEM z[e(bopMpreMoro MCTaJllia U, COOTBCTCTBCHHO, 3aTpaTbl MOIIHOCTHU

BHYTPEHHUX CHIL;

— POCT IIPUBEIECHHOI'O IHAMETPa 3arOTOBKHU hO IIPU CPEHUX 3HAYEHMSIX Oe3pa3MepHBIX MapaMeTpOB

~

nponecca BCACT K CHHXCHUIO BCIWMYHHBI |2 3a CYCT YBCIWYCHHA o0KaTus IIpu IPOKATKEC H
HOHBCHCHHOﬁ BaJIKaMH1 MOIIIHOCTH;

—  YBCJIHMUYCHUC MPUBCIACHHOI'O JUAMETpaA NPCCC-U3ACITNA hl , IPUBOJUT K HCO6XO)II/IMOCTI/I CHHIXXCHHUA

~

|2 , TaK KaK BBITS2KKaA IIPU MIPECCOBAHUU IIPU 3TOM CHHIKACTCS,

— BJMAHUC TIIOKA3aTCjid TPCHHUA HA KOHTAKTEC MCTallla C HWHCTPYMCHTOM COOTBETCTBYCT

06IH€HpI/IH$[TI>IM NpeaACTaBJICHHUAM, TO €CTh YEM W/ 60J'II)IHG, TeM OOJIbIIIE AKTUBHBIC CHIIBI TPECHUA U
BCINMYHHA |2 CTaHOBUTCA MCHBIIIC,

— Ha 0e3pa3MmepHbli KOADOUIIMEHT HANPSIKEHHOTO COCTOSHUSI Ny OKa3bIBAIOT CYIIECTBEHHOE
BIIMSIHUE TaKHe MapaMeTpbl, KaK MPUBEICHHBIN TUaMETp BAJIKOB, MPUBEACHHBIA AHUAMETP UCXOTHOM
3aroTOBKH, BBICOTa MAaTPHIIBI U, TaKXKe, IPUBEACHHAS IIUPHUHA KamuOpa. YBeIWYeHHe MPUBEICHHOTO
JIraMeTpa MPUBOIAUT K POCTY paccMaTpUBaeMOTo KO3 (HUIIMEHTa, YTO BIEYET 32 COOOU IMOBBIIMICHUE
CUJIBI TIPOKATKU. B TO ’xe Bpems, yBenuWdeHHE Mpounx Oe3pa3MepHBIX MapaMeTPOB BBI3BIBAET €TI0
CHUYKEHUE.

— Ha K03 PHUIMEHT MOIIHOCTH NBaJl BIUSIOT: MPUBEACHHBIN JUAMETP BaJIKOB, NMPU POCTE KOTOPOTO

Ha6J'IIOIlaeTC${ CHMXXCHHUC NBaJl; IMPUBCACHHAA IIHPHUHA Kam/I6pa; HpHBCI{CHHBIfI AUaMETp 3aroTOBKU;
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NPUBE/ICHHBIM TUaMeTp TOTOBOTO M3JeNus. YBEIMUCHHE MOCIEIHUX TPEX IMapamMeTpoB MPOBOLUPYET
YBEIIMYEHUE NBaJ, YTO, COOTBETCTBEHHO, MPUBOJIUT K POCTY KPYTAIIETO MOMEHTA, BOSHHKAIOIIETO B
IpoLecce MPOKATKH.

Takoil BUJ 3aBUCHUMOCTEH TIOJHOCTBIO COIJIACyeTCsl C pe3ysbTaTaMH  MPeblAyIIuX
TEOPETUYECKUX M3BICKAHHUH IMpoIecca MPOKATKU-TIPECCOBAHUS KBAJAPATHBIX 3arOTOBOK B KOPOOOYHBIX
KanuOpax, YToO MOATBEPIKIACTCS JaHHBIMU 3KCTIEpUMeHToB [213].

Ha ocHOBaHMM MaTeMaTH4eCKOTO MOICTMPOBAHUS PEAIATalOTCs CISAYIOIINE PEKOMEH AN
— 0Oe3pa3MepHbIe MapaMeTphl 3arOTOBKU U KaaTMOpPOB HEOOXOIMMO MOAOUPATH C IENBI0 YBEIHUCHUS
oOxatusi mpu npokatke (He meHee 50%), MOCKONBKY TOJIBKO NPU 3TOM YyHAETCS YMEHBIIUTH
paccTosHUE MEXY MIOCKOCTHI0 MAaTPHILIBI M 00ILEH OChIO BAJIKOB.

— BBITSDKKY IIPH MIPECCOBAHUU HEOOXOAUMO, IO BO3MOXHOCTH, MUHUMHU3HUPOBATh, TAK KaK €€ POCT, a
3HAYUT YBEJIMYCHHE MPUBEICHHOTO JHaMeTpa Ipecc-u3/eius, MOXKET IPUBECTH K OCTAaHOBKE
nporiecca MPOKATKU-MIPECCOBAHUS HM3-32 YBEIMYEHUS HEOOXOIMMOM MOITHOCTH JUIs TPOJIABIMBAHUS
MeTaJlia uepe3 Kaauopyroliee OTBEPCTHE MATPHIIBL.

— Tpu HEOONBIIMX 3HAYEHUSX KATAIOUIETO JHAMETPa BaJIKOB MAaTPUIy HEOOXOIMMO MaKCHMAaJIbHO
YIAIATh OT TUIOCKOCTH, MPOXOSIIEH 0OIyI0 OCh BAJIKOB.

— CleIyeT YYWTHIBATh BIIMSHUE TMPHUBEACHHOTO AMAaMETpa BAJKOB HAa SHEPIOCHIIOBBIE IMapaMeTphl
mpolecca, TaKk Kak ero yBelWYeHHe BeIeT K YMEHBUICHHIO Kod(@HIMEeHTa MOIIHOCTH U POCTY
Kod(duUIIMeHTa HANPSHKEHHOTO COCTOSIHUSA, YTO MOKET MPUBECTH K MPEBHIINICHUIO 3HAYEHUH STHX
napaMeTpoB HaJ TOMYCTUMBIMHA BETUYMHAMU CHJIBI 1 MOMEHTA MPOKATKHU.

— Ipu BBHIOOpPE MapamMeTpoB MpHU INPOKATKE-IPECCOBAHUM HEOOXOAMMO OOECleYuTh Ha KOHTAKTE
MeTaJlla ¢ BaJIKAMHU YCIIOBHSI MAKCHMAaJIbHOTO TPEHUS, TaK KaK MPU 3TOM JIOCTUTAIOTCS HEOOXOIMMbIE
CHJIBI aKTUBHOTO TPEHHs, TIO3BOJISIFOIIME TapaHTHPOBAHHO OCYIIECTBHTH JAedopMaIiio MeTamuia 6e3
OCTaHOBKH ITpoliecca 1 00eCceunTh MUHUMAJIbHBIE SHEPro3aTparhl Ha ee peaan3aluo.

Ha ocHoBaHumM perieHus BapUalMOHHOW NpoOJeMbl M IOCIEAYIOIIEro KOMIIbIOTEPHOIO
MOJICIIMPOBAHMs, OBUTM  yCTAHOBJIEHBI KIIOYEBBIE MPHUHIOWIBI JIedopMaluyd MeTalla Tpu
KOMOWHUPOBAHHOM TIPOIIECCE MPOKATKA W MPECCOBAHUSI KPYTJIOW 3arOTOBKM B 3aMKHYTHIX KaluOpax
AMUYHOTO TUMa. [loydeHbl aHATUTUYECKUE BBIPAKEHUS IS ONIPEAETICHUS ONTUMAIFHOTO CMEIEHUs
MaTpHIbl OTHOCUTENILHO LEHTPAIBHOM OCH BaJIKOB, NMapaMeTPOB HAINPSHDKEHHOT'O COCTOSIHUSA, a TaKKe
MoTpeOIsIeMOi MOIIIHOCTH TP YCIIOBUM MUHUMM3AIIUHU dHEpro3arpaT Ha nedopmarnuro [18].

B wactHOoCTH, pa3paboTaHbl MaTeMaTHYEeCKHE MOJIENH, TO3BOJISIFOIINE TPOTHO3HPOBATH
pacripesielieHie HanpspKeHUH W nedopMmanuii B Marepuale, 4To HEoOXOIUMO JUIsl ONTHMH3AIHA
TEXHOJIOTUYECKUX MapaMeTpoB IIpolecca. YCTaHOBJIEHO, YTO CMEIIEHHWE MAaTpPUIbl OKa3bIBaeT

CYIICCTBCHHOC BJIMAHUC Ha BCIIMYUHY JIC(I)OpMI/IpyIOIJ_ICFO ycnisa U OJHOPOAHOCTH ,Z[C(I)OpMaLII/II/I.
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[TpennoxenHsie (GOopMynbl I pacueTa MOIIHOCTH TIO3BOJSIOT OIEHUTH SHEProdd(eKTHBHOCTH

mnmponecca u BBI6paTb OINTUMAJIBHBIC PCIKHUMBI ITPOKATKU-IIPECCCOBAHUS.

2.4. BeIBoaBI IO IJIaBE

B pe3ynbrare npoBeAEHHBIX UCCIIEI0BAaHUH MTOTYUYEHbI CIEIYIOINE OCHOBHBIE PE3YJIbTAThI:

1. Pazpaborana meroamka pacdera kodddumumenta peanuzyemoctu mnpomecca CIIIT ¢
OJIHUM M JBYMsI IPUBOJHBIMU Bankamu Juist ciutaBa 01417 npu pa3auyHbIX CTENEHAX OTHOCHUTENbHON
Jnegopmaluy Npy NpokaTke U Ko3(UIMEHTaX BBITSKKHU IIPH IPECCOBAHUU.

2. YcTaHOBIIEHBI 3aKOOMEPHOCTH M3MEHEHUS TeMIIepaTypbl MeTaljla U MHCTPYMEHTa IpU
npokarke-npeccoBanuu criaBa 01417, omnpeneneHbl 00bEMHBIC M IOBEPXHOCTHBIE HCTOYHUKH TETLIIA
U W3MEHEHHE TeMIepaTypsl AeGOopMHUPYEeMOro MeTalla M TeMIIepaTyphl BAJIKOB Ha KOHTAKTE IPH
IPOXOXKJICHUN KaXJI0M 30HBI 04ara fedopmanuu 6e3 yuera u ¢ yueToM OXJIaX/IeHUSI MHCTPYMEHTA.

3. Pa3pa0oTaHbl TeopeTHUECKHE OCHOBBI MTPOLIECCa COBMEILICHHON MTPOKATKU-TIPECCOBAHMS
3arOTOBKM NPSMOYTOJILHOTO TIONEPEYHOTO0 CEYCHHS B 3aKPBITHIX SIIUYHBIX KaauOpax Ipu
MCIOJIb30BaHUU OJIHOTO NPUBOJHOIO BaJIKa, MO3BOJISIIOIIETO 3HAUYUTEIBHO CHU3UTH SHEPrOCHUIIOBBIE
3aTpathl Ha JeGOopMaluIo MeTalla, BKIYAOe METOJUKY OIpe/IeJIeHUs] pealu3yeMOCTH Ipolecca
CIIII, ouenky hopMou3MEHEHUS MeTalla, TEMIEPaTypPHO-CKOPOCTHBIX U YHEPIOCUIIOBBIX NTapaMeTpOB
C IPUMEHEHUEM IOJTyYCHHBIX PACYETHBIX (POPMYIT U pE3yIbTATOB KOMITBIOTEPHOTO MOJICIIUPOBAHUSI.

4. B pabote npennoxkeHa mareMaTudeckas MOJAEIb JJI aHaJIM3a MpoLecca COBMEIIEHHOMN
IPOKAaTKU-TIPECCOBAHMS KPYIJIBIX 3arOTOBOK B 3aKPBITBIX KaJluOpax SIIMYHOIO THIIA, OCHOBaHHAas Ha
OPUMEHEHUH  BapHallMOHHBIX  MeTonoB. Pa3paboTaHHas  MoJenb  TO3BOJSET  BBIUUCIATH
F€OMETPUUECKHE XapaKTEPUCTUKN U SHEPTOCUIIOBBIE MTapaMeTpbl Ipouecca. Mojienb HUHTErpUpyeTcs C
TEXHOJIOTHSIMU HENPEPBIBHOTO JIUThS B 3JEKTPOMArHUTHBIN KPUCTAJUIM3ATOP Ui TNPOU3BOJCTBA

3aroTOBOK U IOCICAYIOHIETO BOJIOYCHHUA ITPOBOJIOKU JJICKTPOTCXHUYCCKOIO HA3HAUCHU .
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3. ACCJIEJJOBAHUE TEXHOJIOT X MOJYYEHHUA U CBOVCTB ITPOBOJIOKH
IJEKTPOTEXHUYECKOI'O HABHAYEHUS U3 CIIVIABOB CUCTEMBI Al-P3M C
NPUMEHEHHUEM COBMEIIEHHBIX METOJ10OB TEPMOJE®OPMAIIMOHHOM
OBPABOTKHA

B nanHOW rnaBe NOpUBENEHBI  PE3YNbTaThl  AKCHEPUMEHTAIBHBIX  HCCIENOBAaHUNA U
MOJICTTMPOBAHUSL  MPOIECCOB  COBMEIICHHONW  00pabOTKM i TMONYYeHHS JJIMHHOMEPHBIX
neGOpMHUPOBAHHBIX 1MOIY(HaOpUKAaTOB B BHJE MPYTKOB U MPOBOJIOKH U3 CILIaBOB cucteMbl Al-P3M.
OC0OCHHOCTBIO JTAaHHOTO pasnena paboThl SBIAETCA TO, YTO IS TIOJYYCHHs] JIMTOW 3aroTOBKH
UCTIOJIB30BAJICS AJIEKTPOMArHUTHBINA KPUCTAJUIM3ATOp, M JaibHeHmas oOpaboTka Takoil 3aroTOBKU
KpPYTJIOTO TMOIEepeyHoro ceueHus mpoBoauiack Ha ycranoBke CIIII mpu mpokarke-mpeccoBaHUU B
3aKPBITOM SIIMYHOM KaauoOpe. TeopeTuueckrne OCHOBBI TaKOTO Mpoliecca ObUIH pa3pabdoTaHbl paHee 1

HpUBeICHBI B I1aBe 2. MaTtepualibl r1aBbl ony0OInKoBaHsl B padbotax [1, 209, 211-213, 221-230].

3.1. HUccaenoBanne peosIOTMYECKHX CBOWCTB, 000pyl0BaHHEe M METOAMKA IPOBeIeHUs!

IKCIICPUMECHTAJBHBIX I/ICCJIEIIOBaHI/Iﬁ

HccnenoBanuss mpoBoawiau s amroMuHueBoro cruaBa 01417  (em. pasmen  1.2.1),
conepkaniero cormacao TY 1-809-1038-2018 B cBoem coctaBe 7-9% P3M [9]. Xumuueckuii cocta

cmuaa 01417 npencrasien B Tada. 3.1.

Tab6muna 3.1 — Xumuueckuii cocras criasa 01417

CoJeprxkaHue 3JeMeHTa, macc. %

Cymma .
Al Ce La Pr Nd (Ce+La+P3M) Fe Si
OcHoBa 4,58 0,22 0,1 <0,1 7-9 0,22 0.10

JlaHHBIE IO PEOJIOTMYECKHM CBOMCTBAM HCCIENYyEeMbIX CIUIaBOB (pHc. 3.1) ObLIM MOJTydYEHBI
METOOM KpYy4eHHus: B JabopaTopuu kadenpbl 0OpabOTKH METAJUIOB JaBJI€HHUEM MHCTHTYTA LIBETHBIX
metamuioB Cubupckoro denepaipbroro yausepcutera [209] na ycranoske CIIIT-200 (puc. 3.2) [18].

Pe3ynbrarel ucnsiTaHuil BHOCHIN B 0a3y gaHHbIX kKomiuiekca DEFORM 3D. Dto no3Bosiuiio
MOJIyYUTh JIaHHBIE 110 CBOMCTBAM HCCIEAYEMBIX CIUIABOB B IIMPOKOM JHANa30HEe IS MOCIEIYIOIIEro

KOMIIBIOTCPHOT'O MOACIIMPOBAHUA.
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Pucynok 3.2 — Cxema yctaHoBku coBMenieHHONH o0padotku CIIIT-200:

1 — neun; 2 — craHuHA; 3 — CTAJIbLHBIC OTIOPHI; 4 — BAJIOK C BBICTYIIOM; 5 — BaJIOK C KOJIBIIEBOM

KaHaBKOMW; 6 — MOAYIIKH; 7 — TOJIIUITHUKYN CKOJIBKEHUS; 8 — HAKMMHBIE BUHTBI, 9 — IITypBaJl-

mectepHs; 10 — Hanpagssoniee yctpoictBo; 11 — matpuna; 12 — noacraska; 13 — rugpaBinnueckuil

umnHap; 14 — mnyrkep; 15 — Hacoc; 16 — ruapopacnpenenurens; 17 — maHometp; 18 — 6ak;

19 — omopa; 20, 21 — Mec03bI; 22 — TEH30CTAHITHS

OCI/I, Ha KOTOPBIX YCTAHOBJICHBI BaJIKW, Pa3MCIICHBI B 6pOH3OBI)IX OAIIMUITHUKAX CKOJIbXKCHUA

(cm. pucynok 3.3, a).
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a 4]
Pucynok 3.3 — OOuuii Bua BaaKoOBOTO (@) U MAaTPUYHOTO (6) y3JI0B YCTAaHOBKH

CIII1-200

KoMmoHoBKka MaTpU4YHOTO y3Jia MCCIEI0BAaTENbCKON MIaTGopMbl BKIIOYAET B ceOsl MaTpHILY,
3JIEMEHT KpeIUIeHUs MaTpulibl (cM. puc. 3.3, 6) u cuctemy GpuKcanuu.

KoHcTpykuust MaTpuyHOro y3ia oOecrieuuBaeT Ha/eKHOE yIep)KaHHE MATPHIBI B 33JaHHOM
M0JIO)KEHUU OTHOCHUTEJILHO JIpYrux KOMIIOHEHTOB AKCIIEPUMEHTAIbHON YCTaHOBKHU.
Marpuuenepxarenb, Kak MpaBUIIO, W3TOTABIMBAETCS U3 MaTepHalioB, OO0JIAJAIOMIMX BBICOKON
MEXaHMYECKON MPOYHOCThIO M TEPMHUECKON CTaOMIBHOCTBHIO, TAKUX KaK HEpiKaBerollas CTaib HIU
AIIOMUHHUEBBIE CIUIABHI.

CripoekTHpoBaHHasi yCTAaHOBKA UMEET TEXHUYECKUE XapaKTePUCTUKH (cM. Tabm. 2.1), koTopsie
o0ecreunsiu MpoBeJCHUE psAJla SKCIEPUMEHTOB 110 U3YUYEHUIO BIUSHUS TEMIEpaTypHO-CKOPOCTHBIX U
ne(GOpMalMOHHBIX TapaMeTPOB Ha CHUIIOBBIE YCIOBUS Mpoliecca.

Metonuka TpoBENEHUS HKCHEPUMEHTANIbHBIX MCCIEIOBAaHMM  BKIIOYAJTa  CIEIYIOIIME
TEXHOJOTMYECKHE MepeIebl:

— JIUThE CIUIABOB B AJIEKTPOMATHUTHBIA KPUCTAJUIN3ATOP U MOITYYEHHUE 3arOTOBOK JUaMeTpoM 12 Mm
[100, 102];

— COBMEIIICHHAs [TPOKaTKa-MPECCOBAHNUE MIPYTKOB AUMETPOM 5 MM U3 MOJIYYEHHON 3arOTOBKH;

— COpTOBas MPOKaTKa U BOJIOYEHHE, JINOO TOIBKO BOJIOYEHHE MPOBOJIOKHU 10 auamerpa 0,5 M.

— OoTXUT TpoBosioku auamerpom 0,5 mm 1o 4 pexumam: 350, 400, 450, 500 °C npu Beimepxkke 1 a
(pexum TO 1, 2, 3 1 4 COOTBETCTBEHHO).

[IpuHnnnraneHas cxeMa yCTaHOBKH IIPEACTABIICHA HA puc. 3.4.
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Pucynok 3.4 — IlpunnunuaneHas cxema authbs B OMK: 1 — neus; 2 — MI'JI-nepememinBarens; 3 —
JO3UPYIOIIHMH JIOTOK ¢ HOCUKOM; 4 — uHaykTOop DMK 5 — opocuTenn; 6 — HEempepbIBHO OTIIMBaeMas
3aroTOBKa

@®opMOBaHHME CIUTKOB, HUMEIOLUIUX JAUaMeTp 12 MM, BBIIOJHSJIOCH B 3JIEKTPOMArHUTHOM
KpucTtajm3aTope. TemmepaTypHbli peXHM paciijiaBa, HanpaBiIsieMOro B  KpUCTaIM3aTop,
KOHTPOJIMPOBAJICA JABYMsI TepMoIlapamMH. OTH TepMonapbl ObUIM YCTAHOBJIEHBI B JIO3UPYIOLIEM
YCTPOMCTBE MU MOrPYXaJIUCh HEMOCPEICTBEHHO B pacIlIaBiIeHHbI MeTawl. O4yucTKa paciuiaBa OT
HEMETaJUIMYECKUX MPUMECEN HE OCYIIECTBIISAIACS.

B muaBunpHOM meunm 1 ocymiecTBisieTcs IUIaBIEHHWE YYILKH, OJHOPOJHOCTH paciuiaBa IO
XUMHYECKOMY COCTaBy U TeMIleparype oOecreuuBaeTcs NyTeM ucnojs3oBaHus MIJI-
nepememuBatenss 2. PacruiaB w3 nnaBuibHOM meud | moctynmaer B JO3UPYIOIIMI JIOTOK 3, TAe
NONJEPKUBACTCS 3a/laHHasi TeMIlepaTypa M YpPOBEHb paciiaBa. Uepe3 HOCHK JIOTKA pacIllaB
MOCTYNAeT B 3JIEKTPOMArHUTHBINA KpHUCTAIN3AaTOp 4, B KOTOPOM OECKOHTAKTHO 3JIEKTPOMATHUTHBIM
nosieM Qopmupyercss reoMeTpus ciutka. OXjaxaaromas *XUAKOCTb U3 OpPOCUTENs 5 MoJaeTcsl Ha
TpaHUIly pa3jena >KUAKOM U TBepAod ¢aszpl, uYTro obecrneyuBaeT OTBOJ Temja, Ipolecc
KpUCTaIU3auu 1 ¢opmupoBaHue ciautka 6. CAMTOK 6 C MOMOIIBIO BBITSHDKHOTO MeXaHH3Ma
HENPEPBIBHO OTBOJUTCS M3 30HBI KPUCTAJIM3AllMU, O0eCcrieunBas HEMPEPhIBHOCTh MpOIiecca JIUThs, U
CMaTbIBaeTCs B OYXTY.

CopToByI0 MTpOKAaTKy MpoBOaWiM Ha mnpokatHoM craHe AF 200+180R (puc. 3.5, a), a
BOJIOUEHHE Ha LEMHOM cTaHe. TeXxHHYecKre XapaKTepPUCTUKU 3TOT0 00OPYAOBaHUS MpEACTaBIEHBI B
Tabi. 3.2.

B okcnepumenTansHbIX HccnenoBaHusAsx Ha ycraHoBke CIIIT-200 wm3mepeHHne CHIIOBBIX
XapaKTEPUCTHK OCYIIECTBIUIOCH C MCIIOJIB30BAaHHEM TEH30METPUYECKOro 00opynoBaHus. [laHHBIH
KOMIUIEKC BKJIIOYaln B ceds natuuku cuibl mogeneit CWW-50 u CWW-100, paccuuTtaHHble Ha
npeaenbHylo Harpy3ky coxarus B 500 kH u 1 MH cooTtBercTBeHHO (coryacHO crienudukamusm

MPOU3BOIUTEIS).
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Tabmuua 3.2 — TexHn4eckne XapakTepUCTUKUA 000PYIOBaHUS

XapaKkTepuCcTUKU 3HaYCHUS XapaKTEPUCTHK
Coprosoii cran AF 200+180R L{enHO¥ BOJIOYMIIBHBIN CTaH

JlnHa GOYKM BaJIKOB, MM 200+180 -
JuameTp BaiKoB, MM 130 -
CxopocTb, M/MUH 12,5-26 10,2
Jonyctumas cuia, kH 640 50
MaxkcuManbHBIIT MOMEHT 13,6 -
npokaTku, KHM
MaxkcuMmanbHasi MOIIHOCTD 7,5 25
ANEeKTpoABUraresd, KBt

Jlist peructpaiiii 1 00pabOTKH CUTHAJIOB OT T€H30/1aTYUKOB IIPUMEHSIACh TEH30METpHUYeCKast
cranmus ZET 017-T8 mpousBoacTBa kommanuu ZetLab.

Omnpenenenne MEXaHUYECKUX CBOMCTB MpoBoAMiIN Ha MammHax Walter+Bai AG LFM 400 kN
(puc. 3.5, 6) miIst IUTHIX 3aTOTOBOK M MPECCOBAHHBIX MPYTKOB, 1 LFM 20 kN ycunuem 20 xH (s

npoBoJokH). Texuudeckas xapakrepuctuka Mamuusl LFM 400 KN npuBenena B tadi. 3.3.

Pucynok 3.5 — O6muit Bug copronpokarHoro crana AF 200+180R (a) u yHuBepcanbHOI MaIInHbBI
LFM 400 kN (0)

Tabnuna 3.3 — XapakTeprCTHKH YHUBEpCaIbHOU pa3pbiBHOI MamHbel LFM 400 KN

XapakTepucTuka 3HadeHne
MakcumanbHoe crat. ycusnue, KH 400
MakcuManbHasi CKOPOCTh, MM/MHH 500
Xo TpaBepchl , MM 1000
MakcumanbHOE pacCTOSIHUE MEXKIY 3aXBaTaMU, MM 800
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Mertamiorpadguueckuii aHaTU3 MHKPOCTPYKTYpPBI HNPOBOAWICS C HMPUMEHEHHEM ONTHYECKUX
mukpockornoB Olympus GX51 u Axio Observer.Alm, a Takxe CKaHHPYIOUIETO 3JEKTPOHHOTO
Mukpockona EVO 50, 1onoJIHEHHOTO 3HEProgucepCuOHHBIM criekTpoMeTpoM Inca Energy 350 miist
aHayM3a 3JIeMeHTOB. M3MepeHue yJaenbHOro 31eKTPUYECKOTr0 COMPOTUBIICHUS (P) OCYIIECTBISIOCH Ha

o0pasiax craHJapTU3UPOBAHHON IJUHBI B 1 METp C UCTOIB30BaHUEM OMMETpa «BUTOKY.

3.2. MoaeaupoBaHue NpoLecca COBMEIIeHHOH NMPOKATKU-TIPECCOBAHUSA

[ToaroroBka 3D-mozeneil HHCTPYMEHTAIBHON OCHACTKHU Il MojienupoBanus nponecca CIIIT
ocymiecTBIsIach ¢ npumeHerreM cuctembl SolidWorks ms ycranoBku CIITI-200 (cMm. ta6i. 2.1). Ha
MIEPBOM dTare OBLIM MOCTPOCHBI ACKU3BI MOMEPEYHOI0 CEUCHHS BAJIKOBOTO MHCTPpyMEHTa (pHcC. 3.6).
Hanpneiimee hopmupoBanue 3D-mozeneit ObLIO OCYIIECTBIEHO MYTEM MOBOPOTA ICKU3a BOKPYT OCH
BpalllcHHs Bajka. MojenrupoBanre MaTpuIlbl (puc. 3.7) OCyIIECTBISIIOCH ITYTEM CO3JIaHMsI 3aMKHYTBIX
ACKW30B ¥ BBITATHBAHHS UX B HAMPABICHUH NEPIICHINKYISIPHOM TUIOCKOCTH dCKM3a. Ha ciemyromem
sramne B Komruiekce SolidWorks Oputa mpoBenieHa cOopka 3JIEMEHTOB HHCTPYMEHTAIBHOW OCHACTKH U
3aroTOBKH. [Ipu 3TOM LEHTpaIbHBIMU AJIEMEHTAMHU SIBIISUTHCH 3arOTOBKa W MaTpHUIla, KOTOpPbIC ObLTH
CTPOT0 OPUEHTHPOBAHBI BJIOJIb OJIHOM M3 OCHOBHBIX Ocell mpoctpancTBa. Ha puc. 3.6, a npejicrasieHa

Moienh neopmupyromero y3na ycranoku CIITT-200.
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Pucynok 3.6 — Moaenu BankoB yctanoBku CIII1-200: a — ¢ kaHaBKOM; 6 — C BBICTYIIOM
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a o
Pucynok 3.7 — Moaenu nedopmupyroiero y3ina ycranoBku CIITT-200 (a) u matputisl (6):

1 —3arotoBka; 2 —BaJIOK C KaHaBKOH; 3 — BaJIOK C BBICTYIIOM; 4 — MaTpuIia

B kauecTBe nmapaMeTpoB AJs MOJECIMPOBAHUS IPOLIECCA COBMELLICHHOMN MPOKATKH MPECCOBAHMS
IPYTKOB M3 3arOTOBKH KPYIJIOTO MONEPEYHOIO0 CEUeHHs HMPUHATHI cienyroumue. JluaMeTp 3aroToBKU
cocraBisier 12 mm. Yacrora BpameHus BankoB paBHa 4 m 8 o0/mMuH. Temmeparypa 3aroTOBKH
nocturaer 550 °C, B To Bpems kak Temmeparypa uHcTpymeHnta cocrtaBiser 200 °C. Crenenn
negopmanuu npu npokatke coctabisieT 50 %. Juamerp kanubpyromero oTBepcTuss MaTpUIbl paBeH S
MM, a JUIMHA paboyero Mosicka MaTpUIbl — 3 MM.

MogenupoBaHue Mporecca MPOBOIIIOCH CO CICAYIONMMH YCIOBHSAMH W JIOMYIICHUSMHU:
KonndecTBO KOHEYHBIX JJIEMEHTOB, Ha KOTOphIE pa30buTa 3arotoBka, cocraBiser 20 000 mryk.
[Tokazarens TpeHus mo 3uOeNto I BaJKOB M KaTUOPYIOIIETo MOscKa MaTpullkl paBeH y; = 0,9.
Marepuan BanKkOB M MaTPUIBI OTHOCUTCS K IKeCTKOIIacTHuecKuM. OXIaKIeHHe BaJIKOB He
IPelyCMOTPEHO. 3aroTOBKa BIMOJIHEHA U3 U30TPOIHOIO MaTepuaia, a mokasareib TpeHus 1o 3ubeito
IIPH MTePEMEIIEHUN METaJUIA 10 3epKaTy MaTPHIIBI COCTaBISAET iy, = 0,3.

Pesynbratel MmogenupoBanus (POpMOM3MEHEHHS METalljla U paclpepeNieHUs] TeMIepaTypsl Ipu
pa3HOl YacTOTe BpallleH!Us BAJIKOB Mpe/cTaBieHbl Ha puc. 3.8-3.9.

Hedopmarust Kpyriol 3aroToBKM B TPOLECCE MPOKATKH XapaKTEPHU3YeTCs OTIUYHSIMHU 10
CpPaBHEHHUIO C 3arOTOBKAMM KBaJIpaTHOTO ceueHus (cM. puc. 3.8). Ha mepBom miare, oToOpakeHHOM Ha
puc. 3.8, a, 3arOTOBKA 3aXBaThIBAETCS BaJKaMM, IPH 3TOM KOHTAaKT He fABIsAeTCS MONHbIM. [lanee
INPOMCXOIUT OOXKaTHe: HWKHSAS 4acTh 00pabaThIBaeTCs KaHABKOM Ha BaJIKe, a BEPXHSS - BBICTYIIOM.
Hoiiast 10 MaTpHIlbl, 3ar0TOBKA MPECCYETCs, 3anoHss Kanuop (puc. 3.8, 0), U 3aTeM dKCTPYyAUPYETCS,
npuHuMas popmy npytka (puc. 3.8, B).

Koadduuuent odxarus mo BBICOTE, UCHOIb3YEMbI B JJaHHOM TEXHOJOIMYECKOM Ipoliecce,
nocturaetr 44%. CTOMT OTMETHTh NPOCKAJIb3bIBAHUE BAJKOB, a TaKXe IOCTENEHHOE OCThIBAHUE

3aroTOBKHM B 30HE jAedopmanuu. ITO MOXKET MPUBECTH K OCTAHOBKE IpOllecca, MOCKOJbKY YCUIIHE,
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HeoOxoaumoe s 00paboTkH, ymeHblnaeTcs. [IpuumHa - CHMDKEHHE IUIOMIAIM COMPUKOCHOBEHUS
3arOTOBKH M BAJIKOB B YIJIOBBIX YacTsAX Kanuopa (puc. 3.8, r), uTo cHMXaeT 3PEeKTUBHOCTH Mepe1adn
nepopmupyromiero  ycunus. Ilpomecc HeoOXOAMMO KOHTPOJIMPOBaTh Ui MPEAOTBpAIECHUS

HCXKCIATCIIBHBIX OCTaHOBOK.

8 2

Pucynok 3.8 — ®opMon3MeHeHne MeTalia U pacpeesieHle TeMIepaTypbl pu 00paboTKe 3aroTOBKU
u3 craa 01417 mpu yacToTe BpaleHUs: BAIKOB ® = 4 00/MHH: @ — CTaius TPOKATKH; O — CTaIHS

pacIpeccoBKH; 6 — CTAHS IPECCOBAHUS; ¢ — HA YCTAHOBHBILEHCS cTaanu AeopMaIiii MeTajuia

Ha nHauanpbHOM »3Tame TEXHOJOTMYECKOTO MpoIlecca MPOUCXOAWT CHIKEHHUE TeMIepaTyphl
3arotoBku ¢ 550 mo 450 °C. Bo Bpemsi mpeccoBaHUsS TeMIlepaTypa CHadajla OITyCKaeTcs 0
330-340 °C, 3arem mamaet no 240-280 °C; mpu CKOpOCTH BpaIlleHUS BaJIKOB 4 00/MHH 3TO MOMKET
BBI3BaTh OCTAHOBKY IIpoliecca. YBEIMYEHHE CKOPOCTH BpamieHus a0 8 o0/mMuH (cMm. puc. 3.9)
CIOCOOCTBYET YMEHBIIICHHIO TEIJIOBBIX MOTePh. B IUIOCKOCTH MHHHMMAIBHOTO CEUYEHHs KaluOpa
cpennsisi Temmeparypa 3arotoBku coctaBisier 500 °C (puc. 3.9 a, 6), B TO BpeMs Kak B 30HE
MIPECCOBAHMs, Ha 3TAlle BBIJABIMBAHMS, TEMIIepaTypa Kojeonercs B auanazone 410-445 °C (puc. 3.9,
B). 3areM HJET YCTOWYHMBBIA pEXHM, MPU KOTOPOM TeMIlepaTypa MeTajsla B 30HE MPEeCCOBAHUS
cHmkaercs a0 320 °C, a reMmneparypa ToToBoro mpecc-usaenus nossimaetcst 10 375 °C (puc. 3.9, 1).

Beimonmaennsie pacuétel o gopmynam (2.10, 2.11) mokazanm, 9TO NMPU OJWHAKOBBIX rabapuTax
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KanuOpa M OIMHAKOBOHM BBITSDKKE B Ipoliecce mpeccoBaHus (Tadum. 3.4) ycuime mpu SKCIUTyaTaluu
ycraHoBku CIIII-400 mnpesbimaer coorBercTBytouiee 3HaueHue y ycraHoBku CIIII-200. Takoe
paznuune 00yCIOBIEHO OONBIINM AMAMETPOM BAJKOB, YTO MPUBOIUT K OOJee JUTUTEIFHOMY KOHTAKTY
BAJIKOB C 00Opa0aTbIBa€MbIM MaTepHalOM. BbIABIEHO, 4TO IpU 0OpabOTKE KpYIJIOH 3aroTOBKU Ha
ycranoBkax CIIII mnpwxumHOro ycwids HemoctarodHo (cM. Tabm. 2.1) s obecrniedeHus
HAQ/UIeKALIETO IO/DKMMA MAaTPUIIBI, 4YTO JEelaeT MpPOIeCC HEBO3MOXKHBIM IpHU 0oJjiee HHU3KHX

Temreparypax. B cBS3U ¢ 3TUM peKOMEHAYeTCS NPUMEHSITh TeMIepaTypy 3arotoBku 1,=550 °C.

6 2

Pucynok 3.9 — ®opmousMeHeHHe MeTajila M paciipeielieHue TeMiepaTypbl pu 00paboTKe 3ar0TOBKU
u3 crasa 01417 mpu yacToTe BpalleHUs! BAIKOB ® = 8 00/MUH: @ — CTaius MPOKATKH; O — CTAIHS

pacrpeccoBKH; 6 — CTAHS TPECCOBAHMUS; ¢ — HA YCTAHOBHUBILEHCS cTaanu AeopMaIiy MeTajuia

Ha ¢urype 3.10 mpencraBieHsl CUIOBBIE XapaKTEPUCTUKU TEXHOJIOTMYECKOIo Ipolecca st
obopynosanus tuna CIIII-200 (kanuOp 7x15 MM) u U1t TPOU3BOACTBEHHON Cpe/ibl Ha 000PYIOBaHUHU
CIIIT-400 (kamuOp 10x21 mMm). CormacHo uccnenoBanusm, it CITI1-400 onTuMalibHBIE TapaMeTphI,
Takue Kak TeMmrieparypa 3arotoBku I, = 550 °C u ckopocth aepopmanmu & = 0,5 ¢t TapaHTUPYIOT
palMoOHABHYIO CHJIOBYIO Harpy3ky Ha IpOU3BOJCTBEHHoe oOopynoBanue. [lombop MaHHBIX
MapaMeTpoB IO3BOJIAET OOECreYuTh CTaOMIBHOCTH Mpollecca M MUHUMH3UPOBATh PHCK ITOJIOMOK,

CBA3aHHBIX C MPEBLINICHUEM JOITYCTUMBIX HAI'Py30K.
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Tabmuua 3.4 — 3HayeHus CUIIOBBIX mapameTpoB i yctaHoBOK CIIIT mpu oaMHAKOBBIX pazMepax

Kamuopa B MUHUMAIIEHOM CeYeHHUH 7% 15 MM

T,=480°C T, =550 °C
[TapameTpsi
n=06,5 u=127 | u=153 | u=6,5 | un=12,7 | p=153
VYcranoska CIIIT-200
=05 1 P, xH 515 543 572 279 297 314
= , C
P, xH 182 289 362 99 158 199
_ 1 P, xH 599 631 673 334 355 382
= , C
P, xH 212 336 426 118 189 241
Ycranoska CIIIT-400
=05 1 P, xH 732 773 814 397 422 447
=0,5¢c
P, xH 182 289 362 99 158 199
. 1 P, xH 852 898 958 476 505 543
=1,5¢
P, xH 212 336 426 118 189 241
PB’ kH PM’ xkH
1600 1 1600 1
CIIII-400
1280 4 1280 1 CIII1-400
960 + OTTi-200 960 1
640 4 - ——— - — ) 640 CIIII-200
320 o 320 o -_‘ﬂ_;-"—y
4 8 12 16 20 24 28 B 4 8 12 16 20 24 28 n
a o
PB’ K PM, kH
900 1 900 =
CIIII-400
720 o 720 1
CIIII-400
540 1 CIII-200 540 1
360 1 o= - == = = 360 Ho = CIIII-200
180 1 180 | ==
0 T T T T T L] L 0 T T T T T T ]
4 8 12 16 20 24 28 n 4 8 12 16 20 24 28 p
8 e

Pucynok 3.10 — I'padukn n3menenus cuioBbix napametpos nporecca CIIIT ans ycranoBok CIITI-200
u CIII1-400 npu pa3nuyHbIX pa3mepax Kanuopos: a, 6 — T, = 480 °C; 6, 2 — T, = 550 °C;
——£=05¢" e E=1,5c¢"
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Jns pacdera sHeprocuioBbix mnapamerpoB mporecca CIIIT Obu1 mpousBeneH pacdeT IO
¢dopmynaM, MOITYYEHHBIM B PE3yJIbTaTe MAaTEMAaTUYECKOTO MOACIMPOBAHMS COBMEIICHHON MPOKATKU-
MIPECCOBAHUS KPYTJION 3aroToBKW W3 anmomMuHueBoro criaBa 01417 cuctemsr Al-P3M B 3akphITBIX
AMUYHBIX KanuOpax. OmnpesenieHbl 'eéOMETPUUYECKUE M SHEPrOCHIIOBBIE IMapaMeTphl Impoliecca Uit
ycraHoBok CIII1-200 u CIIII-400 B comocTaBieHUU C HKCHEPUMEHTAIBHBIMH JaHHBIMH TaKOTO
nporiecca MpH TOJYYEHHH NPYTKOB M3 3TOro ciuiaBa guamerpoM 9 mm [215]. PacuetHbie u

HKCIIEPUMEHTAIbHBIE 3HAYCHUS ITUX MTaPaMETPOB MPUBEIEHBI B Ta0IMI. 3.5.

Ta6J'II/II_[a 3.5 — PacueTHBIC H OKCIICPUMCHTAJIBHBIC 3HAUCHHUA I'COMCTPHYCCKHUX U SHEPrOCHUIIOBBIX

napameTpoB npoiecca CIIITIT

3HaueHus mapaMeTpoB

pacueTHbIC IKCIICPUMCHTAIIbHBIC
]; Ne | Naan Lo, Py, My, Lo, 3, Py, | 6, | M, 3,
MM kH kH m MM % kH % kH m %
CIII1-200
47 1 15 | 13 32,9 317 7,5 35,0 6,0 350 | 94 7,0 7,1
CIIII-400
49 | 17 1.0 49,0 764 335 | 54,0 9,2 740 | 3,2 | 30,6 9,5

HOFpeHIHOCTB PACUCTHBIX JAHHBIX ONPEACIIAIN 110 BRIPAKCHUIO

3 -3
a:%-lOO%,

)

rie 3,1 3,— COOTBETCTBEHHO PACYETHOE M DKCIIEPUMEHTAIIHOE 3HAYEHUE MTapaMeTpa.
AHanu3 JaHHBIX Ta0i. 3.5 Mokasall, 4To MOTPelIHOCTh pacyeToB He npeBbimaeT 10 %, uto maet
BO3MOKHOCTh PEKOMEHJIOBaTh JIaHHbIE MAaTE€MAaTHMYE€CKOTr0  MOJIEIMPOBAHUS I MPAKTUYECKUX

pacyeToB pa3MepoB ouara JehopMaIliK U SHEPrOCUIIOBBIX TapaMeTPOB IpoIiecca.

3.3. Pe3yabTaThl 3KCIIEPUMEHTAJBHBIX HCCICA0BAHUI

DKcnepUMeHTalIbHast IpoBepKa pa3paboTaHHoi MeToauku i ciiaBa 01417 ¢ mocnenyrommm
MPOU3BOJCTBOM TPOBOJIOKM auamerpoM 0,5 MM  ocCyllecTBIsjach IOCPEACTBOM  aHajIu3a
PEOJIOTHYECKUX XapaKTEPUCTUK U IPUMEHEHHS METOJI0B BBIYUCIUTEIHHOIO MOIETUPOBAHUSI.

Jns  uccnenoBaHMs TNPUMEHSUIMCh TapaMeTphl, MpeAcTaBieHHble B Tabm. 3.6 [215].
[Tocnenyromas TepMooOpabOTKa MOMYYEHHBIX CIMTKOB MpoBOAMIAach mpu Temmeparypax 400, 450,

500 u 550 °C c Beinepxkoi 2, 4 u 8 vacoB. OTHOCUTENBHOE yIJIMHEHNUE OCTaéTCs B auamnazone 12,4—
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15,5 % npu yBenudeHuu ckopocTy JnThs. lloBbimienne Temneparypsl oTxura 10 550 °C u npojjenue
BPEMCHH BBIJIEPKKH JIO0 8 9aCOB CIOCOOCTBYET POCTY OTHOCHUTENBHOTO yainuHEeHus a0 38 % mpu
OJIHOBPEMEHHOM CHM)KEHUHM BPEMEHHOro conpoTuBiieHus 10 126 MIla no cpaBHEHHIO ¢ MCXOJHBIM

JIUTBIM COCTOAHHCM.

Tabmuua 3.6 — PU3MKO-MeXaHMUECKUE CBOWCTBA JIMTHIX MPYTKOB auamerpoM 12 mm u3 criasa 01417,

nosiyueHHbIX B OMK 1pu pa3iandHoil CKOPOCTH JIUThS

Ckopoctb PuU3HKO-MEXaHUUYECKHE CBOMCTBA
JIATBA, IIpenen Tekyuectu Bpemennoe TBepnocts o OTtHocuTenbHOE
MM/C 60,2, MIla COIIPOTHUBIICHUE Oy, Bpuneno, yuHeHue o, %
Mlla HBW
14,5 111 210 52,0 15,6
105 206 12,5
109 205 13,5
10,8 108 205 51,9 17,0
111 206 13,0
109 205 22,1
4,4 90 171 43,5 19,2
87 170 23,5
89 174 23,9

JUis  M3rOTOBJIEHUS 3arOTOBOK I0J BOJIOYEHHE IIPOBOJIOKM OBLI HCIIOJIB30BAaH METOJ
COBMEILIEHHON MpoOKaTKu-npeccoBanus [18]. OOpaOaTbIBaeMble  3arOTOBKM  HOJBEPrajiuCh
MOCJIEI0BATEIbHOMY TPOXOAY uepe3 KaauOpoBaHHBIM BalOK. OKCHEPHUMEHTHI IMOBTOPWIM JJIf
U3YYEHHUs BIIMAHUA cKopocTu aedopmanuu. CpaBHEHHE pe3yibTaTOB, NMOJYYEHHBIX B pe3ylibTare
YHMCJIEHHOTO MOJEINPOBAHNUs, C JaHHBIMH, ITOJIyYEHHBIMH 3KCIIEPUMEHTAIBHBIM IYTEM, IIPUBEICHO B

Tabiuue 3.7.

Tabnuna 3.7 — Cunossle mapametpsl npouecca CIIII qig npyrtka u3 crasa 01417 quamerpom 5 Mmm

Cuma, xH | § c” PacueTHble 1aHHbIE OkcriepuMeHTalnbHbIe NaHHble | OTkioHeHue, %
P 0,5 315 346 9,8
1,5 379 385 1,5
P, 0,5 201 182 9,4
1,5 239 220 79
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Jlanee U3 IpyTKOB 1 MOJIydaad MPOBOJOKY auameTrpoM 0,5 MM, moasepras IpoMeXyTOUHOMY

oTXHTY nofyadpukar auamerpom 2,5 mm (tadi. 3.8).

Tabmuna 3.8 — Mexannyeckue CBOICTBa JIUTHIX U Ae(POPMHUPOBAHHBIX MOITyPaOpPUKAaTOB U3 OMBITHOTO

cIuIaBa moclie HerpepbiBHOTO npeccoBanus metogom CIIII u Bonouenus

Huametp nonypadbpukaTa (Mm) MexaHuueckue cBoicTBa
U €ro COCTOSIHUE [Ipenen Bpemennoe OTHOCHUTENBHOE
TEKy4ecCTH, CONPOTUBIIEHUE, | YIUIMHEHUE, %o
MIIa MIla
12,0 nutoe 101 179 11,6
5,0, ropsiaenpeccoBaHHOE 161 175 20,2
0,5, xononHoaepopMUPOBAHHOE 179 252 1,2
0,5, otoxkxennoe T,=450°C, T = luac 125 139 16,0
0,5, oroxxxkennoe T,=500°C, t = luac 120 135 19,2

B pesynprate Tepmmueckoir oOpabotku (omkura mpu 500 °C B TedeHHME OJHOTO Yaca)
IPOBOJIOKA, U3rOTOBJIEHHAs U3 MPYTKa, IPOU3BEICHHOIO NPH CKOPOCTU BpalleHUs BalKoB 4 00/MuH,
JIEMOHCTPHUPYET LIEJIEBbIE XapaKTEPUCTUKU. B To ke BpeMs, aHaJoruyHasi IpOBOJIOKA, H3rOTOBJICHHAS
IpY YBEITMYEHUH CKOPOCTH BpAalleHHs BAaJKOB 10 8 00/MUH, W TIpOIIEAIIas OTKUT INPH TEX Ke
YCIIOBHSIX, IEMOHCTPUPYET OTHOCUTENIHHOE yJIMHEHHE B quarnas3one 23,6-28,8%. Taxkoit mokazarens
OTKPBIBAET NEPCHEKTUBY JalbHEHIIEH X0I01HON qedopMaluu BIUIOTh 10 AOCTHXeHus nuamerpa 0,1-
0,2 MM (puc. 3.11). 3amepsl yA€IbHOIO 3JIEKTPUUYECKOI'O CONPOTUBIICHUS AJIs BCeil Mccae10BaHHON
MPOBOJIOKH MOKa3bIBatoT gonycTumMblie 3Hadenns 0,02919-0,03054 Om-mm?/m [225].

[TIpytkn mnomyuyenst Ha ycraHoBke CIIII-400 kommanum OOO «3aBoag  COBpPEMEHHBIX
MaTtepuanos». OmnbITHas naptus npoBosioku aquamerpoM 0,5 MM msrorosiaeHa OOO «Anbsac 2008»
(r. Kpacnosipck) (cm. Ilpunoxenus A u b).

B snexTpoMarHUTHOM KpHCTauIM3aTope Obljla M3rOTOBJIIEHA NApTUS HENPEPBIBHOIUTON
3aroTOBKM M3 IKCIEpHUMEHTalbHOro cruiaBa maccod 100 xr u nuamerpom 18 mm, KoTopas B BHIE
OyxTtbl Obuta oOpaGorana Ha craHe CIIII-400. IlomyuyeHHbli mociae 00pabOTKM HPYTOK C
YMEHBIIEHHBIM AMAMETPOM A0 9 MM jdanee NoABeprajcs mnporeccy BonoudeHHs. Ui NOCTHKEHUs
KoHe4yHoro nuamerpa 0,5 MM HOPUMEHSUIUCh INPOMEKYTOUYHBIE OTKUTM JUIsl CHSATHS Hakiena u
NPEJOTBPALICHHUS pa3pyIIeHUsT MaTepuaia. PekoMeHyeMast 4acToTa BpalieHusl BajIKoB 2-4 00/MUH.
PU3NKO-MEXAHNYECKUE CBOMCTBA IPOBOJIOKM, IIOJYYEHHOW C MCIOJb30BAaHUEM YCTaHOBKH

coBMetieHHoi oOpadotku CIIII-400, npuBenens! B Tab:. 3.9.
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Pucynok 3.11 — Mexanuyeckue cBoiicTBa Ae(pOpMUPOBAHHBIX OTY()aOPHUKATOB U3 OMBITHOTO CIJIaBa
JI0 Y TIOCIIE OTXKHUTA TIPH PA3TMYHON YaCTOTE BPANIECHUS BAJIKOB: d, 8, 0, Jic — 4 00/MHUH; 0, 2, ¢, 3 — 8

00/MUH

Pa3pa6OTaHHBIC PCKUMBI JINTHS, HCIPCPBIBHOIO MNPCCCOBAHMA, BOJIOUCHUA U OTKHUIA ObLIH
HCIIOJIB30BAHbI IPpU MPOMBINIIICHHOM OHpO6OBaHI/II/I HOBOM TEXHOJOTHUH MOJYUYCHHA TMPOBOJIOKH

nuamerpom 0,5 mm u3 crutaa 01417 [215].
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Tabmuua 3.9 — ®usnko-MexaHn4eckre CBOUCTBA MPoBOIoKU auamerpoM 0,5 Mm u3 craBa 01417

Cocrosguue Mexauunueckue cBOHCTBa VYneapHOE
U PeXKUMBI OTXKUTA Bpemennoe OTHOCHTENBHOE | 3JEKTPOCONPOTUBIICHUE,

conpotuBiienune, Mlla yanuHenue, % OM-MM?/M
HaraproBanHoe 259 1,4 0,03151
258 11 0,03158
Oroxoxennoe, 7= 400°C, 161 14,5 0,03135
t=4y4aca 157 14,3 0,03138
Oroxoxennoe, 7= 450°C, 158 15,7 0,03139
t=4y4aca 160 15,3 0,03144
Oroxokennoe, 7= 500°C, 159 16,7 0,03140
T=44aca 155 17,0 0,03133

Jnst mpoBepKM pe3ysbTaTOB TeopeTudeckux wuccienoanuit npouecca CIIII ¢ ogHum
MPUBOJIHBIM BaJKOB (CM. pa3fen 2.2) NpoBelu 3KCIEPUMEHTHI IO MOTYyUYEHUIO0 IPYTKOB TUAMETPOM 5
MM U3 3aroToBku U3 ciiaBa 01417 quamerpom 12 mm u3 DMK (pazgen 3.1).

OTanyneMm sIBIISIIOCH OTKIIIOYEHUE MPUBOJIA BAJIKa C BHICTYIIOM BO BPEMS MPOBECHUS OIBITOB.
JlJ1s1 MOATrOTOBKM SKCIIEPUMEHTOB HCIOJB30BAaIM METOAMKY ONPEIENIEHUs PEeaM3yeMOCTH Ipolecca
CIIII 1 naHHbBIE TEOPETUYECKUX PACUETOB TEMIIEPATYPhl U CHIIOBBIX MapaMeTpoB (cM. pa3zen 2.2).

Ha ocHOBaHUM 3THUX JAaHHBIX MOATOTOBJIEHBI 00PA3I[bl JUTHIX 3arOTOBOK, KOTOPBIE HArpeBajin
no temmeparypsl 550 °C wu 3amaBanu B Bajku ycranoBku CIIII-200, momydas NPYTKH IIOCIE

IIPECCOBAHUS AUAMETPOM 5 MM.

Tabnuua 3.10 — Cunossle mapametpsl npouecca CIIIT ans npytka u3 criaBa 01417 nuamerpom 5 Mm

g, ct P@ ,kH Pg’ xH OTkII0HEHUE, PM’ «H Pm xH OTkIIOHECHUE,
C AByMs C OJHHM % C ABYMs C OJHHM B %
MPUBOJIHBIMU | IPUBOTHBIM MIPUBOJIHBIMU | IPUBOTHBIM
BaJIKaMu BaJIKOM BaJIKAMH BaJIKOM
0,5 348 307 11,8 181 185 2,1
15 387 341 11,9 218 224 2,7
B T1abn. 3.10 mnpuBenmeHsl pe3ynbTaThl pacueTa W 3aMepa CUJIOBBIX [apaMeTpoB

ACCUMCTPHUYHOI'0 IIpolecca CIIII ¢ OIHHUM IMPUBOJAHBIM BaJIKOM B CPABHCHUH C IIapaMeTpaMH

mnmpomnecca ¢ AByMs NpUuBOAHBIMU BaJIKaMU.

YMCHBIIACTCA JIA ITponecca ¢ OAHUM NMPHUBOJHBIM BAJIKOM IIPUMCPHO HA 12 %, a Cujia, ﬂeﬁCTBYIOLHaH

AHanu3 pe3ynbTaToOB HCCIEAOBaHUN TOKa3all,

4TO CHIIa,

Ha MaTpUIly, IPaKTUYECKU HEe U3MeHseTcs (yBeauuuBaeTcs Ha 3%).

MOMCHTOB,

MOXHO HCIIOJIB30BaTb B TEX ClIydasix,

JNEUCTBYIOIAass Ha BaJKH,

TakuM 00pa3oM, CHMIKEHUE CUJIbI, IEHCTBYIOIIEH Ha BaJKU, & COOTBETCTBEHHO U KPYTSILUX

KOIJla CHJIOBasi 3arpy3ka 00OpyIOBaHHS
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HC3HAYUTCIIBHO OTJINYACTCA OT I[OHYCTI/IMOI\/'I Harpys3kKu yCTaHOBKH HNPOKATKHU-TIPECCOBAHUA. HpI/I 9TOM

OrpaHU4YCHUA 110 CUJIC ITPECCOBAHUA MOXKXHO HC YUUTBIBATD.

3.4. HccnenoBanne CTPYKTYpbl JIMTHIX, /1e()OPMHPOBAHHBIX M OTOK/KEHHBIX

noJrypadpukaron

AHanu3 MUKPOCTPYKTYPBI JIMTHIX NPYTKOB IOKa3aJl, YTO OTXKHUI mpH Temreparype 550 °C
BBI3BIBACT BBIPOJXKICHHE IBTEKTUKH [215] (puc. 3.12).

Meramnorpaduueckre Hcciael0BaHUA MPECCOBAHHBIX NPYTKOB IOKa3aliM, YTO OHU HMEIOT
PaBHOMEPHYIO MEIIKO3EPHUCTYIO CTPYKTYpY (puc. 3.13).

MukpocTpykTypa npoBojioku quamerpom 0,5 MM mpeacTaBieHa Ha puc. 3.14.

Ha pucynke 3.15 npencraBieHbl pe3yiabTaThl OPEAEICHHS JIEMEHTHOIO COCTaBa IIPOBOJIOKH.

OTH AaHHbIE OBLIM HEOOXOOUMBI Ui ONpEAETeHHUS MUX BIMSHUSA Ha (DPU3MKO-MEXaHUYECKUe

CBOICTBA MPOBOJIOKK ¥ 000CHOBaHHE BBIOOpA PEKUMa €€ OKOHYATEIBHOTO OTHKHUTA.

a 6 8
Pucynok 3.12 — MuKpoCTpyKTypa OTOXOKEHHBIX ITpHU TeMriepatype 1,=550 °C JINThIX IPYTKOB
quameTpoM 12 MM u3 craBa 01417, oTmuThIX pu ckopocTH JUThs 10,8 MM/C 1 pa3HbIX

temneparypax 7,:a—T,=670°C; 6 — T, =740°C; ¢ — T, =780 °C, x1000

Pucynox 3.13 — MukpocTpyKTypa MnpyTKa AuaMeTpoM 5 MM (a) U IpoBOJIOKH u3 cruiaBa 01417

muamerpoM 0,5 MM B 1e(OPMHUPOBAHHOM (0) U OTOXKEHHOM (6) cocTOsIHUAX, X 1000
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a, x20000 6, x50000
Pucynok 3.14 — MukpocTpykTypa npoBojaoku quameTpom 0,5 MM U3 ONBITHOTO CILIaBa B
HarapTOBaHHOM COCTOSTHHH ITOCJIE BOJIOUEHUS: a — ¢ ucnonib3oBanueM SEI koHTpacTa, 6 — ¢

MCIOJIb30BaHUEM KOMIO3UIIMOHHOTO KoHTpacta COMPO.

Panee mpoBenennbie uccnenoanus [20, 209, 210, 224, 228] no3BoiIuiIud YCTaHOBUTH, UTO
IIPOBOJIOKA, MOJY4YEHHas  CIHOCOOOM C TPUMEHEHHUEM COPTOBOM MPOKATKM M MOCIEAYIOLIEro
BOJIOUCHHUS, IOCIIE OTKHra mo pexumam Tepmoodpadorku (TO) 350, 400, 450 °C u BpemeHeMm
Boiiepkku 1 9 (pexxum TO 1, 2 u 3 coorBerctBenHo (Tabn. 3.9)) obGnamaer TpeOyeMbIM ypoOBHEM
cBoiictB B cootBeTcTBUE ¢ TY 1-809-1038-2018. OTxUT MPOBOIOKH O pexumy ¢ Temmeparypoi 500
°C u BpemeHeM BoiepkKku 1 9 (pexxum TO 4 (Tabn. 3.9)) npuBOAWT K CHWXKEHUIO BPEMEHHOTO
comportuBieHuss a0 3HadeHuss 137 MIlla, uto nHe coorBerctByer TY 1-809-1038-2018, omnako
wiactTuyHocTh (19,1 %) mo3BomsieT BeCTH AalbHEHIIYI0 00pabOTKy 3arOTOBKH J0 JUAMETPOB MOPsI KA
0,1-0,2 MM B ciayyae HEOOXOAMMOCTH IOJMYYEHHs TaKOW IPOBOJIOKU. 3HAYCHHs YAEIbHOTO
AIEKTPUIECKOTO COMPOTUBIIEHUs cocTaBIstOT oT 0,02902 1m0 0,02996 Om*MM%/M 11s Beex MIPOBOJIOK U
Bcex pexumoB TO.

Ha cnepyromem srTame 3TOro BCECTOPOHHEIO HCCIIEAOBAaHUS ObUla THIATENBHO H3ydeHa M
NpOaHAJIM3UPOBaHA MHUKPOCTPYKTypa JAehOpMUPOBAHHBIX MONy(paOpUKaToB, B YaCTHOCTH TeX,
KOTOpPBIE TPEJCTABICHBI B BUJE MPYTKOB, MOJYYEHHBIX METOAOM 00pabOTKH Mo MyTH Aedopmanuu
(CIIII), a Taxxe MpPOBOJOKH, MpOUIENNIeH Kak BOJIOYEHHE, TaK U IPOKATKY, COMPOBOXKIAEMYIO
BOJIOYEHHEM, KaK YKa3aHO B MCUEPIIBIBAIOLIUX JIJAHHBIX, PEACTaBIEeHHBIX B Tabnuuax 3.11 u 3.12.

ITpu m3yuenun Bcex neOPMHPOBAHHBIX 00paA3LOB, NMEepedrcIeHHbIX B Tabnuuax 3.11 u 3.12,
CTaHOBUTCS OYEBUIHBIM, YTO MUKPOCTPYKTYypa COCTOUT MPEUMYIIECTBEHHO M3 TBEPAOTO PAacTBOpA
ATIOMUHHS ¥ OJJTHOBPEMEHHO COJIEPKUT IBTEKTUUYECKYIO a3y, XapaKTEPUIYIONTYIOCs KOMOWHAITUEH 0~
u AlM, xotopas uMeeT OKpyrIyl0 MOp(OJIOrMI0O U pPAaBHOMEPHO paclpeleneHa Io Bcei

METaJNIMYeCKOM MaTpuie.
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"E) Deachon imane X ET) T Scvon et

Bce pesynbrats B atT. % Bce pesysbrater B at. %
Crextp Al La Ce Cnextp Al La Ce
Crnexktp 1 95,56 1,61 2,83 Crnextp 1 94,25 1,88 3,87
Crnexktp 2 99,27 - 0,73 Criextp 2 99,19 - 0,81
a, X20000 6, x50000

Pucynok 3.15 — DneMeHTHbIN COCTaB U MUKPOCTPYKTYpa IPOBOJIOKU AruameTpom 0,5 MM U3 ONBITHOTO
CIUIaBa B HarapTOBaHHOM COCTOSIHUU TIOCTIE BOJIOUEHUS: @ — ¢ ucrnonb3oBanueM SEI koHTpacra, 6 — ¢

HCIIOJIb30BaHUEM KOMIIO3HIIMOHHOTO KoHTpacta COMPO

KpoMe TOro, MHUKpPOCTPYKTYpHBIE XapaKTEpUCTUKU HpPOBOJOKH auamerpoMm 0,5 wmwm,
U3TOTOBJICHHON JIByMsI pa3jM4YHBIMH crocobamMu o0OpabOTKM, CXOAHBI C XapaKTepUCTHKAMH,
HaOJMI0JaeMbIMU B TIPyTKE OOJBLIEr0 AMaMeTpa S5 MM, YTO CBHJIETEIbCTBYET O IOCTOSIHHOM
MUKpPOCTPYKTYPHOM IOBEIEHUH N0Ty(haOpHKaTOB pa3HbIX Pa3MEpPOB.

IIpumeuaTenbHO, YTO MPOLECC OTKHUIAa IPOBOJIOKH, MPOBOAMMBIA B UYETHIPEX pa3IUYHBIX
pexumax, He MpPUBOAUT K 3aMETHBIM HM3MEHEHUsM HHM pa3Mmepa, HU KOH(Urypauuu
MHTEPMETANINYECKUX YacTHIl, MPHUCYTCTBYIOIIUX B MHUKpOCTpyKType. Kpome TOro, mpumeHnenue
MUKPOPEHTI€HOBCKOT0 crekTpaibHoro anainusa (MPCA) BbISIBIIIO TOT (akT, 4TO MHKPOCTPYKTypa
3TUX Je(POPMHUPOBAHHBIX MOTY(HaOPHUKATOB COCTOMT M3 IBTEKTHUECKMX YACTHULl, COACPXKAIIUX LEepUi
(Ce) B xonnentpanusx a0 14% u nantan (La) B konuuecTBax, AOCTUTaomux 8%, 4TO MOAUYEPKUBACT
3HAYUMOCTb PEJIKO3EMEIIbHBIX 3JIEMEHTOB B 00IIIEM COCTaBE.

Texnonornueckas cxema snekrpomarHutHoro Juths (OMK) B coueranun ¢ merogom CIIII,
BOJIOUEHHEM U COPTOBOM MPOKATKOM ¢ BOJIOUEHHEM, CIIOCOOCTBYET JOCTHXKEHHIO TPEOYyEeMbIX CBOMCTB,

KOTOPBIE CTPOTO COOTBETCTBYIOT YCTaHOBIIEHHBIM CTaHAAapTaM, u3noxxeHHbM B TY 1-809-1038-2018.
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Tabnuua 3.11 — MukpocTpykTypa 1ehopMHUpOBaHHBIX MoTyhadbpukaToB u3 criasa 01417

%500 %1000

CIIII,
JUaMeTp
5,0 MM

Bomouenue,

JUaMETP
2,48 MM

Bomouenue,

JUaMETP
0,5 MM

CoptoBas
MPOKAaTKa,
2,2%X2.2 MM

CoptoBas
MpoKaTKa u
BOJIOUEHHE,

JUaMeTp

0,5 MM

MaxkcuManbHON IIACTUYHOCTBIO, HEOOXOAMMOM sl AajdbHEMIIero MOJIy4YeHHs MPOBOJIOKU
muamerpom a0 0,1 MM, ¥ MUHUMAaJbHBIM 3HAYEHUEM YIEIBHOIO 3JIEKTPHUECKOr0 COMPOTHUBICHHUS,
XapakTepusyercs npoBosioka guamerpom 0,5 mm, nomyuennas merogom OMK-+CIIII ¢ nmocnenyromieit
COpPTOBOM MPOKATKOM U BOJOYEHHEM, OTOXKeHHast ipu Temmeparype 500 °C u BpeMeHU BbLIEPKKH |

4.
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Tabnuna 3.12 — MukpocTpykTypa rnpoBojoku nuamerpom 0,5 mm u3 criaBa 01417 B 0TOXKKEHHOM

COCTOSHHH, HOJIy‘ICHHOf/'I 110 PA3HBIM TCXHOJIOTHUAM

OMK + CIIII + BonoueHne OMK + CIIII + copToBast pOKaTKa + BOJIOYCHHUE
Pexum x500 %1000 Pexum x500 %1000
TO 1
TO2
TO3
TO 4

CpaBHeHue crioco0oB MOJIyuyeHHs MPOBOJIOKH JruaMeTpoM 0,5 MM He BBISIBUJIO CYIIECTBEHHBIX
pa3nuuuil B CTPYKTYpe M CBOMCTBax ae(hOopMHUpPOBaHHBIX NoiydadbpukaToB. Mcciaenyemble pesKuMbl

OTXHTa TMO3BOJISIIOT MOJYYaTh MPOBOJIOKY C TpeOyeMbIM ypOBHEM CBOICTB B cooTBeTcTBHE ¢ TVY 1-

809-1038-2018.

3.5. BeiBoabI 1O Ij1aBe

Taxum 00pa3zoM, B pe3yabTaTe MPOBEACHHBIX NCCIIEIOBAHUM MOIYUYEHBI CIIAYIONIIE OCHOBHBIE
pe3yJIbTaThI:

1. [IpoBeneHo nccnenoBaHue peosIornyeckoro noseneHus cmiasa 01417, nerupoBanHoro
pEeIKO3eMENBbHBIMU 3JIEMEHTAaMH B KOHILIEHTpauuu 7-9 mac. %, NMpeCTaBIEHHOrO B BUJE 3ar0TOBOK,
MOJIyYEHHBIX METOJIOM 3JIEKTPOMAarHUTHOM kpucramnusanuu (OMK) ¢ nmpumeHeHueM pa3iIMdHBIX
PEKUMOB JIUThSI. DKCIEPUMEHTAIBHO YCTAHOBJIECHbI ()YHKLIMOHAIbHbBIE 3aBUCUMOCTH CONPOTHUBICHUS

nedopMaluu MaTepuana OT TeMIEPaTyphl, CKOPOCTU AeGopMaIii U CTENEHH J1ehopMaIlni;
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2. Pazpaborana tpéxmepnas wudpoBas wmonenp mnpouecca CIIIT munmuuApHYEcKoit
3aroroBkd. C TIOMOIIBIO 3TOM MOJENM TPOAHAIM3UPOBAHBI 3aKOHOMEPHOCTH JaedopManu M
TEIUIOBOTO paclipelielieHusl B 30He AeQopMaliy MpyU U3MEHEHMH CKOPOCTH BpalleHHs] BaJKoOB. B
pacuéTel ObUIM BKJIOYEHBI PEOJIOTUYECKHME CBOMCTBA MCCIEAYEMOro CIUIaBa, IOJy4YeHHbBIE
IKCIIEPUMEHTAIHHBIM CIIOCOO0M;

3. Pa3paborana  BCECTOpPOHHSAsSI ~ METOJAMKA, COBMELIAIOLIAs  3KCIEPHUMEHTAJIbHbIE
UCCIIEIOBaHMSI M aHAJIUTHUYECKOE MOJIEIMPOBAHUE, HAIIPaBICHHAs Ha OLIEHKY OCYLIECTBUMOCTHU
npouecca CIIII u BblUMCIEHHE CHIIOBBIX XapaKTEpUCTUK Mpu JedopMaluy HUIUHAPUIECKON
3arotoBku u3 cmiaBa (01417. Ha ocHOBaHMHM TIOJNIYYEHHBIX pPE3YIbTAaTOB OBLIM OIpPEaeTIeHbI
KOHCTPYKTUBHBIE IIapaMeTpbl BaJIKOBOIO M IPECCOBOIO0 HMHCTPYMEHTA, a TaKXKe pallOHAJIbHBIC
TEXHOJIOTMYECKHE MTapaMeTPbl HEPEPHIBHOI'O IPECCOBAHUS;

4. [TpoBeneHb! SKCIIEPUMEHTANIBHBIE HCCIIEA0BAHUS 110 OTYYEHHUIO IPYTKOB TUAMETPOM 5
MM U3 HENPEPBIBHONIUTON 3aroToBKH U3 ciuiaBa 01417 quamerpom 12 mm Ha ycranoBke CIIII ¢ ogaum
IPUBOJHBIM BAJIKOM, KOTOPBIE MO3BOJIMIIN CJIENATh BBIBOJbI O CHUKEHUM CUJIOBOW HAarpy3KH Ha BaJKU
10 CPaBHEHUIO C JIBYMSI IPUBOJHBIMU BaJKaMU U 11€JI€COO00PA3HOCTH UCIIOJIb30BAHUS TaHHOW CXEMBbI
IUTst BBIOOpa NehopMupyroiiero 000pyaoBaHus, €ClIM Harpy3Ka MpeBbIIaeT JonycTumyro Ha 10-12%;

5. Ha ocHoBe pa3paOOTaHHBIX TEXHOJOTHYECKUX PEKUMOB HEMPEPHIBHOTO JHUTHS B
AJIEKTPOMAarHUTHBIA KPUCTANIM3AaTOp, HempepbiBHOro mnpeccoBanus merogoM CIIII, Bomouenus, a
TaK)Ke NPOMEKYTOUYHBIX U OKOHYATEIbHBIX OT)KUTOB, MPOBEIECHBI SKCIIEPUMEHTAIbHBIE UCCIIEA0BAHNU S
M0 U3TOTOBJICHUIO TPOBOJIOKU fuamMeTpoM 0,5 MM U3 HKCIIEPUMEHTAIBHOTO CIIIaBa B JIAOOPATOPHBIX U
MPOMBIIIJICHHBIX YCIOBUSX;

6. BoinonHeHo wuccienoBaHME MHMKPOCTPYKTYpPbl METaiila, BBISBIECHBl 3aBUCHUMOCTH
U3MEHEHHUSI €r0 MEXaHWUYECKHUX XapaKTepUCTHK (BPEMEHHOTO COMPOTUBIICHUS, Ipejienaa TEKy4YecTH,
OTHOCHUTEJIBHOTO YJ/UIMHEHMs) a TaKKe YAEIbHOIO JJIEKTPHUUECKOrO0 CONPOTHUBIEHHS MPYTKOB U
IIPOBOJIOKH;

1. Ha npomsbiniienHoM npeanpusatuu, ucnonb3ys ycraHoBky CIIIT-400, u3 HenpepbIBHOI
3aroToBkM juameTpoMm 18 MM, momyueHHol Meronom OMK, otmpeccoBamu npytku Q9 mm, u3
KOTOPBIX BBIMYCTWJIM JKCIEPUMEHTaJbHBbIE MapTHH TpoBosioku D 0,5MM ¢ TpebyembIMU
¢u3uKo-MexaHn4eckuMu cBoiictBamu. Ilpu sToM paszpaGoTaHbl HOBbIE J1e(OPMAIIMOHHBIE PEXUMBI
HENPEPHIBHOTO TPECCOBaHMS, MapIIPyThl BOJOYEHHs, a TaKkKe OIpeAeNieHbl apaMeTphbl

MPOMEKYTOUYHOT'O 1 OKOHYATCJIbHOI'O OTXKHUT'A.
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4. ACCJIEJOBAHUE TEXHOJIOT X MOJYYEHHUA U CBOVCTB ITPOBOJIOKH
IJEKTPOTEXHUYECKOI'O HABHAYEHUS U3 CIIVIABA CUCTEMBI Al-P3M C
COJAEPKAHUEM ILEPUA U JIAHTAHA 1%

B nmaHHON 1mIaBe 1NpuUBEACHBI PE3YNbTaThl OKCIEPUMEHTAJIBHBIX  MCCIECIOBAHUM H
MOJICIIUPOBAHMSI  TPOIIECCOB  COBMEIIEHHOW 00paOOTKM Uil  TONYyYeHHUS  AITUHHOMEPHBIX
neGOpPMHUPOBAHHBIX TMOTYy(PaOpPUKATOB B BUJC MPYTKOB M MPOBOJIOKK U3 ciutaBa cuctembl Al-P3M ¢
COJICpKAHUEM DPEJIKO3EMENIbHBIX 3JIEMEHTOB (uepus U JaHTaHa) A0 1 %. OcoOeHHOCThIO JaHHOTO
pa3nena paOoThl sBIsSIETCS TO, 4YTO JJIs  TOJYYEHHUS JIMTOM 3arOTOBKM  HMCIIOJIb30BAJICA
AIIEKTPOMArHUTHBIN KPHUCTALIM3aTOp, M JajbHeWmIas oOpa0OTKa TaKOH 3aroTOBKH KPYIJIOTO
IONEPEYHOro cevyeHus nposojauiach Ha yctaHoBke CIIII mpu mpokaTke-mpeccoBaHMM B 3aKphITOM
AmyHOM Kanuope. TeopeTrueckue OCHOBBI TAKOTO Mpoliecca ObUIN pa3paboTaHbl paHee U MPUBEIECHbI

B r1aBe 2. Marepuaisl riiaBbl OnyoJaHKoBaHbl B paborax [1, 209, 227, 230-236].

4.1. UccaenoBanne peosIOTMYECKHX CBOICTB, 000pyl0BaHHEe M METOAMKA IPOBeIeHUs!

IKCIICPUMECHTAJBHBIX I/ICCJIEIIOBaHI/Iﬁ

Jlns vccnenoBanuii ucnonb3oBau ciuiaB cucteMbl Al-P3M ¢ MOHMKEHHBIM COJIEpKAHUEM

uepus u antana (taou. 4.1). Konuenrpanuu Ce u La 6b1mu onpenenenst ¢ momomibio MPCA.

Ta6muna 4.1 — Xumudeckuit coctas uccienyemoro criasa Al-1%P3M

MaccoBas 101 daemenTa, %
Ce|La| Fe | Si Cu Mn | Mg Cr Ni Zn Ti \/ Ga B
0,6/0,4(0,106|0,058|0,0007 |0,0013{0,0016|0,0004|0,0041|0,0392/0,0050|0,0098|0,0159| 0,0017

[TpuroToBieHNe TaKOTO CIUIaBa OCYIIECTBILIOCH B MHAYKIIMOHHOW TUTEIBHOM IeYH eMKOCTBIO
25 Kr, BXOZsIIEH B COCTaB ONBITHO-IIPOMBIIIICHHOTO JMTEHHOIO KOMIUIEKCAa pa3pabOTaHHOIO MU
BBe€HHOr0 B HKcrutyatanuio B HIIL Marnuthoit rugpoaunamuku [100, 102].  [luxtoBka
mutmerauia mapku MIIS0X3 (TY 48-4-280-91) ocymectBisiimack u3 pacuera 1 % P3M Ha maccy
craBa. Temneparypa BBejeHuss MumiMeraia coctapisuia 850 °C, a amomunus 750 °C. Pacrias
BBIJIEpXKUBAJICS B TedeHue 40 MUHYT, a 3aTe€M NMPOBOAMUIIOCH JIUTHE.

3Ha4YeHUs TEXHOJOTMYECKHX IMapaMeTPOB JMThS CIUTKOB M3 HCCIEAYEeMOIO aJIOMHHHEBOTO
CIUIaBa OBLIN CIEAYIOIUMU:

— Temneparypa utbs 720 °C;
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— JHMaMeTp CIUTKa, 1242 mwM;

— CKOPOCTH BBITSTUBAHUS CIIUTKA, 14 MM/C;

— HamnpsbKeHUe Ha UHAYKTOpe, 15 B;

— pacxon Boabl, 11 n/muH;

— BbICOTa XHUIKOH (a3bl, 160 MM;

— TOK MHIyKTOpa, 1450 A.

MeTouka MOTYYCHHsSI JIMTON 3aroTOBKH ObuTa cieayromieit (cMm. puc. 3.4). B anekTpuyeckoit
MEeYM OCYIIECTBIISUIOCH IUIABJICHUE YYIIKH QJIIOMUHUSA, MPU 3TOM OJHOPOJHOCTH paciuiaBa o
XHMHUYECKOMY COCTaBy MW TeMmIeparype oOecreuyuBajgach IIyTeM wucrnojb3oBanuss MI/]-
nepemMermuBaTtens. PacriaB M3 IUTABWIIBHOM IMEYM  TOCTyMaJll B JIO3UPYIOIIUK  JIOTOK, TIe
noJJep>KuBaiach 3aJlaHHas TeMIlepaTypa U YPOBEHb paciiiaBa. Yepe3 HOCHK JIOTKA paciijiaB MMonaaan
B DJICKTPOMArHUTHBIA KPUCTAIU3ATOP, B KOTOPOM OECKOHTAKTHO 3JIEKTPOMArHUTHBIM I10JEM
dbopmupoBanace reomeTpus cauTka. OXJaxaaronas KUIKOCTh U3 OPOCUTENS MoAaBaiach Ha TPaHUILy
paszena XUIAKOW M TBepaod (a3, yTto obOecrneuynBaio OTBOJA TEIUIA, MPOIECC KPUCTALIU3AINH M
dbopmupoBanue ciuTka. CIMTOK ¢ IIOMOIIBIO BBITSYKHOTO MEXaHU3Ma HEMPEPHIBHO OTBOIWIICS M3 30HBI
KPUCTAITU3AI[MU, O0ECIeurBas HEMPEPHIBHOCTh MPOIECCa JIUThS, W 3aTeM CMATHIBAICS B OYXTY.
Cremyer OTMETHUTh, YTO MPOLIECC JUThS SKCIEPUMEHTAIHHOTO AJTIOMHUHHUEBOIO CIUIaBa MPOXOJUI B
HITATHOM PEXUME, MPU ATOM IOJIyueHa HEMPEPBHIBHOIUTAS 3arOTOBKA U3 SKCIIEPUMEHTAIBHOTO CIIjIaBa
nuameTpom 12+2 MM, cMoTaHHasi B OyxTy oOmuM BecoMm 10 10 kunorpamm.
Peosornueckue XxapakTepUCTHKH, MMOJyUYECHHBIC B pe3yibTaTe UCIbITaHUi Ha Kpydenue [209]

00pa3IoB HEMPEPHIBHOJIUTON 3arOTOBKU MTPUBEIEHBI Ha puc. 4.1

Flow Strews Flow Stress

Pucynok 4.1 — 3aBUCHMOCTb CONTPOTHUBIICHHSI IIIaCTHUECKOM nedopmanuu crasa Al-1%P3M:

a — ckopocTth nedopmanuu (Strain rate) 0,2 cho- ckopocTh nedopmarnuu (Strain rate) 15 ¢t
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JI1st mosiydeHusi MPYTKOB AMAMETPOM S5 U 9 MM U3 HENPEPHIBHOJIUTON 3arOTOBKU JTHAMETPOM
12 MM ucnionp3oBaack ycrtanoBka CIITI-200, a s U3rOTOBIEHUS MTPOBOJIOKH JHAMETPOM JI0 2 MM —
IEMTHOM BOJIOYWJIBHBIM CTaH. MeTonuka W 00OpyIOBaHHME [JIi TPOBEICHUS SKCIEPUMEHTAIBHBIX

HCCIIeIOBAaHUM ONMCaHbl B pazzene 3.1.

4.2. MopaeaupoBanue npomecca CIIII

[MudpoBoe MozaenrpoBaHHEe KOMOMHHUPOBAHHOIO IIpoliecca IPOKATKU-IIPECCOBAHUS ObLIO
PEaTM30BAHO NTOCPEICTBOM 10CIIEI0BATEIBHOCTH 11aroOB.

[lepBoHauanbHO OBLTAa co3maHa 0a3za JAaHHBIX, COJEpIKAIIasi PEOJOTHMYECKHE XapaKTEPUCTHKH
crmaBa Al-1%P3M. Dtu nanHble, npencTaBieHHbIE B Tpadudeckoil opme, ObUTHM UMIIOPTUPOBAHBI B
nporpammubiii  komruiekc DEFORM 3D (cm. puc. 4.1). Ha BropoM »5Tame ObUIO BBIIOJHEHO
KOMIIBIOTEPHOE  MOJICIMPOBAaHUE HWHCTPYMEHTAJIbHON OCHACTKH, MCIIOJIb3yeMOHl B Ipolecce
KOMOWHUPOBAaHHON  TPOKATKU-TIPECCOBAHMSA, C MPHUMEHEHHEM IPOrpaMMHOTO  obOecredeHus
SolidWorks. ITocie 3Toro Mozienu OCHaCTKH M JJaHHBIE O MaTEPHAIbHBIX CBOMCTBAX 3arOTOBKH OBLIH
unterpupoBansl B cpeny DEFORM 3D (cwm. pazgen 3.2).

3ateM OBUIO TPOBEJEHO MOJAEIMPOBAHHE MPOLECCOB KOMOMHHPOBAHHOM IPOKATKU-
IIPECCOBAHUS, OPUEHTUPOBAHHOE Ha PEIIEHNE IIOCTABJICHHBIX HCCIIEA0BAaTENbCKUX 3a/1a4.

B 3akitoueHue OblI BBINOJIHEH AaHAJIU3 IMOJIYYEHHBIX PE3YJIbTaTOB, BKJIIOYAIOIIMNA OLIEHKY
negopManuu MeTania, MnapaMmeTpoB JedopMalMy, 3HEProCUIOBBIX M TEMIIEpaTypHO-CKOPOCTHBIX
XapakTEepUCTHK Mpollecca, a TaKkKe HaNmpsHKeHWH, BO3HUKAIOMIMX B 30He jaedopmanuu. Ha ocHoBe
MOJIyYEHHBIX JAHHBIX OBbLIM pa3pa0doTaHbl PEKOMEHJALMU MO MPAKTUYECKOW pean3aluy mpolecca B
IIPOMBIIUIEHHBIX MaclITa0ax.

B kauecTBe nmapaMeTpoB AJIsi MOJECIMPOBAHUS MPOLIECCA COBMELICHHON MPOKATKH MPECCOBAHMS
IPYTKOB M3 3arOTOBKH KPYIJIOTrO MOMEPEYHOr0 CEYCHHS IIPHHATHI cienyrorue [235]:

— TteMmeparypa 3arotroBku 480 u 550 °C;

— TteMmmeparypa uaictpymenta 100 °C;

— creneHsb aedopmanmm mpu npokatke € = 50 %;

— JMaMEeTp 3aroToBKH 12 MM;

— JMaMeTp KaTHOPYIOIIEro OTBEPCTUS MATPUILIBI 5 MM;
— JyinHa pabouero rnosicka MaTpULbl 3 MM;

— YacToTa BpalleHUs BAIKOB ® = 4 U § 00/MHH.

MopenupoBaHue Tporiecca MPOBOJAUIOCH CO CICAYIONIMMHU YCIOBUSAMH U JIomyineHusmu [235,

236]:



111

— Marepual 3aroTOBKU U30TPOIHBIN;

— Marepuajl BaJIKOB U MaTPUIIbI )KECTKOILIACTUYECKUI;

— TMIO0Ka3aTenb TpeHUs 1o 3uberto mpu MepeMenIeHI MeTaslia 1o 3epKairy MaTpuibl ,, = 0,3;
— TMIOKa3aTenb TpeHUs 1o 3ubeiro Ha BAIKaX M KATHOPYIOMIEM Mosicke MaTpuilbl y, =0,9;

— OXJIaX/ICHHE BaJKOB HE MPEyCMOTPEHO;

— KOJMYECTBO KOHEUHBIX 3JIEMEHTOB, HAa KOTOpbIE pa3durta 3arotoBka, 20 THIC. LIT.

B pesynpTaTe MoAenMpoBaHUsS MOJIYYEHO pacHpelieleHUE TEMIEpaTyp U HAUpsDKEHUH BOJb
ouara aedopMaluy Ipy Pa3IMIHBIX JAe(hOpMAIIMOHHBIX ¥ CKOPOCTHBIX MapameTpax mporecca CIIIL.

Pesynbratel mMopenupoBaHus (pOpMOM3MEHEHHS MeTalljia, paclpelesieHus TeMIepaTypsl U
HaNpsDKEHUH BAOJBL odvara JedopManud OpU Pa3HOM dYacTOTe BpAIICHHs] BaJKOB M JUaAMETpe
IpeccyeMoro mpyTka MpeicTaBieHbl Ha puc. 4.2-4.4.

AHanu3 pe3ysbTaToB MOJEIMPOBaHUS Iokasaj, uyro npouecc CIIII ocymecTBuMm B 3a1aHHOM
JMara3oHe MmapaMeTpoB mpouecca. llpu 3ToM Temmeparypa 3aroTOBKH BIOJb odara JedopMaliu
n3MeHsaercd B nuamnazode ot 480 mo 200 °C.

AHanu3 pacrmpeneieHus TeMIeparyp BIoib ouara nedopmanuu (puc. 4.2) mokaszan, 4To
CpedHsisl TeMIepaTypa U3JeNus JUaMeTpoM 9 MM. B 30HE Iepe]l MaTpuiel cocraBiseT mopsaka 270
°C npu yacrore BpameHus: BajakoB 4 o6/mMun u nopsaka 325 °C npu 8 o6/muH. [Ipu npeccoBanuu
U3JICNHS] TUaMEeTPOM 5 MM CpeHss TeMIepaTypa Ha BbIXOJE U3 MAaTpUIlbl cocTaBiseT nopsaaka 320 °C
npu 4 06/muH u nopsinka 380 °C npu 8 06/MuH.

HaubGonee BbicokMe 3Ha4YeHMs] TeMIlepaTyp U HaWMEHBIIME 3HAUY€HUs HANpsDKEHUHM B 30HE
nepes MaTpuie HabII0Jal0TCs MPU YacTOTE BpallleHUsl BAJIKOB 8 00/MUH U TuaMeTpe U3AETUsl 5 MM.
OTO0 MOXHO OOBSICHUTH MOBBIIIEHHBIM Je(OPMALMOHHBIM Pa30rPeBOM MeTaula MPH MaKCUMAaJIbHOM
3HAYEHUHU BBITSKKH MPH TPECCOBAHNUU M CHIDKEHUEM COIIPOTHUBIIEHUS 1e(hopMalluy BCIEICTBHE ITOTO.

[ToBbIIeHNE YaCTOTHI BpaIIEHHs BAIKOB 10 8 00/MUH MPUBOIUT K CHIDKEHHUIO HANPSHKEHUH 10
3HaueHU mopsiaka 53-62 MIla. [Ins ciaydas mpeccoBaHMsl MpyTKa JUaMeTpoM S5 MM, 3HAYCHHUE
HanpspKeHUH B 30He nepea Matpuueit coctaBuiu 81 Mlla npu yactore BpaiieHus BaikoB 4 00/MuH 1
45 MIla npu 8 06/MuH.

Cnenyer 0oOpaTUThb BHMMaHHE Ha TO, NPU KAaKUX YCIOBHUSIX PEATU3YIOTCS MaKCHUMAaJbHbIE
3HAYCHMs HANPSDKCHHM, HAOTIOAI0MIXCsl B 30HE ovara jaedopMaiiuu mnepes MaTpuiei. 31ech MOKHO
oTMeTuTh, uto Aus ciaydass CIIII npu temnepatype 3aroroBku 480 °C, yactoTe BpalleHUs BalKoB 4
00/MUH W TIONy4YeHMs TpEecCc-U3JeNus auaMeTpoM 9 MM, 3HAYCHHE HANpPSDKEHUH HaxXoIsaTcs B
nuamaszone 75-90 MITa.

IIpn ananuse pesynbraroB moaenuposanus npouecca CIIIT 3aroroBkm temmneparypoit 550 °C

OBLIO BBISIBJICHO, YTO IIPHU YaCTOTC BPAILCHU BAJIKOB 4 00/MHH B nponecce nmpeCcCoBaHus MpPOUCXOaUT
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TIOCTCIICHHOC 3aXOJIa)KUBAHUEC 3arOTOBKH B 30HE IIEPE Ma’I’pHHeﬁ. Tak TCMIICpaTypa MCTAaJlJIa B 30HC
nepen ManI/II.ICI\/'I BHA4YaJIC IIponccca MNpeCCoOBaHUA COCTABIIACT OKOJIO 330 OC, a 3aTrcM IagacTtr ao

temneparypsl 250 °C, npu 3ToM Temreparypa npecc-u3aesus AUaMeTpoM 5 MM COCTABIISIET OKOJIO
280 °C [235, 236].

6 2

Pucynok 4.2 — ®opMou3MeHeHHEe MeTajlla M paciipeielieHue TeMIepaTypbl Ipu 00paboTKe 3arOTOBKU
u3 craBa Al-1%P3M npu yacToTe BpaleHus BajJkoB ® = 4 00/MuH (a, 6) u ® = 8 06/mMuH (8, 2):

a, 6 — TuaMeTp MpyTKa 5 MM; @, 6 — THaMeTp NMpyTka 9 Mm



113

Ha ycraHoBuBIIEHCS CTagud TNPECCOBAHMs TeMIepaTypa CTaOMIU3UPYETCs U COCTaBIISAET
okosio 200 °C. Ilagenue temmepaTypbl 3arOTOBKM IPUBOJUT K POCTY 3HAYEHUS COIPOTHUBIICHUS

nedopManuu MeTajuia, CIEeICTBUEM Yero sIBIseTCs pOCT cuiibl Ha Baikax co 186 kH (18,6 T) mo 343

kH (puc. 4.3).

a o
Pucynok 4.3 — VI3MeHeHue Temneparypsl U TpaQ KU CUiIbl, I€HCTBYIOIIEN Ha BaJIKU IpU 00paboTKe
3aroToBky u3 ciaBa Al-1%P3M npu temneparype 3arotosku 550 °C ¥ yacToTe BpallleHHs BAIKOB M

=4 06/muH (@) 1 ® = 8 06/MuH (6)

B pe3ynbrare aHanu3sa cuibl, JEMCTBYIOLIEN HA MAaTPHUILY B IIPOLIECCE NIPECCOBAHNUS, BBISBIICHO,
YTO OHa pacTeT mo xoxy mporecca ¢ 84,6 kH mo 124 xH, uyto Takxe CBS3aHO CO CHIKEHHEM

TeMIIepaTyphbl MeTajlia B 30HE npeccoBanus (puc. 4.4).

a o6

Pucynok 4.4 — MI3meHeHne HaNpsHKeHUH BIONb oyara AeopMaiuu 1 rpaQuku CHITbI, JeiCTBYIOIEH
Ha MaTpHILy, Ipx 00paboTKe 3arotoBKH U3 cruiasa Al-1%P3M npu temnepatype 3arotoBku 550 °C

M YaCTOTE BpAIEHHUS BAIKOB ® = 4 00/MuH (a) 1 ® = 8 06/MuH (6)
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CrnexyeT OTMETUTH, 4YTO MOJECIHPOBAHHWE IPOBOJWIOCH 0€3 ydeTa TpPEHUsS MAaTPHIBI O
BAJIKOBBIA MHCTPYMEHT, IMO3TOMY IpPH peaiM3aldy Ipolecca Ha MPaKTHKE 3HAYCHUS YCHUJIUN MOTYT
OBITH BhIIIE HA BeMIUHY 10 20%.

[Tpu peanmmzarnuu npornecca CIIII npu ckopocTy BpalieHus BaIKoB 8§ 00/MUH, TakKKe Kak M B
IpeIbIIYIIeM cllydae, M0 Mepe 3arojHEeHHs odara JAedopMalui MeTasioM HaOJF0IaeTCsl POCT CHIIL,
NEHCTBYIOMIMX HA BAJIKH W MaTpuIly. B pesymnbrare BbIICNCHUS AePOPMAIIMOHHOTO TEIIa B 30HE
MIPECCOBAHUS MIPOUCXOAUT Pa30rpeB METallia B 30HE MEpe]l MaTPULICH, U CUJIa HA BaJKax CHUXKACTCS
1o 150 kH, a mpornecc mproOpeTaeT cTaOUIBLHBIN XapakTep.

Ha ocHoBe mony4eHHbIX Pe3yJlbTaTOB KOMIIBIOTEPHOTO U MATEeMAaTHYECKOTO MOEINPOBAHUS
OTIpe/IeNICHbI MapaMeTPhl MHCTPYMEHTA U PEKUMBI 00paOOTKH HCCIIEyeMOro CIUIaBa Ha yCTAaHOBKE

CIIII1-200 mmst mpoBeieHHs SKCIIEPUMEHTANIBHBIX HccienoBanuil [235, 236].

4.3. Pe3ybTaThl IKCIIEPUMEHTAJBHBIX HCCICA0BAHUI

Jlj1 IpoBe/IEHUS OIIBITOB 110 MOJIYYEHUIO FOPSAYEPECCOBAHHBIX IPYTKOB AUAMETPOM 5 U 9 MM
u3 uccienyemoro cruiaBa Ha ycraHoBke CIIII-200 Obuta mpumeHeHa cieayromias MeToauka. B
3JIEKTPUUECKON 1eYM CONPOTUBIICHUS HAIPEBAINM HEIPEPHIBHOJIUTHIE 3aTOTOBKU TUaMeTpoM 12 MM 10
3ananHoi Temmeparypsl (480 u 550 °C) u BbimepxkuBanu ux 10-15 munyr. TemnepaTtypy Harpesa
KOHTPOJIMPOBAJIM XpOMeJb-atomMeneBoil Tepmomnapoid u noresuuomerpom KCII-3. OpgHOoBpemeHHO
OCYLIECTBIISUIM HarpeB BaikoB 10 temneparypsl 100 - 200 °C npu nmomoiu nedu, BBIIOJHEHHOU B
BUJIE KOXyXa IO (hopMe BaJIKOB M CHAOKEHHOTO HUXPOMOBBIMU HarpeBarensMu. [locne Harpesa 110
HE0OXO0UMON TeMIepaTyphl MPUBOINUIIN BO BpAIll€HHUE BaJIKU YCTAHOBKHU C 4acTOTOM 4 min 8 00/MuH.

3aroToBKy 3aJaBajJd B KajauOp M, IOCJIE€ TOro Kak IPOU3OLIEeN 3axBaT, MNpPU IOMOUIU
TEH30METPUUYECKON ammapaTypbl (PUKCHPOBAIM CHJIbI, JEHCTBYIOIME HA BajKud W Martpuly. [lamee
MeTaul 00XHMMaJcs B KaluOpe M JIOCTUIajd MaTpHIbl, CMOHTUPOBAaHHON Ha MaTpuuenepxarene. C
MOMOIUIbIO TUAPABINYECKOrO IMIIMHAPAa MaTpula Oblja MJIOTHO IMOJXKaTa K BaJKaM CHU3Y, MOITOMY
MeTaJlJI PaclpeccOBBIBAJIICS Mepes MaTpuLieH, 3amoiaHss Kaiubp, a 3aTeM, 3a CYET €ro MOCTOSHHOTO
NOCTYIUIEHUsI B KaauOp, BBIAABIMBAJIICS depe3 KaluOpyrollee OTBEPCTHE MATpHIlbl B BHJE NPYTKA.
PexxuMebl osryyeHus NpyTKOB MpHUBEIEHBI B Ta0uI. 4.2.

[TonyuyenHple npyTKM AuUaMeTpoM 5 MM M 9 MM NOJABEPrajiv XOJOJHOMY BOJIOYEHHIO IO
MOJTyYEHUs! TIPOBOJIOKU AHaMeTpoM 2 MM. BorodeHue npou3BoIMIN Ha HEMHOM BOJIOYMIIBHOM CTaHE
OJTHOKpATHOTO JAedcTBUs (cM. Tabm. 3.2). MapupyT BolOYeHHUS A NPYTKOB AuameTpa 9 mm
cocramsin:  9,0-8,5-7,0-6,5-5,9-5,4-5,0-4,5-4,0-3,6-3,0-2,8-2,48-2,2-2,0 mm.  Mapupyr
BOJIOYCHHUS JUISl TIPYTKOB amamerpa S MM coctasisut: 5,0-4,5-4,2-4,0-3,6-3,3-3,0-2,8-2,48-2,2-2,0

MM.
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Tabmuua 4.2 — [NapameTpsl pexkxuma 06padotku crutasa Al-1%P3M na ycranoske CIIIT-200

[TapameTpsl Temnepatypa Harpesa, °C
480 550
JuameTp mpyTka, MM NPH 4acTOTE BpalleHUs 9 5 9 5
BaJIKOB 4 00/MHH
JuameTrp mpyTkKa, MM IMPU YacTOTE BPAIICHUS 9 5 9 5
BaJIKOB 8 00/MUH

OT mNONy4YEeHHBIX JUIMHHOMEPHBIX NOIy(paOpHKaTOB Ha BCEX TEXHOJIOTMYECKHX Iepeaeiax
oTOupanu o0pa3ibl M MPOBOAMIM HCIBITAHUS HA PACTSDKEHHUE M OINpeleeHHs MEeXaHMYeCKHUX
CBOWMCTB MeTaJuia, KOTOpbIe onpeaessuid Ha obopynosanuu Walter + Bai AG LFM 400 kH u LFM 20
kH (Walter + Bai AG, lIseiinapus) B coorBerctBun ¢ [OCT 1497-84.

VY aenpHOE AMEKTPHUECKOE CONPOTHUBICHHE p M3MEPSUIM Ha 0Opa3iax JUIMHOW | M ¢ TOMOIIBIO
ommetpa «Burok» mo 'OCT 7229-76.

J1is u3MepeHust SHEPTrOCUIIOBBIX MTApaMETPOB MPUMEHSITU KOJIbIIEBBIE MECI03bl, KOTOPbIE OBbLIH
YCTaHOBJICHBI I10JI HAXUMHBIC BHHTHI BalKOB W MATPHIy W MOJKIIOYEHBI K PETUCTPHUPYIOIICH
anmaparype. Pe3ynbraThl HM3MEPEHHMH CHIBI, JACHCTBYIOUIEW HAa BAIKH Py, W CHIBL Py,
JeiCcTByIONIe Ha MaTpully, npu noinydeHuu npytkoB merogom CIIIT mpeacraBnensr B Tabn. 4.3.
YacToTa BpAlCHHs BATKOB ® = 4 00/MHH COOTBETCTBOBala ckopoctd aedopmanmu & = 0,5 ¢, a
4yacTOTa BpalleHMs] BaJKoB ® = & 00/MuH ckopoctu aedopmanuu & = 1,5 ¢! Berrsmkka pu
IIPECCOBAaHUM cOCTaBisIa WL = 6,5 npu quamerpe npytka 9 mm u 15,3 npu nuamerpe npytka 5 Mm
[235, 236].

AHanu3 HEProcUJIOBBIX MapaMeTpPoB Mokaszai, uto ais npouecca CIIII kpyrmoil 3arotoBku
npu temneparype 480 °C cuna Py,; nocturaer 269 xH, a cuna Py, He npespimaer 172 kH. C
yBETUYCHUEM TeMIiiepaTypbl 3arotoBku 10 550 °C (cm. tabn. 4.3) compoTuBiieHue nedopmaiuu
MeTalljla ¥ CHJIOBBIE MapaMeTphl MPOIEcca CHUKAIOTCS, YTO COOTBETCTBYET OOIIUM MPEACTABICHUSM
teopun OMJI.

MexaHnyeckue CBOMCTBa MPYTKOB (BPEMEHHOTO CONPOTHUBIECHHUS Gy U OTHOCUTEIBHOTO
VUIMHEHHS 0) TpeACTaBlieHbl B Ta0d. 4.4. I3MeHeHHEe TEXHOJIOTMYECKUX TMapaMeTpoOB CKa3ajioch Ha
MEXaHWYECKUX CBOMCTBAaX MeTayia. BiusHue TemmnepaTypsl 3arOTOBKH TPAAUIIMOHHO, YEM OHA BBIIIIE,

TEM IIPOYHOCTHBIC XAPAKTCPUCTUKU HUIKEC, a TINIACTUYCCKUC BBIIIIC.
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Tabmuua 4.3 — Pe3ynbraThl Hccae10BaHUN YHEPrOCUIOBBIX apameTpoB nporecca CIIIT mis

noJjy4deHus npyrkoB u3 ciiaBa Al-1%P3M u3 3arotoBku quaMeTpom 12 Mmm

[TapameTpsi Temneparypa Harpea 3arotoBku npu CIIII, °C
480 550
Juamerp npyrka, MM
9 5 9 5
Pran, KH (0 = 4 06/Mun) 192 269 163 204
Pyarp, KH (0 = 8 06/MuH) 151 172 131 133
Pran, KH (0 =4 06/Mun) 168 241 146 194
Pharp, KH (0 = 8 06/MuH) 123 151 98 126

[Ipu 3TOM ypOBEHBb NMPOYHOCTHBIX XAPAKTEPUCTUK HaxoAuTcs B auanasoHe 123-140 Mlla, a
wiactuyeckux 14-26 %. C yBenudeHHEeM CKOPOCTH JedopMalliy yBETUYHBACTCS IIACTUYHOCTH
MeTalljia MPYTKOB (pacTeT BeJIMYMHA OTHOCUTENBFHOTO YAJIMHEHUS), U CHUKAETCSA MPOYHOCTDH (Majaet
BpEeMEHHOE conpoTuBiicHUe). C yBEIIMUEHUEM BBITSDKKH TP MPECCOBAHUH 3aKOHOMEPHOCTH 00paTHas:
BPEMECHHOE COINPOTUBIICHUEC METAJIa YBEIMYMBACTCS, 2 OTHOCUTEILHOE YIJIMHEHHE CHUXKACTCS, TaK
KaK MPOUCXOIUT NehOopMalMOHHOE YIPOYHEHHE METajula 3a CUeT YBEIWYCHHE IaBJICHHUS B oyare

neopMaliu, 4To MOATBEPIKIAIOT JaHHBIE [T0 CUJIOBBIM Iapamerpam (cm. tabi. 4.3) [235, 236].

Tabnuna 4.4 — Pe3ysapTaThl HCCIICIOBAHNI MEXaHHUYECKUX CBOMCTB MPYTKOB 13 ciuiaBa Al-1%P3M,

MMOJIYYCHHBIX MCTOAOM CIIII u3 3aroToBKu ANaMECTpOM 12 MM

[TapameTpsl Temmneparypa Harpesa 3arorosku npu CIIII, °C
480 550
JuameTtp npyTka, MM
9 5 9 5
oy, MIla (o =4 00/mMuR) 129 140 126 137
3, % (® =4 06/MuR) 18,0 14,0 24,0 15,0
oy, MIla (o = 8 06/mMuH) 123 128 123 127
3, % (® = 8 006/MuH) 25,0 24,0 26,0 25,0

Pe3ynbrarhl u3MepeHust HNEKTPUUECKUX CBOMCTB MPYTKOB JUAMETPOM 9 U 5 MM, IPOBEACHHBIE
corimacHo Merogauke nmo ['OCT 7229-76 ¢ nmomompio omMeTrpa «BUTOK», MOKa3aiau, 4TO 3HAYEHHS

2
yAEIBHOTO 3JieKTpoconpoTuBiieHus uMmenstores ot 0,0271 go 0,0301 Om-MM“/M B 3aBHCUMOCTH OT
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pexxumMoB 00paboTku. Ilpu 3ToM oHM Hmke mpu Temmeparype 3arotoBku 480 °C u mpu yacrore

BpalleHus BajakoB 8 00/mMuH (Tabdm. 4.5).

Tabnuna 4.5 — Pe3ynpTaThl H3MEpPEHUS SJIEKTPOCOMPOTUBIICHUS TPYTKOB U3 cruiaBa Al-1%P3M,

nostyueHHbIX MeTogoM CIIIT u3 3aroroBku auamerpom 12 mm

[TapameTpsl Temmnepatypa Harpesa 3arorosku npu CIIII, °C
480 550
JuameTp npyTka, MM
9 5 9 5
p, OM MM*/M (@ = 4 06/MuH) 0.0282 0.0298 0.0295 0.0301
p, OM-MM*/M (© = 8 06/MHuH) 0.0271 0.0290 0.0290 0.0286

AHanu3 3THX K€ MapamMeTpoB I TOJYyYEHHOM XONOJHON aedopmainueil MpoBOJIOKU
quameTpoM 2 MM (Tabi. 4.6) mokasall, 4To ¢ yBeIWYSHHEM CTeNeHH AeopMaliiy 3a CUeT YIPOUHEHUs
MeTajula TPOYHOCTHBIE  XAPAKTEPUCTHKU  YBEIMYUBAIOTCS, a  IUIACTMUECKHE  CHIIKAIOTCS.

OTHOCHUTENBHOE YAJTMHEHUE TTaIaeT 0 3HaUeHuH nopsiaka 2-4 %.

Tabnuna 4.6 — Pe3ynpTaThl UCCIIETOBAHUI MEXaHMUYECKUX CBOMCTB MMPOBOJIOKH TUAMETPOM 2 MM U3

crutaBa Al-1%P3M

[TapameTpsl Temmnepatypa Harpesa 3arotoBku npu CIIII, °C
480 550
Huametp npytka, nomydernoro CIIII, mm
9 5 9 5
oy, MIla (o =4 06/mMuH) 163 198 187 186
3, % (® =4 06/MuR) 2,5 3,5 4,0 2,0
o3, MIla (o = 8 00/MuH) 179 186 191 179
3, % (o = 8 06/MuH) 8,5 4,0 9,5 4,5

Temneparypa HarpeBa npu CIIII He oka3pIBaeT 3HAYUTEIHLHOrO BIIMSHUS HAa MEXAHUYECKHE
CBOICTBAa KOHEUHOW MPOBOJIOKU MTPU MCIOJI30BAaHUU KPYyrioi 3arotoBku u3 OMK. OmpHako ckopocThb
nedopMaIuy BIMSET HA TUIACTUYECKUE CBOMCTBA, yBEIMYMBAS UX MPAKTUYECKU B 2 pa3a. ITO MOKHO
OOBSCHUTH TEM, UYTO 3aroToBKa ObicTpee mpoxoauT 30HY aedopmammu mpu CIII u meHbie
3aX0JIaKUBAETCA, M, TOTOBBIM MPYTOK JOJBIIE OCTAaeTCA B HArpeTOM COCTOSIHUMU. Takxke ¢

YBEITUYCHUEM CKOPOCTHU JAehopMaIiiy IPOUCXOJIUT POCT TEMITepaTyphl 1e(pOPMAIIMOHHOTO Pa30rpeBa.
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Tabmuua 4.7 — Pe3ynbraTsl ©3MEpEeHHs! 3JIEKTPOCONPOTUBICHHUS IPOBOJIOKU JUAMETPOM 2 MM U3

cruiasa Al-1%P3M

[TapameTpsi Temneparypa Harpea 3arotoBku npu CIIII, °C
480 550
Huametp npytka, noiydeHHoro CIIII, mm
9 5 9 5
P, OM-MM*/M (» =4 06/Mun) 0,0299 0,0300 0,0297 0,0306
P, OM MM*/M (w = 8 06/MuH) 0,0301 0,0296 0,0299 0,0294
CnexyeT OTMETHTb, 4YTO JIMUTHIE 3arOTOBKM, MOJY4YEHHbIE B  DJIEKTPOMArHUTHOM

KpUCTaJIIM3aTope,  00Jajanyd JOCTaTOYHO BBICOKOM IUIACTUYHOCTBIO, YTO J1ajJ0 BO3MOYKHOCTb

MOJYYHUTh U3 HUX MPOBOJIOKY JUAMETPOM 2 MM 0€3 IPOMEXYTOUYHBIX OT)KUTOB.

Y CTaHOBNIEHO TaKXke, YTO 3HAYEHUS IJIEKTPOCONPOTUBICHUS ISl TPOBOJIOKU IUAMETPOM 2 MM
nociie XOJ0IHOM aAedopmanuu BhIlIE, YeM Y MPYTKOB, MOJTYYEHHBIX Topsiueit nedopmarnueii. [lostomy
JUISL TIOJTyYeHHST KOMIUIEKCAa CBOMCTB, COOTBETCTBYIOIIUX JEHCTBYIOIIMM CTaHIApTaM, HEOOXOIMMBI
UCCIICIOBaHMS U YCTAHOBJICHUE ITApaMeTPOB OKOHYATEIbHOTO oTXKura [235, 236] (Tabn 4.7).

C 9T0i1 11e71BI0 IPOBEIEHBI UCCIEA0BAHUS TApAMETPOB TEPMOOOPAOOTKH MMOJIYyUEHHBIX IIPYTKOB
Y TIPOBOJIOKU TMPH PA3IUYHBIX PEKUMax oOpabOTKU H oTkura: temmepartypa orxura 230 °C, Bpems
BbIAEpKKH 1 yac; temneparypa omxkura 300 °C, 1 u; temneparypa orxura 400 °C, 1 4; Temneparypa

omxkura 450 °C, 10 4.

Tabnuua 4.8 — 3HaueHHst MEXaHUYECKUX CBOIMCTB U 3JIEKTPOCONPOTUBIICHHS ITPOBOJIOKH U3 cIutaBa Al-
1%P3M auamerpom 2 MM, OJIyY€HHOM U3 MPYTKOB TUAMETPOM 9 U 5 MM COBMEILIEHHBIMH METO/IaMU

00paboTKH, IPH PA3IMYHBIX PEKUMAX OTHKHUTA

Bun CocrosHue Pexxum oy, Mlla o, % P, OM-MM*/M
00paboTKn

IIpoBoJioka tTMaMeTPOM 2 MM M3 NPYTKA THAMETPOM 9 MM

HaraproBannoe - 191 3,0 0,02990

OTOXKEHHOE 230°C, 14 163 9,5 0,02784

DOMK+CIIIT OTOXXKEHHOE 300°C, 149 108 15,0 0,02786

OTOXKEHHOE 400°C, 19 87 28,3 0,02757

OTOXXKEHHOE 450°C, 10 g 84 29,5 0,02753
IIpoBosioka 1MaMmeTpoM 2 MM M3 NPYTKa AHAMETPOM S MM

HaraproBanHoe — 198 3,0 0,03000

OTOXXKEHHOE 230°C, 14 155 3,5 0,02775

DOMK-+CIIIT OTOXKEHHOE 300°C, 19 97 24,5 0,02750

OTOXXKEHHOE 400°C, 1 g 93 31,0 0,02745

OTOXKEHHOE 450°C, 104 89 38,0 0,02705
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B Tabn. 4.8 npuBeneHsl JaHHBIE MO0 MEXAaHUYECKHM CBONCTBAM U 3IIEKTPOCOTPOTHBICHUIO
MIPOBOJIOKH TUAMETPOM 2 MM B HarapTOBAaHHOM U OTOX KEHHOM COCTOSIHUSX.

Takum 00pa3oM, pe3ynbTaTbl HCCICAOBAHUI IMOKA3aJid, YTO JJISi BBINOJHEHUS TpPEOOBaHMIA
craggapra IEC 62004-07 mns pexuma AT1 pexomeHayeTcs NMPUMEHEHHE PEKHMa OT)KHIa IpH

temneparype 230 °C u Beigepxke 1 gac.

4.4. MHccaegoBaHue CTPYKTYpPbl JHTBHIX, Je(OPMHPOBAHHBIX H  OTOK/KEHHBIX

noay(padpukaron

HccnenoBanuss MUKPOCTPYKTYPBI IPOBOAMIIN Ha CBETOBOM MHKpockorne Axio Observer Al.m,
Carl Zeiss npu yBenmuenusx %200 m %500 B MONSIPU30BAHHOM CBETE IOCIE HAHECEHUS IUICHKH,
nosyueHHOUM Ha obOopynoBanuu «Kpucramn npu Hanpsbkenuun V = 30B, cune toka [ = 0.2-0.4 A,
BpeMeHH t = 1 MUH, IpyU KOMHATHOU TemrepaType B cocTaBe: 0opHoit kuciotel 5,5 r, HF 15 M, H,O
1000 m [235].

MuKpocTpyKTypa JIUTOM 3aroToBKM Jii MCCIEAYeEMOro CIUlaBa JuaMeTpoM 12 MM mpu
pa3MuYHBIX YBEIMUEHUSAX MpuBeneHa Ha puc. 4.5. Mukpoctpykrypa u pesynbratel SEM-EDS
noka3aHel Ha puc. 4.6. BuaHo, 4TO CTpyKTypa MeTajyla HENPEPBIBHOJIUTBIX 3arOTOBOK, KaK M
OTMEYAJIOCh PAHEE, XapaKTEPU3YeTCs] MEIKO3EPHUCTHIM CTPOEHUEM [0 BCEMY CEUEHHUIO CIIMTKA, a
TaK)Ke 10 ero JJIMHE.

[Ipn panpHelimield aedopmanyuyu HENPEPHIBHOIUTON 3arOTOBKA C TOMOIIBID COBMEIIEHHOM
IIPOKATKU-TIPECCOBAHUS U IMOJIyYEHUU NPYTKAa AMAMETPOM 9 MM U IPOBOJIOKH JUAMETPOM 2 MM U3
HCCIIEyEMOI0 aJIOMUHUEBOTO ciuiaBa ¢ Jo0aBkoil 1% P3M mpoucxoaut usMesnbueHUE 3€peH
TBEP/OT0 pacTBOpa M BBITATMBAaHUE UX B HampaieHuH aedopmauuu. [lo rpanumam 3epeH TBEpAOro
pacTBopa MHTEPMETAIUTHIHBIC BKIIOUYCHHS PACIIPEICISIIOTCS Ooyiee IIIOTHO Apyr K apyry (puc. 4.7).
M3MeHeHHe YacTOThl BpallleHUsl BaJKOB OT 4 10 8 o6/MuH mnpu temneparype 480 °C nmpuBOAUT K
(dbopMupoBaHHIO OOJI€e TUCIIEPCHOTO 3€pHA, KaK Ha MPYTKE JUaMeTpoM 9 MM, Tak U Ha MPOBOJIOKE,
MOJIyYEHHOM M3 3TOr0 MpyTKa, MPH NMepexoaax K AMAMETPY 2 MM.

[ToBbiienue Temmneparypsl jaedpopmupoBanus a0 550 °C npuBOAMT K MONydeHUIo Oosee
YUCTOIO IO KOJMYECTBY BKIIIOUEHUH TBEPAOMY pacTBOpPY Ha OCHOBE aIIOMHHMA. BeposTHO
noseiieHne Ttemreparypsl or 480 °C  go 550 °C um yBenudeHHe CKOPOCTH AeGopMUpMaLUN
CrocoOcTByeT nepepacnpesielieHio  BKIIOYEHUM HWHTEPMETaUIUJ0B, HUX H3MEJIbUYEHUI0 U

pacTBOPEHUIO B TBEPJIOM pacTBope (puc. 4.8).
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Pucynok 4.5 — MUKpOCTpyKTypa JINTON 3aroTOBKH JuaMeTpoM 12 mm u3 crnasa Al-1%P3M:

a, 6 — Hayajo CIUTKA; 6, 2 — KOHELl CIIMTKA

Jlepopmarust mpyTKOB JUAMETPOM 5 MM JI0 2 MM TaKXe CIIOCOOCTBYET IMOJY4YEHHIO Oolsee
TOHKHMX M BBITSHYTBIX 3€pEH TBEPJIOro pacTBOpa B HampaBiieHHH aedopmupoBanus. Habmomaercs
nojy4yeHue 0ojiee AUCIEPCHBIX (M3MENIbYEHHBIX) BKIIOYEHUH 10 IpaHMIlaM 3epeH TBEPJOro pacTBopa
Kak npu 4 06/mMuH, Tak u pu 8 06/MuH (puc. 4.9). Ho konu4ecTBo BKIIIOUEHUN PE3KO CHUXKAETCS MpU

nedopMaluu B YCIOBUSX IMOBbIIEHHONW Temmepatypsl 550 °C u yactore BpamieHust 8 o6/mMuH (puc.

4.10).
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CriexTp Al Ce La Fe Si
Coekrp 1 | 99,1 0,5 03 | 01 -
Cnektp 2 | 90,6 5,3 2,6 1,0 0,5
Cnektp3 | 924 | 4,6 25 | 0,3 0,2
Crekrp 4 100 - - - -

Criextp Al Ce La Fe Si
Coektp 1 | 99,2 0,5 0,2 0,1 -
Coekrp2 | 91,2 4,6 2,4 1,3 0,5
Cnexktp3 | 89,8 6,1 3,5 0,5 0,1
Crektp 4 100 - - - -

Pucynok 4.6 — Mukpoctpykrypa u pezyiastarsl SEM-EDS nutoii 3arotoBku quamerpom 12 Mm u3

ciutaBa Al-1%P3M: a — Hayaao CIUTKA; 6 — KOHEI CIIUTKA

Bonoyenue npoBojIoKH ¢ 5 MM 10 2 MM IIpU IPUBOJUT K MOJYYEHHUIO TPOBOJIOKH € JJOCTaTOYHO
PaBHOMEpPHBIM paclpeziefiecHHeM BTOPHYHBIX (a3 1o 00beMy TPOBOJOKH, XOTS YaCTHYHO
HaOmroarTes ¥ OoJiee KpymHble yacTUIb! Ga3 (puc. 4.10).

Ilocne omxkura mpu temmeparype 230 °C um BblIepKKE 1 4 BCS IPOBOJIOKA COXpaHSET
ne(OpMHPOBaHHOE BOJOKHHCTOE CTPOEHHME, YTO CBHJIETEIBCTBYET O XOpOIIeH TEepMHUYECKON
crabunbHocTH crutaBa Al-1%P3M (tab:. 4.9 u 4.10).

MHuUKpOCTpyKTypa MpPOBOJOKK u3 uccieayemoro criaBa Al-1%P3M, monydeHHas METOIOM
OMK+CIIII u3 npyTkoB nuamerpaMu @ 9 U 5 MM, COCTOUT U3 AITFOMUHUEBON MAaTPUILbI U IUCIEPCHBIX
yactul, uaTepMeTauuaaeix (a3 Aly(Ce, La), oObeMHas 10151 KOTOPBIX B CTPYKTYpE COCTABIISET ~

2,5%, 4acTh 4acTUIl OPUEHTHPOBAHA B HANIPaBJICHUU JedopMaIuu.
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Pucynok 4.7 — MukpocTpykTypa npyTkoB guameTpom 9 mm (a, 6) nocie DMK+CIIII u3 3arotoBku
araMeTpoM 12 MM U IPOBOJIOKH JuaMeTpoM 2 MM (8, 2) mpu T = 480 °C, x200:

a, 6— o =4 006/mMuH; 6, 2— ®= 8 00/MUH

Pacnpenenenne yactunr Aly(Ce, La) B obOpasiie mpoBosiokr 2 MM 3 IpyTka 9 MM GoJjee
OJIHOPOJHOE TI0 CEYEHHI0, a pa3Mep YacTHUI] HECKOJIbKO Menbye (0,7 MKM) MO CpaBHEHHUIO C APYTUMHU
oOpasmamMu MpoOBOJIOKH, TAe cpeaHuit pasmep a3 cocrasmser 1,0-1,1 am. B oOpasue mpoBosioku
JUAMETPOM 2 MM W3 MPYTKA 5 MM TaKasl TSHICHIIUS HE TPOCIICKUBACTCS, CTPYKTypa MPAKTUIECKH HE

OTJINYAETCS OT MPOBOJIOKH, oaydyeHHou meroaom CIIIT.
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Pucynok 4.8 — MUKpOCTpYKTypa NpyTKOB 1uaMeTpoM 5 MM (a, 6), nonyueHHbix CIIIT u3 3aroroBku

aruamerpoM 12 mm nipu T = 480 °C, 1 npoBookH AuaMeTpoM 2 (8, 2) x200:

a, 6— o =4 006/mMuH; 6, 2— ®= 8 00/MUH

ITocne orxura 300 °C u BblAepkKe | 4 IpOBOJIOKA, MONYYEHHas U3 NIpyTka 5 MM IO
texHosorun OMK+CIIII nmpuobpeTaeT 4aCTUYHO PEKPHCTAIN30BaHHYIO CTPYKTYpy (Tabdin. 4.9), B To
BpeMsl KaK B IIPOBOJIOKE C OOJbIIEH BBITSXKKOM, MOIY4eHHOM W3 NpyTka 9 MM, mporeccsl

PEKpUCTAIUIM3ALUN HAXOIATCS TOJIBKO Ha HaYalIbHOM cTaguu (Tadu. 4.8).
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Pucynok 4.9 — MUKpOCTpyKTypa IpyTKOB AMaMeTpoM 9 MM (a, 6), nonyueHHbix CIIII u3 3arotoBku
aruamerpoM 12 mm ipu T = 550 °C, u npoBosoku aAuaMeTpom 2 (8, 2) x200:

a, 6— o =4 006/mMuH; 6, 2— ®= 8 00/MUH

ITpu omxurax 400 °C, Beiaepxkke 1 u n 450 °C, Beigepxkke 10 4 11 MpoBOJIOKH, NOJTyYEHHOU
metonom CIIII, ara 3aBucuMOCTh coxpaHsercs. B npososoke, nomyuennoit merogom CIIIT u3 npyrka
9 MM, CTPYKTypa peKpHCTaIM30BaHHAs MEJIKO3EPHUCTAs W OJHOPOIHAS Mo cedeHuto (tabdin. 4.9), a B
npoBosioke, noimydyeHHoi MetoioMm CIIIT u3 npyTka 5 MM, B 6osee 1eOpMUPOBAHHBIX EPUPEPUNHBIX
CJIOSIX HAOJIIOAAeTCsl HEKOTOPOE YBEJIMYEHUE 3€PHA, YTO TOBOPHUT O 00J€e MHTEHCUBHOM IPOTEKAHUU

IPOIIECCOB pekpucTautu3anuu (tabm. 4.10).



125

50 ym .
[ | 50 pm
a 9]
50 pm 3 50 pm _
6 2

Pucynok 4.10 — MukpocTpykTypa npyTKOB AHaMeTpoM S5 MM (a, 6), nonyueHHbix CIIIT u3 3arotoBku
aruametpoM 12 mm ipu T = 550 °C, u npoBosoku aAuamerpom 2 (8, 2) x200:

a, 6— o =4 006/mMuH; 6, 2— ®= 8 00/MUH

B npoBosnoke, moxydeHHON U3 MpyTKa 5 MM, CTpyKTypa Oosiee menkoszepHucTas (Tadi. 4.10), B
To Bpems kak B mpoBosioke DOMK+HCIIII u3 npytka 9 MM npu orxure 450 °C, Boiaepxke 10 4,
HaOJI01aeTCsl 3HAYUTENIbHOE YKPYIHEHUE 3epHa B mNepudepuitHOW M LEHTPaJbHOW 4YacTsIX, 4YTO

CBHUJIETEIILCTBYET O Hayasie MPOXO0KICHUS BTOPHUHON pekpucTauu3aiuu (tads. 4.10).
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Tabmuua 4.9 — MUKpOCTPYKTYpa IPOBOJIOKH JHAMETPOM 2 MM U3 IPyTKa JHAMETPOM 9 MM 1ocie

TepMooOpaboTKH

Pexxum TO

230 °C, 14

300 °C, 14

400 °C, 1u

450 °C,
10y
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Tabmumua 4.10 — MuUKpOCTpYKTypa MPOBOJIOKH TUAMETPOM 2 MM M3 MPYTKa AUAMETPOM 5 MM TOCIIE

TepMooOpaboTKH

Pexcum niepudepus eH
TO pudep LCHTP

230 °C,
1g

300 °C,
1u

450 °C,
1a

CTONT OTMETHTH, YTO B IIEJIOM IIPOBOJIOKA, moiydeHHas meromom CIIIT coxpanser Goiee
BBICOKYIO TEpPMHUYECKYI0 cTabuiapHOCTh npu HarpeBax 230-450 °C, sto xapakrtepusyercsi Ooiee

OJTHOPOJIHOM M MEJTKO3EPHHUCTON CTPYKTYPOI TI0 CEYEeHHI0 MPoBoJioku [235, 236].
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4.5. BuIBOabI IO IJIaBE

Taxum oOpa3om, B pe3yibTaTe MPOBEIEHHBIX UCCIeI0BAHUN MOMYyUYEHbBI CIEAYIOIIIEe OCHOBHBIE
pE3yNbTaThI:

1. HccnenoBaHbl pPEOJIOTMYECKUE XApAaKTEPUCTHKU HENPEPHIBHO JIUTBIX 3arOTOBOK
auaMeTpoM 12 MM, TOMYYEHHBIX M3 OSKclepuMeHTanbHoro cmiaBa Al-P3M ¢ pobGaBnenunem
pPENKO3EMENBHBIX METAUIOB B KojudectBe 1 %. CchopmupoBansl rpadukd, OTpaskarolIne
3aBHCUMOCThH CONPOTHUBJICHUS JedopMaluu MeTauia OT TeMIepaTyphl, CKOPOCTH 1ehOpMUPOBAHUS U
cTerneHu aedopManuu B MpeaonpeaeIEHHOM JUarna3oHne, 3aJaBaeMOM YCIOBUSIMU KCIIEPUMEHTA.

2. bbulo  BBIABIEHO, UYTO y paccMaTpUBaEMOro CIUIaBa IPOSBISETCS  yCUIIEHUE
CKOPOCTHOTO YIPOYHEHHMs] IO Mepe IMOBBILIEHUS TEMIepaTypel HCHObITaHUS. B  pesynbrare
comnpotusiieHue aedopmannu Bozpactaet B 1,3 paza npu 320 °C u B 2,3 paza npu 550 °C.

3. Ha  ocHoBe  pe3ynbTaroB  KOMIBIOTEPHOTO  MOJCIUPOBAHHS  OMPEJIEICHbI
KOHCTPYKTUBHBIE I1apaMeTpbl BAJIKOBOI'O U IPECCOBOTO MHCTPYMEHTA, a TaK)K€ TEXHOJIOIMUYECKHE
peXHMBl  MPOKAaTKU-IIPECCOBAHUS  JJIs  IOCIEAYIOLIEr0  IMPOBENEHUS  AKCIEPUMEHTAJIbHBIX
HUCCIIEIOBAHUMN.

4. Hcnone3ys pa3paboTaHHyro KOMIbIOTEpHYIO 3D Mojens mpoiecca KOMOMHUPOBAHHON
NPOKATKU-TIPECCOBAHMSA, TPEAHA3HAYCHHYI0 Ui J1e()OPMUPOBAHHS 3arOTOBKH KPYIJIOTO CEYEHUS,
MIOJIyUEHHOW B 3JIEKTPOMAarHUTHOM KpUCTaliM3aluuei, ObUIM HCCIe10BaHbl OCOOCHHOCTH M3MEHEHUs
dbopMbI, pacrpesiesieHne TeMIepaTyp U HANPsHKEHUH, a TakyKe BHIYMCIICHBI CUIIOBBIE TTapaMeTphl B0
30HBI JeOopMalliy IPU U3MEHEHHH YacTOTHI BpAllleHHs BaJKOB. B pacu€rax mpUMEHsUINCH JaHHBIE O
PEOJIOTUYECKUX CBOMCTBAX IKCIIEPUMEHTAIBLHOTO CILIaBa.

S, OTnuThie 3aroTOBKM, MOJYYEHHBIE B 3JEKTPOMAarHUTHOM KpPUCTANIM3ATOpPE, a TaKKe
npyTkH, chopmupoBaHHble U3 HUX npu nomomu CIIII, obGnanaroT 3HAYUTETHHON IUIACTHYHOCTHIO.
bnaronapss 3ToMy BO3MOXHO H3TOTOBJIEHHE IPOBOJIOKM C AMAMETPOM 2 MM 0e3 HeoOXO0IMMOCTH
MPOBEJCHUS POMEKYTOUHBIX OTKUTOB.

6. OKCHepUMEHTAJIbHBIE HCCIIECAOBAHUS TIOJYYEHHUS] MPOBOJIOKM JIMAMETPOM 2 MM U3
OMBITHOTO CIIJIaBa BBIMOJHEHBl C HCIOJb30BAHUEM pa3pabOTaHHBIX TEXHOJIOTMYECKUX PEXKHUMOB:
HenpepelBHON oTinuBkH B DMK, HenpepsiBHOro npeccoBanuss merogoM CIIII, BomoueHus, a Ttakxke
MPOMEKYTOUHBIX U (PUHATBHBIX OTKUTOB. PaboThl MPOBOAMINCE B JIAOOPATOPHBIX M MPOMBIIUIEHHBIX
YCIOBUSIX.

7. Bo Bcex azax mnpoBeAEHHBIX HSKCHEPUMEHTAIBHBIX MCCIEJOBAHUN BBIMIOIHEHO
UCCIIEIOBAaHUE CTPYKTYpbl MeTayuia. OOHapyXeHbl 3aKOHOMEPHBIE HW3MEHEHHS BPEMEHHOIo

COIIPOTUBJICHUA, OTHOCUTCIIBHOTO YAJIWMHCHHUA W YACIBHOI'O OJCKTPHUYCCKOro COIIPOTUBJIICHHUA
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UCCIIEyeMbIX O0pa3llOB B YCIOBUSAX TOpsSYed H XOJOAHOW JedopMaldd B 3aBUCUMOCTH OT
napaMeTpoB 00pabOTKH.

8. YpoBeHb MPOYHOCTHBIX XAPAKTEPUCTUK TOPSYCTIPECCOBAHHBIX MPYTKOB HAXOIUTCS B
nuamnazone 123-140 Mlla, mmactuueckux - 14-26 %, a snexkrpoconpotusienus - ot 0,0271 mo 0,0301
OM'MMZ/M;

9. YcraHoBneHO, 4TO MpH AedopMauu HerpepbiBHOIUTOW B DMK 3arotoBku, UMEIOIIEH
MEJIKO3EPHUCTYIO CTPYKTYPY, POUCXOIUT U3METBUYCHHUE 36PEH TBEPIOTO PACTBOPA U BBITSTHBAHHUE HX
B HampaBJIeHHH AchOpMalMK, KPOME TOTO YCTAaHOBJIICHO, YTO TIPH H3TOTOBJICHHH IPOBOJIOKH
IuaMeTpoM 2 MM OINpPOOOBAaHHBIE PEKHUMBI TEPMOACPOPMAIMOHHON O0O0pabOTKM TPHUBOIAT K
MOJTYYEHUIO CTPYKTYPBI C JIOCTATOYHO PAaBHOMEPHBIM pacCHpe/ieICHHeM BTOPUYHBIX (a3 1mo o0bemy
MIPOBOJIOKH.

10.  VYcraHOBJIEHO, YTO TIPH JOCTATOYHO BBICOKMX XapaKTEPUCTHKAX MEXaHUYECKUX
CBOMCTB, 3HAUEHHUS JJICKTPOCONPOTHBICHHUS JJIs IPOBOJOKH IUAMETPOM 2 MM IIOCJIE XOJOIHOM
nedopMaIuy BhIIIE, YeM Y IPYTKOB, MOJYYEHHBIX Topsdei nedopMaliiei, TodTOMY IS MOJYICHHS
KOMIUIEKCa CBOWCTB, COOTBETCTBYIOIIMX JICHCTBYIONIMM CTaHIapTaM, HEOOXOIMMO MPHUMCHEHUE

omxkura npu temieparype 230 °C u Boiaepxkke 1 gac.
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5. UCCJIEJIOBAHUE TEXHOJIOTMH TOJYYEHUS W CBOHCTB HPOBOJIOKH
SJIEKTPOTEXHUYECKOI'O HA3BHAYEHUA U3 CIIVIABA CHUCTEMBI Al-P3M C
MMPUMEHEHUEM METO/JA BECCJIUTKOBOM NPOKATKH-IIPECCOBAHUS

B 10l raBe mpencTaBiieHbl UTOTH SKCIEPUMEHTAIBHOTO MU3YUYEHHs Mpoliecca 0€CCIMTKOBOM
MPOKaTKU U TmpeccoBaHus. llenbio paboT B JaHHOW IJIaBe SABJISUIOCH TMOJYy4YEHUE JIJTMHHOMEPHBIX
nehOpMUPOBAHHBIX TONy(haOpuKkaToB (TMPYTKOB M TPOBOJOKHM) W3 cruiaBa cucrembl Al-P3M ¢
MOBBILICHHBIM COJIEP>KaHUEM PEIKO3EeMEIbHBIX 2JIEMEHTOB (1iepus U 1anTaHa) 10 7 % (cmnas 01417) u

10 1%. Martepuaiisl ri1aBbl OIyOaMKOBaHbI B pabotax [1, 210, 222-224, 227, 230-232].

5.1. MeToauka npoBeaeHusi IKCIEPUMEHTAJIbHBIX HccaeqoBanuii Meroaom BIITI

HpI/IHHI/IHI/IaJ'IBHaH cXxema, npeaHasHa4YCHHasA JJIA peain3aliun OKCIICPUMCHTAJIbHBIX

UCCIJIEJOBaHMM, TpUBEIECHA HA pUCyHKe 5.1.

elnlele0lelele)
\\
\

Pucynok 5.1 — Cxema ycTaHOBKH COBMEIIEHHOTO JINThA-POKATKU-TIPECCOBaHUS: 1 — meyb
MPUTOTOBJIEHUS pacIljilaBa UM HAarpeBa 3aroTOBOK; 2 — 3aJJMBOYHOE YCTPOMCTBO; 3 — BAJIOK C
BBICTYIIOM; 4 — BaJIOK C KAHABKOW; 5 — THAPOUMIMHD; 6 — TUTyH)Kep; 7 — MOJACTaBKa; 8§ — MecA03a Mo/l
MaTpUYHBIM 0J10KOM; 9 — omopa maTpudHoTO 0J10Ka; 10 — Mec103bI 0T HAXKUMHBIMU BUHTaMH; 11 —
HaXUMHOU BUHT; 12 — MaTpuna; 13 — moamMUIHUKA CKONIbKeHus; 14 — mTypBan- mectepHs; 15 —
TEH30MeTpUUecKas annaparypa; 16 — onopsl; 17 — cenuroBble HarpeBatenu; 18 — MaTpulenepKaTens;
19 — cranuna; 20 — MmaHOMeTp; 21 — MBYXTIO3UIIMOHHBIA THIPOPACTPEACTUTENH C PYIHBIM

ynpasieHuem; 22 — pyunoit Hacoc MP01/1; 23 — 6ak ¢ maciom
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Jnsa peanuzanuu nponecca BIIII ncnonb3oBain HarpeB MeTamia, MOMEIMIEHHOTO B THUIENb B

neun 1. TexHnueckrue XapakTepUCTUKN YCTAaHOBKH IPUBEIEHBI B COOTBETCTBUU C Tabnuuei 5.1.

Ta6muma 5.1 — TexHuueckne XapakKTepuCTUKH YCTAHOBKH COBMEIIICHHONW 00pabOTKH

No [TapameTpsl Enunuiibsl usmepenus 3HayeHust
1. KonndecTBo 060p0oTOB BasIKa 00/MuH 4,8,14
2. | IlepemaTounoe ymncio peaykropa - 40
3. HavanpHbli TuaMeTp Bajika MM 200
4. | Jlnamerp meiku Baja MM 100
5. JlnmuHa 00YKH Bajgka MM 240
6. MOIIHOCTB AJEKTPOIBUTATENS KBT 40

Kunematnueckas cxema YCTpOﬁCTBa U IOPKMMaA MAaTPUIIbI K BaJIKaM IIPCACTABJICHA Ha

pHUCYHKE 5.2.

T

Pucynok 5.2 — Kunemarnueckasi cxema ycTpoiCTBa IJIsl TIOJPKUMa MaTPHIIBI K BajkaM: 1 — pyqHOit
Hacoc MP01/1; 2 — nByXNO3ULIMOHHBIN THAPOPACTIPEAETUTEINb C PYYHBIM YIIpaBJI€HHUEM; 3 — pblyar

NEPCKIOUCHUA Ju(0%350005071 THAPpOLUIIMHAPA, 4 — MaHOMCTP; 5-— 631(; 6— TUAPONUIIMHAP C ITOPIIHEM

YerpoicTBO cocTouT U3 pydHoro Hacoca mozaenu MPO1/1, pa3zBuBaroiiero HOMUHAJIbBHOE U
MakCUMalbHOE  JaBJ€HUE, COOTBETCTBEHHO, 250 wu 500 arM.,, JBYXHO3ULIMOHHOTO
THJIPOPACTIPEICITUTENS, THIPOIMINHApA (BHYTpeHHUH auametp muwiuaapa d, = 180 MM) ¢ mopirHem,
MaHOMETpa JIJIsl U3MEPEHHUsI TaBJICHUsI M OaKa JJIsl 3aKa4Ky U CJIMBa Macia.

[Tporecc mopkuMa OCYIIECTBIISIN B CISAYIONIEM Mmopsiike. Peraar 3 ruppopacnpenaenurens 2

YCTaHaBJIMBAJIU B KpaﬁHee JICBOC IMOJIOKCHUC, IIPU 3TOM OTKPBIBACTCA BHYCKHOﬁ KaHaJl U 3a1inupacTCsa
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BBITYCKHON. Py4npiM Hacocom 1 m3 Oaka 5 Macio 3akauMBalid B TUAPOPACIPENCIUTENh U 3aTeM B
rugpouinHap 6. C moMoripio MaHOMeTpa 4 yCTaHaBIMBAIKA HEOOXOIMMOE JIaBJICHHE TIOKUMA.

[Tocne oxoHuYaHuUs Mpoliecca MPEcCOBaHUS cOpachiBadM AaBJIICHHWE B TUIPOLUMIMHIpPE, IS
3TOrO pblYar 3 YyCTAHABIMBAIOT B KpailHEe INIpaBo€ IIOJOKEHHE, B pe3yjbTaTe 4Yero B
THIIPOpACIIpeeNTuTeNIe OTKPHIBACTCS BBIMTYCKHON KaHAll M Macyio cOpackiBaeTcs B 0ax 5.

CripoekTUpOBaHHAsl YCTaHOBKa oOecreunsia MpoBEJACHUE PsAa SKCIEPUMEHTOB 10 W3YYEHUIO
BIMSIHUAS Pa3MEpOB TIONMEPEYHOTO CeueHHs KanuOpa Ha CHIOBBIE YCIOBHSA Ipolecca Npu
BapbUPOBAHUU 33JJaHHBIX MapaMeTpoB. Pabouas ki1eTh yCTaHOBKU IMpe/cTaBisiiia coO0i Be cTalbHbIE
CTaHUHBI 3aKPHITOTO THUIIA, CKPEIUIEHHbIE MEXKIY COOOW CTSXKHBIMU OOJITAMU U CMOHTHPOBAHHBIC Ha
00I11eM OCHOBAHUU C IBUTATENIEM, KOPOOKOW Iiepead, peIlyKTOpOM U HMIECTEPEHHON KIEThIO.

B nonymkax Ha OpOH30BBIX MNOJIIMITHUKAX CKOJIBKEHMSI YCTAHOBJIEHBI OCH, HAa KOTOPBIX
CMOHTHPOBAHbI Pa3IMYHbIE KOHCTPYKIIMH BAJTKOBOTO HHCTPYMEHTA B COOTBETCTBHE C THIIOM KaluOpa.
Pabouuit uHCTpyMeHT (Bajku) u3rotoBieH u3 ctanu SXHM u tepmoobpaboran no tBepaoctu HRC
48-50. YcTpoiicTBO 1JIsl YpaBHOBEIIMBAHMS BAJIKOB, IPUMEHSIEMOE Ha JTAHHOM CTaHe, IPYKHHHOE.
VYcTaHoBKa 3a30pa MEX]y BaJKaMH IPOU3BOJUTCS C MOMOIIBIO IIECTEPHU YEpe3 CUCTEMY 3yOUaThIX
nepeaay, N03BOJISIOLLYI0 TPOU3BOAUTH COBMECTHOE U Pa3/IEIbHOE BPAILIEHUE HAKUMHBIX BUHTOB.

Jns mposenenusi omnbiToB Metonom CIIIT Obu1 pa3paboTtanacnenyromass Mmetoiuka. B
AJIEKTPUYECKON NMEYHCONPOTUBIICHNUS OJHOBPEMEHHO HArpeBalli HECKOJBKO 3arOTOBOK 0 3aJaHHOU
temneparypbl (480-550 °C) wu BeimepxwuBamu 10-15 mumuyr. TemnepaTypy HarpeBa 3aroTOBOK
KOHTPOJIMPOBAJIN XpOMeIb-altoMeneBoil Tepmonapoid n norenuuomerpoMm KCII-3. OpgHoBpemeHHO
OCYILECTBIISUIM HAarpeB BaJIKOB /10 MakcuMaibHOH Temnepatypsl 80-100 °C npu nomonu crnenuaibHoR
Ne4M, BBHIIOJHEHHOW B BHJAE KOXyXa @O0 QopMe BaJIKOB M CHA0XEHHOIO HHUXPOMOBBIMU
HarpeBaTessiMu. [lociie HarpeBa 3aroTOBOK M BaJIKOB JI0 HEOOXOJIMMOM TeMIiepaTypbl IPUBOJIUIN BO
BpallleHHEe BAIKH YCTAaHOBKH CO CKOPOCTHIO 4 U 8 00/MUH.

OKCHEpUMEHTHI ITPOBOAMIIN B CIENYIOIIEH ITociIeoBaTeabHOCTH. [Tocme Toro, kak mpoun3oen
3aXBaT 3arOTOBKHM BAJIKOM C BBICTYNOM 3 U BaJIKOM C KaHaBKOH 4, TEH30MeTpUUecKas ammaparypa 15
(UKCUPYET CUITy, OKa3bIBAEMOE METAIIOM Ha BAJIKU ¢ TTOMoIIbi0 Mecao3 10. [lanee MeTai 3aroToBKu
nonagaer B KanuOp M JocTUraer Marpuubel 12, cMOHTHpoBaHHOW Ha Martpuueaepxkarene 18. C
MIOMOUIBI0 THAPOLMIIMHAPA 5 U IUIyHXepa 6 MaTpulia IUIOTHO MOJpPKAaTa K BajKaM CHHM3Yy. Meramn
pacrpeccoBbIBaeTCS, 3alOJIHAS KamuOp B 30HE pacHpeccOoBKU. 3aTeM, 3a CYeT IOCTOSIHHOTO
MOCTYIIEHUSI METaJula B KaIUOp — METaJlI BHIITPECCOBBIBAECTCS Yepe3 KaHal MaTPUIIbI B BUJE MPYTKa.
Cuna Ha Matpulie GUKCUPYETCsl TEH30METPUUECKOM anmnapaTypoi, ¢ UCIIOIb30BaHUEM MECI03bI 8.

Jlsis oCcyIIecTBIEHUS SKCIEPUMEHTATIBHBIX UCCIIE0BaHUIN ObUIN CIIPOSKTHUPOBAHBI TIPECCOBBI,

BaJIKOBBIN y3JIbl M HarpeBaTeJIbHOE YCTPOMCTBO JAJIS MOJOTPEBA BAJIKOB U MAaTPUUYHOTO y371a, a TAKkKe
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CMOHTHPOBAaHA TEH30METPUYECKasl ammaparypa IJisg 3aMepa OCHOBHBIX SHEPrOCHIIOBBIX MapaMeTpOB
(pucyHok 5.1).

OnbiTel 0 MeToay BIIIT mpoBoawiu no cieayromieit Mmeroauke. Metai, paciuiaBiIC€HHbIA B
TUTJIE C TOMOLIBIO Me4H 1, 3axBaThiBaeTcs Bajikamu 3 U 4. B mpouecce paboThl peryastop 2 103upyeT
KOJIMYECTBO METAJUIA, MOaBaeMOro B KaIHOp BajJKOB, YMEHBIAS WM YBEIUYHBAs MOTOK pacIliaBa.
[Ipu 3TOM Ha MOBEPXHOCTSIX BOJOOXJIAKIAEMbIX BaJKOB 3,4 HAUMHACTCS KPUCTAILIM3AIMSA MeETallia.
Jlaiee 3aKpHCTaNIM30BABIIMICS B BHJIE 3arOTOBKM METAUT OOKMMAETCs B 3aKPBITOM KaiuOpe,
pacrpeccoBbIBaeTCS IMepell MaTpHile 7 U BBIIABIMBACTCS B KalUOpYIOIee OTBEPCTHE MATPHUIIBI C
o0pa3oBaHHeM Mpecc-u3/ens 3a1aHH0i GOpMBbI U pa3MepoB. BrIX01HOM KOHEI IBUXKYIIErocs mpecc-
W3JIeNUs TOMAIaeT B HAMpPaBISOMKE Poauku 10, KOTOpbIe U3MEHSIOT €r0 HAMPAaBIICHUE JABUKEHUS HA
90 rpamycoB u MepealoT Ha MOTANKY 11, T/Ie IPOU3BOIUTCS CMOTKA B OYXTY.

CkopocTh BalIKOB B ONBITaX M3MEHsIach HAa JBYX ypoBHsX: 4 u 8§ o0/MuH, a Temmeparypa
pacmiaBa Takxke Ha AByX ypoBHsX: 750 u 780 °C. [lanee monydeHHbIE MpecCc-U3AETUS MOBEPralrcCh
UCIIBITAaHUSIM TI0 OTNPECIICHUIO0 MEXaHUYECKUX CBOMCTB U UCCIIEIOBAHUAM CTPYKTYPhI METasIA.

Metamtorpaguueckiue HCCIEAOBAaHHS MPOBOJWIA HAa CBETOBOM MHKpockore AXio
Observer.Alm, Carl Zeiss u pacTpoBOM 3JIeKTPOHHOM CKaHHpyroiem Mukpockorne «EVO 50», Carl
Zeiss ¢ SHeproauclepCHOHHBIM MuKpoaHaau3atopom Inca Energy 350. [ns  wuccieaoBaHuii
MEXaHHUYECKUX CBOUCTB JeOPMUPYEMBIX MONY(aOpPUKATOB HCIONB30BAIA  YHUBEPCAIBHYIO

anekTpomexanndeckyro MamHy LFM 400 ycunuem 400 xH.

5.2. Pe3yabTaThl 3KCNIEPUMEHTATBHBIX HCCIeJOBAHUI 110 MOJTYy4YeHHIO IPYTKOB U3 CILIaBa
01417 metoaom BIIII u pa3paGoTka HOBOIf TeXHOJIOTHH MOJTYYeHHS MPOBOJIOKH U3 3THX NMPYTKOB
[TyreM sKkcTiepUMEHTANBHBIX UCCIEI0BaHUM ObUIO N3YYEHO BIUSHUE TEMIIEPATypbl U CKOPOCTH
negopMalu Ha CTPYKTYpy M cBoicTBa mnpyTkoB noiydeHHbIXx BIIII. IlpyTku mnonywanu npu
temneparypax pacmiasa 1, = 750 °C u T, = 780 °C u ckopoctsx nedopmanun 0,74 ¢t u 1,49 ¢

CtpykTypsl IoiyhabpuKaToB MpeACcTaBIeHBI HA puCcYHKaX 5.3 u 5.4.
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Pucynok 5.3 — MukpocTpyKTypa npyTKoB, noiydeHHslx Metoom BIIIT npu temmnepatype 750 °C,

TUAMETpHL: a, 6 — 9 MM, 6, 2 — 7 MM, 0, e — 5 MM, CKOPOCTh JieopManuu: a, 8, 0 — 0,74 ¢t ,0,2,e—149¢
1
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Pucynok 5.4 — MukpocTtpykrypa moirypadpukaros, mosryaeHHbIX MeTozoM BIIIT mpu remmepatype 780
°C, muameTpsl: a, 6 — 9 MM, 6,2 — 7 MM, 0, e — 5 MM, CKOPOCTbh Aedopmanuu: a, 8, 0 — 0,74 ¢t ,0,2,0—

1,49 ¢t

Mertamtorpaguuecknii aHaaM3 [OKasaj, 4YTO TIOMyYeHHas CTPYKTypa HE OIHOPOJHA.

Jedopmanust ¢ pa3HBIMU CKOPOCTSAMHU MPUBOIUT K (POPMUPOBAHUIO CHIIBHO OTIMYAIOLIHICS CTPYKTYPHI
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B KpallHMX 30HaX NPYTKOB M LEHTPaJbHbIX dYacTed. B KkpailHMX 30Hax HaOIIOAaeTCs OJHOPOIHOE
pacripeieieHue MEJIKUX YacTHIL I10 TBEPJIOMY pacTBOPY.

B nentpanpHbIx 30HaX HAOIIOJAIOTCS CBETIIbIE YYACTKH 0L TBEPAOIO pacTBOPA U TEMHBIE YUaCTKU
aBrekTHKU (0+AlM) (em. puc. 5.3). Ilpu temneparype 780 °C HEOTHOPOIHOCTh B PA3JIMYHBIX CIOSIX
NPYTKOB MeHee BbIpaxkeHa (cMm. puc. 5.4). B mpyTkax amamerpoM SMM HaOIONAIOTCA KpyHHBIE
YacTULBl CIEAYIOIUMHU pa3MepamMu OT 9x3 MM 1o 15x7 mxm. Ckopee Bcero, 3TO CBSI3aHHO C
OOJNBIIMMH CKOPOCTSIMH OXJIQXKJICHHS METalljla M BBICOKUMH cCTeneHsMu Jedopmanuu. Haumbonee
ONTUMaJbHAsl CTPYKTypa MPYTKOB Mojiydaercs mpu temmeparype nedopmanuu 780 °C U ckopocTu
1,49 ¢,

Kak BUIHO U3 3KCIIEpUMEHTAIBHBIX JAHHBIX, IPUBEACHHBIX B TaONUIE 5.2, CUIIBI HA BaJKaX H
MaTpHIle YBEITMYUBAIOTCS C POCTOM Kod(pduuneHTa BHITHKKH. C yBEIMUSHUEM TeMIIepaTyphl HarpeBa
3aroTOBKM CHJIbl Ha Ballkax M MaTpuile yMmeHblnaioTcs. C pocToM CKOpocTH aedopmanuu CUibl Ha
BaJKaXx M MaTpulle CHWXKaTcsI. To ecTh CoXpaHsercs Ta € 3aKOHOMEPHOCTb, KaK W MpHU

ncnoiibzosannu meroma CIIIT.

Tabnuna 5.2 — Pe3ynbTaThl SKCIIEPUMEHTATIBHBIX HCCIEAOBAHUN YHEPTOCUIIOBBIX ITapaMeTpOB
JKCIIEPUMEHTAIBHOTIO cIuiaBa 1o meroay bIITI

T, = 750 °C T, =780 °C
pn=48 | u=80| u=157 | u=48 | u=80 | n=157

[TapameTpsl

e—074¢t [Dunidl | 3725 | 3843 | 3073 | 2013 | 3058 | 3219
) Pyarp, KH 267,1 298,0 367,4 230,9 2542 315,2
— -1 PBan kH , , , , , ’
£E=149c¢ . 350,2 376,8 3825 2622 2819 303,4
PMaT KH ! ) ’ y ] y
’ o, 2252 2557 333,1 1875 2157 2695

MexaHu4YecKrue CBOMCTBa IPYTKOB, IHOJYYCHHBIX COBMEIIICHHOM HpOKaTKOI\/’I'HpeCCOBaHI/ICM,

IpUBEIEHbI B Tabnuie 5.3.

Tabmuua 5.3 — MexaHudeckue cBoicTBa mNoiay(haOpUKaTOB (BPeMEHHOE CONpPOTHBICHHE U

OTHOCHUTCIIBHOC yI[J'II/IHeHI/Ie), IMMOJTYYCHHBIX MCTOIOM BIIII

Mapaverps: T, =750 °C T, =780 °C
n=48 [ n=80 | u=157 n=4238 u=28,0 u=157
=074 ¢ 3, % 13,3 13,5 12,8 13,5 12,8 11,9
’ o3, MIla 212 238 253 212 232 242
E=149 ¢ 3, % 10,2 10,5 9,6 11,7 10,6 10,3
’ oy, MIla 199 226 247 192 218 232

W3 Ttabmumel 5.3 BHIHO, YTO HM3MEHEHHE TEXHOJOTHYECCKUX IapaMeTPOB CKa3aJoCh Ha

MeXaHH4ecKuX cBoicTBax. C YBCIMYCHUEM CKOPOCTHU ,Z[C(I)OpMaI_II/II/I, B OTJIMYHUEC OT MCTOAA CHH,
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YMEHBIIAETCS IJIACTUYHOCTh MeTajljla MPYTKOB. Takke MIaCTUYECKUE XapaKTEPUCTHKU IMOYTH HE
YBEJIUYMBAIOTCSI C POCTOM TEMIIepaTypbl 3aroTOBKH. BpeMeHHOEe CONpOTHBJICHUE MPYTKOB,
noydeHHbIX 1o Metoxy BIIII, coctaBiseT B cpennem 190-250 MlIla, a otHOCcHTenbHOE ymuHeHUe 10-
14 %.

I'paduky  3aBHCHUMOCTH  MEXaHWYECKUX CBOWMCTB  (BPEMEHHOTO  CONPOTHBICHUS U
OTHOCUTEIILHOTO Y/UIMHEHUS) IPYTKOB, Moay4eHHBIX MeTogoM BIIII, mpusenens Ha puc. 5.5, 5.6. s
CpaBHEHHUS Ha TEX € PUCYHKAX IMMOKAa3aHbl 3HAYCHUS MEXAHUYECKUX CBOMCTB MPYTKOB, MOJYUYEHHBIX
U3 3KCnepuMeHTanbHOro ciiasa merogom CIIII.

N3 pucynka 5.5 cTaHOBUTCS SICHO, YTO Yy NMPYTKOB, MOJdy4YeHHBIX MeTogoM BIIII, mpouHocTs Ha
pa3pbiB B cpeaHeM ycrymnaeT Ha 60—80 MIla npoynoctu npyTkoB, nmpousBeaeHHbIx MetoaoM CIIII.
OTHOCHUTENBHOE yIUTMHEHUE (CM. pHC. 5.6) moka3piBaeT ymenblienue: Ha 6—10 % npu xosddunuente

BBITSDKKH OT 4,8 10 8, u Ha 2—5 % nipu ko3 umureHTe BuITSHKKY oT 8 10 15,7.
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Pucynok 5.5 — I'paduku 3aBUCMMOCTH BPEMEHHOI'O CONIPOTUBIIEHUS OT KOA(hPULIMeHTa
BBITSDKKH JIJ1s1 IPYTKOB M3 SKCIIEPUMEHTAIBHOTO CIUIaBa; a, 8 — o Meroay bIIII, temneparypa
pacmnasa 1, = 750 u T, = 780 °C cooTBeTCTBEHHO; 6, 2 — 110 MeToxy CIIII, Temneparypa
3arotoBku 480 u 550 °C cOOTBETCTBEHHO;

-1 -
—— U —® — HKCIepUMEeHTalIbHbIe 3HaueHus npu = 0,74 ¢~ u 1,49 c ! cooTBeTCTBEHHO
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Pucynok 5.6 — I'padpuiku 3aBUCUMOCTH OTHOCUTEIIEHOTO YIUIMHEHUS OT KO (MUIIMEHTA BBITSIKKH
JUI IPYTKOB U3 3KCIIEPMMEHTAJILHOTO CILIaBa; a, 6 — 1o Mmerony bIIII, remneparypa pacnnasa 7,
=750 u T,= 780 °C coorBercTBeHHO; O, I — 1o Metoay CIIII, remneparypa 3arotosku 480 u
550 °C cOOTBETCTBEHHO;

—— y —= —3HavyeHus npu & = 0,74 ¢t 1,49 ¢! cooTBeTcTBEHHO

CpaBHUB IPOYHOCTHBIE U IJIACTUYECKUE XAPAKTEPUCTUKU IPYTKOB, MTOJIYYEHHBIX 10 METOJAM
CIII u BIIII, MoXHO chenaTh BBIBOJ, YTO B IIETIOM NPYTKH, moxydeHHble meronoMm bBIIIT Gonee
IUTACTUYHBI. TO MOXKET OBITh OOBSICHEHO TEM, YTO OJTHOPOJIHOE MEJIKO3EPHUCTOE CTPOECHUE 3ar0OTOBKU
u3 OMK, npumensiemoit 1151 repopmanyiu, 61aronpusTHO CKa3bIBa€TCA Ha MOKA3aTEIsX MPOYHOCTHBIX
U MJACTUYECKHUX CBOMCTB Ha OoJiee MO3IHMX dTanax gegopmupoBanus, a B npouecce bIIIT yactnyno
COXpaHsIeTCS HEOJHOPOAHAS CTPYKTYpa METalIa.

B mponecce pa3paboTku TEXHOJOTUH OBUTM OTPAaOOTaHBl PA3IUYHBIE PEKUMBI MOIYUCHHS
JUTBIX U 1€(POPMUPOBAHHBIX NOTy()aOpPUKATOB.

Peanusanus TeXHOJIOTNU MOTYyYEHHS IIPOBOJIOKH 3aKJII0YAJIACh B CIIEAYIOIIEM:

1. ITpuroroBneHue paciuiaBa 3alaHHOT0 XUMHUYECKOTO COCTABaA.

2. beccnuTkoBasg MpoKaTKa-IIPeCCOBaHUE MOApa3yMeBaia 1ojady paclulaBIEHHOIO METajlla B
kanmuOp Harperbix g0 Ttemmepatypel I = 100 °C BamkoB. Jlamee MpPOMCXOIWIIO BBIIABIMBAHUE
Mmarepuaia, (opMHpOBaHHE TPYTKOB C BapbUPYIOUIMMCS JHaMeTpoM. BusyanbHbII 0CcMOTp
MOBEPXHOCTU ObIT oOs3aTeneH, kKak W oTO0p mpoO. IIpoObl mpenHasHayaluch Ui aHaIU3a

MHUKPOCTPYKTYPBI TOTOBOTO MPYTKA, & TAKXKE JUIsI U3YYEHHS €70 MEXaHUYECKUX XapAaKTEPUCTHUK.



139

3. ITlocnenyromuM 3TanoM sBJsJIACh XOJOJHAs COPTOBasl MPOKATKa, B PE3yJIbTaTe KOTOPOW
MoJlyyanach 3aroToBKa, UMerolas AuamMerp 1 mm.

4. 3akirOuMTENbHBIN 3Tall - BOJIOYEHHE NIPECCOBAHHOM 3ar0TOBKM J10 KOHEYHOro pasmepa 0,3
MmM. [TapamiensHo oCcyecTBISIICS 0TOOp 00Pa3IOB T MEXaHUYSCKUX UCTIBITAHUHN, PABHO KaK W JJIs
MIPOBEJICHUS METAJUIOrpahUIECKOro aHaIu3a.

Ha nepBoM »sTame pa3paOOTKM TEXHOJOTHM CTaBWJIach I€Ib MPOBEPUTH MPUHIUIHUATBHYIO
BO3MOXKHOCTh peaM3allii MpoIecca COBMEIIECHHON MPOKATKU-MPECCOBAHMS CIUIaBOB cucTeMbl Al-
P3M npu 3aaHHbBIX TapamMeTpax TeXHOJIOTHYECKOro Impolecca.

Ha BTOpOoM »sTame mocienoBaTeIbHO 0O0pa0aThIBAIUCh HECKOJIBKHX 3arOTOBOK C IEJIBIO
MOJIyYEHUS IIPecC-U3eINi OOJIBIION AJIMHBI 32 CYET CBAPKU 3arOTOBOK B oyare JAeQopMaruu.

Tperuil 3Tanm 3aKiIOYalCs B MOA00OpE pallMOHAIBHBIX TEXHOJIOTHMYECKUX pexuMoB BIIIT u
W3TOTOBJICHUM TMpoBoJioku 1uametrpom 0,3 MM. B Xome skcmepumeHTa ObUTH 3a()UKCHPOBAHBI
CJIeYIOIIKE TTapaMeTpbl TEXHOJIOTMUECKOTro MpoIlecca: TeMIeparypa pacijiaBa, o0o3HaueHHas kKak T,
coctaBisuia 780 °C; TemmepaTypa 3aTBep/eBIlel 3arOTOBKU, HAXOISAIIEHCS B Bajkax, paBHsach T =
550 °C; yacToTa BpalmieHus BaIKoB — 4 000poTa B MUHYTY (COOTBETCTBYIOIIAs CKOPOCTH JedhopMaliuu
metaia & = 0,74, c-1); creneHb BHITSDKKH IMPU NMPECCOBAHUU, 0003HAaYeHHas |, cocTtaBmia 8,0 (4To
MIPUBEJIO K TOJYYECHUIO TIPYTKA TUAMETPOM 7 MM).

Hanee, moyiydeHHbIE TPYTKH, UMEIOIINE TUAMETPhl 9, 7 1 5 MM M U3TOTOBJICHHBIE METOJIOM
BIIII, noaBepranucey nedopMaliiu Ha COPTOBOM MPOKATHOM cTaHe, Mojaenu «Mario di Maio» LG 200,
MPOU3BEICHHOM TOM ke (hUPMOiA, C LeIbI0 CHIDKEHHUS MX pa3MepoB B MOMNepedyHHKe. B pesynbrare
yero ObUIa MOJMy4YeHa KaTaHKa KBaJpaTHOIO cedeHMs ¢ pa3mepamu 2,2x2.2 mMm. KanubpoBka BaJikoB
MIPOKATHOTO CTaHa UMEET CIIEAYIONINE CEUeHHUs CO CTOpOoHOMU KBaapara: 9,2 —-83—-7,5-6,8—-6,2—-5,5
-50-45-42-37-34-31-28-26-24-22-20-18-16-15-14-13-12-11-
1,0 Mm.

Ha crnenyromem »srtare NpOW3BOJCTBA TMOMYYEHHYIO KaTaHKy MPOTATHBAIM B XOJOJIHOM
COCTOSIHMH, YTOOBI MOJYyYUTh MPOBOJIOKY, UMeroIIyto nuamerp 0,3 mm. st aToro Oblia paspaboTaHa
TEXHOJIOTMYECKass CXeMa BOJIOYEHHsS TMPOBOJOKM W3  CIUIaBa, KOTOPBIA ObUT  MONyYeH
AKCIIEpUMEHTANIbHBIM MyTEM. [lpomecc mnpoxoaun Ha [AECATHUKPATHOW BOJOYWIBHOW MAalIUHE,
umMeroniel ckoibkenne npu padote (tun mammubl «T 10 N.F.S.»). McxoaHslii auamerp npoBOJIOKH
coctaBmsut 1,0 mm, a xoneunsnii — 0,3 mm. Ha pucynke 5.7 mpencraBieHa cxema, OTOOpakaroIiast
pacmojoXeH!e TSIHYIIMX W HaANpaBISIONUX KOHYCOB BOJOYWIBHON MamuHbl. B Tabmume 5.4

MMPUBCACHLI OCHOBHBIC TCXHUYCCKUEC XAPAKTCPHUCTUKU 3TOT'O O60py,[IOBaHI/I$I.
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PI/ICYHOK 5.7 — Cxema TAHYIIUX W HAIIPABJIAIOMIUX KOHYCOB HGCHTHKpaTHOﬁ BOJIOYMJIBHOM MAIIIMHBI CO

ckonbxenueM « T 10 N.F.S.»

Tabmuna 5.4 — OcHOBHBIE TEXHUYECKHE XapaKTEPUCTUKU BosloumiibHOM MamuHb! «T 10 N.F.S.»

XapakTepucTruKa 3HaueHue
MOoOIIHOCTH IJIABHOTO MOTOpA 7,36 kBT
MOIIHOCTh MOTOPA MPUCIIOCOOJICHUS TSI BOJIOYCHHSI 0,37 kBt
MoIHOCTh MOTOpPA HacOCa CMa3Ku 0,01 kBt
MakcumaibHas CKOPOCTh BOJIOYEHUS 250 m/MuH
KonunuecTBo npoxos0B BoJIOUEHUS 10
[TocTosiHHOE yATTMHEHHE TPOBOJIOKH 13%
MakcuManbHbI THaMeTp HAMOTKHU 250 mm
MakcuMasbHbIi HA4YaJIbHbII IUAMETP IPOBOJIOKH 2 MM
MuHuManbHbIN (KOHEUHBIN) THaMeTpP MPOBOJIOKH 0,15 MM

OcHOBHBIC Q)OPMYHLI U MapaMeTpbl NMPHUBCACHBI HUKC. B cooTtBeTcTBHH C HEH A pacucTa

HaIpsHKEHUH BOJIOYEHUS IO MPOXO0/1aM UCIOJIb30Baiachk Gopmyra

O.

eéon __ __(B) |,60n
i —0ia 'ki ]

(5.1)

rae K — xoaddunmeHT HanpsOKEHHs BOJOYCHUS B COOTBETCTBYIOLIEM I-OM ITPOXOJE,

BBIUKCIISIEMBIN TIO (hopmyTie:

KP .m_o,%_(k 1) o
son m(?\tl _1) ! m ! ! m - kl -
501 — =+ +—| Sinyy +—5 -siny, |4,
2(m—cosa) 150 _32.005¢ 4 ¢ 3 A

(5.2)

rzie | — HoMep poxojia (mepexo/ia BOJIOUCHUs ),
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c® — BpemeHHOE COMPOTHBIIEHHE 06Pa6ATHIBAEMOTO METAITA VIS i-T0 TIPOXO/a.

Koa¢hdunueHt 3anaca mpoYHOCTH MpoIiecca B i-OM MPOX0/Ie PaCCYUTHIBANICS 10 (hopmyre:

(B) ynp
san _ Gii _ ki
i 7 _eon 601’
ok (5.3)
(B)
wp _ Oi i
rae k; - KOO GUIMEHT YIPOUYHEHHs METa/lia B I-OM IPOXoJie.

)
O

JI71s1 BBIMOJTHEHUS pacyeTa Iepexo/I0B BOJIOUEHHS UCITIOJIB30BAIH CIICAYIONIUE JaHHbIC:
- ko3 uument Tpenus tgye=0,09, oTkyaa yo=5,142764558
- 197 7« - KOODOUIMEHT TPSHUS U Yrojl TPEHHs Ha BBIXOJE U3 paboueil 30HbI BOJOKH B I-
OM TIPOXO0JIe, ONPEIeIEHHbIE IO (GOpMYJIe:
1/2
A

ctgy, —(M'? —1ctga’

19y« = (5.4)

i-1
rmue ﬂf, = . KO3 (DUIUEHT BHITSIKKH,

di-1, di — pa3mMepbl IPOBOJIOKK COOTBETCTBEHHO JI0 U MOCIIE JIe)OPMALIMHU B i-OM MPOXOJIE;
- [OJTYyron paboueit 30HbI BOTOKH 0. Ipu cpexnem kospdumumente tpenns tgy,, =010, npu

cpenHeil cremeHu Jorapudmudeckoit nedopmamyu INk,=0,22 I aMIOMHHHEBBIX CIUIABOB U

BBIUMCJIEHHBIN KaK ONTHUMAJIbHBIN 110 BCEMY MapLIpyTy BOJIOYEHHS 110 hopMyIie:

a=,/15-t9y,,-In4, =018 pax= 10°= const; (5.5)

OTHOCI/ITGHBHYIO CKOPOCTBb CKOJIBXKCHUS IMPU ABHUKXCHUH IPOBOJIOKU U IMOBCPXHOCTU TATOBOM

11aii0bl ONIPEEIISUTN IO BBIPAXKEHUIO

som"izf/i—w 100, %. (5.6)

[TapameTrp, oOpaTHBI KOI(PGUIIMEHTY HEPaBHOMEPHOCTH naedopManuu, HE3aBUCUMBIH OT

BCJIIMYHHBI ITOCJIICAHETO:

M sin(a +7,)

- = 2,94 = const (5.7)
siny,
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Hcrnonb3yss MacrnopTHbIC [NaHHBIE BOJOYMJIBHOM MAIIMHBI, OIPEIEISIM TaKKe CKOPOCThb
NPOTSATUBAEMON TPOBOJOKA W OKPYKHBIE CKOPOCTH TSTOBBIX INAi0 MO mpoxojaM JUIs TOHCKa

KOB(l)(bI/II_[I/IeHTOB OTHOCHUTCIBHOT'O CKOJIB>XKCHU S Si u KOB(b(i)I/IHI/IeHTOB OTHOCHUTECJIIBHOI'O OIICPEIKCHUA:

Ko — A (5.8)
ﬂik'uH

HOM
I[JISI Ha3zHa4YCHUS HOMHHAJIBHBIX KOE)(I)(bI/II_[I/ICHTOB BBITAKKH 110 IMTPOXOJaM /’l’l HCIIO0JIb30BaJIN

3HAYeHUs KUHEMATHYECKMX KO3((MIMEHTOB BBITSKKH BOJOYMIBHOM MammHBl A, KOTOpBIE

COOTBETCTBYIOT nacnopTHeIM HaHHBIM cTaHa «T 10 N.F.S.». Kpome Toro, Heo6XoauMo y4uTHIBATH
JTUHEHHYI0 (OKPYXKHYIO) CKOPOCTh HAMOTKH NPOBOJIOKM Ha MPUEMHBIA OapabaH W ero auamerp,
KOTOPBIC PaBHBI COOTBETCTBEHHO 250 M/MuH 1 250 MM.

MexaHnyeckue CBONCTBA MPOTATMBAEMOTO CIUIaBa 33JaBalld M3 SKCIIEPUMEHTANBHBIX JTaHHBIX,
OTIPEACIISAIONINX UX 3HAUCHUS B 3aBUCHMOCTH OT JIMaMeTpa MPOBOJIOKU B PAaCYETHOM pa3Mepe.

PaccuutanHblil pexxuMm BosioueHUs npuBefeH B Tala. 5.5. C ero wucnosb3oBaHUEM ObUIM
MOJTy4eHBI 00pa3ibl MPoBOJIOKU auamerpoM 0,3 MM M3 HccieayeMoro criiaBa (puc. 5.8).

CrnenyeT OTMETHTD, YTO AJIS MOJTyUYEHUs! IPOBOJIOKU HE TTOTPEOOBAINUCH OTHKUTH.

MexaHuuyecKHue CBOMCTBA HOJ'IY(ba6pI/IKaTOB MO TCXHOJOIHYCCKUM IIEpeaAciaM IIPUBCIACHLI B Tab. 5.6.

Tabmuma 5.5 — Pexumbl BOJIOYEHUS NPOBOJIOKM M3 DSKCHEPUMEHTAIBHOIO CIUIaBa IO

nepexoaaM U pa3Mmepsl rmonyhadpukaros

Ne n (B) n CKOMbIIC 6o 601 6011
d” O Vi S o | B N
, , y , KUH HOM ) onej 601 3an , , ,
po- A A kK™ | k" K 1
xoxa MM MlIla M/c % MlIla H Bt

1 0,73 382 | 0,703 | 493 1,00 | 1,20 | 1,04 | 1,20 | 045| 2,24 | 171 | 69,3 | 50,2

0,65 408 | 0,855 | 432 1,13 | 1,26 | 1,07 | 1,12 | 056 | 1,90 | 215 | 71,2 | 63,2

0,58 424 10,258 | 37,0 133 | 126 | 1,04 | 1,11 | 055| 1,89 | 224 | 59,1 | 659

0,52 431 | 0321 311 1,14 | 1,24 | 1,02 | 1,09 | 053 | 1,93 | 223 | 47,4 | 68,3

0,47 440 0,393 | 24,8 1,12 ) 122 | 1,02 | 1,09 | 050 | 2,04 | 215 | 37,4 | 61,2

0,42 448 | 0,492 | 16,7 1,13 | 125 | 1,09 | 1,09 | 054 | 1,89 | 236 | 32,7 | 61,2

0,38 454 | 0,601 9,9 1,13 | 1,22 | 1,01 | 1,07 | 049 | 205 | 222 | 251 | 65,3

0,35 460 | 0,735 6,2 1,13 | 1,18 | 1,01 | 1,04 | 0,44 | 236 | 199 | 19,1 | 58,6

O©| O N O O & W DN

0,32 468 | 0,879 0,5 1,13 | 1,20 | 1,07 | 1,06 | 0,47 | 2,27 | 217 | 17,5 | 63,9

[N
o

0,30 476 | 4,161 0,0 1,13 | 1,14 | 1,02 | 1,01 | 038 | 2,68 | 178 | 12,6 | 57,4
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Pucynok 5.8 — [Ipecc-octatok, mpyTok 1uamMeTpoM 7 MM U TIpOBoJIoKa auametpom 1,9-0,3 MM u3

HCCIIEIyEMOTIO CIUIaBa, MOJy4YeHHbIE ¢ npuMeHeHrueM Metoaa bBIITT

Ta6muia 5.6 — Pe3ynpTaThl MEXaHUYECKUX MCIIBITAHUH MonyhadpukaToB cruiaa cuctembl Al-P3M

[Torydabpukar Huamerp/ MexaHUYeCKHE CBOKCTBA

pasmep OtHocurensHOe | Bpemennoe conporusienue, MIla
obpasua, MM yaJIuHeHue, %

[pyTok 5,0 12,0 170

rOpsSYCTPECCOBAH- 7,0 13,0 160

HBIH 9,0 13,5 140

3,7%x3,7 12,0 200

[Ipyrok, mocie 3,1x3,1 11,0 225

COpPTOBOM MTPOKATKH 2,4x2 4 10,5 230

2,2%x2,2 9,2 240

1,35 5,6 245

[IpoBosnoka, mocie 1,0 4,2 250

BOJIOUEHHUSI 0,7 3,1 255

0,3 0,7 265

B pesynprare aHanm3za MEXaHMYECKMX XapaKTEpUCTUK ObUTH CHOPMHUPOBAHBI TIpadukH,
oToOpakaroIue 3aBUCHUMOCTb MPOYHOCTH HA pa3pblB U OTHOCUTEIBHOIO YAJIUHEHUS OT YpPOBHS
nedopMaIuu ISl TPOBOJIOKH, MPOU3BEACHHONW u3 MpyTkoB mMetogaoM BIIIT (cMm. puc. 5.9-5.12). s
HarJSIIHOCTH M CPAaBHEHUS, HA TEX K€ TpaduKax NMpeACTaBICHb JaHHbBIE 10 MEXaHUYECKUM CBOWCTBAM
IIPOBOJIOKH, M3rOTOBJIEHHOM U3 npyTkoB meronom CIIIT. Kak BunHO U3 rpadukoB Ha puc. 5.9 u 5.10
HA KOHEYHOI CTajHi IIPH MAKCHMAIBHOM CTereHHn aedopMaIlii mpu ckopocTH aedopmarmn 1,49 ¢,
Bcs mpoBosioka mocie meroga CIIII, a Takke Bcs mpoBosioka mocie metona BIII, momyuennas w3

npyTKa JHaMeTpoM 5-7 MM, HMEIOT BpEMEHHOE COMPOTHBIIeHKE B mpeaenax 260-265 MITa [1].
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Pucynok 5.9 — I'paduku 3aBHCHMOCTH BPEMEHHOTO CONIPOTHUBIICHHSI OT CTETICHU J1ehopMaIiu

JUISl TIPOBOJIOKH U3 OKCIIEPUMEHTAIIBHOIO CILIABA, IIOJIYYEHHOU B pe3ysIbTaTe IPUMEHEHUS

Pas3INYHBIX PEXUMOB 00pabOTKHU Npu ckopocTH aedopmaruu 0,74 ¢t a — CIIIT; 7= 480 °C;

6 — BIIII; T, = 750 °C; ¢ — CIIII; T;,= 550 °C; 2 — BIIII; T, = 780 °C;

—®—, —— , —— — 3 IpyTKOB AUAMETPOM 5, 7 1 9 MM COOTBETCTBEHHO
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Pucynok 5.10 — I'padmku 3aBUCMMOCTH BPEMEHHOTO COITPOTUBIICHUS OT CTEIICHH Je(hOopMaItuu

AJId TIPOBOJIOKHU M3 SKCIICPUMCHTAJIBHOT'O CIlJIaBa, HOHy‘ICHHOfI B PC3YyJIbTATC IPUMCHCHUA

PasTHYHBIX PEKUMOB 06pabOTKH IpH ckopocTH aedopmarmn 1,49 ¢™: a — CIIIT; T,= 480 °C;

6 — BIIII; T,= 750 °C; 6 — CIIII; T,= 550 °C; 2 — BIIIL; T, = 780 °C;

—— —&— , —— — 13 IPYTKOB IUaMETPOM 5, 7 1 9 MM COOTBETCTBEHHO
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Pucynok 5.11 — I'padpuku 3aBUCUMOCTH OTHOCUTEIBHOTO YAJUHEHUS OT CTENeHU Aedopmauu

JUISl TIPOBOJIOKHM U3 DKCIIEPUMEHTAIIBHOIO CILIABA, IIOJIY4YEHHOU B pe3ysIbTaTe IPUMEHEHUS

Pa3IMYHBIX PEKUMOB 00pabOTKU Mpu cKopocTH nedopmaruu 0,74 ¢t a— CHIT; T,= 480 °C;

6 — BIIII; T, = 750 °C; ¢ — CIIII; T;,= 550 °C; 2 — BIIII; T, = 780 °C;

—— —i—  —8— — 13 OIpYTKOB IUAMETPOM 5, 7 U 9 MM COOTBETCTBEHHO
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PI/ICYHOK 512 - Fpa(bI/IKI/I 3aBUCUMOCTHU OTHOCHUTCIIBHOT'O YAJIMHCHUSA OT CTCIICHU I[C(l)OpMaLII/II/I

AJId TIPOBOJIOKHU M3 SKCIICPUMCHTAJIBHOT'O CIlJIaBa, HOHY‘ICHHOﬁ B pC3YyJIbTAaTC IPUMCHCHUA

Pa3IMYHBIX PEKUMOB 00pabOTKH mpu ckopocTH aedopmaruu 1,49 ¢t a— CHIT; T,= 480 °C;

6 —b; T, =750 °C; ¢ — CIIIL; T, = 550 °C; 2 — BIIII; 7,,= 780 °C;

—8— —&— - — 13 NIpPYTKOB JUaMETPOM 5, 7 1 9 MM COOTBETCTBEHHO
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Ha pucynke 5.11 BuaHo, uto mpu crenenu aedopmaruu, npubmmxenno k 100 %, Bes
MPOBOJIOKA M3 MPYTKOB 9 MM, 7 MM u 5 MM, nonydeHHas wmertojgamu CIIT wu BIII, umeer
OTHOcUTEeNbHOE yanuHeHnue B npeaenax 0,5-1,5 %. Ho Ha HayanpHBIX 3Tanax BOJOYEHHS IIPU CTEIEHU
nepopmanmu 93-97 %, ruracTUUECKUE XapaKTEPUCTHKH Yy MPOBOJIOKU TMOJMy4eHHOH metomom BIIIT
BbIlle, yeM y mnpososioku nocie CIIII. OtHocutenbHOoe yumMHeHue y mnpoBojoku mnocie BIIIT B
npenenax 5,5-9 %, a y CIII or 2-4,5 %. Ilo rpaduxam Ha puc. 5.11, 5.12 BuanHO, yTOo Hambosee
IUIACTUYHA HA KOHEYHOM 3Talle BOJOUYEHUS MPOBOJIOKA U3 IPYTKA JUAMETPOM 5 MM, MOIYYEHHOIO 10
metony BIIIT (& = 2-2,5 % npu crenenu aedpopmannu 6osee 99 %). Bo Bcex ocTanbHbIX caydasx npu
crenenu aedopManuu okoio 99 %, oTHocuTenbHOE yATUHEHHE cocTaBisieT 1 % u MeHbIIe.

MukpocTpyKkTypa IpPOBOJIOKH, IIOJIydeHHass ¢ npuMmeHeHnuem Merozna BIIII xapakrepusyercs
BOJIOKHHCTBIM cTpoeHueM (puc. 5.13), mpudyeMm cC yBelIMYEHHEM CTeneHH nedopMamuyd dTa
HEOJTHOPOJHOCTh YMEHBIIAETCS, U NMPOBOJOKa auameTpoM 0,3 MM HMMEET JOCTaTOYHO OJHOPOIHYIO
CTPYKTYypy 110 ceueHuto. IIpoBelneHHble HCCIENOBaHUSA IOKa3ajld, 4YTO IPOBOJOKA HMMEET

pErIaMEeHTHPOBAHHYIO CTPYKTYPY U MEXaHHUYeCKHe cBoiicTBa B coorBeTcTBuu ¢ TY 1-809-1038-2018.

[543 - a2

Pucynok 5.13 — MUKpOCTpYKTYpa MPOBOJIOKH HOTy4EHHOM ¢ nmpuMeHennem merona BIIIT u

MocJeqyomIero Bojgodenus. Juamerpsl: a — 2 MmM; 6 — 1 Mmm; 6 — 0,6 Mmm; 2 — 0,3 Mm
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Ha xoHeyHOM »JTame WCCIEIOBAaHWM 3aMepsuld  SJEKTPOCOMPOTHBICHUE MONYUYEHHBIX
noryGabpuKaToB ¢ MOMOIIBI0 H3MEPUTEIBHOTO MPpUOOopa «BUTOK». 3aMephl 3JIEKTPOCOMPOTHBIICHUS
Ha JAe(OpMUPOBAaHHBIX MoyhadbpuKaTax, MOJYyYECHHBIX MO Pa3IWYHBIM TEXHOJOTHSAM, MOKa3aliH, YTO
3HA4YEHU 3TOro napamerpa HaxoasaTcsa B npeaenax 0,031-0,032 Om-MM*/M.

HccnenoBanust mpoIeMOHCTPUPOBAIIHU, YTO MpH Harpese 110 250 °C BpeMeHHOE CONPOTUBIICHUE
nonydabpukaroB 3apukcupoBano Ha ormerke 160 MIla. [Ipu komuatHoi Temmeparype (20 °C) stor
nokazarens coctaBuil 170 MIla. Otcrona cieayer BbIBOJ: CHUKEHHE IIPOYHOCTHU IIpH ITporpese 10 250
°C pocturaer Bcero 6%, 4TO CBHUAETEIBCTBYET O BBICOKOM TEPMHUYECKOM CTOMKOCTH CO3JaHHBIX
U3JEINI.

OmnbiTHBIE 00pa3ipl 1e(OPMHUPOBAHHBIX MMONYy()aOpPUKATOB, MOMYYCHHBIE B pE3yJbTaTe 3THUX
ucneiTanui, Obutm HampaeieHbl B OO0 «HIIL[ MI'I» (r. KpacHosipck) st MpoHW3BOJCTBA
3IEKTPONPOBOIHUKOB, IMPEIHA3HAUCHHBIX JUIS HCIONb30BAaHUS B aBHAIIMOHHOW MPOMBIIIEHHOCTH

(ITlpunoxenwue b, B).

5.3. Pe3ybTaThl IKCNIEPUMEHTAIBHBIX UCCIE0BAHUI M0 MOJYYEeHHUIO PYTKOB U3 CILIaBa
Al-1%P3M metonom BIIIl u pa3padoTka HOBOi TeXHOJIOrMH MOJIy4YeHHs] NMPOBOJIOKH M3 ITHX

NPYTKOB

AHajoruuHbele uccienoBanus ¢ npumeHeHuem metona BIIII Obuim mpoBeneHsl A criaBa
amoMuHusl, JierupoBanHoro P3M B konudectBe 1 % macc. ex.

Kak BHIHO M3 JKCIIEpUMEHTAIBHBIX AAHHBIX IO CHUJIOBBIM IapaMeTpaM IOJIy4YEHUs IPYTKOB
auameTpoM 5 (BBITSDKKA Npu mpeccoBaHuu p=15,7) u 9 mm (u=4,8) mpu paszHOil Temieparype
pacruiaBa 7, , IpUBEIEHHBIX B Tald. 5.7, CHJIbI Ha BajKaX U MaTpUIIE YBEIMUYMBAIOTCS C POCTOM
K03(ppUILIMEHTa BBITSKKH, UTO SIBIISIETCS pE3YJIbTaTOM YBEIUUYEHHs 00beMa J1eOopMUPYyEMOro MeTaia
C TOBBIILICHUEM CTETEeHU AedopMaIiy 10 Mepe 3aroIHEHUS IPOCTPAHCTBA METAINIOM MEX]y BaJIKaMU
u Mmarpuieil. YeMm Bblllle TemIiepaTypa paciljlaBa, TEM MEHbBIIE CHJIBI HAa BajKaX W MaTpule, 4YTo
CBSI3aHO CO CHMKEHHMEM CONPOTHUBIICHUS MeTalIa iehopMaluu.

N3 Ttabn. 5.8 BHUIAHO, YTO H3MEHEHHE TEXHOJIOTMYECKUX IapaMeTpOB CKa3ajJoCh M Ha
MeXaHU4ecKux cBOMCTBax. C yBeITMUEHHEM CKOPOCTH JAedopMalvy, yBETHYHMBACTCS IJIACTUYHOCTD
MeTajula IPyTKOB. BpeMeHHOe COnpOTUBIIEHNE NPYTKOB, MOAy4eHHbIX 110 MeTony BIIII, cocraBuser B
cpenaem 103-124 MIla, a otHocuTensHOE ymnHeHHE 24-39 %.

W3 oTnpeccoBaHHBIX TNPYTKOB BbIpe3ald o0O0pa3lbl JUIsl HCIBITAHUH Ha pacTsDKEHUE |
OLICHMBAJIM 110 Pe3yJbTaTaM HCIBITAHUN UX BPEMEHHOE CONPOTHUBIIEHUS Gy M Op NMPEAET TEKYUYECTH,

OTHOCHUTCIIBHOC YAJIMHCHUC 0 ¥ OTHOCHUTENIBLHOE CYKCHHEC Y.
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Tabmuna 5.7 — Pe3ynbraThl 3KCHEPUMEHTANbHBIX HCCIIEJOBAHUM 3HEPrOCHIIOBBIX IapaMeTpoB

nporecca BIIT sxkcniepumenTtansroro ciiasa Al+l % P3M

T, =750 °C T,=780°C
[TapameTpsl
u=4,8 u=15,7 u=4,8 pu=15,7
£=0,74c" Pyan KH - 279 - 230
(4 06/Mun) Phjarp, KH - 155 - 145
£=1,49c" Pran, KH 208 270 190 223
(8 06/MuH) Prarp, KH 146 171 127 150

Tabnuna 5.8 — Mexannueckue cBoiicTBa noayhadpukaToB, moJdy4eHHbIX MeTooM BIITT

T, =750 °C T, =780°C

TlapameTper u=48 u=15,7 u=4_8 u=15,7
B B 0., MITa 123 124 115 122
%;006%;:[) 5., MITa i 105 i 102
5. % 24.0 320 270 314
N 0., MITa 107 120 103 117
%8_0%’/‘1‘\491;1) 5., MITa 69 89 65 88
5. % 314 32,9 358 394

[Tony4yeHHble NPYTKH TUaMETPOM

9 MM u 5 MM HoJBeprajiu XoJIOJHOMY BOJIOYEHHIO 10

AuaMeTpa 2 MMm. Bonouenue MMPOMU3BOJAWIN Ha LOCIIHOM BOJOYUIBHOM CTaHC OJHOKPATHOI'O

neiictBus. TexHHUYECKHEe XapaKTepPUCTHUKM BOJOYMIIBHOTO CTaHa MpHuBeneHsl B Tabm. 5.9, a

MapuIpyThl BosioueHus — B Tadi. 5.10 u B Tabm. 5.11.

Ta6n1/1ua 5.9 — Texuuueckue XapPaKTCPUCTUKU BOJIOYUIIBHOTO CTaHA

XapaKkTepuCTUKH 3HaueHUs! XapaKTePUCTUK
JITiHAa BOJIOYCHUS, MM. 2000
KonnuecTBo HUTOK, HIT. 1
Cuna Bonouenus, kH 50
CKOpOCTh BOJIOUEHUS, M/C. 0,17
[Torpebnsemas MOITHOCTh, KBT 25
["abapuTHble pa3Mepbl, MM 3000x1800x1300
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Ta6muna 5.10 — MapipyT BostodeHus mpoBosioku ciuiaBa Al+1 % P3M st mpyTka quamerpoM 9 Mm

Ne JnameTp xkaHaiia Enunnunas Cymmapnas Crenens aedopmanum
BOJIOKH, MM BBITSDKKA BBITSDKKA

1 9 - - -
2 8,5 1,12 1,12 10,8
3 8 1,13 1,26 11,4
4 7 1,30 1,64 23,4
S) 6,5 1,12 1,84 13,7
6 59 1,21 2,23 17,6
7 5,4 1,12 3,34 16,2
8 4,8 1,27 4,25 20,9
9 4,5 1,30 5,53 12,1
10 4,2 1,14 6,3 12,9
11 4 1,13 7,12 9,3
12 3,6 1,15 8,19 19
13 3,3 1,19 9,74 15,9
14 3 1,21 11,79 17,4
15 2,8 1,15 13,56 12,9
16 2,5 1,28 17,35 21,5
17 2,2 1,27 22,04 21,3
18 2 1,20 26,45 17,3

Ta6muia 5.11 — MapipyT BojodeHus: mpoBosioku u3 cruiaBa Al+1l % P3M mis npyTka guaMeTpom 5

MM
Ne Jwnamerp xaHana Enunnynas CymmapHas Crenens aedopmanuu
BOJIOKH, MM BBITSDKKA BBITSKKA
1 5 - -
2 4,8 1,08 1,08 7,84
3 4,5 1,13 1,22 12,1
4 4,2 1,14 1,39 12,9
o) 4 1,13 1,59 9,3
6 3,6 1,19 1,87 19
7 3,3 1,21 2,26 15,9
8 3 1,15 2,60 17,4
9 2.8 1,28 3,33 12,9
10 2,5 1,27 4,23 21,5
11 2,2 1,20 5,07 21,3
12 2 1,17 5,93 17,3

CJ'ICI[yeT OTMCTUTL, YTO [JIsI MOJYUYCHUSA IIPOBOJIOKHU HE HOTpC6OBa.HOCB HHU OJHOI'O

MPOMECIKYTOUYHOI'O OT>KHUTIA.
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B BOJIOUEHHUS] OTOMpalMCh 0Opa3lbl A IPOMEXKYTOUYHOTO  HMCIIBITAaHUS

IIpOLECCe
MEXaHUYECKUX CBOMCTB I0Jy4aeMOM MIPOBOJIOKU. Pe3ysbTaThl OT IPOBEIECHHBIX U3MEPEHUN IOKa3aHbI

B Tabnumax 5.12 u 5.13.

Tabmuna 5.12 — Mexanndeckue CBOHCTBa poBoJiokH crasa Al-1 % P3M u3 npytka auametpom 9

MM NOJIy4eHHbIX MeToaoM BIIIT

Juametp nonydadbpukaTta, MM
9 7 5,4
Cxopocrs - =40 % £=64%
Aeopmawn 7"~ 750°C[7, =780 °C | T, =750 °C |T, = 780 °C | T, = 750 °C| T, = 780 °C
GBv 0 GBv 0 GBv 0 GBa 0 GBa 0 GB! 0
Mrla |& 7] M |7 | mrTa | %7 | MITa |% 7| MiTa [ 7| MmrTa |7
_ -1
§=0.74¢" | 193 |240| 115 |27.0| 128 | 150 | 120 |150| 155 | 88| 133 |107
£=149¢t
122 |31,4| 103 |358| 128 |17,1| 115 |17,8]| 150 [10,3| 133 |12,1
4,5 3,6 2
e=75% c=84% €=95%
CkopocTb T,=1750 T =780 °C T,=750 | T,=780 T,=750 | T,=780
nedopmaruu °C P °C °C °C °C
GBI 8’ GB! 67 GB! 6 (y GB! 6’ GB! 63 GB! 65
MIla | % |MIla| % |MIla | > "° | MIla| % | MIla | % | MIla | %
_ -1
£=0,74c 168 | 55| 159 | 65 | 176 | 50 | 170 |51 | 178 | 25| 173 | 2,7
. -1
§=149¢" | 163 | 64| 150 | 73| 168 | 60 | 163 | 63| 170 | 30| 165 | 33
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Tabmuua 5.13 — Mexannueckue cBOHCTBa MpoBoJiokH ciaBa Al-1 % P3M u3 npytka nuamerpom 5

MM NOJIy4eHHbIX MeToaoM BIIIT

Jnamerp nonydabprkarta, MM
5,0 4,5 3,6
CKOPOCTE e=0% e=19% e=48%
p T,=750°C|T,=780°C | T,=750°C |T,=780°C | T,=750°C|T,=780°C
Op, 0 Op;, 0 Op, 0 Op, 0 Op, 0 Op; 0
MIla 5, % MIla 5, % MIla 5, % MIla 5, % MIla 5, % MIla 5, %
E=0,74c
! 124 |18,4| 122 |32,0| 128 |13,2| 123 |159| 139 |11,0| 130 (114
(4 06/mMun)
£=1,49¢"
120 |30,9| 121 |34,4| 121 |18,75| 124 |19,6| 130 |12,0| 139 |12,6
(8 06/mMuH)
3,0 2,5 2,0 MM
€=64% €e=75% €=84%
Cropoers | P30 |1, =780°C | 1,=750°C | ,=780°C | P77 | 1= 780°C
Gy | 8 | Oy | 8 | Oy |s5o| On |8 | O |8 | oy |3
MIla | % | MIla | % | MIla | | MIla | % | MIla | % | MIla | %
=0,74
&0,
(@ 160 |57 | 144 | 6,7 | 172 | 42 | 158 (46| 178 | 3,0 | 170 | 3,6
00/MuH)
&= 1i49 c
8 151 | 59| 154 | 70| 156 | 43 | 161 |4,7| 167 |35 | 169 | 3,7
00/MUH)

Jlnst cpaBHEHUSI MEXJy COOOM MEXaHWYEeCKMX CBOMCTB MPOBOJOKH, MOJYYEHHOH W3 NMPYTKOB
pPa3IUYHBIMU  METOJAaMH COBMEILEHHOM 0O0pabOTKH, OBUIM MOCTPOEHBl TI'papUKU 3aBUCHUMOCTH

3aMepseMbIX BEJIMUUH OT cTeneHu aedopmaruu (puc. 5.14-5.19).



T=780°C /550°C, £ =0 ,74c?
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6
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T=750°C /480°C, £ =0,74c™*
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=
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5
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—@— 9wmwm CIIII —@— 5mm CIIIT
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9]
T=750°C /480°C, £ = 1,49c™!
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S 170
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130

110
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—@—9vm CIIII —@— 5mm CIIII
OvmM CJIulIIl —@— 5mm CJIullIl
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Pucynok 5.14 — Mexanuueckue cBoiicTBa npyTkoB u3 cuiasa Al-1 % P3M (cpaBHeHue no

cTeneHu aehopMaIium)

Kak BuaHO u3 pucynka 5.14, nanOonsiielt npouHoctsio obnanatot npyrku CIIIT npu 7' = 550

°C u ckopoctu paBHoii § = 0,74 ct (puc 5.14, a), a npu BIIII MmakcuManbHBIEC TOKA3aTENU MPOYHOCTH

HaOmogatoTcs Ha pucyHke 5.14, 6. Konebanusi 3Ha4eHHUS! Gy B 3aBUCUMOCTH OT PEXKHUMa MOJIYICHUS

nonydabpukara cocraisior 10-40 MIla.
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D=9mm, £ =0 ,74c? D=9mm, £ =1,49c™!
223
210 203
190 183
s =
E 170 Eﬁ 163
150 143
123
130
103
110 0 20 40 60 80 100
0 20 40 60 80 100 C o
o TeneHs aedopmanun, %
—o— T=55§ Z‘é“é‘ﬁ}? eq)olixfin?’:fgo °C CIIII —8— T=550 °C CIIII —@— T=480 °C CIIII
T=780 °C CJIullll —®— T=550 °C CJIulIII T=780 °C CJIuIlll —@®— T=750 °C CJIuIIII
a 9]
D=5mm, £ =0,74c™? D=5mm, £ =1,49c™?
210 210
190 190
170 = 170
= =
=150 ©150
bﬂl
130 130
L4
HO 0 20 40 60 80 100 110
0 20 40 60 80 100

Crenens nedpopmaiuu, %
—0—T=550°C CIIIT —®—T=480 °C CIIII

T=780 °C CJIullll —@— T=750 °C CJIulII1

Crenens nedopmarmu, %
—0—T=550 °C CIIIT —8—T=480 °C CIIII

T=780 °C CJIullll —®—T=750 °C CJIullIl
8 e
Pucynok 5.15 — Mexannueckue cBOMCTBA MPYTKOB MO TeMIepaType paciuiaBa u3 cruasa Al-1 %

P3M (cpaBHeHHeE 10 TeMIieparype)

Kak BugHO 13 prucyHka 5.15, HaubombIIel NPOYHOCTHIO 00JIaJaI0T MPYTKU 00padoTku npu 1 =
550 °C u ckopocts paBHoit § = 0,74 ¢t (puc. 5.15, a). Temneparypa OKa3bIBacT BIUSIHHE HA PEKUMBI
CIII: nuameTp moiy4aemoro mnpyrka 9 MM m oOOMMH CKOpPOCTSIMHM, a BOT IpPH JUaMeTpe 5 MM B

KOHCYHBIC TOYKHU BJIIMAHUC TCMIICPATYPbl HC3HAYUTCIILHO OTJINYAarOTCH.
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D=9mm, T=780°C /550°C D=9mm, T=750°C /480°C
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—0—§(=0,74c-1CIII —@—&=1,49c-1CIIII
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a 7]
D=5Mm, T=780°C /550°C D=5Mm, T=750°C /480°C
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=
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: =
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110 o 110 L
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—@-:=0,74c-1CIIIl  —®—&=1,49 ¢-1 CIIII —-:=0,74c-1CIIIl —®—&=1,49¢c-1 CIIII
£=149 c-1 CJIullll —®—&=0,74 c-1 CJIulII £=1,49 c-1 CJIullll —®—&=0,74 ¢-1 CJIuTIII
6 Z

Pucynok 5.16 — Mexanudeckue CBOMCTBa MPYTKOB IO CKOpOCTH Aedopmariuu u3 ciiasa Al-1 %

P3M (cpaBHeHHE IO CKOPOCTH A€POpPMAIIIHN )

Kak BunHO 13 pucyHka 5.16, HanOombIeit pa3HuIe mo 3nadeHusM npouHocTa mexay CIIIT u
BIIIT moxHo HabmonaTh Ha puc. 5.16, a. Tak kak B pe3ysabTaTe XOJOJHOTO BOJIOYEHHS MPOUCXOAUT
TaK Ha3bIBaeMbI “‘Hakien” Meramia, T.e. ero ympouHeHue. CKopocTh JedopMalnuy OKa3bIBaeT
HE3HAUNTENIFHOE BIMSHUE Ha BPEMEHHOE COIMPOTHBIICHUE (KOJIeOaHUsI 3HAUYEHUS Gy cocTaBisor 1-10

MITa).



T=780°C /550°C, £=0,74c?
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T=780°C /550°C, £ =1,49c™*
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=20 .
[Ze]
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a o
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35 35
30 30
25 25
X X
> 20 =20
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10 \-\ 10
5 - 5 \‘\.\.
0
0 0 20 40 60 80 100
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—@— 9wm CIII —@— 5w CIIIT ®— 9 CILI —®— Smm CIIIT
+
Omm CJIulTIT ~ —@— Syom CJTuITIT v CJTuII Snan CI T
6 2

Pucynok 5.17 —Ilnactuyeckue cBOMCTBA MPYTKOB MO BHITSDKKE U3 ciiaBa Al-1 % P3M (cpaBHeHue

0 CTerneHu 1ehopMaIum)

Kax BuaHO u3 pucyHka 5.17, HanOombIIel IIACTUYHOCTHIO 00Jalal0T MPYTKU C peXUMaMH
oGpaborku pu T = 780 °C (BIIIT) u T = 550°C (CIIIT) ckopocts pasHoii & = 1,49 ¢ (puc. 5.17, 6).
OpnnHako xopoliel MIaCTUYHOCTBIO Tak ke obnanaet u pexum npu 7 = 780 °C (BIII) u 7 = 550 °C
(CIIIT) u ckopocTth paBHOit & = 0,74 ct (puc. 5.17, a). [Ipu cpaBHEHUU MOXHO CAENATh BBIBOJ, YTO

OHHU IMMPAKTUYCCKHU CXOXKHU I10 CBOMCTBaM.
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D=9mm, =0 ,74c™ D=9mwm, & = 1,49¢
35
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25
- 20
N
© 15
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5
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0 20 40 60 .80 100 0 20 40 60 80 100
Crenenb aepopmanun, % Crenens nedopmarmu, %
—@— T=550 °C CIII1 —@— T=480 °C CIII1 —@— T=550 °C CIIII —@—T=480 °C CIIIT
T=780 °C CJIulIll —@— T=750 °C CJIuIIII T=780 °C CJIullll —@— T=750 °C CJIuIIII
a o
D=5mm, £ =0,74c? D=5mm, {E=1,49 ¢!
35 35
30 30
25 25
° 20 © 20
15 < 15
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0 0
0 20 40 60 80 100 0 20 40 60 80 100
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—@— T=550 °C CTIII —8—T=480 °C CIIII
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—8—T=550 °C CIIII —8—T=480 °C CIIII
T=780 °C CJIullll —@®—T=750 °C CJIuIIII

8 e
Pucynox 5.18 — [Inactudeckne CBOMCTBa MPYTKOB IO TeMIepaType paciiaBa u3 cruiaBa Al-1

% P3M (cpaBHEHHE IO TEMIIEPATypE)

Kak BusHO U3 pucyHka 5.18, HanbobLel IaCTUHYHOCTHIO 00a1aI0T NPYTKH 00pabOTKH Ipu
T =780 °C (BIIIT) u nuamerpom mpytka 9 mm npu ckopoctu & = 1,49 ¢t (puc. 5.18, 0), a cpeam
pexumoB CIIIT Bbicokas miactuyHOCTh BUAHA mpu I = 550°C u nuamMeTrpoM 5SMM CO CKOpPOCTHIO

o6pabotkn & = 1,49 ¢ (puc. 5.18, 2),
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D=9mm, T=780°C /550°C
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D=9mm, T=750°C /480°C

3, %

i a\\
0 20 40 60 80 100

Crenens nedopmarmu, %
—0—§=0,74c-1CIII —0—&=1,49 c-1 CIIII

£=1,49 c-1 CJIullll —®—&=0,74 c-1 CJIulIIl
o
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0 20 40 60 80 100
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—®-:=0,74c1 —@—E=149c1
1,49 CJIulllT  —@— 0,74 CJTuIIII
l

Pucynok 5.19 — [Inactuueckue cBoiiCTBa MPYTKOB IO TeMIepaType paciuiaBa u3 ciiasa Al-1 %

P3M

Kak BumHO U3 pucyHka 5.19, HanOonpmei macTHIHOCTRIO 001a/Ial0T MPYTKU 00paboTKH Tpr

T = 780 °C (BII) u muamerpoM mpyTtka 9 mm (puc. 5.19, a). Ckopocts aedopmamnmu OKa3bIBACT

CYIICCTBCHHOC BJIMAHHUC TOJIBKO HAa HAYAJIBHBIX 3TallaX MOJYUYCHUS IMPYTKOB (KOJ'IC68.HI/I$I 3HAYCHUS O

cocrasisitor 10-15 % (puc. 5.19, 6, 6, 2).
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Tabnuua 5.14 — Pe3ynbTaTsl H3MEpEHUs 3JIEKTPOCONPOTUBICHUS IPYTKa U IPOBOJIOKU U3

criasa Al-1 % P3M

T,=780°C/ T,=550°C

9 MM 5 MM
[TapameTpsl 9 MM 5,4 Mmm 2 MM 5 MM 3,6 MM 2 MM
€, % 0 64 95 0 48 84
P, &= 0,74c™ BIII1 0,02536 | 0,02685 | 0,02858 | 0,0285 | 0,02896 | 0,02933
OM-MM*/M (4 06/MuH) CIIII 0,03154 | 0,02965 | 0,02798 | 0,02776 | 0,02821 | 0,02842
= 1,49¢™ BIIIIT 0,02602 | 0,02938 | 0,03059 | 0,02854 | 0,02889 | 0,02916
(8 06/MuH) CIIIT 0,03296 | 0,02931 | 0,02759 | 0,02909 | 0,02839 | 0,02761
T,=750°C/ T,=480°C
9 MM 5 MM
Hapaverpet 9 MM 5,4 Mmm 2 MM 5 MM 3,6 MM 2 MM
€, % 0 64 95 0 48 84
P, &= 0,74c™ BIII1 0,02614 | 0,02703 | 0,02812 | 0,02835 | 0,02873 | 0,02908
OM-MM2/M (4 06/MuH) CIIII 0,03224 | 0,02929 | 0,02788 | 0,02829 | 0,02863 | 0,02896
&= 1,49¢™ BIIIIT 0,02659 | 0,03001 | 0,0304 | 0,02838 | 0,02881 | 0,02926
(8 06/MuH) CIIIT 0,03413 | 0,02916 | 0,02807 | 0,02949 | 0,02835 | 0,02789
Ha ocHoBe pesynbraroB u3 Tabmuipl 5.14 myas Oosee HAriIsiAHOTO MOHUMAHHS 3HAYCHHMA

3JICKTPOCOIIPOTHUBIICHUS OBLIM OCTPOCHBI Ipaduku Ha puc 5.20-5.22.

U3 rpaduxoB (puc.

5.20,

a, 0)

BH/IHO,

YTO TeMIlepaTypa paciulaBa BIMSIET Ha

AJIEKTPOCOINPOTUBIIEHHE He3HauuTeNbHO, Uit pexkuMoB CIIII u BIIII mpu npytke B 5 MM H3MEHEHUE

TEMIICPATYPhI MapaJlJICJIIbHO 0T06pa>1<a}0Tc;1 JJUHHUM Ha rpaq)m(e. CpaBHI/IBaSI PCXKUMBI Ha IIPYTKE 9 MM

BuaHO, uTo CIIII OT HayanmpHOM TOYKHM K KOHEYHOH (2 MM) 3J€KTPOCONPOTHUBIICHUE MAAET, B Cllydae

BIIIT nger Ha060POT MOBBILIEHUE AIEKTPOCOTPOTUBIICHHS.
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T=780 °C, T=550 °C, T=750 °C, 7=480 °C,
n=4 06/MuH n=4 06/MHUH
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Pucynok 5.20 — I'paduku 3aBUCMMOCTH 3JIEKTPOCONIPOTUBIIEHUS (10 BBITSDKKE IPYTKa U

npoBosiokH) u3 ciuiaBa Al-1 % P3M, mosy4eHHBIX COBMEIIEHHBIMUA METOIaMU 00pabOTKH

I'paduxu (puc. 5.20, 6, 2) NOKa3BIBAIOT, YTO MPHU YBEIMUYEHUU CKOPOCTH JedopManuu

PacTeT U JICKTPOCOIIPOTUBIICHUC.
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Pucynok 5.21 — I'papuku 3aBUCUMOCTH JIEKTPOCONPOTUBIICHUS (CpaBHEHHE 110 TEMIIEPATYPE)

n3 cruasa Al-1% P3M.

Ha (puc. 5.21, a, 6) BuaHO, 9TO HAUOOJBIIAS BEIIMYUHA DJICKTPOCOIPOTUBIICHHUS TIOTyJIacTCs
npu temneparype pacmiasa T, = 780 °C (BIIII) u ckopoctu nedopmanun & = 1,49 ¢t (8 006/MuH).
DJeKTpOCONpPOTUBICHHE TNPU 3TOM pexume pasusercs p = 0,03004 Om-MM*/M. HammMensiee
3HAUEHUE IEKTPOCONPOTHBIEHH NonydeHo npu pexume CIIII T, = 550 °C, ckopoctu nedopmaryn &

= 1,49 ¢* (8 06/mun), Ha D = 5 MM, 1 coctasisier p = 0,027610M Mm*/M (puc. 5.21, 2).
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Pucynok 5.22 — I'pauku 3aBUCUMOCTH 3JEKTPOCONPOTUBIICHUS (CpaBHEHHE TIO CKOPOCTH

nedopmanuu) u3 crwiasa Al-1% P3M

IMo (puc. 5.21, a, 6) BUAHO, YTO B Ha4YalbHOW Touke TpyTkoB D = 9 MM 3HaueHume

anexkTpocomnportusieHus Ha pexumax CIIIT 6onpiioe, B ormnunu ot BIIII, a B mponecce aedopmariiun

OHO CHIKAETCS M pasHHUIlA MEXIy peKMMaMH B KOHeuHOW Touke gocturaer p = 0,00001-0,00099

OM-MM?/M (puc. 5.21, a, 0).

HccnenoBanuss MUKPOCTPYKTYPBI TTPOBOJIMIIN Ha CBETOBOM MHUKpockore Axio Observer Al.m,

Carl Zeiss npu yBenmueHusx %200 u X500 B monsipu30BaHHOM CBETE TOCTE HAHECEHUS TUICHKH,
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nojy4eHHo Ha obopynoBanuu «Kpucramm» npu Hanpsbkenuun V = 30B, cune toka | = 0.2-0.4 A,
BpeMeHH t = |MuH, Ipy KOMHATHOW TeMnepaType B coctaBe: bopHoit kucnotsr 5,5 v, HF 15 mi, H,0O
1000 mu.

Kak BUHO 110 MeTayuiorpadguueckoMy UCCIEOBAHUIO CTPYKTYPBI 3€pHa TBEPAOI0 pacTBOpa Ha
OCHOBE JTIOMHMHHUSI UMEIOT BBITSHYTOCTh BIOJb HAalpaBiICHUs JeQOpMaluu Kak OT TemnepaTtypsl 750
°C, tak u or 780 °C (tabmumsr 5.15-5.17). Ha oKCHMAMpOBAHHBIX IUICHKAX TaKKE OTMEUCHO
BBITSITMBaHWE  3epeH. Hanuume — OKpyribIX — 3€peH  CBUAETEINLCTBYET O  MPOTEKAHUU
PEKPUCTAJUIM3ALMOHHBIX IPOLIECCOB MpH  JedopMauuu OT 3THX TeMmneparyp. Ilpuuem mnpu
nedopmaruu ot 780 °C oHa IPOXOJUT TOJTHEE.

[Ipu panpHelmem nedopMHpPOBaHUU TPYTKOB, coiepxammx 1% P3M, Taxke ormewaercs
BBITSITMBAHUE 3€PEH TBEPAOro pacTBOpa 110 HAPABJICHUIO JEUCTBUS CUIIbI: 36pHA CTAHOBSATCS TOHBLIE,
YTO BUJIHO U Ha OKCHJIUPOBAHHBIX IJICHKAX.

IIpu paccMoTpeHMM NpyTKa JMAMETPOM 5 MM OTMEUEHO HEPABHOMEPHOE paclpeieieHue
BKJIIOUEHUH [0 CEYEHHUIO MpPYTKa: B LEHTPAJbHOM YacTM HX MEHbIIE, M0 KpasMm — Ooiblle, U
pacnpenensoTcsl OHU BOJIb TPaHUL] TBEPAOrO pacTBoOpa.

Ipu medopmarmu co ckopocthio 0,74 ¢ cTpykTypa Goee paBHOMEpHA, 4TO BHAHO HA

CHHUMKAaX MUKPOCTPYKTYP U Ha OKCUJAHBIX IIJICHKAX. TCKCTypOBaHHOCTb CTPYKTYPBI COXPaHACTCH.
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Tabnuua 5.15 — MukpocTpykrypa 1ehopMUPOBaHHBIX N0Iy(HaOpUKATOB U3 SKCIEPUMEHTAIBHOIO CIUIABA JUAMETPOM 9 U 5 MM

T=750°C T=780°C

£=0,74
¢t (4
00/MuH)

9 MM 5 MM 9 MM 5 MM

E=1,49
ct(8
00/MuH)

9 MM 5 MM 9 MM 5 MM




Ta6muma 5.16 — MukpocTpykTypa 1eopMHUPOBaHHBIX 110Jy(haObpUKAaTOB U3 IKCIIEPUMEHTAILHOTO CILIaBa

164

£=0,74
¢l
00/MuH)

T=750°C

T=780°C

9 MM—5.4 MM

5 MM—3.6 MM

9 MM—35.4 MM

5 MM—3,6 MM

9 MM—5.4 MM

5 MM—3.,6 MM

9 MM—5.,4 MM

5 MM—3,6 MM
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Tabnuna 5.17 — Mukpoctpykrypa 1edhopMUpPOBaHHBIX 101y(HabpUKATOB U3 HIKCIIEPUMEHTAILHOTO CIUlaBa (MPYTKU 9 U 5 MM):

T=750°C T=780"°C

R =y Tiee ." "_._,:,__ ~ ~

o UL vy B DU~ S

\ -3 2 “,..;'-..'
~-'--»- ~..*-~-4:~ : L = =
§=0,74 : _ oty 2 e v
M4 | ZaB g o e, o %
o6/mun) |« 20 PRk L R e

9 MM—2 MM 5 MM—2 MM 9 MM—2 MM

5 MM—2 MM

9 MM—2 MM 5 MM—2 MM 9 MM—2 MM 5 MM—2 MM
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AHanM3 CTPYKTYpHI, TIPEACTaBICHHOW B Tadymie 5.17, MpoaeMOHCTPUPOBAT HEM3MEHHOCTH
pacrpeziefieHuss BTOPUYHBIX a3 mpu BTOPOH CKOpOCTU nAedopMmanud C POCTOM TeMIepaTyphl.
Otmeudaercss SIpKO BBIPRXKEHHAs TEKCTypa CTPYKTYpbl, OpPUEHTHUPOBAHHAs BJIOJIb HAIlpaBJICHUS
ne(OpPMaMOHHOTO BO3JCHCTBUSA. 3€pHA TBEPJOrO PacTBOpPA JAEMOHCTPUPYIOT BBITATHBAHUE, H BJIOJb
rpaHul] (UKCUPYIOTCS BBIICICHHUS BTOPHYHBIX (a3, COCPENOTAYMBAIONIUECS MPEUMYIIECTBEHHO Ha
MOBEPXHOCTU 00PA3IIOB.

O6paboTka co ckopocThio 0,74 ¢! BBIABISAET O0JIee paBHOMEPHOE PACIPEACIICHUE TUCIIEPCHBIX
YacTHUL, BBIICTUBILINXCS U3 TBEPIOTO pacTBopa, npu temuneparype 750 °C. IloBblieHne TeMeparypsl
1o 780 °C mpuBOAMT K YBEJIMYCHHIO KOJMYECTBA YACTHUI[ BTOPOH (a3bl M CMEIIECHUIO MX OJIKe K
MOBEPXHOCTU 0O0pa3loB, B TO BpeMs KaKk BHYTPEHHSS 4YacTh oOpasla oOcTaeTcsi MHpPaKTHYECKU
CBOOOJIHOM OT BTOPUYHBIX (ha3.

HccnenoBanne oO0pa3noB JuaMeTpoM 9 MM TakkKe CBHUJAETENbCTBYET O JIOKAJIM3alUU
BTOPHYHBIX (Da3 MO rpaHUIAM 3€PEH, INIABHBIM 00pa3oM y MOBepxXHOCTH. Jledhopmanus co CKOPOCTHIO
8 06/muH npu 780 °C compoBOkKAaeTCS Pa3IMUUsIMU B TPABICHUH MOBEPXHOCTHON U BHYTPEHHEH 30H.
Bropuunsie (as3pl pacrnonaraiorcs psgamMu BAOJIb TPAHUI] 3€pPEeH, a Takke MNPUOIIKAITCI K
NEPEXOTHOM 30HE€ Yy IIOBEPXHOCTH, 4YTO CHOCOOCTBYET YIPOYHEHHIO IIOBEPXHOCTHBIX CIJIOEB
IIPOBOJIOYHBIX 00pa31IoB.

B tabnuue 5.17 npeacraBieHbl 00pasiibl, MOJIYYEHHBIE B X0/I€ XOJIOJHOTO BOJIOYEHUS MPYTKOB
Ha BOJIOUMJILHOM CTaHE OJHOKPATHOTO JIEHCTBUS, C JUAMETPOM MPYTKOB 9 1 5 MM, 10 2 MM.

W3MeHeHre TONIMHBI MPOBOJIOKK OT 9 MM 10 2mM mnipu temneparype 750 °C mpuBOIuT K
BBITSIHYTOCTH 3€PEH TBEPJIOTO PacTBOPA B HANIPABJICHUU AeHCTBUSA Aepopmanun. BxirodeHus BTopoi
¢a3pl AuCHEpCHBIC U PaclpeesoTCs OAMHOYHO BJOJIb TPAHUIIBI 3€peH G- TBepaOro pactBopa. [Ipu
MaJIbIX YBEJIMYEHUSAX OHU HE omnpeaeisatorcs. OCHOBHBIE BKIIOUEHHUS PACIIONIAraloTCs y MOBEPXHOCTU
obpasria.

[Tpu monyyeHun npoBoJIOKH B ycioBusix temrepaTypsl 780 °C B 1ieHTpe 00pasia 00pa3yroTcs
HOJIOCHl, MO ILEHTPY HaOmoJaroTcs HeOOJbIIMe CKOIJIEHHs BTOpMYHBIX (a3. BxiroueHus
HaOmronaroress npu yBenuueHuu x1000 kpat, MOpH 3TOM YBEIMYEHMH BTOpPHYHBIE (ha3bl BUIHBI 110
rpaHuLiaM (- TBEpIOTo pacTBopa. [Ipu ManbIx yBenu4yeHHUsIX OHU He HaOmonatorcs. [Ipu moBwiieHUN
temneparypsl nedpopmannu ot 750 qo 780 °C HabnrogaeTcss MOBBIIIEHHE CTPOYEUHOCTH CTPYKTYPHBIX

COCTaBJIAIOIINX.
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[Tpu monyueHnu MPoBOJOKHU OT @ 5 MM 10 @ 2 MM Kpail oOpasiia He IPOTPaBIUBACTCS, U TIPU
yBenuueHuu *200 MHKPOCTPYKTYpa HE BBISBIISIETCS, C YBEIMYCHHEM pa3pellaroneld cnocoOHOCTH 10
%500 BuAHBI MOJOCH! JeQOpPMALMU, CTPYKTYpHBIE COCTaBJISIOILME: 3€pHA (- TBEPJAOrO pacTBOpa U
MEJIKUE MHTEPMETAIUINIBI, KOTOPBIE PACIIOI0KEHBI MEJIKUMU IPYIIIAMU.

Ha ocHOBaHMM HM3y4EHHBIX 3aKOHOMEPHOCTEH H3MEHEHUS MEXAaHUYECKUX CBOWCTB CILIABA
Al+1% P3M mno meroxy BIIIl Obutn moONydYeHBI 3MIUPUYECKUE 3aBHUCUMOCTU ISl OINPEICICHUS
MEXAHUYECKUX CBOWCTB, B pE3yJIbTAaTE pacyeTa 10 KOTOPHIM IMOIPEUIHOCTh B CPEHEM HE IIpeBbICHIIA 5

%:

oy=a g +b e +c (5.9)
§=a & +b-eg+c (5.10)

rae a, b, ¢ — 6e3pasmepHbie KOAPPUITUSHTBI, 3aBUCSIIUE OT BO3ICHCTBUS TEMIIEPATYPhI U CKOPOCTH

BpalllcHHs BaJIKOB Ha criiaB (Tab:. 5.18).

Tabmuna 5.18 — Omnupudeckue GOpMyITbI U OTPEICTICHUS IPOYHOCTHBIX XapaKTEPUCTHK CIIIaBa

Temneparypa u MexaHndeckue be3pasmepHbie K03 HUITHEHTBI
CKOPOCTh CBOICTBA a b c
T=750°C o, 0,0078 -0,0153 124,01
£=0,74c* 5 0,00007 -0,1735 17,854
T=780°C o, 0,0081 -0,061 116,38
£=0,74c* 5 0,0037 -0,6127 30,122
T=750°C o, 0,008 -0,1035 119,81
£=1,49¢"? 5 0,0027 -0,5447 30,047
T=780°C o, 0,0051 -0,1644 120,25
£=1,49¢"? 5 0,0034 -0,6277 33,093

3aBucumocth 0, = f (e5) u 6 = f (eX) uccnenyemoro criaBa Al+1% P3M xapakTtepusyercs B
OCHOBHOM CKOPOCTBIO BpAIllEHHs BAIKOB M TEMIIEPATypoi, HAOIIOMaeTCs 3aKOHOMEPHOCTh. Ilpu
JaTbHEHIIEM YBEJIMUCHUH TEMIIEpaTypbl M CKOPOCTH BpAIlEHHS BaJIKOB HW3MECHEHHE 3HAYCHHUS
NPOYHOCTHBIX XAPAKTEPUCTHK YMEHBIIAETCS, HO YBEIHYMBAIOTCS IUIACTHYECKUE XapaKTEPUCTUKH.
Xapaktep pocTa BpPEMEHHOI'O COINPOTHBICHUS [UIsl MPEACTABICHHBIX PEXUMOB pa3InyacTcs

HCE3HAYHUTCIIBHO.
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Jlns cnimaBa  XapaKTepHbI caMble HM3KHE IMPOYHOCTHBIE XAPAKTEPUCTUKH MPU  CKOPOCTH 4
0o0/mMuH u Temmeparype 750 °C. OOBsicHSETCS 3TO TE€M, YTO NPHU MOBBILICHHH CKOPOCTH BpAIICHUS
BaJIKOB MOBBILIAETCS TeMIlepaTypa B odare AeQopMallii, YTO BEAET K Pa3ylNpOYHEHHUIO MeTajuia.
[InacTuyeckre XapakTepUCTUKU JOCTUTAIOT CaMbIX BBIOCKHMX MoKa3zaTesel npu temmneparype 780 °C u
cKopocTH 8 00/MHMH, TaKk KaKk B 3TOM ClIlydyae pacTeT BEJIMYMHA HSHEPrHMM aKTHUBALlMHM IIpolecca
nedopManuu.

[Ipu BosOYEeHNHM HA OJTHOKPATHOM CTaHE C IMAMETPA MPOBOJIOKUA 5 MUJUIUMETPOB 710 2 MM 3a 12
nepexo/ioB OyAer npuMeHeH Ooyiee MPOU3BOIUTENbHBI MHOTOKPATHBIM BOJOYWJIBHBIM CTaH ¢
mapuipyrom B 10 mepexonoB. B cBoro odepenr 3TO JacT MPUPOCT MPOU3BOJUTENBHOCTH 33 CUET
YMEHBIICHUs BPEMEHH, 3aTpayrMBaeMOro Ha MPOU3BOACTBO MpoAyKuuu. PaszpaboTka Oyzmer
HPOM3BOIUTHCS B aBTOMAaTH3UPOBaHHOM cucteme ~ Provol” , rae Oyzaer pa3paboTaH peskuM MoTydeHUs
npoBosioku A cruaBa Al+1 % P3M, a Taxke OyaeT mpon3BeeH aHaIu3 PeKuMa.

OcHOBbBIBasiCb Ha TOM, YTO OCHOBHBIMH JAaHHBIMH [UIS Pa3pa0OTKH pPalMOHAIBHBIX
TEXHOJIOTUYECKUX PEKUMOB BOJIOUCHHUS SIBISIFOTCS CBOWCTBA 00pabaThIBA€MOro MeTaia, Tadiuia 1mo
523 m

AHAJIMTHYCCKHUC

CIuraBaM IMpeacCTaBJICHAa Ha PUCYHKE 3aBUCHUMOCTH

COZCPIKUT

OKCIICPUMCHTAJIBHBIX JAHHBIX 110 MCXAaHUYCCKUM CBOMCTBaM pacCMaTpUBACMBIX CILJIABOB.

Bubop crninssa

Brbop cmnsa

{prsta iczaese

I pyrets crzanes

[

Cadlmae taama

P apO ST Far B St A LA T MEL MM ]

BASCTR T CVSTIPME R Cp
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Ko wd{ettonemene & yParenemt SIcImecc T M e Irvrooes

|8l Th €1 T Ry L

6
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2

PucyHoOK 5.23 — Menro BsiGopa Mateprana, a — T=750°C £=0,74ct 6 - T=750°C £=1,49 ¢’
6— T=780°CE=0,74ct2-T=780°CE=149c*
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OCHOBOW MPaKTUYECKOTO BOIUIOMICHHSI CXEMBI MPOM3BOJACTBA MONY(HaOpPHKATOB U3 CIIABOB
CIIY’)KUT TEXHOJIOTWYEeCcKoe o00opymoBaHHe, oOecrneunBamomee o0paboTky U (GOopMHpPOBaHUE
ne(hOPMUPOBaHHBIX 3arOTOBOK, TaKUX KaK MPYTKH M mpoBosioka. Ha pucynke 5.24 mokas3aH BbIOOD

O60py,I[OBaHI/I${, a TaKXKC XapaKTCPUCTHUKU CTaHa.

CraHbl — O X

Bribop obopyaoBanus

XapaxkTepHCTUEM CTaHa
HaumeHoBaHue SPRLEED

10 NFS COMEVYI_monepHus

|

Yucno ripoxonoe l 234
-

CropocTs BONOYEHMA 10, M/MHUH l 300

5

MarcHManBHBI IMaMeTp ITPOEOTIOKH, MM

H JuaMeTph! TATOBBIX mMaibd, MM:
i | 180 [ 196 | 204 | 208 [ 214
‘ | 220 | 226 | 234 | 238 [ 240

Pucynok 5.24 — Mento BbiO0Opa 000pyI0BaHUS BOJIOYEHHOT'O CTaHA U €r0 XapaKTePUCTUKHU

Jlanee onpenensiy XapakKTEPUCTUKHU MTPOIIECCa BOJOUYCHHS 1 KWHEMAaTUYECKHUX MapaMeTPOB
HCIIOJIb3YEMOTO JUIsl 3TOT0 000pYy10BaHUS:
— 6e3pa3sMepHBI KOO (GUIMEHT, YUUTHIBAIOIIUM (PU3UUECKOE YIIPOUHEHHE MeTamna Ko ;

— HalpspKEHUE BOJIOYEHHUS Gy, ;

B .

— K02 PUIMEHT 3amaca B KaKIOM MTPOX0JIe Moars

— OTHOCHTEJIbHAS CKOPOCTh CKOJILKEHUS TP JIBUKESHUH TIPOBOJIOKHU TI0 TIOBEPXHOCTH
TSTOBO# 11661 S,
— KO3 (PHUIHMEHTHI KHHEMATHYECKON BBITSKKA S{
— creneHsb aepopmarmm 2™,
AHanu3 rpaduKoB Ha pUCYyHKe 5.25 Mokaszal, YTO CyMMapHble CTENEeHH JedopMaluyd UMEIOT
MaKkCcHUMajbHOe 3HaueHue 84% 11l Bcell JUMHUMKHM CIUIAaBOB. DTO COOTBETCTBYET IUIACTUYECKUM
XapaKTEePUCTHKAM CIUIaBOB M TO3BOJIET HE IMPOBOAWUTH OTKUT MEXKAY IPOXOJaMH, TaK Kak He

JOCTHUTacTCsA 95%. Amnanmus PE3YIBTATOB IMMOKA3bIBACT, YTO HOBBIC PCKUMBI ITO3BOJIAIOT YMCHBUIUTH

KOJIMYCCTBO IIEPEXOA0B, U IIPU 3TOM HEC JOCTUTHYB CyMMapHOﬁ CTCIICHU I[e(bOpMaI_[I/II/I 95%.
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AHanM3upyeMblii PEXUM BOJIOYCHHS IIOKa3bIBACT PABHOMEPHOE paCHpElelCHHE CTEICHH
negopManuu, 4TO JOJDKHO TOJIOKUTENBHO CKa3aThCsd HA PEAM3alldé TEXHOJOTMYECKOro Ipolecca
BOJIOYEHHUS C MPUMEHEHUEM MAIlIUH MHOTOKPAaTHOTO BOJIOYEHHUS.

Ha pucynke 5.26 mMoxxHO HaOmogaTh rpaduKe, OTPAKAIOIIME HAIPSHKEHUE BOJIOYCHHS B
Ka)KJIOM IIPOXOJI€ JUIs BCEH JIMHEMKHU CIIJIaBOB.

[lpn aHanm3e HaNPsHKCHUS BOJIOYCHUS MOXKHO 3aMETUTh CIEAYIONUE MAaKCHMAaJbHBIC
3Hauenus: 86.17 Mlla, 80,46 Mlla, 82,44 MIla u 84,15 MlIla, uro mMO3BOJSIET YBUIECTH
3aKOHOMEPHOCTh BIIMSIHUSI TEMIIEPATyphl B CKOPOCTH BpallleHus BajakoB. Ha pucynke 5.26 (6) MOXHO
YBUJETh CaMO€ HHU3KO€ HANpPsDKEHUE, YTO TOBOPUT O ONArompHsTHOM BIMSIHHM TEMIEPATypbl MpU
0JIMHAKOBOM ckopoctu ¢ rpaduxom 5.26 (a). To e camoe MPOUCXOIUT C BIUSHHEM CKOPOCTH Ha
HaNpsDKEHUE. YMEHBIIICHUE HAMPSHKSHHS BOJIOYCHUS TIPU YBEIMYCHUU CKOPOCTH BPAIICHUS BAJIKOB.
[ToBhbilIeHHE TeMIIepaTyphl JAeT JIYULINil oKa3aTelel, HeXXellu yBelIMYeHe CKOPOCTH, 3Ta pa3HHIIA 2
MIla. VYBenuueHue CKOPOCTH W TEMIIEpaTypbl OJHOBPEMEHHO He Jano Takoro sddekra, ueM
YBEJIMYEHUE OJHOTO WJIM BTOPOTO MapaMeTpa 1Mo OTAETbHOCTH. HampsikeHne BOJIOYECHUS U3MEHSETCS
110 X0y M3MEHEHUS IUIONIA/IU TIONEPEYHOT0 CEYCHHUs: YeM MEHBIIE IJIOIIA b, TEM HIKE HaIPSDKEHHE.

XapakTep M3MEHEHHUS YCHIIMS BBITSDKKH, MPEACTABICHHBIM Ha pHCYHKe 5.27, aHalOTWYeH
XapakTepy H3MEHEHUS HaIpsDKEHHUS BOJIOUEHHUsS. AHalIM3 pe3ylbTaTOB MOKA3bIBAET, YTO BO Bce
JUHEHKH CIIJIAaBOB CaMO€ HU3KOE yCHiIMe y cruiaBa ¢ mapamerpamu T =750 °C u & = 1,49 ¢t paBHOE
1114,36 H. CaMblii BBICOKHIA ITOKa3aTe/Ib YCHIHS BBITSOKKH JTHHEHKH cruaBo T = 750 °C & = 0,74 ¢™
paBHoe 1193,42 H, uto B cBOIO ouepenp BEAET K BbIBOAY, uTO npu Temieparype 750 °C yBenuueHue
CKOpOCTH Jano S()(EeKT CHMKEHUS YCUIHS BBITSDKKH, XOTS CHUTyalMsl KapAWHAIBHO MEHSETCS ¢
temneparypoit 780 °C, 3T0 MOKHO YBUIETh Ha pucyHke 5.27 (8, 2), Tle NPU yBEIMUYCHUH CKOPOCTH
BpAIllCHUs] BAJIKOB HAYAJIbHOE YCHJINE BBITSDKKH IMOBBIMIACTCS. 3HAS 3TH (PAKTHI, ONTUMAIBHBIM OyIeT
yBeNMueHue ckopoctu npu temmeparype 750 °C, XOTh ¥ He UCKITIOYAeT OCTAbHYIO JIMHEHUKY CIIaBOB.

KoaddutineHT BBITSHKKY (MK BBITSKKA) MTOKA3bIBAET BO CKOJIBKO pa3 YBEIHMYUIACH AJIMHA WIIH
YMEHBIIMJIACh TUIOIIAAb MOMEPEYHOTO CEYCHHUsS M3JENHS 3a Mepexo]] BoNoueHHs. AHanu3 rpadukoB
KOd(p(UITMEHTa BBITSHDKKU JIaeT IOHSATh, YTO XapakTep MABM)KCHHS pACIpeNelicH pPaBHOMEPHO H
aQHAJIOTMYEH C HampsbkeHueM BolloueHus. [IpemmaraemMplii TEXHOIOTUYECKUN PEXUM OOpaOOTKH IS
MPEJICTABICHHOTO CIJIaBa JaeT MOHATh OJMHAKOBBIE JTH KOA(D(PUIIMEHTHI BHITSHKKU Ha KaXKIOM MPOXOJIe
(puc. 5.28).

CKOpOCTh ~ TIPOXOXKIEHHWS  IMPOBOJIOKM W TPYTKOB  dYepe3  BOJIIOKH  OMpeneNseT
MPOU3BOUTENLHOCTh BOJOUEHUsSI. UeM OombIlle CKOPOCTh, TeM OOJbINE MPOU3BOAUTENBHOCTh. [lpu
MHOTOKPAaTHOM BOJIOYEHHUH, KOTJIa MPOBOJOKA HEMPEPHIBHO MPOXOAHWT Yepe3 HECKOJIBKO BOJOK O
MPOM3BOIUTENFHOCTH CYIAT IO CKOPOCTH BOJIOUEHHS dYepe3 MOCIEeTHIO BOJOKY. Mcxons wu3

(bopMyJIbl OTHOCUTENBHOM CKOPOCTU CKOJIBKEHMSI, KOTOpasi MOKa3bIBaeT Pa3HMILY CKOPOCTH TSATOBBIX
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1ai0 U CKOPOCTH MPOBOJIOKH, JIEJIEHHOW HA CKOPOCTh TATOBBIX IIAai0, MOXKHO CIeNaTh BBIBOJ O TOM,
Ha CKOJIbKO BBICOKas MPOHM3BOIUTEIBHOCTBIpOLEcca. I'paduk CKOpOCTH TIOKa3bIBaeT IUIABHOE
CHI)KCHHE OTHOCHUTEIBHOW CKOPOCTH CKOJIBKEHHUS, YTO TOBOPUT O TOM, YTO CKOPOCTb IIEPEXOI0B
BbIOpaHa MPaBUIIBHO, YTO B CBOIO OYEPE]b JAET TapaHTUIO0 0€300pBIBHOTO NMPOU3BOJACTBA. A TaK Kak
3HAYECHUE CKOPOCTH OJUHAKOBOE, TO PEKHUM IOAXOIUT JJI1 BCEX MOJEIEH IIPEICTABICHHBIX CILIABOB.
['paduky OTHOCUTENHHON CKOPOCTU CKOJIBKEHUS JJISi BCEX INPEICTABICHHBIX PEKMMOB MOKAa3aHbI Ha
pucyske 5.29.

Kospduuuent 3amaca mnpouecca npencraieH Ha pucyHke 5.30, KOTOpbId MO3BOJISET
OIpesieUTh 0e300pbIBHOCTD Ipoliecca MPOU3BOJCTBA MPOBOIOKU. Tak Kak CyIECTBYET HpeAebHOe
o0xaTue, mpU KOTOPOM BeNWYMHA Kod(h(uUIMeHTa 3amaca Yy, CTAHOBUTCS MEHBLIE JOMYCTHMOIO
3HAUEHUs, U IPOUCXOAUT OOpBHIB MPOBOJIOKH, YTO HE MPOUCXOAUT. B naHHOM ciydyae BelnyuHa

KOS(l)(bHI_II/ICHTa 3araca IMOBBIIACTCA ITOCTCIICHHO OT IEpeXoda K IIEpexXody A0 KOHIa O6pa6OTKI/I.
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Ha pucynkax 5.31 u 5.32 npencraBieHbl TaOIUIBI CO BCEMU 3HAYCHHUSIMU JIMHEHKH CIIJIABOB,

HCIIOJB30BaBIINXCA B rpa(bmcax, IIOKa3aHHBIX BBIIIC.

Crpasia [ Su‘iazmmux]

naxcas I Jlncronas fposcie | Copromas fiposatza  Bonoweme |

et

£
K
-
-
Brox aasHiIX Pesyasrars pacueron
3 Baeanr
H C HOKTIIE Amwse ! Tovassery [ Tlaraers e Crenemm Harpunene | Kordgoupmm Wi dnareery Coogorm | Caopocns | Caopectn
§ (e - L LT -y massiereen H raasal " her | comem st
i Haananadt moserp ’ MM Mele aefling sy ot M1
5 Ko ol o i3 athe i 141 wal L% 1,33 [IULES] Loy [ 23] [RE) 0
z ® "“7[)76" 3 . 1 e ) 12 e 198 O oml 0
et Cpeamun Barrmaxa s 3 | W (E) W 4 SR 1958 20399 20 os 048
= = [ o8 (K] 0 i b)) urm SN 1) 04) 086 039
S - l ] I | 3 264 Lie N k] 25 w2l i (%) 08 R
B Ty * 2 s e Qo N bLAS b ™ b8 sl 024
B” NI CAaLE o L 2 L pa »ne iR BALE L) b} L8 ] s ais
e NTRARSK 110 TPOXOIAN, —
o x . | ¢ U7 L u e N 193,1 pit] i 08 013
N (TR & 1,170 L 108 L oy 0.8 iae 113,43 nT el (] [0
2 [i'f;"g} 7 |TT{;' 10 ] iy “ 2w 42 15349 2694 1 ' 0
% [iz6e s fians
* [rs & [rim
5 |18 10 1071
|« »
Owerm | L Pacher 2 J Upadimn Omier ]
a
Cupanea | Basa ganmax I Baxoa
[mmuas [ Tiatctronas nposana | Copronss nposarsa  Boaowesare |
=
3
3
2
Broa JaHnmx Pesynprari pacueTon
2
§ Bueanre jcuosinie doidise Jnawerp. Butn-nl Crersrm | Hapemmn ]h:’h.l-| Yomew I Jnaseery Cropecn ]f-pocn Crrpocm
5 e sodopomton t | pasowems, sanacs smscreenne, H v nprocses, | wife, | oot e
B Hrwaxsoalt amaseetp e MM oy e o IS
z it 3 i 141 X 50,46 (X} TR Dres 033 0 X
2 Koseumatt anaserp [ MM . o i s = i - .
& W 2 is 14 Al 68 s 82,12 196 L E] oM 0l
e Cpeane nuaixae & MM 3 e 124 .08 “a X EEae] 2398 03 [ oas
o | o l : i 124 64 e 238 1813 20 04 ase (3
p?(no I ] i i s pre L .9 €113 25 33626 SR ED) 037 0 LX)
Bartesine 1o dpasams s a1 (R7] b ] s 2 s -] 048 0Fi (37
B S s J 9 Ly ) 3T s HIEEY) S5 0 s 2.1
BETHTE THIISHIN RbITHA 3
Ny __“ )4 3 L7 L1 # w31 iz 15208 3 [rn 087 EXE)
I a7 0. rlTTO ] 108 R oy TS} sAs 18198 9 e nwee )
x fize % Jiass T Y 0 5 4034 (5] 12596 13499 1 1 C
¥ 1266 % 13
4 fias 9 [1.100
LRT™ 10: [ron
. >
Ounctim B Pacwer iy | Orwer
J

Pucynox 5.31 — TaGnuia pe3ynbTaToB pacueToB; a — T

Cl

=750°C£=0,74¢Y 6 -T="750°C £=1,49



179

(‘upnn Baoa Anmees J Baoaa
Tamues | Jlocrons sp Cop mpoeana B
E
s
= Baoa o PenyanTand pacueron
k
! Beanrre noxmmes Jwinre Sitrery Muu-l e llm [TRCYIT e = S— l [ l(upux Crogenta
e wfowisaae ' | Rasoeesa e s arisannie T © watnn
L Hraunsnall Deserp fs s e sy or | vy pon ey
= i 1 1 ] 30 (o) 1 L ) (5] D) (X5
H KopeywHul Imssterp - s 2
= -~ 1 s L3 s ] (I} ol Lhe (5 31
= CPLIAHRN BETRERN 1206 yyy i 19 - P 1 s . o Wi o
‘ y ‘ i w2 " (58 ) S8 M) "wan s o4 (2 in
0‘,""’?1’, £ (,_,, ,(. ’ . L1e N "i B e 0y "
O — | a L8 . ne $37 mA ns 08 Ll e
3 2 LB s ns ST 182 o s o (Y
- i T | Tl u Wi 1A Y] N ase 807 AL
b oaa & 1% =% | m 11 ur ir (¥ W et w "
s st * s 1] - W ™ s o BENEY N ‘ | '
¥ 1,266 L IRTE]
& 11218 & fiio9
& N9 e fiom
(RIS Pacvsy Tpaguoce || Orer |
a
®
Crpases Bash JAHAKS l BRowa
Tnmmus  lscresas Coyp iy i
k
=
<
Booa naHHkX Pesynerara pacyeron
£ | Beemoe noomoce tmimie r oy, [ ] Gan | g | Tocotasmn] S ey | Cayscn JCapecn | Copecn
£ n [ w$opssxme * | pa3cussens, ammes oo, B cwceait v e
z Hyoamaull teaetp I- oy Y ] T wr | et
> 3 i [T m i ui K] 1M 19,58 [ e X5
| Koseonull Dosetp . i
& - = ] 1A L s (IR (R (SR " . s a
= Cpeunss auraen ﬁ"m wu i 0 1 " "o ) e 20 an T ()
. in [P Bl U “h LS a0 a4 (8 ) e
- > I A - ] (Il.'llll ('I J ] iN Ly iy L 1B b &) (T Nt oy " w
Bastaaam o Dpuwam . i (A1) » X N b 3] 134 0 wn L5
) Y 5 Lis e 0l il mst b on TS 018
“,‘I,, wN ' | A et} a W 1a m m T t (Y0
L 347 6 11,170 3 pEH (K] ur am 30 o 1573 03 = 003
2 b3 T3S wm | 1 V) u war 2 0 209 t 1 '
i fi.es L (K TE]
& B3 * 0,100
& haw 1w o
. »
OmcTam J Pacwer Ipodpssn l Ot l

Pucynok 5.32 — Ta6nuua pesynsTaTos pacueros;, a — T =780 °C £=0,74 ¢™;
6-T=780°CE=1,49c*

Hpe)ICTaBJ'IeHHBIe PEKUMBI ITO3BOJIAIOT 00ecneynThb IMPUPOCT MPOU3BOAUTCIBLHOCTH 3a CUCT
YMCHBIICHUA BPEMCHHU, 3aTpaunuBacMOro Ha MpOrU3BOACTBO I[e(bOpMI/IPOBaHHBIX HOJIY(I)a6pI/IKaTOB.

5.4. BeIBOABI 11O IJ1aB€
TakxuMm 06pa3om, MPoaHATU3UPOBAB PE3yIbTAThl IPOBEACHHBIX UCCIIEOBAHUI, MOKHO CENaTh

CJICAYIOIIUC BBIBO/bI.



180

1. [IpoBeneHo mraHUpOBaHWE W BBITOJHEHBI JKCIIEPHMEHTAILHBIC HWCCICIOBAHHS 10
peanuzaruu nporecca BIII ¢ acumMMerpudnbiM odarom naedopmanmu s criaBoB 01417 u Al-
1%P3M npu BapbUpOBaHUHU TEMITEpATypbl 00PabOTKH, CKOPOCTH M CTETICHH JiehopMaIuu.

2. [IpoBeneH aHamu3 MONYYEHHBIX  OKCIEPUMEHTAJIBHBIX  JaHHBIX 10  OILICHKE
SHEpProcuwioBeIX napamerpoB npoueccoB BIIII, a Takxke cpaBHEHHE UX C JaHHBIMH, MTOJTYYCHHBIMHU B
pe3ylbTaTe pacdera IO pPerpecCHOHHBIM (opmynam. AHanu3 TpadUYecKuX 3aBUCUMOCTEH
sHeprocuiioBeix napamerpoB mpoueccoB CIIIT u BIIIT ot BapepupyembIx (hakTOpOB IMOKa3al, 4yTO B
nponecce CIIII cuna, peiicTByromas Ha MaTpuily ¥ Bajku, Bbimie Ha 100-150 kH, yem B mpouecce
BIIII npu npo4ux paBHBIX YCIOBUAX.

3. [IpoBeneHa oreHKa CTPYKTYpHl JaeopMHpOBaHHBIX MOTY(HaOpUKATOB W3 CILIABOB
01417 u Al-1%P3M, npu 3TOM YCTaHOBJCHO BJIMSHUEC Ha Hee TaKUX (AKTOPOB, KaK CTEHCHb H
CKOpPOCTh Aedopmaiiuu, TemrnepaTrypa o0paboTKH.

4, [IpencraBnensl rpaduueckue 3aBUCUMOCTH MEXaHHYECKHUX CBOWMCTB TPYTKOB,
nosyueHHbIX MetonoM BIIII, oT BappupyeMbIx (akTOpoB, KOTOpbIE MOKa3alu, YTO B LIEJIOM IIpecc-
uznenus, noaydeHusie MerogoM BIIIT Gosee miacTuyHbl, TPU ’TOM BPEMEHHOE CONPOTUBIICHUE HUKE
Ha 50-80 MlIla, a oTHOcuUTenbHOE YUIMHEHHE BbIIE Ha 5-6 % IO CpaBHEHUIO C JIaHHBIMHU,
HoJTy4eHHbIMU TIpH peanu3aiuu nporecca CIII mis crmaBa Al-1%P3M.

5. [Ipensioxkena u omnpoOOBaHA TEXHOJOTHYECKAass CXema JUisi MPOU3BOJACTBA IPECC-
u3/1eNuid HeOOJIBIIOTO MONEpPeUHoro ceueHus u3 criaBa 01417, Bkitodaromias B KaueCTBE OCHOBHBIX
nepesesioB MOJIydeHrue JMUTON 3aroTtoBku ¢ nomombio DMK u ee o0paboTKy ¢ HCHOJIB30BaHHUEM
meroaa CIIII nnu npumenenus meroaa BIIII.

6. Pa3paborana TexHoOJOrMYeckas CXema MONy4YeHUs SJIEKTPOTEXHUUYECKOH MPOBOJIOKH
yTeM HcIosb3oBaHus Tpex nepenenon (Meton BIIII, copToBast mpokaTka, BOJIOYEHHE) MPU 3TOM C UX
MTOMOIIIBIO TIOJIYY€HBI OTBITHBIE TTAPTHH MPOBOJIOKH.

7. [IpousBenen pacueT MapiipyTa BOJIOYSHHUs MPOBOJIOKH U3 crtaBa 01417 Ha BoOYMITEHOM
MarrHe co ckonbxkenueM Tuma «T 10 N.F.S.», u ycranoBneHbl mapaMeTpbl PeKUMOB BOJOYECHUS IS
MOJIy4EHHUsI TPOBOJIOKU quameTpom 0,3 Mm.

8. HccnenoBanusi TO3BOMWIM  YTBEPXKAATh, UYTO MPEAJIOKEHHBICE TEXHOJIOTHUYECKUE
PEKUMBI 00€CTIEUNBAIOT MPH 3aJaHHBIX TEMIIEPATYPHO-CKOPOCTHBIX M JI€(OPMAIIMOHHBIX TTapaMeTpax
mpolrecca MEXaHWYeCKHe CBOMCTBA MPOBOJIOKKM B cooTBeTcTBHHM ¢ TY 1-809-1038-2018, a tarxke
YIOBJIETBOPUTENbHBIE 3HAUCHUS SJIEKTPOCOIPOTUBIIEHUS U TEPMOCTOUKOCTH.

9. PesynbTaThl HCClie0BaHUI NPOILTA MPOMBINUICHHYIO anpobanuto ([Tpunoxenue A, I)

U BHEJPEHBI B MPOU3BoIcTBEHHBIH Mporecc Ha OO0 «3aBoj COBpEMEHHBIX MATEPHATIOBY.
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6. ACCJEJJOBAHUE TEXHOJIOTI'AYU MOJYUYEHHUS U CBOMCTB CBAPOYHOM
ITPOBOJIOKH U3 CIINTABOB CUCTEMBbI Al-Mg, JTETUPOBAHHBIX CKAHIAUEM,
C IPUMEHEHUEM COBMEIIEHHBLIX METOJ0OB TEPMOJE®OPMAIIMOHHOMI

OBPABOTKHA

B nmaHHON 1iaBe NpuUBEACHBI PE3YNbTaThl OKCIEPUMEHTAJIBHBIX  MCCIECIOBAHUM H
MOJICIIUPOBAHMSI  TPOIIECCOB  COBMEIIEHHOW  00paOOTKM  JUIsi  TONYyYeHUS  UIMHHOMEPHBIX
ne(pOpMHUPOBAaHHBIX MOJY(aOpUKATOB B BHUJE NPYTKOB M IPOBOJOKHU M3 CIUIAaBOB cucteMbl Al-Mg ¢

Pa3IMYHBIM COJIEP)KAaHHEM CKaHMs. MaTepualbl rIaBbl OMyOJUKOBaHbI B padoTtax [1, 165, 237-246].

6.1. McciienoBanne peosioru4eckux cBoiicTs cniiasa 1580

B 0a3y maHHBIX, IPUMEHSAEMBIX B MPOU3BOACTBE M B TEKYIIUX HCCIEIOBAHUSIX, 3arpy>KalHCh
peoJIOrHYeCcKre CBOMCTBA JUIsl MOCTYIYIOIIEro MOJASIHPOBaHus (cM. puc. 6.1).

[Ipoananu3upoBaB AOCTYIHYIO HAYYHYIO JINTEPATYypy, Ui MPOBEIACHUS HMCCIECIOBAHUN OBLI
BbIOpaH criaB 01570. JlaHHBIH CIUTaB MIMPOKO MCIOJIB3YETCS B MPOMBIILIEHHOCTH, 0Jaroaapsi CBOUM
BBIIAIONIMMCSL TIOKA3aTeNIIM MPOYHOCTH, YCTOWYMBOCTH K KOPPO3UM U JCTAIbHO HW3YYCHHBIM
PEOJOTHMYECKM CBOWCTBAM. BmecTe ¢ TeM, €ro BBICOKAash CTOMMOCTb, CBSI3aHHAs C HAJIWYHEM
noporocrosiero ckauaus (0,17-0,35 macc. %), orpannunBaet ero 0ojiee MUPOKOE PACIIPOCTPAHECHHE.

B kauecTBe anpTepHATUBHOTO BapuaHTa ObLT paccMmoTpeH cruiaB 1580, pa3paboTaHHBIM
komnanueit PYCAIJI [163]. ConepkaHne ckaHIus B JaHHOM CIUIaBE yAaJoch NOHU3UTH 10 0,12%, uto

CYIIECTBEHHO OTJIM4YaeTcs oT mokaszatens ciiaBa 01570. CeoiictBa crmaBoB 1580 u 01570 cxoxu

[115, 164, 165, 238-245] (cm. Tabmaumy) 1.2.

Tabnuna 6.1 — Xumuueckuii COCTaB UCCIETyEMbIX CILIIAaBOB

Conepxanwue deMenTa, mace. %
Cruias

Mg Mn | Si Sc Zr Ti Cr |Fe |Cu Zn | Ni Al

01570 |5,0-5,2 |0,60 |0,20 |0,25 |0,10 |0,02 |0,16 0,2 |0,01 |0,10 |- OcHoBa

1580 | 5,27 049 (013 |0,12 |0,13 |0,02 | 0,15 | 0,16 | 0,011 | 0,01 | 0,006 | OcHoBa

HccnenoBanue nedopMaiMOHHOTO OBEJCHNS aJIOMHUHHUEBOTO cijiaBa 1580 npu HarpeBaHuu C
LEeNbI0  TOBBIIEHUS 3((EKTUBHOCTH TEXHOJOTHYECKUX TPOLECCOB M JOCTH)KEHHUS JKEITaeMBIX
MIPOYHOCTHBIX CBOMCTB ObUIO MPOBEIAEHO aBTOpaMU CTaTbH B Hay4yHoW pabote [164]. JlanHble o

PEOJIOTHYECKUX XapaKTEepUCTUKAX CIJIaBa, IOJyYeHHBbIE TIOCPEICTBOM KpydeHHUsi 00pasloB,
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U3TOTOBJICHHBIX M3 OJHOPOJHOTO JIUTOTO CIIMTKA, WILTIOCTPUPYIOTCS Ha rpaduke 6.1. [115, 165, 238-
245].
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MonenupoBanue ropsigeit gegopmMaiii METOIOM OJHOOCHOTO CKaTusl (OCaIKU) U KPYUCHHUS
MPOBOAMIIOCH Ha TepMomexaHndeckom cumyisitope Gleeble 3800 (puc. 6.2, a), yCTaHOBIEHHOM B
IOxHO-YpanbCkOM TrocyaapCTBEHHOM yHUBepcuTeTe. s 3THUX 1ejled NPUMEHSUINCh MOJYJIH

HydraWedge (puc. 6.2, 6) u Torsion (puc. 6.2, B), coorBeTcTBeHHO [115, 165].

Pucynok 6.2 — Oomwmii Bu komiutekca Gleeble 3800 (a) u paboune kamepsl moayieir HydraWedge
(6) u Torsion (s)

Hunuanpuueckue odpasupl D10 u BbicoToM 15 MM ucnbIThIBaMCh Ha cxkatue. C IeNbio
CHIDKEHHs TPEHMS B TOUKaX KOHTaKTa oOpasla u 00iKkoB npuMeHsach rpa¢uTtoBas (oJbra, ToJIImuHA
KoTopoit coctasisiia 0,13 mm. HarpeB o0Opasua, pasmMenieHHOro BHYTpU paboudell KaMepbl ¢ HU3KUM
BaKyyMOM, MPOUCXOAMII MTyTE€M HENMOCPEICTBEHHOTO MPOIYCKaHHs AIIEKTPHUYECKOro Toka. KoHTpoib
TEMIIEpaTyphbl BBIMOJHSIICS C TIOMOIIBIO XPOMEb-AIOMEIIEBOM TEPMOIIAphl, 3aKpeIUICHHON mpu
MOMOIIIM CBAapKH B IIEHTpalibHOW 30He oOpasua. Ilepenan temmnepaTypsl BAOJIb BBICOTHI 00pa3la He
npessimain 3 °C.

Monynpe Torsion cumynsTopa Tepmomexannuyeckux mpouecco Gleeble 3800 ncnonb3oBancs
JUISL KpyYeHUs MWIMHIpUYeckux oOpasioB (165 mm manuna, 7 MM paauyc, puc. 6.3). Jlnuna paboueit

30HbI ObLIa 20 MM, a paauyc ckpyriieHus 5 mm [115, 238-246].

Pucynok 6.3 — M3o0paxkenue oOpasia Jjisl HCTIBITAaHHA

Jns  uccnepoBaHus AeopMallMOHHOTO OTKJIMKAa MaTepuana oOpas3lbl MOJABEprajiuch
UCTIBITAHUAM Ha KpydeHue. OauH KoHel oOpa3ia *KECTKO (GUKCHPOBAJICS, B TO BPEMsI KaK K APYyroMy
MPUKJIIAIBIBAIICS KPYTAMIMNA MOMEHT. TeMrepaTypHbIid pesxuM o0pasiia KOHTPOJIUPOBAJICS C TIOMOIIBIO

XpoMmenb-antroMeneBoi Tepmomnapsl (tun K), 3akpeni€HHON cBapkod B LEHTpalbHOM 4acTu paboueit
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obnactu. Harpes no temmeparyp nedopmaruu (350, 375, 400, 425 u 450 °C) ocymiecTBusuics co
ckopocthio 3 °C/c, panee MCIbITaHUS MPOBOIMINCH 10 METOAMKE, NPEACTaBICHHON B padoTe [165],
3aTeM ObUIM TOdy4eHbl Tpaduku (puc. 6.1). AHanu3 Mmokasaj, 4YTO IUIACTHYHOCTH MaTepualia
CYIIIECTBEHHO 3aBUCUT OT TemriepaTypbl nedopmanuu. [Ipu 425-450 °C paspyiieHue MpOUCXOIUIO0
npu yriae CKpyuuBaHusi okoio 6 paauan, npu 400 °C — okono 7 pamuan, a npu 350-375 °C — B
nuanaszone 4,5-5,3 paguan. Hauanom paspylieHus CUuTalCsi MOMEHT, KOT/ia KPYTSIIHM MOMEHT
HA4YMHAJ PE3KO CHUKATHCS.

B pe3ynbraTe npoBeCHHBIX UCCIIEIOBAaHUI YCTAHOBIICHO CIIEIYIOIIEE.
1. TlpoBeneHo uccieaoBaHuE xapakTepa AchopMalri HOBOTO CILIaBa, 00o03HaueHHOro kak 1580,
IIPH OJJHOOCHOM OCQXKMBAHWH. VICTIBITaHWS OCYIIECTBISUIUCH B TemIepaTypHoM auamnazone 350-450
°C, a Takxe B LIMPOKOM AHMamasoHe ckopocreil medopmaumn — ot 0,01 mo 30 ¢ [115, 238-246].
Y CTaHOBUBILIMECS HAIMPSHKEHUS TEKYYECTH CIUIaBa YBEJIMYUBAIOTCSA C MOHMKEHUEM TEMIEpaTyphbl U
POCTOM CKOpOCTHU AeopMaIiu.
2. YCTaHOBIIEHO, YTO MPH HU3KUX cKopocTax aedopmarmu (0,01-1 c'l) HaIIpsDKEHUS TEKY4ECTH YXKe
nociyie HeOobIION 1ehopMalluy BHIXOAT HA YCTAaHOBUBIIUICS (IIOCTOSIHHBIN) YPOBEHb, OTBEYAIOILNN
OanmaHcy Mexay mporeccamu AeQOpMAIMOHHOTO YIPOYHEHUS M AMHAMUYECKOTO Pa3ylpOuHEHUs
(Bo3Bpara). Jledopmarms ¢ BeicoknMu ckopoctsimu 10 u 30 ¢ compoBoskaaeTcs 1edopMalHOHHBIM
pazorpeBoM 00pa3oB U NaJCHUEM HAIPSHKEHUN TEKYYECTH C POCTOM BEJTMYUHBI AePOpMaIIiH.
3. Tlomyuens! ¢popMysbl, ONUCHIBAIONINE HAMPSHKEHUSI TEKYYECTH B YCTAHOBUBIIEMCS] PeXKHME. DTH
(dbopMyIbl BBIpaXAIOTCS 4yepe3 Mapamerp 3uHepa-XOoJJIOMOHA M TMO3BOJSIOT TOYHO MPEICKa3bIBaTh
COMPOTHBIIEHUE CIIJIaBa IMjacTuyeckoil nedopmaruu. [Ipu 3TOM y4dHTHIBaeTCS UIMPOKUN AMAINa30H
TEMIEpATyp M CKOpOCTeH nedopmannu, 4To HEOOXOAMMO ISl KOMIBIOTEPHOIO MOJAEIUPOBAHUS U
BbIOOpA TEMIIEPATYPHO-CKOPOCTHBIX PEKUMOB TOpsiueH aedopmaiuu.
4. Tloka3aHo, 4YT0 KO3(h(UIMEHT CKOPOCTHOM 3aBUCHMOCTH HANpsHKEHUH TEKydecTH CIIiaBa,
SBISIONIUNCS OTHUM U3 (PaKTOPOB, OMPEENAIOMNX MIACTUIHOCTh MaTepuaa, pe3Ko MmajiaeT ¢ pOCTOM
CKOPOCTH M MOHM>KEHUEM TeMIIepaTyphl JepopMaluu.
5. boun mpoBelieHBl WCHBITAHUS CIUIaBa Ha KPY4YEHHE, YTOOBI OLIEHHUTh €ro IIACTUYHOCTD.
HcnplTanus BRIMOIHSINCH TP TeMrieparypax oT 350 no 450 °C, n ckopocTs KpydeHus coctasisuia 10
¢!, B pesymbrare dKCIEpPHMEHTOB BBISBICHO, YTO MAKCHMAlbHAs SKBHBAICHTHAS aedopMarius,
KOTOPYIO MaTepuaj BbIICPKMBACT JI0 Havajia pa3pyiieHus, Ha0mogaercs mpu Temmneparype 400°C u
PE3KO MajaeT ¢ MOHMKEHHEM TeMeparypsl 10 35 °C.
6. IIpoBeneHo cpaBHeHHE Auarpamm jaedopManui KpydeHHeM U OAHOOCHOW OCaJKOH, OTBEYAIOIUX
OJIMHAKOBBIM TEMIIEPaTypHO-CKOPOCTHBIM ycHoBHSAM Aedopmaruu. [lokazaHo, 4To auarpammbl
nedopmauu KpydeHHeM Hu cxkatuem 1o jaedopmanuii mopsaka 0,6-0,8 ¢ BBICOKOW TOYHOCTHIO

COBIIaAAroT.
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7. MexaepopMallMOHHbIE Tay3bl MPH KCCICNIOBAHHBIX TeMIepaTypax aeopMmaruu 3HAYUTEIBHO
YBEJIMYUBAIOT BETUYHHY JeopMaruu, Mpu KOTOPOH HAaYMHAETCS pa3pylieHne o0pasnos. [ToBeimeHne
TeMIiepaTypsl fedopmaiuu co ckopoctbio 10 ¢t ot 400-450 °C o 500 °C, TaKxke Kak ee HOHMKCHHE
0 -1
no 375 °C compoBoXAaeTcs MaJCHHEM IUIACTUYHOCTH ciuiaBa. Ilpu ckopoctu aedopmanmu 1 ¢

IUIACTUYHOCTH CITaBa npu Temmeparypax 400 °C u 500 °C [222] HaxoquTcs Ha OJJHOM YPOBHE.
6.2. MeToauka u 000py/i0BaHue /ISl IPOBeAeHUS IKCIEPUMEHTAIBHBIX HCC/IeI0BAHNT

CBapouHy0 IPOBOJIOKY, MPEAHA3HAYCHHYIO JJIs UCCIIeI0OBAaHUS, TPOU3BOAUIN C IPUMEHEHUEM
VMHHOBAIIMOHHOM, pa3pabOTaHHON TexHoJoruu. JlaHHBIM Ipolecc BKIOYal B ceds psii CTaaAMid:
CHavyasia ObUIa MOJTyYeHa 3aroTOBKa, UMEMMmas AuaMeTp 9 MMm. OTo ObLIO JOCTUTHYTO TOCPEICTBOM
KOMOMHHPOBAHHOTO JINTh M MOCIEAYIoEeH 00pabOTKH METOJaMU MPOKATKU U MIpeccoBaHus [244].
Janee crnemoBasia XOJOJHAs COPTOBas MPOKAaTKa, a TakXKe BOJIOYEHHE, YTO B KOHEYHOM HTOre
o0ecrieunBaio JOCTUKEHUE 1IEJIEBOT0 IMaMETpa IIPOBOJIOKH, PABHOTO 3 MM.

B skcnepumeHTabHBIX UccienoBaHuAX MeToaoM BIIII nmpumeHsnu yHHKalnbHYIO YCTaHOBKY
coBMeneHHOM 00paboTku [215] CJIuIIII-2,5 (puc. 6.4, a), co3maHHyO Ha 0a3e HOBBIX TEXHHUYECKHX
pElIeHU#, 3aIUIIEHHBIX aBTOPCKUMH maTeHTamu [18].

OkcnepumenT 1o meroxy BIIII BemonHsuics mo u3BecTHOM MeToAMKe (CM. IjaaBy S), HO IpH
temneparype 780-790 °C [115].

Jlns ynoOcTBa 3aqMBKM pacilaBa B BaJIKM Koprmyc pabouel kietu (cMm. puc. 6.4, a) Obua
MOBEPHYT Ha yroi 45° 1 CMOHTUPOBAH Ha 00ILEM OCHOBAaHUH C THPABIMUYECKUM MPHKUMOM MaTPHUILIbI
K BaJikaM. BaJjku ¢ 3aKpbITBIM SIIMYHBIM KaJIMOpPOM MMENN PasHbIA JUaMETP: MO BBICTYIY BEPXHETO
Baka 482 MM, TO JHY KaHaBKM B HWkHeM Baike 394 mm. CuioBble MmapaMeTphl Ipoiiecca
nedopMmaruu GUKCHPOBAIU C TOMOIIBIO KOJBIEBBIX Meco3 [18, 20].

[lonydyeHHBIE TIPYTKM C JOUaMeTpoM B 9 MM MOCIY)XWJIM HUCXOAHBIM MaTEpUAIOM JUIf
W3TOTOBJICHHUSI CBApOYHOM MpPOBOJOKHM, HMeromed auamerp 3 wMm. [lpousBoacTBo mocienHen
OCYIIECTBIISIIIOCHh MTOCPEACTBOM cOpTOBOM mpokatku [115] Ha crane pupmsl «Mapuo nu Maiio» (puc.
6.4, 6) ¢ mocnenyrOIUM BOJIOUEHHEM Ha [IEMTHOM BOJIOYMIIBHOM cTaHe. TeXHUYEeCKHEe XapaKTepUCTUKH
NPUMEHSIEMOro 000pyI0BaHMs TPUBEIEHBI B Ta0I. 6.2.

MexaHnyeckue XapakTepUCTUKH HCCIEAYEMBIX 00pa3loB ONPEAEISUINCh MyTeM CTaTUYECKUX
UCIBITAHUN Ha pacTshkeHue. B kaduecTBe HMHCTpYMEHTa JJsi 3TUX HCHBITAHUN HCIIOJIb30BaJIach
ucneitatenbHas MamuHa LFM 400 mpousBoacta Walter Bai AG (Ilseitmapust Kondenepanus), ¢
MakcuMainbHOW Harpyskod B 400 xH. Jlng kaxzmoro ucciegyeMoro 3HAa4eHMsI IMPOBOJMIOCH

TECTUPOBAHUE TPeX 00pa3IloB, a 3aTeM PACCUUTHIBAIOCH cpefHee apudmernyeckoe 3HaueHue [115,

238-246].



186

a o

PucyHoxk 6.4 — YcTaHOBKA COBMEIIEHHOTO JIUThS, MPOKaTKH U npeccoBanust CJIullII-2,5 (a)

u copronpokarHbiii ctan AF200+180R (6)

[Ipu cBapke 3KCHEpUMEHTATBHBIX 00pasnoB radapuramu 3x50x100 mm [115, 238-246] Obin
COOJIIOJIEH CIEAYIOMUNA TOpsIOK neicTBuid. [lepBOHAYAIbHO JIMCTOBBIE 3arOTOBKH TOJIIMHOW TPHU
MWUIMMETpPA, TOJYYCHHBIC W3 TUIOCKOTO IMPOKAaTa, MPOMBIBAJIH allEeTOHOM. | JIaBHBIM Ha3HaYCHUEM
9TON 00pabOTKU OBLIO yAalieHHE KMPOBBIX 3arps3HeHwid. JlaHHAs OYHMCTKA MO3BOJISUIA TOJHOCTHIO
M30aBUTHCS OT JIIOOBIX CIIENOB Macell M )KMPOB Ha METAUIMYeCKOi moBepxHocTd. Ilo 3aBeprieHnun
9TON CTaIUU TEPEXOAWIH K TOATOTOBKE KPOMOK, KOTOpPBIE TPEACTOSIIO COCTUHITH MEXTYy COOOH.
OunIieHrne KOHIEBBIX KPOMOK OT OKCHJIHOW IUICHKH MPOHM3BOJMIIM PYYHBIM I'paBepoM, a B o0iacTu
OyAylIero CBapHOTO IIIBa MPHMEHSUIM oneparnuio Imadpenue. s Toro utoObl 00eCneduTh
3G (GeKTUBHBIH M pPAaBHOMEPHBIM OTBOJ TeEIUIa OT O0Opa3loB BO BpPEMS CBAapKH, HCIIOJIb30BAIN
CHCNHMANTBHYIO TOAKIAAKY, MaTepHaioM KOTOPOH CIyXHja Melb. OTta moAKIAAKa TakkKe
POMBIBAJIACH AlETOHOM, YTO 00ECTIEUNBAIIO HYKHbBII KOHTAKT [115, 238-246].

[TpoBoJIOKY I CBapOYHBIX pabOT MOATOTABIMBAIM BPYUYHYIO, UCIOJB3Ys (pe3epoBaHUE H
rabpoBaHme.

Jlnst coemuHeHust Kaxaoro obpasia jmmHoW 50 MM HCMOb30Bajioch 15—20 cM MpPOBOIOKH C
nuametrpoM 3 MM. ITloaroroBuTenbHbIe pabOTHI 0Opa3IOB W IMPOBOJIOKH IUIAHUPOBAIUCH TaKUM
0o0pa3oM, 4TOObI OT OYMCTKU J10 cBapku Obwto He Oosiee 20 muH. COOpKy 00pa3lOB MPOBOAMIM Ha
CHEeNHaTbHO TOJATOTOBJICHHOW METHOH OCHOBE (TIOJIOKKE), pacroiaras KOHIIBI COSIHHSIEMBIX

9JIEMEHTOB BJIOJIb OOIIEH OCH C IEHTPOM KaHAaBKH (/11 OOpaTHOrO BajuKa). 3arOTOBKH JUIsI CBAPKH
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COCIMHSIN TUIOTHBIM CTBIKOM, 0€3 Kakux Jn0o 3a30poB. [l rapanTuu cTabUiIbHOTO U OJHOPOIHOTO
KOHTAKTa 3arOTOBOK C TOJUIOKKOH, a TaKkXKe TOYHOrOo MX (PUKCHPOBAaHUS, MPUMEHSIH NPHKUMHBIE

YCTpOﬁCTBa 100 APYrue BCIIOMOraTCIbHbBIC 3JICMCHTHI.

Tabmuua 6.2 — TexHn4yeckne XapakTepruCTUKUA 000PYIOBaHUS

[TapameTpsr 060py0oBaHUs

HaunmenoBanue napamerpa VYcranoBka CopTonpoKkaTHblii CTaH Lennou

CJIullII-2,5 AF200+180R BOJIOYMWJIBHBIN CTaH
JliiiHa 60YKH BAIKOB, MM 250 200 -
JlnaMeTp BaJIKOB, MM 394/482 130 -
Pa3meps! kaOpoB, MM 10x22 5x5-14x14 -
CkopocTtb, M/MUH 0-30 26 10,2
Honyctumoe ycunue, kKH 300 60 50
Jomnyctumblit MOMeHT, KHM 172 80 -
MomHoCTb 35eKTpoaBUraress KBt 45 7,5 25

Caapounble paboTbl ocyuiecTsisuuch o npuHuuny TIG-AC ¢ ucnosib30BaHHEM CBApOYHOTO
anmapara TIG200P B armocdepe 3ammTHOro raza. B KkayecTBe 3J€KTpoJa HCIHOIb30BAJICS
BOJIb(paMOBBI dmekTpoa Mapkun WL-15 (nantanupoBansblii) nuamerpom 2,4 mm.  [lokazatenu

peXrMa CBapKU M3JI0KeHbI B Tabiuue 6.3 [115, 238-245].

Tabmuua 6.3 — HacTpoiiku cBapKu 3KCHEPUMEHTAIbHBIX 00pa3lloB IIOCKOTO JMCTOBOIO MpoOKaTa M3

craBoB 01570 1 1580

XapaxkTeprcTHKa 3HayeHue
Bpems ot Hadana moAroToBku 00Opas1oB 10 CBapKU, MUH He Oonee 20
Bpewms cBapku oOpasia mupuHON 5 cM, CeK 20-30
IIponyBka aprona 0 CBapKH, Cek 1-2
Tok cBapku IcB, A 80-90
Pacxop aprona, n/MuH 8-10
[TpomyBka aprona mocie CBapKH, Cex 5-6

Hanee mnpoBoamica oT0Op 00pa3loB sl OLEHKM KayecTBa CBapHOrO IIBa METOJOM
panuorpaguyeckoro koHTpods, corsacHo I'OCT 7512-82. [IpuMepsl peHTT€HOBCKUX IIEHOK CBapHBIX

IIBOB IMOKa3aHbl HAa PUCYHKC 65, a.
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Jlnst ompeseneHuss XapakTepa U MHTEHCUBHOCTH KOPPO3MOHHBIX MOBPEKACHUN HCCIIEAYeMbIX
CIVIABOB MPOBOJIMIIM YCKOPEHHBIE UCIBITAHHUS Ha MEeXKpUCTAILIHTHYIO Koppo3uto (MKK). Mcnbrranus
npoBoawInuchk B coorBercTBuM ¢ TpeboBanusmu ['OCT 9.021-74 (pactBop Nel) u ASTM G 67
(medopmupoBaHHBIE 00pAa3Ibl CO CBAPHBIM IIBOM BIOJb MPOKATKH, U CO CBAPHBIM IIBOM, IOIEPEK
HarpapieHus npokatku) [115, 238-246].

OOpa3npl moOMeImanu B KOHTEHHEp TaK, YTOObI pacTBOp HMMEN JOCTYyl KO BCEM UX

MOBEPXHOCTSAM. Pacrmonoxenrne o0pas3ioB WLTFOCTpUpYeT puc. 6.5, 6 [115, 238-246].

a o
Pucynok 6.5 — PeHTreHoBCKast IJICHKA CBAPHBIX IIIBOB (@) U CXEMa PACIIOIOXKEHHS 00pa3IoB st

ucnbitanuii Ha MKK (6)

Meramnorpadguyeckoe HccleIOBaHWE TPOBOJMIOCH C  HCIOJB30BAaHHEM  ONTHYECKOTO

mukpockora Axio Observer.Alm B cootBerctBun ¢ 'OCT 1778-70 [115, 238-246].

6.3. Moae1upoBaHue Mpoiecca COBMeleHHOI 00padoTku cnjiaBa 1580

Jnis mocTpoeHuss MoAenu ObUIM 3aJeiCTBOBAaHbI JaHHbIE C OOOPYIOBaHMS COBMELICHHOM
ob6pabotku CIIII-200 u mapaMeTpbl, ONMUCHIBAIOIIUE TCOMETPUUYECKHE XAPaKTEPUCTUKHM Kaauopa,
MaTpHIIbI, 3arOTOBKU M FOTOBOTO M3jenus (cM. Tadnuiy 2.1). JlaHHbBIE IO pe0IOTHYECKUM CBOMCTBAM
(cM. puc. 6.1) marepuaiia 3aroTOBKM UMITOpTUPOBATHCH B cpeny DEFORM-3D BMecTe ¢ co3maHHBIMU
B nakere SolidWorks MonensmMu HHCTpYMEHTATbHON OCHACTKHU.

IIpu MoaenupoBaHnuy npouecca NPUHATHI CIEAYIOIINE JOMYILEHUS U TPAaHUYHBIE YCIOBU:

— Marepuall 3arOTOBKH M30TPOIHBIN;
— MaTepHall BaJIKOB M MAaTPHUILIbI XKECTKOIUIACTHUECKHIA;

— K MOMEHTY NMPOKaTKH ChOpMHUPOBAHA 3arOTOBKA C pa3MepaMu MONEPEeUHoro cedeHus 14x14 mm;
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— creneHb aedopmarnmu pu npokatke € = 50 %;

— TOKa3aTesb TPeHUs 1o 3u0erTo Ipu MepeMEeleHUH MeTalia 1o 3epKaity MaTpuisl y,=0,3;
— TMOKa3arenb TpeHus 1o 3uberro Ha BaJIKaxX U KATHOPYIOIEM mosicke MaTpuilsl ;=0,9;

— KOJINYECTBO KOHEYHBIX 3JIEMEHTOB, Ha KOTOpBIE pa30MTa 3aroToBKa, 32 ThIC. IIT.

Ha puc. 6.6 mokazan xapakrep (OpMOM3MEHEHHs MeTajula B IIPOLIECCE COBMEUICHHOM
00paboTKu U pacrpesiesieHne TemMrepaTyp B o4yare AeQopMariui.

Panee BbINIOJHEHHBIC W3bICKaHUS AcopManuy MeTaia Mmpu 00paboTKe COBMEIICHHBIMU
cnocodamu Ha arperare CIIII-200 [18, 20] maroT ocHOBaHME MoJjaraTh, 4To OdYar ae(opmaruu
BKJIIIOYaeT B ce0s o0acTH 3axBaTa W TPOKATKM METajUla, PACHPECCOBKM W BBIJABIWBAHUS
(mpeccoBanmsi). Y an0Ch BBISIBHTH, YTO B X0JI€ 00’KaTHS 3arOTOBKH BaJIKAMH TPOUCXOJIUT €€ M3rH0 B
CTOPOHY BaJika C OOJBIIMM JTUAMETPOM, TO €CTh C BBICTYNOM. Kak TOJBKO y4acTOK MPOKATKU
3aBepIleH, HAOII0AaeTcss M3rM0 B CTOPOHY BajKa MEHBIIErO JWAaMETpa, UMEIOIIEro KaHaBKY, 4TO
IMPUBOJUT K ABJICHHUIO, NMCHYCMOMY OKOBBLIBAHHEM. I[anee 3aroToBKa HaIIpaBJIAACTCA B Marpuny, rac
CTapTyeT MpPOLIECC PacIpPEecCOBKH MeTauia B paboueil 30He KanuOpa, cOpMUPOBAHHOM BalKaMU U

caMoil MaTpuIeil.

Step 548 Step M5

P mpe =
| :i;

a 7]

Step 782 Step 423

8 F
Pucynok 6.6 — Mi3MeHeHne TemiiepaTypsl B oyare jedopMaIiiy Uit UCCIETYeMOTO CIUIaBa TpU

BRITSDKKE L= 3,7:a, 6 — T=450°C; 6 ¢—T=550°C;a,6 —& =0,78 C'l; 0,2—& =157 ¢t
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Step 548 Step A58

a o

Step 762 Step 402

6 o4

PI/ICYHOK 6.7 — Pacnpez(eneHI/Ie CKOpPOCTH ,Z[e(l)OpMaI_II/II/I 110 CCYCHHUIO 3aroTOBKH AJII UCCICAYEMOT'O

ctasa: a, 6 — T=450 °C; 6, 26— T=550°C; a, 6 —n=3,7; 6, e— n=11,8

[Tocne mMONHOTO 3amoONHEHHS KanuOpa, JO0 BXOJa B MaTpUIly, HAYMHACTCS BBIJABIMBAHUE
MeTajula, pe3yJbTaTOM Yero SBJISIETCS MOJIyueHHE MPECCOBAHHOTO M3JeNus, 4bHM (opMa U pazMepbl
CTPOTO COOTBETCTBYIOT KaJHOPYIOIIEMY OTBEPCTUIO MATPHIIBI [247].

JlaHHasi TOCJENIOBAaTEIbHOCTh COBMELIEHHOW 00paOOTKM HaXOAWUT MOJATBEPKIECHUE B
pe3yabpTaTax MojenupoBanus (puc. 6.6, 6.7). XapakrepHas yepta GOpMOU3ZMEHEHHUST UCCIIEIOBAHHOTO
CIJIaBa 3aKJIFOYAETCs B CIAEAYIOIIEM: BO BpeMsl BBITSKKH, A€ L = 3,7, U Ipu CKOpOCTH AedopMaiuu &;
= 0,78 ¢, mpomecc yCTAHOBMBINErOCS MPECCOBAHMS MPOHCXOAMT B YCIOBHAX 0€3 MOIHOTO
3aroJIHeHHs 00JacT 1ehopMaliii CO CTOPOHBI BaJIKa C BBHICTYIIOM (PUCYHOK 6.6 a, B).

Bcenenctue aToro, oximaxaeHue Marepuana B OECKOHTAKTHOW 30HE OTCYTCTBYET, YTO BJIEYET
3a co0o0if MOBBIIEHWE TeMIlepaTypsl oOpabaTbiBaeMoro mnoiydadpukara cO CTOPOHBI Balka,
CHA0’KEHHOT'O BBICTYIIOM, OTHOCUTEILHO TEMIIEPAaTyphl CO CTOPOHBI BaJKa ¢ KaHaBKOi (cM. [247]).

YBenn4YeHne CTeNeH! BBITSDKKH (PUCYHOK 6.7), paBHO KakK M CKOPOCTH JIe()OpMaIni, BBI3HIBACT
yMeHbIlIeHHEe (BIUIOTh JO IOJIHOTO HCYE3HOBEHHS) OECKOHTAKTHOM 30HBL. JTO XapaKTEpHO s

CIUIaBOB, JICMOHCTPUPYIOIIUX BBICOKOE COMPOTUBIICHUE eopmariuu (cM. [247]).
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OcTbIBaHHE 3arOTOBKM MPOTEKAET HEPABHOMEPHO, C YCHJIEHHBIM OTBOJOM TEIUIa B HMKHEH
YacTH, KOHTAaKTUPYIOIIEH C BaJKOM, HMMEIOUIMM KaHaBKy. [lo Bceil anmmHe 30HBI Aedopmanuu
BHYTPEHHSISI YaCTh 3arOTOBKHU XapaKTepu3yeTcs 00yiee BHICOKOH TeMIiepaTypoi [246].

VBenndeHue creneHu o0xatusi 00yciaBiIMBaeT OoJiee MIOTHOE OOJIeraHue U B3auMoJeicTBre
MeTajljja ¢ BAJIKOM, YTO B CBOIO O4Y€peab BEIET K CYILECTBEHHO 3aMETHOMY IepepaclpeiesICHUI0
IIPOSIBJICHUS] TEMIIEPATYpPbl U €€ MOJIsl IPUMEHUTENBHO K TIOBEPXHOCTH 00padaThiBaEMOIo MaTepuasa.
Otmeuaercst HeOONBIIIOE CHIYKEHUE TEMITEPATyphl B 30HAX 3aCTOSl METaJuIa Mepe]] MaTpuliel (CM. puc.
6.6, B, ), B TO BpeMsl KaK BBIXOJAHOH MPYTOK M3 KaJuOpa MaTpHLbl MPHUOOpPETAET OJHOPOAHBIH
TEMIIepaTypHbIN pexum [247].

AHanu3 pe3yibTaTOB SKCHEPUMEHTA MOATBEPIMI, YTO YBEIMYCHHE CKOPOCTH JedopMaruu
BJICYET 3a COOOIl MOBBIIICHHE TEeMIlEpaTyphl Moiydadpukara Hpu BBIXOAE U3 Marpuisl [247].
VYBenunuenue ko3dduuenta BeITskKU ¢ 3,7 10 11,8 MpUBOAUT K MOBBILIEHUIO CKOPOCTHU Ae(opMaruu
B 30He mpeccoBaHus (cM. puc. 6.7). VYka3aHHbIE 3aKOHOMEPHOCTH HW3MCHEHHUS IapamMeTpOB
COBMEIICHHOW 00pabOTKH MOATBEPIKAAIOTCS JAHHBIMH YKCIIEPUMEHTAIBHBIX UCCeq0BaHmi [1].

Takum 00pa3oMm, C MNOMOIIBIO KOMIBIOTEPHOIO MOJEIMPOBAHUS IPOLECCA COBMELICHHON
00pabOTKHU U1 UCCIIEAYEMOrO CIUIaBa ¢ U3BECTHBIMH PEOJIOTMUECKUMH CBOMCTBAMHU MOJIy4€Hbl HOBBIE
JTAaHHbIE 10 TEMIEPAaTYpPHO-CKOPOCTHBIM U J1e(OpMALlMOHHBIM IapamMeTpaMm, KOTOpble HEOOXOIUMBI
IpU IUIAHUPOBAHUU U TPOBEIACHUM SKCIEPUMEHTAJIbHBIX HCCIIEIOBAaHUM, a TaKK€ YCTaHOBJIECHBI
3aKOHOMEPHOCTH PACIpEeNCHHs] TEMIIepaTypbl MeTaula M CKOPOCTH JAe(opManuu IO CEYCHHUIO

3aroTOBKH IIPH MOJYUCHUHN IIPYTKOB KPYTJIOTO CCUCHUS JUAMETPOM 5-9 Mm.

6.4. Pe3yJbTaThl JKCHEPUMEHTAIBHBIX HCCIET0BAHMIT

IIpoBenennsle uccnenoBanus [248] oxBaThlBaM CO3JaHHE PEXHUMOB AedopMalMM, aHAIU3
CTPYKTYpPbl M  XapaKTepUCTUK J1e(OPMHUPOBAHHBIX, IOJBEPrHYTHIX OTXKHIY U  CBapEHHBIX
noiy(aOpuKaToB, TMPOU3BEIACHHBIX MO TMPEUIOKEHHOW METOIUKE W3TOTOBICHHUS CBAPOYHOMN
MPOBOJIOKH.

JUis ¥ ropsSYenpecCOBAHHBIX MPYTKOB HCIIOJIB30BANIM TEXHOJOTHUIO COBMEIIEHHOTO JIUThS U
npoKaTKU-TipeccoBanus (puc. 6.8, a), peann3oBaHHYIO Ha YCTaHOBKAaxX COBMEILIEHHOH 00paboTKu
CIIIT-200 u CJIuIIII-2,5 (cm. puc.6.4, a). Ee oCHOBHBIME ITapamMeTpaMu SIBJISUTHCH cieayromiue [18,
20]:

- TeMneparypa pacruiasa 780-790 °C ;
- 4acToTa BpaIeHUs BAIKOB 4-8 00/MuH;

- CTeIeHb 00KaTHsI IpH MpoKaTke He MeHee 50%;
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- BBITSDKKA TIPU BBIJABIMBAHUH MTPyTKa 8-9.
Pe3ynbrarhl u3mMepenus CuIoBBIX mapameTpoB (puc. 6.8, 6) nporecca BIIIT (cymmapHO# CHITBI,
JeHCcTBYIONIEH Ha BaIKU Py, U cuiibl, elcTByIolel Ha MaTpully Py) nmokaszanu, uro s cruiasa 01570

3TU napameTpsl pasHsuinch Py = 280 kH, P, = 172 xH, a qys crutaa 1580 - P, =257 xH, P, =165 kH.

. Mpocmotp Pesynastaros - [15 Al-0,28% 7r-0.26% Fe T=550 D=9 n=4 (CMM)}.dtu] l oS e S
Qaiin  Pegaktwpoeate Bug Owknwo  Crnpaeka - & %
DEH 22280
N E - Tpadwi |Taﬁnl4u.a I CTETMCFMKB|
\3 e | 2 4 Hara==BpemaA 60.013068 Nara==Hpema

=] Tenz, MATPUUAMNocToAHHoe (nun] 171.589519 kH

N4 J Tenz BANOKMNocToarHoe [auA.] 141 633163 kH
Tenz. BANOKNocToanHoe [auH.) 138 583920 kH

~a
O]
%

200

100

= £ £ 70 e ——
4 n 2

a o
Pucynok 6.8 — Cxema uccneayemoro npouecca BIIII (a) u mpoTokos u3mMepeHHs CUIIOBBIX
xapakrepucTuk mporecca BIIT (6): 1 — neub-mukcep; 2 — BOPOHKA; 3 — BAJIOK C KAaHABKOI; 4 —

BaJIOK C BBICTYIIOM; 5 — MaTpuia; 6 — NpyToK

JUId TmOCIEenyromero BOJOYEHHUS IPOBOJIOKM IIONYYEHHBIE IPYTKM JUAMETPOM 9 MM
MPOKATHIBAIM B BOCBMHUYTOJIBHBIX KalHOpax COPTOBOTO JBYXKJIETHEBOIO MPOKATHOIO CTaHA MOJEIHU
AF 200+180 R (cwm. puc. 6.4, 6).

PexxyM X0J101HOWM MPOKATKM COPTOBBIX M3JENMU JUISI M3y4aeMbIX CIUIABOB OBbUI pPacCUMTaH B
nporpaMmmHoM obecriedennn "PROVOL" [195]. Ha puc. 6.9 mpencraBieHa WITIOCTpalus OKHA
nojacuctemsl iporpammel "PROVOL", neMmoHcTpupyroIiasi pe3yabTaThl pacyeToB.

B Onoke rpaduueckoro mpeacTaBieHHUs OTOOpakaroTcs TIpaduyeckue HU300paxeHus,
OTpa)karoIIUE 3aBUCUMOCTh PACCUMTAHHBIX BEIMUYMH OT HOMEpa Npoxoja. Bee nmomyueHHble cBeleHUs
IPEJOCTABIISIETCSI BO3MOKHOCTh 3KcnopTupoBath B MS Excel st nanmpHeiiiero BbIBoJa depTesxeit
[115, 238-243].

B Tabnune 6.4 ortoOpakeHbl pacueTHble AePOpPMAIMOHHBIE XApaKTEPUCTHKHU (€AMHUYHBIN
KO3(DPUIIUEHT BBITSKKHU Aey, CYMMAapHBIA KOA((UIIMEHT BBITSDKKH Ay, 00XKaTHE €x) U SHEPreTUUECKUe
XapakTepucTHkH (ycuiue P, 1 MOMEHT MpOKaTKu M) Uis MaplipyTa COPTOBOM NMPOKATKU MOJIOC U3

criaBoB 01570 u 1580 [115, 238-243].
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Pucynok 6.9 — Dxpan "PROVOL" nns BerYmciaeHns napaMmeTpoB

Tabnuna 6.4 — BeuucineHHbI MapiIpyT U MOJIyY€HHBIE B X0/1€ paOOTHI MPOTrPaMMBI XapaKTePUCTUKH

COpPTOBOM MPOKATKH

[Lnomans
Ne Cropona CornpoTuBieHune P M,,
MOTIEPEYHOTO | Aey | As |€x, %0
KanuOpa | Kamuopa, MM nedopmarnuu o5, MIla | xkH kHwm
CCUCHHS, MM2
1 7,43 53,51 1,18 1,19 13,1 405 51 59
2 6,90 45,5 1,17 11,38 | 25,0 429 49 68
3 6,29 39,15 1,16 11,60 | 37,5 436 43 65
4 5,95 33,82 1,1511,84 | 44,2 432 39 57
5 5,47 29,6 1,14 12,10 | 52,7 420 34 51
6 5,22 26,04 1,13 12,37 | 57,0 410 31 48
7 5,00 24,49 1,06 | 2,52 | 60,6 401 29 45

Ha pucynke 6.10 npeacraBneHsl rpaduku, 1eMOHCTPUPYIOIIHE TUHAMUKY paCYETHBIX BETUYHH
€AMHUYHOTO U CYMMapHOTro KOd(pPUIMEHTOB BBITSKKU. [lodydeHHbIE NaHHBIE O CHJIE U MOMEHTE
MPOKATKHU JIJISl pa3jIM4YHbIX CIUTABOB HE BBIXOJAT 3a TPAHHUIIBI JONMYCTHMBIX mpeaenos [115, 238-243].
VYuurtsiBasg ObICTpOE YIPOYHEHHME CIUIABOB MOCIE OCYIIECTBICHUS 2, 4 U 6 MpOXoJ0B, HEOOXOIUMO
poBeJeHNE TepMUUYECKO 00paboTku monydadpukaroB. OHa ocymiecTBisieTcs pu TemmepaTtype 400

°Cc¢ BBI,[[Cp)KKOﬁ B TeUcHHEC 3 YaCoB, YTO HAITPABJICHO HA MOBBIMICHUC IMJIACTHYCCKUX XAPAKTCPUCTUK
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npokaTta. AHamu3 AMHAMHUKH €JUHUYHOTO KO3((UIMEHTa BBITSHKKH U CTENEHH eGOopMaluu MpH
JAHHOM PEeXXHMME BBISBIIIET OJHOPOJHOE pacmpezeneHue aedopMannidi Ha KaXJIOM nepexoae. JTo, B
CBOIO OuYe€pellb, FapaHTHPYET YCTOWYMBOCTb BCErO MpOILEcca, MCKI0Yas BEPOATHOCTh OOpPBIBOB U

nosIBIICHHsI Opaka u3-3a oOpasoBanus TpemuH [ 115, 238-243].
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Pucynok 6.10 — I3mMeHeHne eaMHUYHOTO (@) 1 CyMMapHOro (6) KO3 (UIIMEHTOB BBITSIKKH,

CHJIBI () 1 MOMEHTA (2) XOJIOJHOM COPTOBOI MPOKATKU OT CTENEHH JedopMalun

[IpumeHnsst TeH30METpUYECKOE OOOpyIOBaHME W  METOJbl HW3MEPEHHs, OMpPEeIsIn
HKCIIEPUMEHTAIIbHOE 3HAYEHUE CHJIBI COPTOBOM MPOKATKU U (pOpMUpOBaIM TpapuKH, OTOOpaKaroIINe
€e 3aBHCHMOCTh OT CyMMapHo# aedopmarun (cm. puc. 6.11).

B xone wuccienoBaHusi ObUIO BBISIBIEHO, YTO CHJIa COPTOBOW TPOKATKU YBEITUYHBACTCS
MPaKTUYECKH Ha MPOTSHKEHUH BCETO MpoIlecca, IEMOHCTPUPYS CHUKEHUE TOJBKO Ha 3aBEPIIAONIUX
sranax [115, 238-243].

Jlanee nonydeHHbIN IPYTOK, UMEBIIMM KBaAPATHOE CEUEHUE CO CTOPOHOM B 5 MM, MOJABEPTAIICS
OT)KHUTY, CTPOrO COOTBETCTBYIOIIEMY pPaHEE OMHCAHHOMY PEXKHUMY. 3aTEM CIEOBajO OJHOKPATHOE
BOJIOUEHHE Ha CICIHAIM3UPOBAHHOM IIEITHOM BOJIOYMIIBHOM CTaHe. B pe3ynprare »TuX omeparuit

MOJTyYasIi MPOBOJIOKY ¢ auamerpom 3 mm [115, 238-243].
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Pucynok 6.11 — I'paduku 3aBUCUMOCTH CHJIBI IPOKATKH OT CTETIEHU J1eopManuu

JInsi  BBIUMCIICHUS MapaMeTPOB IIpollecca BOJIOYCHHS, OOECIIEUMBAIOIICTO HW3TOTOBJICHHE
CBapOYHOI MPoBOJIOKH K3 crutaBoB 01570 u 1580, ObLIM 3a€HiCTBOBAaHBI UCXO/IHBIC IAHHBIC:

— M3HavambHOE MOMEPEYHOE CEYCHHE 3aroTOBKM — KBajapar ¢ (ackamu IO yIjiaM, cO
CTOPOHOM 5 MM;

— HeoOxoaumbIii KOHEUHBIN pa3Mep MPOBOJIOKH — 3 MM;

— OO0t K03 PUIMEHT BBITSKKH 32 BCE dTAIbl BOTOYeHUS] — 4,2;

— Cpenauii eTMHUYHBIA K03 PHUIIMEHT BBITSHKKY Ha 0uH npoxoq — 1,29;

— Obmas crerens aedopmanuun — 76 %;

— Cpennss creneHb gedopManuu 3a OuH poxon — 22,5%;

— DakTUYeCKUN yroi BOJIOKH — §°.

B Ttabnuiie 6.5 u3710KEeHBI BBIUMCICHHBIE MapaMeTphl Mpollecca BOJOUYEHUSI MPOBOJIOKH U3 C
y4€TOM 3a/1aHHbIX 3HAYEHUH U yrnpaBisonmx napamerpos [115,238-243].

[TukoBoe 3HAUYEHHE CHJIBI BOJIOYEHHUsS HAOIIOJAETCS B IMEPBOM IMPOXOAE. DTO OOBICHSIETCA
MaKkcUMaibHOU Nedopmaiiveit, moaTBepkIaeMoi HanOoNbIUM KO3 (UIIMEHTOM BBITSKKUA. B TO ke
BpeMsi, IIpujlaraeMasi CHjia OCTaeTcs B Mpejieyax YCTaHOBJIEHHOTO TEXHUUECKOW TOKYMEHTAllUue cTaHa

muamuTta B 50 xkH.
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Tabmuma 6.5 — PacueTHble mapamMeTpbl BOJIOUEHHS TPOBOJIOKU U3 ciuiaBoB 01570 u crutaBa 1580 [115,

238-243]

Hapamerpst 3HaueHHs napaMeTpoB IO IepexoJaM BOJIOYCHUS
1 2* 3 4* 5 6*
EnuHMYHAs BRITSDKKA IO ITEPEX0oaam 1,305 1,292 | 1,303 | 1,290 | 1,302 | 1,135
HNHuTerpanbhbie Aehopmarim 0,266 0,256 | 0,265 | 0,255 | 0,264 | 0,127
OO01mas BBITSDKKA MEXITY OT)KHUTaMH 1,305 2,596 | 1,303 | 2,594 | 1,302 | 2,438
CymMmapHas BBITSDKKA 32 TIPOIECC 1,305 1,685 | 2,197 | 2,835 | 3,691 | 4,191
JnamMeTp mpoBOJIOKH 1O MPOXOAaM, MM 5,17 4,54 3,98 3,50 3,07 2,88
[Tnomaas monepeyHoro ceYeHus, MM 21,6 16,79 | 1294 | 10,08 | 7,79 6,89
Crenenb aedopmariuu equHuIHAS, %0 23,4 22,6 23,3 225 23,2 11,9
Crenens aedopmaiuu cymmapsas, % 23,1 40,2 53,9 64,1 72,2 75,5
Harnpsbxenue Bonouenus HavanbHoe, MITa 380 420 360 380 375 390
Hanpspxenne Bonouenus koneunoe, MIla 420 440 380 410 390 420
Hanpsbxenue Bonouenus cpeanee, Mlla 400 430 370 395 | 382,5 | 405
Cwuna Bosouenwnst, kH 4,25 3,40 2,44 1,85 1,50 0,60
Hanpsixenue Bonouenus, MIla 196,7 202,0 | 188,1 | 183,7 | 1924 | 87,5
KoaddurmenT 3anaca 2,14 2,18 2,02 2,23 2,03 4,80

* — omxur nipu Temreparype 400 °C u BpeMeHH BBIACPKKHU 3 yaca

Pacuersl pexMOB BOJIOYEHMSI M CHJIOBBIX XapaKTEPUCTHK CTaJIM OCHOBOW JUIsl pa3pabOTKH U

NPOBEICHNUS MPAKTUIECKUX UcTbITanuii [115, 243].

6.5. UcciaenoBaHue CTPYKTYPbI U CBOMCTB 1e(pOpMHPOBAHHBIX, OTOXKKEHHBIX H CBAPHBIX

noJjiy(padpuxkaton

HccnenoBanue CTPYKTYpbl AEBATUMULTUMETPOBBIX MPYTKOB, MOJTYYEHHBIX B pe3ylbTaTe
ob6pabotku Metonom BIIIT u3 cmmaBoB 01570 u 1580, mokasano, 4TO OHa COCTOMUT U3 O.-TBEPAOTO
pacTBOpa M BKJIIOYCHUH HWHTEpMETALTUIHBIX (a3. [IpenmymiecTBeHHO, 3TH (a3l pacoiararoTcs
BJIOJIb TpaHuIl 3epeH (cM. puc. 6.12, a). UaTtepmerammuasl, HabMt01aeMble Ha TPAHUIIAX 3€PEH MPYTKa,
M3TOTOBJICHHOTO M3 cruiaBa 1580, xapakTepu3yroTcst 60jee BBICOKOW CTETEHbIO AUCIIEPCHOCTH (pHC.
6.12, 6) [115, 243].

MHUKPOPEHTI€HOCTIEKTPAIbHBIN aHaIN3 MHUKPOCTPYKTYPBI TpyTKa BbISBHI dacTuilbl Als(Sc,

Zr), uMerolue okpyrayio Gopmy (cMm. wnmocTpanuio 6.13, cnekTpalibHble TaHHbIE 101 HoMepamu 1 u
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2). Ilpu wuccnenoBanuu mnonydadpukaTroB ObUIM 3aUKCHPOBAHBI KPUCTAJUIBI, COYETAIONIME Kak
IUTACTUHYATYIO0, TaK M HOJMAJApUYEcKylo Mopdomoruto. B cocraBe [aHHBIX KPHUCTAILIOB

3aperucTpupoBanbl 31eMeHTsl: Al, Mg, Mn, Cr, Fe (mumoctpanus 6.13, cnextp 5) [115, 243].

a o
Pucynox 6.12 — MukpocTpyKkTypa IpyTKOB TUaMETPOM 9 MM, OJTy4EHHBIX
metooM BIIII, x500: a — crumas 01570; 6 — crutas 1580

Bce pesynbpraThl B BECOBBIX %

Conektp | O [ Mg | Al | Si |Sc|Ti|Cr|Mn| Fe | Zr
Crextp 1 0.9359.49 7.60(0.69 31.30
Crexrp 2 2.60 66.89| 0.29 | 5.4 |0.61 24.14
Crextp 3 3.58 82.17| 1.15 0.41|3.86 | 8.83
Crekrp 4 2.94|77.42| 1.77 0.69| 6.0 |11.12
Criextp 5 9.96 76.31| 0.35 |0.21 2.97/9.37 | 0.84
Crextp 6 9.74177.18| 0.60 |0.25 2.71|19 15|0.37
Crextp 7 | 9.71 |14.28(63.31|12.26 0.44

Crextp 8 | 6.06 {13.69|69.93|10.32

Cruexrp 9 |12.27| 4.99 |77.73| 4.72 0.29
Crektp 10 5.32193.60| 0.32 0.28/0.48
Crekrp 11 5.29 193.49| 0.27 |0.24 0.31/0.41

Pucynok 6.13 — DnekTpoHHoe n300paxkeHue u pe3yabratel MPCA mpyTka muameTpom 9 Mmm

u3 criasa 1580
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JlJis M3ydeHus: MEKPOCKOITUYECKONW CTPYKTYPHI MPYTKOB U MPOBOJIOKU B MPOIECCE COPTOBOMU
NPOKAaTKU TMPOM3BOJIWICS OTOOp MpoO Marepuaina Iociie MOCIEeTHEero Kamuopa, rae BbICOTa IpaHei
cocraBisiia 5,0 mm. Ilocne mpouecca BojoueHUs OTOOpP OOpas3IOB MPOU3BOJIMICS U3 MPOBOJIOKH,
umeronieit auamerp 3,0 MM. MUKpPOCTPYKTYpHBIN aHaian3 ObUT BBINOJHEH Kak B J1e(OpMHUPOBAHHOM
COCTOSIHMH, TaK M MOCIIE OTXKHUTa, UTO OTpakeHo B padorax [115, 243].

BbisiBiieHa monHAs WIACHTUYHOCTh B OCOOCHHOCTSAX pactpeneneHuss u mopdomnorun  das
CTPYKTYphI HCCIEIYEMBIX CIUIABOB IOCIE MPOKATKH (cM. puc. 6.14, 6.15). Xomnoxnas nedopmManus
BJICUET 3a OO0 BOJOKHUCTOCTD.

Poct crenenu nedopmanvy NPUBOAUT K HAKIENy U B IOCIHEACTBUM TpPeOYeTCS OTXKWT.
[Ipeobnanaromee OONBIIMHCTBO JICTUPYIOMIMX 3JIEMEHTOB, B OCOOCHHOCTH MEPEXOJHBIE METAJLIH,
CTHUMYJIMPYIOT TOBBIIIEHUE TEMIIEPATyphl Hauala PEKPHCTAILIM3AIMH CIUIaBa M 3aMEIISIOT TEYCHUE
PEKpUCTAIUIM3AIIMOHHBIX MTpoIeccoB B cruiase [ 115, 243].

BonbIIMHCTBO  JIETHPYIOMIMX KOMIOHEHTOB, 3aMEAJSIOT XOJ PEKPUCTALTU3ALUOHHBIX

mMponeccoB B CILJIABEC.

|30 pm_, 20Ny

a O
50 ym_, 0 pm

6 2l

Pucynok 6.14 — MukpocTpykTypa npyTKa pazMepaMmu 5x5 MM (a, 6) 1 TPOBOJIOKH TUAMETPOM 3 MM
(8, 2) u3 crumaa 01570, monmy4enHbIx ¢ nmpuMenenreM merona BIIIT, x500:

a, 6 — ne(OopMUPOBAHHOE COCTOSTHUE; 0, 2 — OTOXKEHHOE COCTOSIHHE
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HauGonpime 3HaueHUsT IPOYHOCTH JOCTHTAIOTCs Tipu Temiieparypax ot 300 mo 400 °C, B TO
BpeMsl KaK IMpH JaIbHEHIIIEM TOBBIIICHHH TEMIIEPaTyphl MPOUCXOAUT Koaryisus yactui AlsSc, uro,
B CBOIO OYepeib, MPUBOAUT K CHI)KCHHMIO MPOYHOCTH CIUIaBa. BBelneHue ckaHausi, B COUYETAaHUU C
LHUPKOHHEM, CIOCOOCTBYET COXPAaHEHUIO Je(hOpMallMOHHONW CTPYKTYphbl MOny(hadpukaToB Imocie
MPOBeJICHUsT TEPMOOOPabOTKH, obecreunBasi 3HAYUTENbHBIA 3PPEKT CTPYKTypHOTO yripouHeHus [115,

243].

Pucynok 6.15 — MukpocTpykTypa nmpyTka pazmepamu 5x5 MM (a, 6) 1 IPOBOJIOKU JUAMETPOM 3 MM
(8, 2) m3 crumaBa 1580, monyueHHbIX ¢ mpuMeHeHueM Metona BIIIT, x500:

a, 6 — IeOPMUPOBAHHOE COCTOSIHHE; O, 2 — OTOXIKEHHOE COCTOSHUE

N3ydyeHne MUKPOCTPYKTYpBl OOpa3IoB, TMOABEPTHYTHIX OTKUTY, MPOJAEMOHCTPHUPOBAIIO
CXOACTBO (Pa30BOro coCTaBa M pacCHpeleleHHs] BBIIEICHUA C CTPYKTYpOod JedOopMUPOBAHHBIX
moTy(paOdprKaToOB, UTO COTIIACYeTCs C JaHHBIMH padoT [115, 243].

B tabmume 6.6 mpeacTaBieHbl TaHHBIE 0 MEXaHHMUYECKUX XapaKTEePHUCTHKaX MorypadpHKaTos,
M3rOTOBNEHHBIX U3 cruiaBoB 01570 u 1580, B pa3nuuHbix cocTosHUSAX 00paboTku. [IpoBeas anamms
9TUX CBEACHUN, MOXKHO 3aKIIOYHUTh, YTO JJIMHHOMEpHBIE MONypabpuKaThl, MPOU3BEICHHBIE C

WCIIOJIb30BAHUEM HOBOW TEXHOJIOTHMH KOMOWHUPOBAHHOW OOpaOOTKH, JIEMOHCTPHPYIOT BBICOKHE
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noKa3aTeI MEXaHHYeCKUX CBOWCTB. BaxHOo oTmeruTh, 4rOo momydabpukarel u3 cmiaBa 1580
JEMOHCTPUPYIOT XapaKTEPUCTUKHU IUIACTUYHOCTH M HPOYHOCTH, COIOCTABUMBIE C IOKa3aTelsIMU

norydadpukaros u3 cruiaBa 01570 [115, 243].

Tabmuna 6.6 — Mexanudeckue cBoicTBa monydadpukaTos u3 criaBoB 01570 u 1580

Cmnas 01570 Cmnas 1580
Pa3mepsl, MM
Onepanus O, 0,2, 3, O, 00,2, 5,
U COCTOSIHHE
MIIa MlIla % MIla | MIla %
npytok guamerp 9,0
BIIII byt P 306 217 13 291 210 18
ropstueieopMupoOBaHHOE
KkBajpat 7,43x7,43
360 288 19 348 222 19
OTOX KEHHOE
kBazapar 6,90%x6,90
380 295 15 360 255 14
CoproBas OTOXOKEHHOE
IIPOKATKa kBajzpart 5,47x5,47
370 275 15 390 285 16
OTOX KEHHOE
kBazapar 5,0x5,0
390 300 11 410 285 14
OTOXOKEHHOE
nuametp 4,0
370 125 12 395 180 14
OTOXKEHHOE
nuametp 3,0
Bonouenue 410 280 2 410 190 2
X0JI01HOIe(hOPMHUPOBAHHOE
nuametp 3,0
335 240 17 370 260 18
OTOXKEHHOE

B pamkax skcriepuMeHTa OBLIM ONpPENENIECHbI CIEAYIOUINME TEMIEPATypHbIE PEXKUMbBI OTXKHIa:
350, 450 u 500 °C, a Takxe BBIIEPKKU MPOJAOHKUTEIBHOCTHIO 3 1 6 yacoB [115, 243].

MuxkpocTpyktypa n1eopMHUpPOBaHHBIX, a 3aTEM MOJABEPTHYTHIX OTKHUTY, MOKPBHITHIX OKCHJIHOM
IUIEHKOM 00pa3lioB, BU3yaJM3UpOBaHa HAa pUCYHKax 6.16—6.19, HaOmionaemMbIX B MOJISPU30BAHHOM
cere. M300paxenus ObuM oydeHsl npu yBenuueHusx B 50 u 200 pas.

IlenTpanpHble 001aCTH MPOBOJIOKH, COXpaHss 1e(OPMUPOBAHHOE COCTOSTHUE, COJIEPKAT 3epHa
(BOJIOKHA), OpUEHTAIMsI KOTOPBIX COOTBETCTBYET HaIlpaBiieHUIo edopmanuu (cM. puc. 6.16). Omxuru

06pa3013am/1 HOBBIC HCHTPBI PCKPUCTAJUIM3ALUA B 00JIacTIX ¢ MaKCHMaJlbHOM Ile(bOpMaL[I/II/I.
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[epudepuiinpie 001aCTH MPOBOJOKU XapaKTEPU3YIOTCS PEKPUCTALIM30BAHHOW CTpyKTypoil [115,
242].

a, x50 0, X200

Pucynok 6.16 — MUKpOCTpYKTypHBIE H300paXEHUSI IPOBOJIOKH MIPU Ae(HOpMUPYIOIIEM BO3ICHCTBHH

CrpyKTypa NpOBOJIOKH, TOABEPrHyTOM OTKUTY ITpU 350°C ¢ IpOAOIKATENBHOCTBIO BBIIEPKKI
B 3 U 6 4acoB, AEMOHCTPUPYET MPHU3HAKU HETOJHOW PEKPUCTAIIU3AIUU (CMOTPUTE PUCYHOK 6.17).
3epHa, KOTOpBIE MPOIUIN PEKPUCTATUIN3ALUIO B XOJI€ OTXKHUIa, OTIMYAIOTCS OOJIBIIMM pa3MepoM, IO

CpaBHCHHIO C UCXOAHBIM I[e(bOpMI/IpOBaHHBIM MaTepHruaJIoM.

8, x50 2, X200

Pucynok 6.17 — MukpocTpyKTypa IpOBOJIOKH I1OCIIE OTKUra 1pu temmneparype 350 °C,

BBIZIEPKKE: @, 6 — 3 4aca; g, 2 — 6 4acoB
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ITIpu omxure mpoBosmoku mpu 450 °C c Bbelepkkoil 3 wyaca HaOmogaeTcs yYacTUYHAsS
pekpucraimzanus (cM. puc. 6.18 a, 6). YBenuueHue BpeMEHH BBIICPKKH 10 6 4acoB MpPHU TOH ke
TeMIlepaType TPUBOIUT K OojJee WHTEHCUBHOW pekpuctaumzanuu (puc. 6.18 B, T), dTO
COINPOBOXKAAETCA 3aMETHBIM yMEHbIIIEHHEM MpoyHocTu noiydadpukarta [115, 243]. Ilosbimenue
TEMIIepaTypbl OT)KUTA BBICTYNAET KaTaJU3aTOPOM /I 3allyCKa MPOIECCOB PEKPHUCTALIH3AINH.
[TomHOE BOCCO3MaHME KPUCTAUIMYECKOHW CTPYKTYpPHI TPOBOJIOKH, 3aTPOHYBIIEE BCIO IUIOCKOCTD
cedeHus, 0puT0 3adukcupoBaHo mocie 0opadorku mpu 500 °C ¢ mPOJOHKUTETLHOCTRIO 6 YacoB (pHC.
6.18 B, 1) [115, 243].

HccnenoBanioch BiusHHE OOpaOOTKM Ha MEXaHMYECKHE XapaKTePUCTHKU IPOBOJIOKH,
ompenenseMble B Ae()OPMHUPOBAHHOM M OTOAOKEHHOM COCTOSIHMAX (cM. Tabmumy 6.7). B
ne(OPMHUPOBAHHOM COCTOSIHMH IIPOBOJIOKA JAEMOHCTPHPYET MAaKCHUMAaJbHYIO MPOYHOCTH, BILIOTH IO
414 Mlla, u naxe 6onee, a INIACTUYHOCTH ObLIIAa MUHUMAaJbHAs U3-3a 3HAYUTENbHOU Aedopmarnmu. Bo
BpeMs OT)XHIa MPOMCXOJUT OJHOBPEMEHHOE IPOTEKaHHE JBYX B3aUMOCBS3aHHBIX MPOLECCOB:
pa3ynpoYHEeHHEe, WHHUIMHPYEMOE pPEKpUCTAJUIM3alMel, W YIPOYHEHHE, BBI3BAHHOE paclajoM

NEPECHIILIEHHBIX TBEPbIX pacTBOpoB [115, 243].

Bl o A S S
e .ruq
LTy 4 SR DAATITIT AT AN 3 -

a, x50

8, x50 2, X200

Pucynok 6.18 — MukpocTpykTypa IpOBOJIOKH IIOCIIE OTKUTa IpH TeMieparype 450 °C, npu

BBIIEPKKE: a, O — 3 Haca; 6, 2— 6 4acoB
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Omxur npu 350°C (cMoTpH pUcyHOK 6.19) MPUBOAUT K YMEHBIICHUIO IPOYHOCTH MPOBOJIOKH.
3T0 00YCIIOBJIEHO MPOTEKAHUEM OOPAaTHUMBIX MPOILECCOB B CTPYKTYPE, OAHAKO MOKA3aTEIH MPOUYHOCTH
OCTaroTCsl Ha IpueMiieMoM ypoBHe. [loBbiienne temnepatypbl oTxkura 10 450°C BbI3bIBACT 3aMETHOE
ocnabiieHue MPOYHOCTH, B TO BpeMsl KaK IUIACTUYHOCTh MaTepuaia ONIyTUMO Bo3pacTaeT. [laHHas
nepeMeHa (PU3NYecKrX CBOWCTB MaTepuana o0ycIoBieHa MPOLECCaMU BO3BpaTa M PEKPUCTAIUIM3AIINHY,
KOTOpBIC MPOUCXOIAT BHYTpU npoBoioku [115, 243]. Omxkur npu 500°C Ha mpoTsbKeHHH 6 YacoB
TOKE€ CIIOCOOCTBYET TOBBIMICHUIO IJIACTUYHOCTH, MOATBEPKICHUEM UYEMY CIY)KUT OTHOCHTEIHHOE
yanuHeHue, Kotopoe nocturaet 13%. OnpnHako [uisi AOCTHIKEHMSI HAWIydllero OajlaHca MEeXAy
IIPOYHOCTBIO M IUIACTUYHOCTBIO peKOMeHayeTcsl OTKUT 1pu 350°C ¢ NpoaomKUTENIbHOCTRIO 6 4acoB
[115, 243].

Wrak, mocnme TepMuyeckoi oO0pabOTKM mpoBosioka w3 ciwiaBa 1580 memoHcTpupyer
BBIIAIOIMECS  [apaMETPbl  IIPOYHOCTH, COYETAIOLIMECS €  YAOBIETBOPUTEIBHBIM  YPOBHEM

IJIACTUYHOCTH.

8, X50 2, X200

Pucynoxk 6.19 — MukpocTpyKTypa MpoBOJIOKH TOCie oTxura mpu temreparype 500 °C, npu

BBIIEPKKE: @, O — 3 "aca; 6, 2 — 6 4acoB
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Tabmuua 6.7 — Mexanudeckrue CBOMCTBA ITPOBOJIOKHU TuaMeTpoM 3 MM u3 ciutaBa 1580

MexaHn4yeckue CBOMCTBA
Temneparypa oTxura, © C Bpewms BbiepxKH, 4
oy, MlIla Go2, Mlla o, %

3 360 239 9
350

6 358 209 12

3 339 201 11
450

6 329 197 13

3 337 180 12
500

6 309 159 13

Bmusuane TEMIICPATYPbl W MPOAOJDKUTCIIBHOCTU BBIACPKKHW IIPU OTKUIC IIPOBOJIOKHM Ha

MEXaHUYECKUE XapaKTEPUCTUKU JEMOHCTpUpyerTcs Ha puc. 6.17 [115, 243].

& 370
g 250
= . 360 %
&= =
:E 350 &E 20
o~ [
g 340 Egao
< B
o 330 g E 190
E i
T 320 .5 .;< 170
£ 310 " E 150
& 300 350 400 450 500 550 300 350 400 450 500 550
Temneparypa, © C Temneparypa, © C
a 9]
15
31 O s SRR
s 312 »
g % 11 ! ! !
o
£ &]0 /— [ [
6 =9

300 350 400 450 500 550
Temneparypa,” C
6
PI/ICYHOK 620 - 3aBI/ICI/IMOCTI/I MEXaHUYECKHUX CBOMCTB OT TEMIICPATYpPbl U BPEMCHHU BBIACPIKKU IIPU

OTXHIe MPOBOJIOKHU U3 ciyiaBa 1580: @ — BpeMEeHHOE CONPOTUBIICHUE; O — YCIOBHBIN Mpeaes

Bl epra 3 u. Buiaeprra 6 4.
TEKYYECTH; 6 — OTHOCUTENLHOE YIIMHEHHE, Act —E—Boiney

HcneiTanusa Ha CBapUBacMOCTb U YCTOﬁqHBOCTB K KOppO3uu OBUIM OCHOBHBIM ITOKa3aTeleM

pa6oq1/1x XapaKTCPUCTHUK ITPOBOJIOKH.
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N3ydeHne CTPYKTYpbl CBapHBIX COCIUHEHWH JIMCTOBBIX MATEpUATOB BBIMOJHSAJIOCH Ha
oOpa3iax, TNpOmIeqIIMX O00padOTKy aHW30TPOIHOW OKCHJHON IUICHKOW, C TPHUMCHCHHEM
MOJISIPU30BAaHHOTO OCBemieHus (cM. puc. 6.21). LleHTpanbHas 30Ha CTOI0YATHIX KPUCTALIOB HE OblIa

3adukcupoBana [115, 244].

30Ha 30HAa .
OKONOWOBHLIN 30Ha Wwea
OCHOBHOIO TEPMMIECKOro
YUACTOK
MeTanna BAMAHMA

Pucynok 6.21 — XapakTepHble 30HbI CBAPHBIX COEJMHEHUI Ha MUKPOCTPYKType 00pa3uos, x50

LlentpanpHas o007acTe MHIBa OTIMYACTCSA MEIKO3EPHUCTON CTPYKTYpod. B arToif 30HE
TepMuyeckoro BiusaHus (3TB) mporekanu npouecchl peKpUCTAIU3ALUK, [IPU 3TOM HIMPHUHA 30HBI
cocTasisia okoio 1-2 Mukpometpos [115, 244].

Onpenenenve pasmepa 3€peH Ha OKHCIEHHBIX LHUQPPOBBIX M300pakeHUSAX 00pa3loB
MIPOM3BOIMIIOCH C MCIOJIB30BAHUEM METOJA CIyYalHBIX CEKYIIHUX, MpUMeHsst yBenmdeHue B 20 pas.
VY CTaHOBIIEHO, YTO 3€PHUCTOCTh B OOJACTAX TEPMUUYECKOIO BO3ACUCTBUS aHAJIM3UPYEMBIX CILUIABOB
IPUMEPHO OIMHAKOBA, KOJIEOJSACH B npenenax oT 13 10 15 MxMm.

Jlnist ompeiesieHnss MEXaHWMYECKHX CBOMCTB CBApPHBIX JIeTalIel ObUIM OPTaHNU30BAHbBI UCTIBITAHUS
Ha pactspkenue. [locie 3aBepieHns cBapoYHBIX pabOT, 00pa3Ibl BEIPE3AIHCh C YIETOM HalpaBJICHUS
IIBa: IO HANpaBJIEHUIO TPOKATKM U MepHeHAMKYIspHO emy. [Jlamee, oOpa3ipbl NPOXOIUIN
MeXaHU4ecKyto 00paboTky Ha (pesepHom ctanke [115, 244].

HccnenoBanuss NMpPOYHOCTH CBAapHOIO IIBa IOCHE OTKUra (BPEMEHHOE COINPOTHUBIICHUE)
MIPOJIEMOHCTPUPOBANIA TOKa3arenab B auamnazone 260-380 MIla, yto cootBerctByer 0,75-0,85 ot
MIPOYHOCTH 0A30BOTO METAILIA.

C uenblo ompeAeneHUs NPUPOAbI U CTENEHH KOPPO3UOHHBIX MOPAKEHUH HCCIeayeMbIX
CIIaBOB OBUTH MPOBEIEHBI YCKOPEHHBIE UCIBITAaHHUS Ha MEXKPUCTAIUIUTHYIO KOPPO3HI0, 6a3Upysach Ha
I'OCT 9.021-74 (pactBop Nel) [249] u ASTM G 67 [250]. JlanHbIe 0 MEUKPOCTPYKTYpE 00pas3IoB U3

craBa 1580 mocne npoBenenus ucnbitannii Ha MKK otpaxkensr B Tabnutie 6.8 [115, 243].
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Tabmuna 6.8 — MukpocTpykTypa cBapHbIX 00pasnoB u3 cruasa 1580 mocie MKK, X200

3 OpueHranus 00pa3ioB K HapaBJIeHHUIO Jedopmanun
OHa

Brons ITonepex

OCHOBHOM MeTaI

30Ha TEPMUYCCKOT'O BIIMAHUA

CaapHoii moB

AHanu3 JaHHBIX CPAaBHUTEIBHBIX HMCHBITAHUHI SKCIUIyaTallMOHHBIX XapaKTEPUCTHK BBISBUI:
crutaB 1580 ¢ comepxxanunem ckanaus 1o 0,12 macc. % aeMoOHCTpUpyeT paBHO3HAYHBIE MOKa3aTeln
KOpPPO3MOHHOM CTOMKOCTH M KaudecTBa cBapHoro mmBa [115, 243] mo cpaBHEHHMIO C MPOMBIILIEHHO
pactpoctpaneHHbIM ciiaBoM 01570, copepskamum 10 0,25 macc. % ckanaus.

MaxkpocTpyKTypa HU3JIOMOB OOpPa3lOB, MOJIBEPTHYTHIX HCCIEIOBAaHUIO, XapaKTepu30Bajach
MaTOBBIM OTTEHKOM, BOJIOKHHUCTBIM CTPOEHHEM M HEPOBHOCTSAMHU KpaeB pa3/iejeHHs. Y CTaHOBIIEHO,

YTO 3HAYCHHUC IMPOYHOCTHU CBAPHOI'0 IBa OTOKIKCHHBIX 06pa3u013 MPaKTUYCCKU HE NPCTCPIICBACT




207

u3MmeHeHul nociae MKK, coxpanssace B mpenenax or 0,75 mo 0,85 or mokasarens NpoyHOCTH

OCHOBHOTO MeTajuta (cMotpu Tabmiuiy 6.10) [115, 243].

Ta6mmma 6.9 — Pe3yabTaThl KOPPO3WOHHBIX UCIIBITAHUI 00pa3IioB

CaapHble
JedopmupoBaHHbIe 00pa3IIbI
Bpems 00pasibl
CocrosiHuE,
Cmas ucneitanusa, | ['OCT 9.021-74, ASTM G67, I'OCT 9.021-74,
pexum TO )
yac pactBop Nel MTI/cM pactBop Nel
(rmyOuHa, MKM) (rmybuna, MKM)
XOJIOJJHOKAaTaHOE 0,0 2,75 0,0
300°C, 14 0,0 1,90 0,0
300°C,3 4 0,0 1,82 0,0
1580 24
350°C, 14 0,0 1,92 0,0
350°C,3 4 0,2 1,95 0,1
380°C, 14 0,0 1,97 0,0
XOJIOJJHOKAaTaHOE 0,0 3,51 0,0
300°C, 14 0,0 2,26 0,1
300°C,3 4 0,3 2,07 0,0
01570 24
350°C, 14 0,0 2,15 0,0
350°C,3 4 0,0 1,90 0,0
380°C, 19 0,0 1,64 0,0

C ucnonb3oBaHMEM MHHOBALMOHHON TEXHOJIOTMH M3TOTOBJIEHBI OIBITHBIE MAPTUU CBAPOYHOU
IPOBOJIOKH AraMeTpoM 3 MM, u3 crutaBoB 01570 u 1580. JlanHas nmpoBosioKka Mpoluia HeoOX0JUMble
UCIBITaHUS, MPOJEMOHCTPUPOBAB CIIEIYIOIINE PE3yJbTaThl: MaJ€HUE MPOYHOCTU CBApPHOIO IIBA HE
npesbimaer 10% OT HOPMaTUBHOIO MOKa3aTels AJs aJIOMHUHHMEBBIX CIJIABOB B COCTOSIHUU OTXKUTa,
ycranoBieHHOro OCT 92-1114-80 nist cBapHBIX IIBOB IEPBOM KaTeropuu (pe3ynbTaThl anpoOauy Ha
npeanpusTHy npeacrasieHsl B [Ipunoxkenun J1).

C nmpuMeHeHHEeM HOBOM TEXHOJIOTMH NMPOU3BEACHBI IKCIEPUMEHTAIbHbIE MAapTUHU CBAPOYHOU
IIPOBOJIOKH, UMeromel nuamerp 3 MM. B kauyectBe matepuana Obuin B3aThl cruiaBbl 01570 u 1580,
MCXOJHON 3aroTOBKOM CIIYKWJIM MPYTKH, AMAMETP KOTOPbIX cocTaBiasul 9 mm. IlonydyeHne npyTkos
OCYILECTBIISIIOCH METOJIOM HEMPEPBIBHOTO JIUThS U TOCIEAyIolel JedopMalui NMPECCOBAHUEM U
npokatkoi Ha obopyaoBanuu CIII1-400. [Ipon3BoACTBO OMBITHBIX 00pa3loB OBUIO OPTAaHW30BAHO B

yenoBusix OO0 «3aBoj coBpeMeHHBIX MaTtepuaioBy (cM. [Ipunoxkenue E).
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Tabmuua 6.10 — JlanHble HCTIBITaHUI 00pa310B, BHITOJHEHHBIE MTOCTIE UX CBAPKH U OTXKHUTa

MexaHuueckue CBOMCTBA
Cmuias Hanpasnenue
oy, Mlla 602, Mlla o, %
POJOIBHOE 380 252 6
01570 MOTIEPEYHOE 357 254 5
nox 45° - - -
MIPOJIOIBLHOE 381 255 6
1580 MOTIEPEYHOE 359 293 6
nox 45° - - -

Takum oOpa3om, pe3yabTaThl MPOBEIACHHBIX HCCIICIOBAHUI ITO3BOJISIOT PEKOMEHIOBAThH
MPUMEHEHHUE CBApOYHOM NPOBOJOKKM U3 cruiaBa 1580, W3roTOBICHHOW C TPUMEHEHHWEM HOBOM
TEXHOJIOTHH ¢ ucnonb3oBanueM merona BIIII, a Takke pexxumbl TepMoaedopMauOHHON 00paboTKU
[IPU MOTY4eHUU 1e()OPMUPOBAHHBIX U CBAPHBIX MONY(HaOpUKaTOB MPU CYMMApHON CTENEHH XOJIOAHOU
nedopmaruu 10 80 %, temmneparype 350 °C u BpeMeHH BBIICpKKH 1-3 waca mpu oTxure. J[aHHBIC
peXuUMBI 00ECIIEYMBAIOT ONTUMAJIBHOE COUYETAHUE MEXaHUYECKHX W IKCIUTyaTal[MOHHBIX CBOMCTB, a

TaKKEC HCO6XOI[I/IMYIO CTPYKTYPY MCTAJlJIa B OTOKIKECHHOM COCTOSHUU.

6.6. BeIBOABI 11O Iy1aBeE

1. [TpoBeneHbl AKCHEpUMEHTANbHBIE HCCIEAOBAHUS M  MOJEIHMPOBAHUE Ipolecca
COBMeIIleHHOW 00paboTku mpyTkoB u3 ciiaBoB 01570 u 1580, xoTOpble MO3BOIHIN OIMpPENEITUThH
napaMeTpsl U peain30BaTh TEXHOJIOTHIO MOJyYEHUsI CBAPOYHON NMPOBOJIOKH AUAMETPOM 3 MM U3 3THX
CIUIAaBOB, YPOBEHb CBOMCTB KOTOpPOM  yIOBJIETBOPSIET JKCIUIyaTallMOHHBIM  TpeOOBaHUSM,
HpeIbIBIAEMBIMH JICHCTBYIOIIMMHU CTaHAAPTAMHU.

2. C npumeHeHHeM coBpeMeHHoro komruiekca Gleeble 3800 ompenesnens! peonaornueckue
cBoiicTBa A1 HOBOrO ciyiaBa 1580 B MIMpPOKOM AMana3oHe U3MEHEHUS! TEMIIEPATYPHO-CKOPOCTHBIX U
nehopMallMOHHBIX [TapaMETPOB.

3. HedopmupoBanHble noayhabpuKaThl, IPOU3BEACHHbIE U3 CIUIaBOB cucTeMbl Al-Mg, B
COCTaB KOTOPBIX BBEJECH CKaHJIWH, MpeJHa3HAYAIOIUECs I U3TOTOBJICHUS CBAPOYHOM MPOBOJIOKH B
¢dbopMe MPyTKOB KPYTJIOr0 CEUEHHUs, ONTUMAIBHO IMOJIy4aTh MYTEM COBMEIEHUS JIMThS M Ipolecca
MPOKATKU-TIPECCOBAHUA. IDTO  OOOCHOBAaHO TE€M, YTO OHH  O00JIamalT  HEOOXOJAUMBIMU

XApPaKTCPUCTUKAMU INNTACTUIHOCTU U NPOYHOCTH. HpI/I 9TOM Ha6JIIO,Z[aCTC}I COKpalICHUC SHEPTro3arpar
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U CHUKCHHE TPYJOEMKOCTH TIPOU3BOJICTBA B CPAaBHEHHWU C MPHUBBIYHBIMU TEXHOJIOTHUYECKUMU
MOAXOAaMH.

4, N3yueHnne CTpyKTypbl U XapaKTePUCTHUK, CHOpMHUPOBAaHHBIX u3 criaBoB 01570 u 1580
nonyabpukaTtoB, Aa€T BO3MOXKHOCTb HCIOJB30BAaHUSl 3HAUMTENbHBIX CTeNeHel aedopmanuu
MeTallJla B MpoIlleccax Kak ropsdeid, TaKk W XOJOJHOW 0O0pabOTKH, UCKIIOYas MOSBICHHUE Je(EeKTOB.
[Ipumenenne ke pa3pabOTaHHBIX PEKUMOB OTXKHra CIIOCOOCTBYET TOJYYCHHIO CBapOYHOM
MIPOBOJIOKH, 00JIa1atoMIeii TpeOyeMbIMH IKCIITyaTallMOHHBIMU M MEXaHUYECKHUMH CBOHCTBAMHU.

5. [Ipennaraemasi TeXHOJIOTHYECKAsi CXeMa, OOECIEUMBAIOIIas MPOU3BOJICTBO CBAPOYHOM
IIPOBOJIOKH, BKJIIOUAET B ce0sl TPU OCHOBHBIX dTana: noarotosky npytka (bIIII), coproByto mpokatky
U BOJIOUEHUE, a TAKXKE MPOIECCH TePMOOOPAOOTKH, B YACTHOCTH, OTKUTH. Tako# MOJX0]] MO3BOJISICT
W3rOTaBIIMBATh  JUIMHHOMEPHBIC  JeOPMUPOBAHHBIE MONy(haOpUKaThl BBICOKOTO  KAauyecTBa,
COOTBETCTBYIOIIIME YCTAaHOBJICHHBIM cTaHaapTaM, TakuM kak ['OCT 7871-2019.

6. OO6pasupl, moaBepruyThie Aedopmanvu U CBapKe METOJOM aproHOAYTrOBOI CBapKH,
MPOJCMOHCTPHPOBAIA  TIOJIOKUTEIBHBIE PE3YJIBTaThl IPH MPOBEPKE HA MEKKPUCTALTUTHYIO
Koppo3uto. B xone ucneiTanuii ObUIO BBISICHEHO, YTO MPUMEHEHHUE CBApOYHOM MPOBOJIOKH U3 CILIaBa
1580 oOecrieunBaer (GopMHpOBAaHUE KAaYEeCTBEHHOTO CBapHOro ImiBa. I[IpodyHOCTH 3TOro 1iBa,
ompezenseMas BPEMEHHBIM COMPOTHUBICHUEM, BapbHpyeTcs B mpeaenax 75-85% oT mpoyHocTH
MaTrepuaia OCHOBBI.

1. YcTaHOBIIEHO, YTO CHMIKEHHE MPOYHOCTH CBAPHOTO IIBa Ha oOpasliax, CBAPEHHBIX C
UCIIOJIb30BaHUEM pa3pabOTaHHOW CBapOYHON MPOBOJOKH, HE mpeBbimaeT 10% oT 3HaueHus,
pPErJaMeHTHUPOBAHHOTO CTAaHAAPTOM JJsl ATIOMHHHEBOTO CIJIaBa B MSTKOM COCTOSIHHUH, COTJIACHO

AKTYAJIbHBIM OTPACJICBbIM HOPpMaM K CBAPHBIM COCIHUHCHUAM HGpBOfI KaTCropuu.
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7. MPAKTUYECKOE UCIIOJIb30BAHUE PE3YJIbTATOB UCCJIEJIOBAHUI

B HacTosmiel riaBe M3iararoTcsd HOBBbIE TEXHUYECKHE DPELICHUs, OTHOCALIMECS K COCTaBy
HOBOTO CIUIaBa U KOHCTPYKIIMM YCTPOWCTB, MpPEJHA3HAYCHHBIX JUII KOMOMHMPOBAHHOIN 00pabOTKH
IIOMUHUEBBIX CILIABOB, & TAKXKE Pe3yJbTaThl MPAKTUUYECKOH anpobanuu pa3padOTaHHBIX TEXHOJIOTUI
[IOJIyYE€HUSI NPOBOJIOKM M3  HCCIEAYyEMBIX cCIUIaBoB. JlIg  AKCIEPUMEHTOB  MPUMEHSIOCH
UHAyCTpHaldbHOE oOopyaoBaHue. B coctaB 000pyaoBaHHMs BXOAMJIA YCTaHOBKA HENPEPHIBHOIO
npeccoanus CIII1-400 (wuttoctpanus Ha puc. 6.9). JlanHas ycTaHOBKa 0a3upoBajach Ha TEPPUTOPUHU
O0OO «3aBox cOBpeMEHHBIX MarepuayioB», 4ro B TI. KpacHospcke. Takxke HcIonb3oBaics
BOJIOUMJIBHBIN arperar, aucionupoBasiuiics Ha npeanpusatuu OO0 «AnwsHce 2008» (KpacHospck)
[215].

Marepualisl TJ1aBbI OMy0JIMKOBaHbI B padoTax [231, 251-259].

7.1. HoBble TexHHUYECKHE peuicHus IJIsd COBMeEIIEHHOI1 oﬁpaﬁoTlm AJTIOMMHHUEBbIX

CILIaBOB

Jnist pemieHus: psaa MOCTaBICHHBIX 3a7ad, BO3HUKAIOUIMX NMPH 00pabOTKe CIIABOB CHUCTEMBI
Al-P3M, Tpebyercss ydecTh (DaKTOpbI, CBS3aHHBIC C CO3JJAHMEM HOBBIX CILJIABOB, aBTOMAaTH3allUCH,
yIAy4IIEHHEM KauyecTBa MPECcC-U3AEIMM U OXJIaXJIEeHHEM pabo4yero HHCTPYMEHTa MpPOLECCOB
COBMEIIEHHOM 00paboTku. [ ycnemHoro BHeIpeHUsl YKa3aHHbIX METO/I0B IOTPEOOBAIOCHh CO3/1aTh
HOBBIE TEXHOJIOTUYECKHE TMOAXOAbl K KOMOMHHPOBAHHON OO0pabOTKE CIUIABOB, OTHOCSIIUXCS K
cucreme Al-P3M. Huxe npencrasiieH noipoOHbIN 0030p 3TUX PELICHUH.

HoBrle TeXxHUUYECKNE PEIEHHUS MOXKHO Pa3AeInuTh Ha TPU TPYIIIBL:

- XMMHUYECKHI COCTaB HOBOTO allOMUHHEBOro ciiaBa cuctembl Al-P3M  (matent PO
Ne2570684);

- YCTpOWCTBA JIJisi HETIPEPHIBHOW MPOKATKU U TpeccoBanus (mateHThl PO Nel01390, Ne102313,
Nel102542);

- YCTPOMCTBA JJIi HETIPEPHIBHOTO JIUThsI, IPOKATKH U MpeccoBaHUs (maTeHTel PO Ne2457914,
No2689460, No2792327, Ne2724758, Ne2847204).

AJIOMMHUEBBIA CIUTaB, 3allWIICHHBIH maTeHToM P® mox nHomepom 2570684 [251],
OpUYUCIsieTcs K TEepBOM Tpynmne M HaxOoAUT NPUMEHEHHE B METaTypruueckod OTpaciu,
IIPOU3BOJANIEH aTIOMUHUEBBIE CIUIaBbl. JlaHHBIE CIUIaBBI OPUEHTHPOBAHBI Ha W3TOTOBIICHUE
AIIEKTPONPOBOIHUKOB, (YHKIMOHUPYIOUIMX TIPU BBICOKMX TeMmieparypax. Kpome Toro, onu

MNPUMCHUMBI B Ka4C€CTBC 3aroTOBOK JIA Pa3IMYHBIX H3)1€J'IHI71, HCIIOJIB3YEMBIX B MAIIMHOCTPOCHUH,
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AaBUACTPOCHHUH, PAKETOCTPOCHUH, CYIOCTPOCHHH, aBTOMOOUJIECTPOCHHM, MEIWLMHCKOW TEXHUKE,
CTPOUTEIBCTBE, & TAKXKE B ObITOBOM 000pynoBanuu [251].

W3Becten crutaB Ha Oaze amomunus [260], KOMIOHEHTHI KOTOporo, B Mac. %: radHui,
PYTEHHH, CypbMa, OepWIUIMHA, CTpOHIMH, yriaepon - cymmapHo 0,001-0,4; Hukenp W jKele3o -
cymmapao 0,2-0,7, ¢ ko3pduimeHToM HUKeNs K kenesy B pamkax 1,0-4,0; kpemuuii, 60p, TuTaH,
[IUHK, Mapranen, Meab - cymmapso 0,001-0,4 npu ycrnoBuu cootHomeHus: 6bopa k turany 0,01-3,0; He
MeHee OJIHOTrO0 peaKo3zeMmenibHoro Metaia 0,5-5,0; alfoMUHUN — OCTaBIIASACS YaCTh.

OTOT CIJIaB  XapakTepU3yeTcs COXPAHEHHWEM MEXaHWYECKOM MPOYHOCTH B JAHANa3oHe
temriepatyp oT kKomHaTHBIX (20°C) po Beicokux (200°C) ®w AEMOHCTPUPYET HEIUIOXYIO
AIIEKTPONPOBOHOCTh. BMecTe ¢ TeMm, NMpH MONBITKAX €ro CO3JIaHHs ¢ MPUMEHEHHEM MHILIMETAalIa,
BKJTIOYAIOIIETO IIEPH, JIAHTaH, MPa3eoArM W TPOYME DSJIEMEHTHI, WM K€ NpPU HCIOIH30BAHUHU
muratypel Al-La, conmepixarneil jmantan, HaOmomaercs ¢dopMupoBaHue Ae(eKTHON, BeepooOpa3Hoi
CTPYKTYpbI, YTO MPUBOAMUT K YXYAUICHUIO JKCIUTyaTallMOHHBIX XapaKTepUCTUK cruiaBa. [Ipu sTom
IPOMCXOIUT YMEHBIICHHE IUIACTUYHOCTH METallla, YTO TaK)Ke BIHMSET Ha €ro oOpabaThIBa€MOCTb.
[Tony4yenne u3 HUX AeGOpMUPOBAHHBIX MOTY(HaOPUKATOB, HAPHUMED, IPOBOJIOKH, CTAHOBUTCS ITOYTH
HEBO3MOXKHBIM H3-32 pa3pblBOB, YTO, B CBOIO O4Yepelb, BEAET K IOBBIIICHUIO TPYyI03aTpaT Ha
MPOM3BOICTBO M COKPAICHUIO JOJIU MPUTOAHOM PO IyKituu [261].

TexHuueckoe 3amanue Mo pa3paboTKe HOBOTO KAPOCTOWKOTO ATIOMHHHUEBOTO CIUIaBa CTABHT
[ENbI0 JOCTHKEHHE HE TOJBKO CTAaOMJIBHBIX NMPOYHOCTHBIX, TUIACTHMYECKHX M 3JIEKTPOPHU3MUECKUX
XapaKTepUCTUK, HO M TMOBBIIICHHE TEXHOJOTMYECKOH THOKOCTH ero oopaboTku. J[oOuBaroTcsi 3TOrO
6sarosapsi MpMMEHEHHIO ATFOMUHHMEBOTO cIljIaBa. B ero cocraBe, MoMUMO peKO3eMeEIbHBIX METAILIOB,
NPUCYTCTBYET HUKEIh W CTPOHIMHA. BakHBIM OTIIMYHMEM sIBIIsieTCSl HOOABJIEHWE JAHTaHA W LEPHS,
TaK)K€ OTHOCALIUXCA K pEeAKO3eMENbHbIM 3yieMeHTaM. COOTHOIIEHHE KOMIIOHEHTOB IO Macce
BBITJIATUT CIEYIOIMM 00pa3oM: JIaHTaH U Lepuil (B cymme) - He 6osee 9%; Hukens - He 6oree 0,7%;
ctpoHuuit - He Oomee 0,001%; amomunmii - octanbHOe. [Ipu 3TOM coOIIOAAIOTCSA  YCIOBUS:
COOTHOILIEHHE 1Iepus K JaHTaHy HaxoauTcs B Auanaszone ot 1,0 1o 1,5; cooTHomeHne HUKeNs K 001men
CyMMe JIaHTaHa u 1epus coctasisiet ot 0,1 10 0,3.

BBenenne HMKeNns B COCTaB CIUIaBa CHOCOOCTBYET YIYYIIEHHIO €ro IUIACTUYHOCTH H
npouyHoctd. C Jpyroil CTOPOHBI, UpPE3MEPHOE YBEIMYEHHUE COJEpXKAHUS HUKENIS, OTHOCHUTEIbHO
KOHIICHTPAIIMH  PEIKO3EMEIbHBIX  METAUIOB, MPHUBOAWT K  TIOBBIIICHHIO  DJIEKTPUYECKOTO
COINPOTHBIICHUS CIUIABA.

Hannuue nepus u JlaHTaHa B cCIJlaBe, B MpeAeNaX YKa3aHHBIX 3HA4YeHHH, oOecredyuBaeT
HaWJIyylllee COYETaHHE MEXaHMYECKOM NPOYHOCTH, TEPMOCTOMKOCTH U 3JEKTPOIPOBOJIHOCTH.
Hanpumep, nipu conepxkanuu 10 9% mno macce, BO3SMOXKHO ITpUMeHeHue nanHoro crutasa (01417) nns

OOPTOBBIX MPOBOJOB, (PYHKIMOHUPYIOIIUX B YCIOBHSX BBICOKMX Temmeparyp. Ilpu mpucyrctBum B
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COCTaBE HUKEJIA, Keje3a, KPEMHUS U IPYTUX 3JIEMEHTOB, YBEIIMUEHUE CYMMApPHOTO COJAEPKAHUS LIEpUst
U JaHTaHa cBbIIe 9% BeneT K 3HAYUTEIHHOMY MAJCHUIO 3JEKTPONPOBOJHOCTH M TUIACTUYHOCTH
Merauia. ONTUMaJIbHBIM CUMTAETCs COOTHOLIEHWE Liepus K jJaHTaHy B auanaszone 1,0-1,5 mac.%.
Membliiee 3HaU€HHE COOTHOILICHUS, TO €CTh MpeodiiajaHue JIaHTaHa, YXyIIaeT IUIaCTUYHOCTh CIUIaBa,
3aTpyaHSET ero 00padOTKy M3-32 BEICOKOW BEPOSTHOCTH OOpA30BaHUsSI BEEPHOU CTPYKTYpPHI (CM. pHC.
7.1). MakpoCKOITMYECKOe HCCICIOBaHHE BBIIBHIO, YTO CIUTKH M3Y4aeMbIX CIUIABOB, TJIABHBIM

o0pa3om, chopMHPOBAHBI U3 30HBI CTOJIOYATHIX KPUCTAIUIOB.

Pucynok 7.1 — MakpoctpykTypa cmiiaBoB cuctembsl A1-P3M: a — ¢ conepkanuem 0,5% Ce u

2,5 % La; 6 — c cogepxanmnem 1,8% Ceun 1,2 % La

Yyactku, obnamamomue MoJ00HON CTPYKTYpOH, MOTEHIMAIBHO MPUBOAST K TPYIHOCTSM B
nporecce MPOU3BOACTBA Ae(POPMUPOBAHHBIX 3arOTOBOK, MOCKOJIBKY CYIIECTBEHHO YMEHBINAIOT
IUTACTUYHOCTh. ECM COOTHOIICHWE Iepusi K JIaHTaHy MpeBbImaeT 1,5, TMPOUCXOANT CHIDKEHUE
AMEKTPONPOBOJAHOCTH CIUIaBa. JlermpoBaHue HUKEIEM B YKa3aHHBIX IMpelielax CIOCOOCTBYET
MOBBIIICHUIO TUIACTUYHOCTH M YIIYYIIAeT TEXHOJOTHYHOCTh 00paboTku. B mporecce mpousBocTBa
neOpMUPOBAaHHBIX TOy(hadpukaTtoB u3 cmiaBoB cucteM Al-P3M u AIl-P3M-Ni wHabmomaeTcst
XapaKTEepHOE pacIpeelieHue CTPYKTYPHBIX KOMIIOHEHTOB IO CEYEHHIO OOpa3IoB, BBI3BIBAIOIIEE
MaKpoO- U MHKPOHEOTHOPOAHOCTh. [Ipu 3TOM, yBenMueHue coaep kKaHus HUKEsl OTHOCHTEeNnsHO P3M
YCHIIMBAET HEOJHOPOJHOCTh CTPYKTYpHI MeTamna. ClieoBaTenbHO, 3HAYUMO HE TOJIBKO KOJIUYECTBO
BBOJIMMOTO HHKEJISl, HO ¥ OTHOIICHUE COIEPIKaHUSI HUKEISI K CyMME PEIKO3eMENTbHBIX METaLIoB. [Ipn
3HAYEHHUSAX JTOTO OTHOIICHWs HWke 0,1 TOBBIIIEHUS MEXaHHMYECKHMX CBOWCTB HE JOCTHTaeTcs, a
CO3/IaHHE CIIJIaBOB C OTHOIIeHHEM Hukels kK P3M Gomnee 0,3 BeZeT K CHUKEHHIO AJIEKTPOIIPOBOTHOCTH

N IIJIaCTHYHOCTH [231] HOI[I‘OTOBKy CIlJIaBa OCYHICCTBJISJIA B HHﬂYKHHOHHOﬁ II€4Yyu Ha OCHOBC
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MIEPBUYHOTO ATIOMUHUS ¢ fo0aBieHueM nuraryp Al-Mwummerann u Al-La, oGoranieHHbIX HUKEIEM,
JKEJIe30M, THTAaHOM, OOpOM W JPYTHMMH 3asBJICHHBIMHU 3JeMEHTaMH. B kauecTBe Moaudukaropa
WCIIOJIb30BAIM OJIMH WJIM HECKOJIBKO 3JIEMEHTOB W3 TPYMIbI: radHUM, PyTCHHH, CypbMa, OCpUILINH,
CTPOHIIUI, yIJIepoa B 3asABJICHHBIX KOHIEHTpamusx. Ilociae 3TOro ¢ MoMOIIBI0 KPUCTALIU3aTopa
(GbopMHUPOBATTH JTUTYIO 3arOTOBKY, TOJBEpPraeMyr0 OO0paOOTKe MaBJICHHEM IS TMOJYYEHHUS MPYTKOB
(nmametpoM 9 MM) W TOCHIenyrOUIeH BOJIOKM MpoBoiokH (nuamerpom 0,5 mm). H3mepenwue
MEXaHHYECKUX CBOMCTB M 3JIEKTPOIPOBOTHOCTH OCYIICCTBIISUIM HA MOTYYEHHBIX JASPOPMUPOBAHHBIX
nonydadpukarax. JIJIs SKCIEPUMEHTAIBLHOM IMPOBEPKH IPEIJIOKEHHOTO CIIaBa OBUIM CO3aHbI
KOMITO3UIIMK C BapbHPYIOIIMMCS COOTHOIICHHUEM IIEpPHsl W JIAHTaHA, a TaKKe C Pa3IuYHBIM
COJIep’)KaHUEM HHKENSI OTHOCUTEIILHO CYMMapHOTO KOJMYecTBa Iiepus U JaHTana. CocTaB U CBOWCTBA
9THX KOMITO3UIIUH, B CPABHCHHUH C XapaKTEPUCTUKAMHU U3BECTHOTO CIUIABa, MPEACTABICHBI B TAOIHIIAX
7.1 m 7.2. Kak cieayer u3 aHanu3a MOJTYYCHHBIX JaHHBIX, PEJIOKEHHBIN CIUIaB IEMOHCTPUPYET TIO

CpaBHCHHIO C ITPOTOTUIIOM HOBBINICHHYIO INIACTUYHOCTD U YIIYUIICHHYIO 3JICKTPOIIPOBOAHOCTE.

Tadmuua 7.1 — XuMUUYECKUIl COCTAB U3BECTHOIO U 3aABJISIEMOIO CILIABOB

Coias ConeprxaHre KOMIIOHEHTOB, Mac.%
Al P3M Ni Fe Ti B Sr
Ce La CetlLa

[Tareur ocHosa | 0,5 2,5 - 0,2 0,15 0,001 0,001 0,001
Ne 2458170

[Tareur P®| ocuoBa 1,8 1,2 3,0 0,05 0,15 0,001 0,001 0,001
Ne2570684

[Tareur P®| ocuoBa 1,8 1,2 3,0 0,3 0,15 0,001 0,001 0,001
Ne2570684

Tabnuua 7.2 — MexaHu4YecKie XapaKTepUCTUKH MoTypadprKaToB u3 cruiaBoB cucteMsl Al-P3M

Crmuias OTHOCUTENBHOE Bpemennoe VY nenpHOE 3IEeKTpUIecKoe
yauHeHue, % CONIPOTUBJICHHUE, CONIPOTHUBJIICHHE, Om-MM*/M
MIIa
ITatenT Ne2458170 17,1 200 0,0341
ITarenT Ne2570684 30,7 140 0,0293
ITatenT Ne2570684 23,8 145 0,0297
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[ToBbieHHAs MIACTUYHOCTh pacmupsier BO3MOXKHOCTH MIPOU3BOJICTBA
xononHonepopMupOBaHHBIX  MONy(hadpukatoB (B YaCTHOCTH, IMPOBOJOKH) W  yIydlIaeTr
TEXHOJIOTUYHOCTh 00paboTKu. Takum 00pa3oMm, 3asBICHHBIN CIUIAaB MOXET YCICITHO MPUMEHSTHCS B
MPOM3BOJICTBE AJIEKTPOIIPOBOIHUKOB, (YHKIIMOHHPYIOUIMX B YCIOBHSX BBICOKHX MEXaHUYECKHX
HArpy30K B TEMIIEpaTyp.

JIJIst TEXHUUYECKUX PEIICHUH BTOPOU TPYIIIBI XapaKTEPHBIM SIBIISETCS MPUMEHEHUE B KAUECTBE
3arOoTOBKM TMPYTKOB HEOOJBIIOrO0 TIOMEPEYHOTO CEYCHHS, TIOJYyYCHHBIX B POTOPHOM WU
AJIEKTPOMArHUTHOM KPHCTAJUTH3aTOpPaX.

[TpuMepoM TOJOOHOTO TEXHUYECKOTO PEUICHHs CIYXHT 3amareHToBaHHOe B P® ycrpoiicTBo

HETPEPHIBHOM MPOKATKH U TpeccoBaHusl, onucanHoe B nmatente Ne 101390 (cm. puc. 7.2) [252].
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Pucynok 7.2 — O0muii BUI yCTAaHOBKH ISl HETIPEPBIBHOM MTPOKATKU M ITPECCOBAaHMUs: | — BaJIOK ¢
pydbeM; 2 — BaJIOK C BBICTYIIOM; 3 — HHAYKTOPHI;, 4 — MaTpuna; 5 — ynpasistonias 9BM; 6 —
YCTPOMCTBO /17151 HarpeBa 3aroTOBKH; / — IaTYMKU KOHTPOJIS HarpeBa 3aroTOBKHU; 8 — TaTYuKU

KOHTPOJISl TEMIIEpaTyphbl BAJIKOB; 9 — JaTYMK CKOPOCTH BpalieHus BajakoB; 10 — naTyuk KOHTPOJIS

temneparypsl npoduist; 11 — mpmwKUMHOE YCTPOWCTBO MaTPHUIBl; 12 — yCTpONCTBO ISl OXITaXKICHUS

Matpuibl; 13 — nedexrockor; 14 — mpeccyeMsrit mpodwib; 15 — natunku naBineHus; 16 — 3aroroBka

YcTpoiicTBO BKIIOYAET BAJIOK C pydbeM | U BAJIOK C BHICTYIIOM 2, CHa0)KEHHBIE HHIYKTOPaMH 3

JUI UX HarpeBa M oOpazyromue pabounii kammop, Ha BBIXO/IE€ U3 KOTOPOTO YCTaHOBJIEHA OXJIaXKJaeMast
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MaTpulia 4, Ipu 3TOM OHO JOMOJHUTENIBLHO CHaOXeHo ympasistomeii 9BM 5, BbIXombl KOTOPOH
COCIMHEHBI C YCTPOMCTBOM Juisi HarpeBa 6 3aroToBKd 16, gaTuMkaMu KOHTpOJISI HarpeBa 7
TEMIIepaTyphl 3arOTOBKU 16, AaTUMKaMu KOHTPOJIA TEMIEPATypbl § BAJIKOB | U 2, JaTYUNKOM CKOPOCTH
BpaileHus 9 BankoB 1 u 2, 1aTYMKOM KOHTpOJsi Temiieparypsl 10 npecc-uznenus 14, BIXOASIIETO U3
KaHajga MaTpuipbl 4, NPHKUMHBIM ycTpoicTBOM 11 marpuisl 4, ycTpoicTBOM AJis OXJaxaeHus 12
MaTpullbl, AedeKkTockornoM 13, pacroyiokeHHBIM 32 OXJaKIaeMOoil MaTpuiel 4 TakuMm o0pa3oM, 4TO
npecc-uzzenue 14 npoxoaut uyepes ero AeTeKTopbl. Kpome TOro, NpuKMMHOE YCTPOMCTBO MaTpHIIbI
UMeeT J1Ba pabouuX [UIMHAPA C PEryIsITOpaMH U JaTYMKaMU JaBjieHus 15.

[locne Hayana BpaleHUs BAJIKOB 1 M 2 CO CKOPOCTBIO (5 BKJIKOYAKOT MHAYKTOPBI 3 I HUX
HarpeBa, TeMIlepaTypa HarpeBa KOTOpBIX OTCISKHMBAETCA JaTUMKaMH KOHTpoJii & Harpesa
Temneparypbl BajakoB 1 u 2. Jlanee nepeqHss yacTb JUIMHHOMEPHOM 3arotoBku 16 3amaercs B meus 0,
TeMIepaTypa HarpeBa KOTOpoi (QUKCUpyeTcs AAaTYUKOM KOHTPOIA 7 TemrmepaTypbl 3arotoBku. [Ipu
JOCTH>KEHUH 33JJaHHBIX TEMIIepaTyp HarpeBa BalIKOB | M 2, MHIAYKTOPHI 3 OTKJIIOYAKOTCS, a Harperas
NepeaHssl YacTh JUIMHHOMEPHOM 3aroToBkH 16 momaercs B Baiku 1 U 2. B 3TOT MOMEHT BpeMeHH K
BakaM 1 u 2 moABOAMTCS OXJIaxkaaemas Marpuiia 4, KoTopas NpKAMaeTcs K Bajikam 1 u 2 ¢
MOMOILbI0 IIPUKUMHOTO ycTpoicTBa 11 marpuubl 4 k Basikam 1 u 2 ¢ JaBiIeHUEM, OJIMHAKOBBIM B
KaKI0M paboueM IWIMHAPE U paBHBIM Py = P, = P,p, U BKJIIOYAETCS YCTPOUCTBO ISl OXJIAXKICHUS
MaTpulbl 12, obecnieunBas noaavy XjaalareHTa B OXJIaKAaeMble KaHalbl MATPHUIIBI 4 CO CKOPOCTHIO (o.
JlnuHHOMepHas 3arotoBka 16 3axBaThiBaeTcs BajikaMu | M 2, U HAauMHAETCS €€ BBbIJABIMBAHUE C
MIOMOILIbIO aKTUBHBIX CHJI TPEHUSI CO CTOPOHBI BAJIKOB 1 M 2 yepe3 KaHaJIbl OXJIaXK/1aeMOM MaTpUIb 4.

B xone npeccoBanus npoduisa 14 nmokazaHus JaTYMKOB TeMIlepaTypbl HarpeBa 3aroToBKU 16,
BaJIKOB | M 2, BBIXOAHOM TemmepaTypsl npoduins 14, ckopocteil BajikoB 1 U 2, naBiaeHHs B Kaxa0M
paboyem nunuHApe 15 HENmpepbhIBHO B PEKUME PEAJTHbHOTO BPEMEHU NEPENAOTCs B YNPABISIOLIYIO
OBM 5. [ledextockon 13 HempepbIBHO CKaHUPYET BBIXOIAIUN mpoduib 14 U mpu BOZHUKHOBEHUHU
Je(eKTOB NOChIIaeT CUTHAI B yIpaBisioyo O9BM 5.

VYrpasnsomas 9BM ¢ noMomipio 0J0KOB KOMMYHUKALUN, KOPpENSLUH, MaTeMaTHYecKOn
MOJIeJI 00bEeKTa M MOJENTU NPUHATHS PELICHUM, MCIIOIHUTEIbHBIX OPIaHOB M JAaTYMKOB KOHTPOJIS
TEKYIIUX TEXHOJOTHUYECKUX I1apaMETPOB INIPOLECCA HENPEPBIBHOW MPOKATKM M IPECCOBAHUS
(TemmepaTypbl HarpeBa 3aroTOBKH U BaJIKOB, UI3MEHEHHUs BBIXOJHON TeMIepaTypsl NpoQuiIs, CKOPOCTH
BpallleHUsl BAJIKOB, JABJICHUS MPUKMMa MaTPUIIbl) 00ECIIEUnBAET JOCTUKEHNE CTAOUIBHBIX TETIOBBIX
YCJIOBHI HEMPEPHIBHOTO TIpoliecca neopmMupoBaHus, 0COOCHHO BBIXOJHON TeMIEpaTypbl Mpodus, u
3TUM CaMbIM IIOJyYEHUE KaueCTBEHHBIX M3ACIUN 3a CYET KOPPEKTUPOBAaHUS INPU OTKIOHEHUU
TEKYIIUX TEXHOJIOIMUECKHUX MapaMEeTpOB OT 3a/JlaHHBbIX C MOMOUIbK YCTPOWCTB HAarpeBa 3aroTOBKH,

OXJTAXIACHHA MaTpUIlbl U CKOPOCTHIO BpalllCHUA BAaJIKOB.
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Hedexrockon ckaHupyeT mnpoduiab, BHIXOAIMMNA M3 KaHala MaTpUIbl, W B Ciydae
BO3HMKHOBEHHUS MUKPOTPEUIMH WJIKW Jpyrux AepekToB B mpodwmie MoaaeT CuUrHail o0 Hux
BO3HMKHOBEHUH B yHpaBisiomyro OBM, TeM caMblM M03BOJSAS TOYHO 3a(UMKCHUPOBATH MOMEHT
BO3HUKHOBEHHUsI 1Ie(peKTOB B mIpoduie.

B cnyuae BO3HUKHOBEHHUS 3ayCEHIIEB Ha IIOBEPXHOCTH BaJKOB OIEPATOp YCTAaHOBKHU
YBEJIMUMBAET JAaBJICHUE B TOM PabOoueM LMIMHAPE, KOTOPBIM MPUKUMAET YacTh MATPHUIBI K TOMY
BaJIKy, Ha MOBEPXHOCTH KOTOPOTO TOJNIIMHA 3ayceHua Oonbmie. Co3gaBasi pa3iuvyHOE JaBJICHUE HA
pabouyi0 MOBEPXHOCTb MAaTpHIIbl, MOYKHO TakuM 0Opa3oM U3MEHATh €€ Yrojl HakJIOHa B
TOPU30HTAJILHON IUNIOCKOCTH U YIIPABIIATH HE TOJIBKO MPOLIECCOM 00pa30BaHMs 3ayCEHLA Ha BajlKaxX, HO
¥ KapTHHOM MCTEUYEHHUS MPECCYeMOro mpouiist Ha BBIXOJE U3 KaHajla MaTPUIbl, CBOS 10 MUHUMYyMa
HOSBISIONIMECS 1e(DEeKTHI TeOMETPHH MPOGUIISI BO BpEMs HEITPEPHIBHOTO BbIIaBIMBAHUS.

Takum o0Opa3oM, IPUMEHEHHE 3TOM YCTAaHOBKM MO3BOJISIET MOBBICUTH IPOU3BOAUTEIIBHOCTh
IPECCOBAaHUS M KAYECTBO MOIy4aeMbIX MPODUIEH.

K 310l e rpynmne OTHOCATCS YCTPOWMCTBA, PACIIMPSAIOLIME TEXHOJIOTMYECKHE BO3MOKHOCTHU
mpouecca COBMELIEHHOW 00paboTku. Hampumep, ycTpoHCTBO Il HENpPEpbIBHOM MPOKAaTKU-
npeccoBanus npodueit (matent PO Ne 102313) [253]. Ono Britouaet (puc. 7.3) Bajok ¢ pyubeM 1 u
BAJIOK C BBICTYIIOM 2, 00pa3yromue padounii kaiudp, Ha BBIXOJE U3 KOTOPOI'0 YCTAaHOBJIEHA MaTpULa
3, uMeromas KaHajbl 4 Ui MO/IBO/A XJIaJareHTa B MECTe BhIX0Ja Npoduiis 5 u3 pabodero OTBepCTHs
MaTpulbl 3, CHaOXEHO MaTpulenepaTesieM 6, B a3y KOTOPOro YCTaHOBJEHA MaTpula 3, a Ha
3aXOJJHOM 4YacTU MaTpuuenepkaTenass 6 BBIIOJIHEHbl BOTHYTBbIE IOBEPXHOCTH 7 ¢ paauycaMu
3aKpYIJIEHUN COOTBETCTBYIOILIMMHU paJlycaM BajKoB | M 2, ¢ KOTOPBIMH OH HAaXOJIUTCS B KOHTAaKTE.
MartpuuenepsxaTtenb cHaOKeH KaHajlaMM JUIsl TOABOJIa XJIaJareHTa 8 Ha pabo4yro MOBEPXHOCTh BAJIKOB
1 1 2 co cTOpOHBI IPUMBIKAHUS MaTPUILIBI 3.

YcrpoiictBo pabortaer cienyooummM oOpa3soM. BhHauane marpuma 3 mnomermiaeTcss B ma3
Mmatpuiesepxkareis 6, o0pa3ys MaTpU4YHbIN OJIOK, KOTOPBIH ycTaHaBJIMBaeTCs B paboyee MOI0KEHue,
nepekpbIBas padbounii kanuOp, 0Opa3oBaHHBIM BalkoM | ¢ pyybeM M BaJKOM 2 C BBICTYNOM. 3aTeM
3aroToBka 9, Harperas 10 He0OXOIMMON TemmepaTypsl, 3aj1aeTcs B Balku 1 u 2, nepopmupyercs B
pabouem kanuOpe MexIy BajdkamMH 1 W 2 M BbIaBIMBAeTCs dyepe3 paboyee OTBEpCTHE MATpPHUIBl 3 B
npopmwis 5. B MOMEHT mojxoaa 3aroToBKM K pabodell MOBEpXHOCTH MATPULbI 3 U TOSBIECHUS
npoduns 5 u3 paboyero OTBEpCTUS MaTPHIbl 3 BKIIIOYAETCS CUCTEMa OXJIaKIEHUS U IOAaeTcs
XJIaJIareHT B KaHAJIbl 8 MaTpULIEAEPKATENS U Jajiee B KaHabl 4 MaTpULbI 3.

BrimonHenue kaHajioB B MaTpuLeAep)karesne obecrnednBaeT OecHpensiTCTBEHHBIH JOCTYM
XJIaZlareHTa B 30HY OXJAXICHMs, KOTopas oOpa3oBaHa Hapy)KHbBIMH IIOBEPXHOCTSIMH BaJKOB,
MaTpulled U caMuM MatpuleaepxareieM. llpu sTom oOpa3oBaHHMe 3ayceHLla HE MPENSTCTBYET

HUPKYJISUYU XJIa1areHTa, YTo 00eCreunBaeT CTaOUIbHOE OXJIaXKI€HUE HHCTPYMEHTA BO BpeMs paboThl



217

ycrpoiicTBa. KpoMe Toro coxpansercsi moABO/J| XJIaJareHTa yepe3 KaHajbl K IpoQII0 Ha BBIXOJE U3
KaHaJlla MAaTpHIbI, YTO T[O3BOJIIET OTBOJAUTH HW30BITOYHOE TEIUIO HEMOCPEICTBEHHO OT
nebopMUpyeMoOro MeTajsla M ONEpPaTHBHO PEryjIupoBaTh €ro  BBIXOJHOM  TeMIepaTypoil.
['epMETHYHOCTh CHCTEMBI OXJIAXAEHUS oOecreuynBaeTcs MPUMBIKAHHUEM 3aXOIHBIX IMOBEPXHOCTEH
MaTpHUIBl M MaTpUIlelepXKaTelsl K BajJKaM BO BpeMsi paboOThl YCTPOMCTBA, YTO OOECIeYMBAETCS
BBIIIOJTHEHUEM Ha 3aXOAHOM YacTH MAaTpHIENep)KaTeisi BOTHYTBIX IOBEPXHOCTEH ¢ paguycaMu
3aKpYIJIEHUH COOTBETCTBYIOIIMMM pPaguycaM BaJKOB U PpAacHOJOKEHUEM MaTpullbl B Mas3y

MaTpuOCaACPKATEIIA.

Pucynok 7.3 — O0muii BUI yCTpOICTBa /11l HETIPEPBIBHOM MPOKATKU M ITPECCOBAHUS:
1 — Banok ¢ pyubeM; 2 — BJIOK C BBICTYIIOM; 3 — MaTpulla; 4 — KaHaJbI AJIs TIOJIBO/IAa XJIAJJOTEHTa; 5 —
npoduik; 6 — MaTpuIleiepKaTeNb; / — BOTHYThIe TOBEPXHOCTU MaTpHUIIeepKaTeNs; 8 — KaHabl s

IIOABO/JB XJIAJOI'CHTA, 9 — 3aroroBka

VYcerpoiictBo mo mareHty P® Ne 102542 [254] Takke mpeaHa3HAu€HO JUIs TMOBBIMICHUS
KauecTBa mpecc-uznenuii (puc. 7.4). Martpuia 37ech BHIIIOTHEHA B BUAE MPSIMON TpamerenaaabHON
MIPU3MBI, HAKJIOHHBIE TPAaHU KOTOPOM Ha 3aXOJHOW YaCTH UMEIOT BOTHYTHIC MIOBEPXHOCTH C PaIuyCcaMu
3aKpYIJICHUH, COOTBETCTBYIOIIMMH pagdycaM BajKOB, a B KOHIIE BOTHYTOTO ydYacTKa HAKJIOHHBIC
TpaHU PACIIONIOKEHBI M0 KacaTeIbHOW K MOBEPXHOCTH BAJIKOB C 33JJaHHBIM YTJIOM HaKJIOHa OOKOBBIX
rpaHeil. BrpimogHeHWe Ha 3axOJHOM YAacTH MATPHULBI BOTHYTBIX MOBEPXHOCTEH C paguycamu
3aKPYIJICHUH COOTBETCTBYIOIIMMH pagdycaM BaJIKOB OOECMeYMBaeT PAaBHOMEPHBIM MHHUMAJIbHO-

BO3MOXXHBI 3a30p Ha KOHTAaKTHOW TOBEPXHOCTHM BAJIKOB UM MaTPHUIbl, HMEIOIUNA PABHYIO
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MPOTAKCHHOCTL IJId IMPOTHUBOIIOJIOKHBIX 60KOBBIX FpaHefI, 41O CBOOUT JO MHUHHMYMa 06pa30BaHI/I€
3ayCEHLA U Pa3HOM €ro TOJIIMHBI Ha BAJIKaX.
CnengyeT OTMETHTb, YTO IOJHOE OTCYTCTBHE 3a30pa MEXKIY BpallarolIMMHCS BajJKaMu H

HENOJIBIYKHOW MaTpHIlel HEeBO3MOXHO, T. K. JaHHbBIE JeTalu 00pa3yroT MoABIMKHbIE Hapbl. Kpome
TOTO, BO BpeMs paboTHl HHCTPYMEHT HarpeBaercs, o3ToMy oosrano 3asop pased A, =0,3+0,4 mm.

O6p330BaHI/IC 3ayC€HIIa B 3TOM CJIyda€ BO3MOXKHO, KOrJa AaBJICHUEC IIPU BbIJABJIIMBAaHHUH HpO(l)I/IJ'Iﬂ
qepes pa60q1/1171 KaHaJl MaTpullbl IIPEBBICUT OAaBJICHUC JIA BbIAABJIMBAHUA 3ayCCHIA B 3a30Pp MCEXKAY

BAJIKAMH M MATPULICH.

o
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Pucynok 7.4 — OOuuii BU ycTpoiicTBa AJi HEMPEPHIBHON MPOKATKH U TPECCOBAHUS PODUIICHi:
1 — Banok ¢ BBICTYNOM; 2 — BaJIOK C pyubeM; 3 — MaTpulia; 4 — 3aroToBKa; 5 — npoduib; 6 — pabounit

KaHaJI MaTpUIbl

B nmanHOM ycTpoiicTBE OTMEUEHO PaBHOMEPHOE IMOKPBITHE paboueil MOBEPXHOCTH Ha 00OHX
BaJIKOB IJICHKOW aFOMHHMS TOMIMUHON He Oonee 0,2 MM, 4TO SBJIsETCS HEM3O0EKHBIM MPH Topsiueit
nedopmaruu amoMuHus 6€3 cMazku. [Ipy 3ToM Ha TOBEPXHOCTH MPYTKa OTCYTCTBOBAIIU MEPEKUMBI U
OTKJIOHEHHSI OT (OpMBbI, a TPEAesIbHOE OTKJIOHEHHE DPa3MEpPOB JHMaMeTpa MpPyTKa MO €ro THHE
cocraBmiio 0,05 mMm.

K Tperbeli rpymme ycTpOWCTB COBMEIIEHHOW OOpabOTKM OTHECEHBI YCTAHOBKH, JUIS
HETMPEPHIBHOTO JINThS W TMPOKATKU-TIpECCOBaHUSA. MX OTIMYUTENBHBIM TPU3HAKOM  SIBIISICTCS
OTCYTCTBHE JINTEHHOTO arperaTta ¢ MOMOIIbI0 KOTOPOTO MOTYYaloT JIUTYIO IJTUHHOMEPHYIO 3arOTOBKY.
PacniaB B Takux ycTpoicTBax MOCTYNAET B BOAOOXJIAXKIAEMbIE BaJKU, KPUCTAIIU3YETCS B HUX U
BBIJIaBITUBACTCS B BUJE MIPECC-U3ICTHS Yepe3 Kaauopyroiiee OTBEpCTHE B MATPHIIE.

B kadectBe mnpmMmepa TpUBENEM YCTPOWCTBO JJIS HENPEPBIBHOTO JUThA, MPOKATKU U

[PECCOBaHUs I[BETHBIX METAIIOB M CILIaBOB (puc. 7.5) mo matenty Pd Ne 2457914 [255], koropoe
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TaK)K€ OTHOCHTCSI K OOJacTH METALTypTHH, a KOHKpPEeTHee K 00pabdO0TKe METaIOB COBMEUICHHBIMU
METOJIaMU HETIPEPHIBHOTO JIMThS, MPOKATKH W TIPECCOBAHMS, U MOXET OBITh HMCIOIH30BAHO IS
MOJTYYCHUS MPECC-U3ICINN U3 IIBETHBIX META/UIOB U CILIABOB, IMPEUMYILECTBEHHO U3 aTFOMHUHHUEBBIX

CIIJIaBOB.

Pucynok 7.5 — [IpunnunuansHas cxema (a) 1 o0Imuid BUJ yCTpoicTBa (6) 17151 HEIPEPHIBHOTO JIUTHS,
IIPOKATKH Y MIPECCOBAHUS LIBETHBIX METAJUIOB: | — €Ub-MUKCEp; 2 — pErysATOp NOoJauu pacniasa; 3 —
BaJIOK C KAaHAaBKOMW; 4 — BaJIOK C BBICTYIIOM; 5 — cTaHMHA; 6 — BOJOOXJIaX/1aeMbI€ MTOJIOCTH B BaJIKax; 7 —
dhopramepa; 8 — BOAOOXJIAKIaeMbIe KaHaJIbI B MaTpuile, 9 — marpuiia; 10 — pabounii mosICOK MaTpPHUIIHI;

11 — ruapormnuHAp; 12 — MoTasika
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OcHOBHOH 3a7jaueli HOBOI'O TEXHUYECKOIO PELIEHUS SBIISIIOCH PACIIUPEHUE TEXHOJIOTHUECKUX
BO3MOXXHOCTEH yCTpPOWCTBA 32 CUET BO3MOXHOCTH OOpaOOTKH CILIAaBOB, MMEIOIIMX IOBBIIICHHBIC
IIPOYHOCTHBIE CBOMCTBA, a TAaKXE€ IIOBBIIIEHUE KauecTBa IPECC-U3JAEIUN 3a CYET YJIYYIICHHS
MEXaHUYECKUX CBOMCTB.

YcrpoiicTBO pabotaer ciemyromuM odpazoM. MeTai, paciUlaBICHHBIH C MOMOINBIO TEYH-
muKcepa 1, 3axBaTbiBaeTcs Bajgkamu 3 u 4. B mporecce paboThl perynsarop 2 I103UpYyeT KOJIUYECTBO
MeTajula, MOJIaBaeMOro B KaJuOp BaJKOB, YMEHbBINAS WM yYBEIMYMBAs MOTOK paciuiaBa. [Ipu sTom Ha
MIOBEPXHOCTAX BOJOOXJAXJIAa€MbIX BaJIKOB 3, 4 HauMHAeTCs KpucTtaum3auusa wMertawia. [lanee
3aKpUCTAUIM30BABIIMIICS B BHUJE 3aroTOBKM MeTalll OOXKMMAaeTcsi B 3aKphITOM  Kanuope,
pacIpeccoBBIBACTCS U 4epe3 IMIMHAPHUECKYIO MOJIOCTh (hopkamepsl 7 moOCTymaeT B MaTpuiy 9, a
3aTeM BBIIaBJIMBAETCS 4Yepe3 KaauOpyrollee OTBEPCTHE MATPHUIbl C 0O0pa30BaHUEM MPECC-U3JETHS
3aJaHHOM (OpMBI U pa3MepoB. BBIXOAHON KOHEI ABIIKYILEroCs Mpecc-u3Jeus HampaBlIeTCs Ha
MOTanKy 12, rie mpou3BOIUTCS €ro CMOTKa B OYXTY.

VYcranoBka (puc. 7.6) 1y HENMPEPHIBHOTO JIUThS, MPOKATKH, MPECCOBAHMS M BOJOYCHUS
CBApOYHOM MPOBOJIOKHU M JIMTATYPHBIX MPYTKOB U3 I[BETHBIX METAUIOB U CIU1aBoB [256] (maTeHt PD No
2689460) oTHOCHTCS K 00JIaCTH COBMEIICHHBIX MPOIECCOB JIUThI U 00PaOOTKH METAIIJIOB JIaBJICHUEM
U MOXXET OBITh HCIOJb30BAHO JUIsI MOJYyYEHHUS MPOBOJOKH M3 CIUIABOB IIBETHBIX METAJIOB, B TOM
YHCJie CBAPOYHON IPOBOJIOKU U JINTATYPHBIX MPYTKOB U3 AJIFOMUHHUEBBIX CIUIABOB.

VYcraHoBKa, IpenHa3HaueHHass Uil OecHpephIBHOIO JIMThsl, IPOKATa, IPECCOBAHUS U
BOJIOYEHHS CBAPOYHON MPOBOJIOKH W MPYTKOB JIUTATyp, BKIIOYAET B ce0sl meub-MUKcep 1, B KOTOpou
HaxoauTcs pacmiaB 2. Jlamee cnemyer pasnaToyHas KopoOka 3, 3a KOTOPOW pacroyiokeH
BOJIOOXJIAXKJAEMbI pOTOpHBIN Kpuctamnuzatop 4. Ilocne Hero CMOHTHpPOBaH BaJKOBBIM y3el
IPOKATKU-TIPECCOBAaHMUs, CHAOKEHHBIN BajlkaMu 5 1 Matpuiei 6. Takke mpeTycMOTpEH HempephIBHBIN
COPTONPOKATHBIN CTaH 7, BKIIOYAIOIIMH KIETH. 3aBepLIiaeT KOHCTPYKIHIO Ae(QOpPMUPYIOIIMHA Yy3em
BOJIOYEHUS 8, OCHAIIICHHBIN BOJIOKOM 9, 1 MoTanka 10 [256].

B mpouecce mpousBoacTBa paciuiaBieHHbIH MeTamn (2) u3 meun-mukcepa (1) mepexoauT B
pacripeienuTenbHbll - KopoO (3), Tae aBTOMAaTMYECKHM KOHTPOJMPYETCS U TOJJEPKUBACTCS
YCTAQHOBJICHHBII ypOBEHb. 3aTeM MeTalll IMOJAeTcs B KeJI00 pPOTOpHOro Kpucramnuzatopa (4),
3aKpBITBIA CTAJIbHOM HENPEPBIBHON JIEHTOM. JTa JIEHTa MEPEMEIAETCsl 0 CUCTEME HaIPABIISIOMINX
POJIMKOB, MOJIBEPTasCh OXJIAXJICHUIO pacHblIEHUEM. 3acThIBIIUN CIUTOK Jajiee MOCTyMaeT B Kaluop
3aMKHYTBHIX BaJKoB (5), OTKyAa BbAAaBIMBaeTCs depe3 MmaTpuily (6), popMupys HPYTOK HYKHOTO
npodus.

CrnenyrommmM 1arom sBJIE€TCS MOJayda MOJTYYEHHOIO MPYyTKa B KJIETh BAJIKOB HENPEPHIBHOTO
coprompokaTHoro craHa (7). B kammOpax 5TOH KJIETH TPOUCXOIUT YMEHBIIEHHE TIOMEePEIYHOTO

cedeHus 3arotoBku. [locne 3Toro 3aroroBka HampasiseTcs B 1ehopMUPYIOMIUN y3en BojioueHus (8),
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npoxonas uepe3 BOJNOKY (9). HdedopmupoBanHbli monydaOpuKkaT, MOTYYMBIIUN ONpeNeTeHHBINR
JMaMeTp, HaMaTbiBaeTcs B OyxTy Ha motaike (10) [256].

Jliis mpoBepKH pabOTOCIIOCOOHOCTH MPEIOKEHHON ycTaHOBKHU u3 cruiaBa 01570 cucremsr Al-
Mg-Sc cripoekTHpoBaM HHCTPYMEHT U MpoBenH uccienoBanus Ha yctaHoBke CIIII-200 (cm. rimaBy
6). [lis Havana ObUTa M3rOTOBJICHA CBApOYHAs MPOBOJIOKA, auameTpoM 3 MM. [IpyTok, ¢ ceueHreM 9
MM, H3TOTAaBJIMBAJICS METOJAOM COBMEUIEHHOIO IPOKaTa-IpeccoBaHUs, a IpPOBOJOKa 3 MM
dbopMupoOBanIachk MOCIECAYIONICH COPTOBOM MPOKATKON M BOJOUYEHUEM. 3arOTOBKY, ¢ ceueHueM 14x14
MM, CHOPMHPOBAHHYIO B POTOPHOM KpHCTAUIM3aTOpe Mpu Temreparype pacmiaBa 780-790 °C,
HaIpaBsUIM B 3aKpbIThI KanmuOp BankoB ycrtaHoBku CIIIT-200. IlpyTtok, muamerpom 9 mwM,
MOJBEPraiCsl XOJOAHOM TPOKAaTKe B BOCBMUYTOJNBHBIX KaluOpax Ha HENPEpPHIBHOM COPTOBOM
IIPOKATHOM CTaHe 3a 12 mpoxoJ0B M BOJIOYEHHUIO 33 OJIMH MPOXOJ, YTO B UTOrE MO3BOJIMIIO MOIYYUTh

IPOBOJIOKY KPYTJIOTO CeUeHHs, ¢ AuameTpoM 3 MM (tabnuina 7.3) [256].

Pucynok 7.6 — O0umii BUJ| yCTaHOBKH /17151 HENIPEPBIBHOTO JINThS, IPOKATKU, IPECCOBAHUS U
BOJIOYEHHS CBAPOYHOU MTPOBOJIOKH U JIMTATypPHBIX MPYTKOB U3 IIBETHBIX METAJUIOB U CILIABOB!
1 — nmeub-muKcep; 2 — pacimias; 3 — pa3laToyHas KOpoOka; 4 — pOTOpHBIN KpUCTAIN3aTOD; 5 —
BaJIKOBBIN y3e1; 6 — BOJOOXJIaXKIaeMasi MaTpHIla; 7 — HEMPEPHIBHBIA COPTONMPOKATHBIN CTaH; § — y3el

BoJIoueHUs, 9 — Bonoka; 10 — MoTanka

ITo xomy mpomecca oTOupanu 00pa3Ibl ISl MEXaHUIECKAX WCIBITAaHUN, Pe3yIbTaThl KOTOPBIX
npeJcTaBieHbl B Taba. 7.3 (rae A cOpTOBOM MPOKATKH YKa3aH pa3Mep CTOPOHBI nonydadbpukara, s
COBMEIIICHHOM IMPOKATKU-TIPECCOBAHMS UAMETp MpPYTKa, a JUIs BOJIOYEHHUS JAUAMETpP HPOBOJIOKH).
[TonydenHblie pe3ynbTaThl MEXaHUUECKUX MCTIBITAHUNA MTO3BOJIMIIN YCTAHOBUTD, YTO TOCIIE 00paboTKH
Ha 3asBJIIEMON YCTaHOBKE JKCIIEPHUMEHTAlIbHBIE 00pasiibl u3jenuil u3 cruiaBa cucrembl Al-Mg-Sc

JIEMOHCTPUPYIOT BBICOKHM YpPOBEHb MPOYHOCTHBIX M IUIACTUYECKHUX CBOMCTB, IO3BOJISIONIUN
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OCYLIECTBUTh CyMMapHyl nedopmanuio 0e3 TPUMEHCHHS MPOMEXKYTOUHBIX OTKUTOB B
HETPEPHIBHOM pexxume 00padotku [256].

Ananmu3 uH(OpPMANWH, TNPEACTABICHHON B Tabiuue 7.3, MOMOIHUTENBHO BBISBHJI, YTO
BHE/IPCHHUE [AHHOW YCTAHOBKH CIIOCOOCTBYET PACIIMPEHHUIO TEXHOJIOTHYECKUX IIEPCIEKTHB. B
YACTHOCTH, O3TO BBIPAKACTCS B CHIKCHHU TPYyJA03aTparT ¥ DSHEPromnoTpeOsicHHus B Iporecce
W3rOTOBJICHHS MPOBOJOKM M3 CIUIABOB IIBETHBIX MeTaIoB. Kpome Toro, obecreunBaeTcs
BO3MOXHOCTh  BBIIIyCKA CBApOYHOW  MPOBOJIOKA HEOOJBIIMX  THAMETPOB, IPUYEM  BECh
TEXHOJIOTHYECKHH IIUKII - HETPEPBIBHOE JINTHE, MPOKATKA, IPECCOBAHUE U BOJIIOYCHHE - PEATH3YETCs B
paMKax OJIHOM MPOU3BOACTBEHHON JTMHHUH, 00ECIICUNBas BEICOKHE MTOKA3aTEId MCXaHMYECKUX CBOMCTB

nojy4aeMoro Metaimia [256].

Tabmuma 7.3 — Bugbl 00paOOTKH, pPEXKHMBI W MEXaHWYECKHE CBOMCTBA JUIMHHOMEPHBIX

nonydabpukaros u3 crasa 01570 no nepexogam

Howmep Pasmep, [Inomanp Koaddu- Bpemennoe | VYcioBHbli | OTHOCUTENBbHOE
nepexoja MM MONIEPEYHOT O LUEHT COIIPOTHB- npezaen yIuIMHeHue 0, %
CCUYCHUS BBITSDKKH JICHUE Gy, TEKy4eCTH
Kanopa, MM Aex MIIa co2,Mlla
COBMEIICHHAs TPOKATKa-IIPECCOBaHNE
1 9,0 500 79 316 217 18
COpTOBAas MpoKaTKa
1 8,4 70,7 1,14 - - -
2 7,7 58,9 1,20 326 297 8,6
3 7,4 54,3 1,08 - - -
4 6,8 45,3 1,20 424 391 7,1
5 6,3 39,4 1,15 - - -
6 5,7 31,9 1,24 413 361 7,2
7 53 27,9 1,14 - - -
8 50 24,3 1,15 421 401 58
9 4,5 15,9 1,14 - - -
10 4,0 12,6 1,26 422 415 1,8
11 3,75 11,0 1,15 - - -
12 3,4 91 1,20 458 429 3,5
BOJIOYCHUE

1 3,0 7,1 1,28 432 413 2,2
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YcTpoiicTBO 1l OECCIMTKOBOM MPOKATKH M IpeccoBaHus metamia (puc. 7.7) [257] (mateHT
P® Neo 2724758) OoTHOCUTCS K METAUIypPTrUd, B YaCTHOCTHU K HENPEPHIBHOMY JIUTHIO, MPOKATKE M
MIPECCOBAHUIO I[BETHBIX METAJUIOB U CIUIABOB, M MOXET OBITh HCIOJB30BAHO VIS MOJIyYEHUs
JUIMHHOMEPHBIX Mpecc-u3nenuii u3 Hux. OIHOM M3 OCHOBHBIX 00JIaCTel NpPUMEHEHHS SBISIETCA

IPOM3BOJICTBO TPYTKOB U MOAM(PUIMPOBAHUS AIIOMUHHEBBIX CIUIABOB M CBApOYHOW IMPOBOJIOKU
[257].
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Pucynok 7.7 — OOmuii Bua ycTpoiicTBa i OECCIUTKOBOM MPOKATKU M MPECCOBaHUS MeTaa (a) u
BUJI Matpuilbl (6): 1 — nmeub-MuKkcep; 2 — paciuiaB; 3 — BaJIOK C Py4beM; 4 — BaJIOK C BBICTYIIOM; 5 —
OXJIaKJaeMble TIOJIOCTU B BaJIKax; 6 — BOAOOXJIaX1aeMasl MaTpula; 7 — TpyOka;

8 — xene3orpaduroBas BcTaBka, 9 — pabounii kaHan BcraBku; 10 — npecc-uznenue; 11 —
KamuOpyIOIIMiA MOsICOK; 12 — MaTpunieaepxarens; 13 — BogooxiaxaaeMble KaHalbl MaTpulbl; 14, 15 —

KaHaJIbl IJId IToJABOJa U OTBOAA XJIaJOI'€HTAa

M3BecTHO YCTPOWCTBO JJIsl HEMPEpbIBHOM 0OpaOOTKM — JINThs, MPOKATKH M IPECCOBAHUS
npoBoJiokH [ 189]. OHo BKJIIOYAET MeYb-MUKCEDP, BAJIOK ¢ KAHABKOM M BaJIOK C BBICTYIIOM, CHAOKEHHbBIE
OXJIAXKJAeMBbIMU TOJIOCTSIMU, (hopMupyromue padounit kanuodp. Ha Bbixoge U3 kanuOpOBOYHOTO y3iia

yCTaHaBJIMBAETCSl MaTpHULla, BKIFOYAIONIasi KaTUOPYIOLIUI TOSIC U MPOJOJIbHbBIE KAHABKU. JTH KaHABKH,
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pAacIoNO’KEHHBIE CUMMETPHYHO Ha HApyXHOH MOBEPXHOCTH MATPHIIbI, 00pa3yloT HEOONbIION 3a30p
110 OTHOUICHHUIO K KaJuOpylomeMy noscy. B BBIXOJAHOM OTBEPCTHM MAaTpPHUIBI pa3MeIIaeTcsl TpyOka,
cHaOXeHHast HapyKHbIMU peOpamu. PeOpa BXoadT B mpojosbHble Ma3bl MaTpulpl. OAMH KOHell
TPYOKHM CONpHUKacaeTrcs ¢ KaIUOpYyHOIIMM IOSCOM MAaTpullpl, a JIPYroil — ¢ MaTpulelep’KaTeaeM.
Henocrarkom nanHOTO N300peTEHUS SBISIOTCS BRICOKHE SHEPTrOCUIIOBBIE 3aTPaThl, BOSHUKAIOUINE IPU
BBIJIABIIMBAHUHU METaJlJIa Yepe3 MaTPHUILy, N3-3a BHICOKUX 3HAYCHHI KOA(PPHUIMEHTa TPEHUS B TIpoIiecce
npeccoBanus. [lpuMeHeHne cMa3Kku B 3TOM Cllyyae HEXKEJaTeNbHO, TaK KaK OHa, Momajas B Kajauop
BAJIKOB, 3HAUUTEJIBHO CHIDKAET PEAM3yeMOCTh IPOIlecca COBMEIIEHHOW IPOKaTKU-NPECCOBAHMS,
BbI3bIBas MIPOCKAJIb3bIBAHUE BAJIKOB OTHOCUTENIBHO Je(OPMUPYEMOT0 MeTaslIa.

3ajayeil NPUMEHEHHsST STOrO YCTPOWCTBA SIBJISIETCS CHM)KEHHME HHEPrOCUIIOBBIX 3aTpaT B
nporecce MPECCOBaHMWS METajlula Yepe3 MaTpHUIly 3a CUET CHIDKEHHS KOd(QQHUIMEHTa KOHTAKTHOTO
TPEHUsT Ha TpaHMLE MeTall - Pado4YMii MOSCOK MAaTpUllbl. DTO HPUBOAUT K PACIIUPEHUIO
TEXHOJIOTUYECKUX BO3MOXHOCTEH YCTpoicTBa 3a cyeT MOBBILIEHUA 3()PEKTHUBHOCTH Impolecca U
CHI)KEHME SHEPrOCUJIOBBIX 3aTpaT Ha JeopMalliio MeTaa.

[locraBneHHas 3ajadya JIOCTMraeTcsi TEM, YTO YCTPOMCTBO /Jisi OECCIMTKOBON NIPOKAaTKU U
IIPECCOBaHUS MeTailia, CoJeprKallee Meuyb-MUKCEpP, BaJOK C PyYbeM M BaJIOK C BBICTYIIOM, UMEIOIINE
OXJIaXK/1aeMble TOJIOCTH U oOpa3zyrole padouuil Kaauop SIMYHOrO THIA, Ha BBIXOJE U3 KOTOPOIo B
MaTpHULIeJep)KaTelie  YCTAaHOBJIEHA BOJOOXJAXKIAaeMas MaTpulla, HMEIas psSIMOYTrOJbHOE
MONEPEYHOE CEYEHHE B BBIXOJHOM OTBEPCTUM KOTOPOH HMMeeTcsi TpyOKa C HapyXHbIMU pedpamu,
pAcIOIOKEHHBIMU B IIPOJAOJIBHBIX I1a3aX MaTpPHULL, IPU 3TOM, Ha MaTpHUIle Ha BBIXOAE U3 KaiuOpa
3aKperuieHa ObICTPOCMEHHAs! BCTaBKa U3 kKele30rpa(uToBOro KOMIO3UTA € KAIHOPYIOIIUM MOSICKOM,
HeoOXxoaumasi JJis MEpPeKpbITUS KaauOpa IO MOMEHTAa €ro pPacKpbITHs, BBIIOJHEHHass ¢ pabouum
KaHAJIOM 3a7aHHON QopMbl u pazMepamu. [IpuMeHeHHME TakoWl MAaTpPUIBI CO BCTAaBKOM U3
Kene3orpauToBoro KOMIIO3UTa MO3BOJSET CYLIECTBEHHO CHHU3UTh CHIJIBI TPEHUS Ha KOHTAKTe
MeTajula C TPECCOBBIM HMHCTPYMEHTOM M, TEM CaMbIM, CHU3UTh ycwiue naedopMmalvu MpU ero
BBIIaBJIMBaHUU. JTO YBEJIMYUBAET CPOK CIYKObI pabodyero MHCTPYMEHTA U SHEPrOCUIIOBBIE 3aTpaThl
Ha jaedopmanmio meramia. [Ipum 3Tom pabouuii kKaHan BCTaBKM OOECIEUMBAET IOIYYEHHME Ipecc-
u3Jenus 3aJaHHoi (opMbl, a KaTHMOPYIOUIMHA MOSCOK - 3a7aHHble pa3Mepsl. [IpsmoyronbHas dopma
MOMEPEYHOr0 CEYEHMs BCTaBKU OIPEJENIEHHBIX pa3MepoB HeOoOXOoJuMa sl TapaHTUPOBAHHOTO
NEPEKPBITUS SAMMYHOTO KanulOpa J0 MOMEHTa €ro packKpbIThs, Korjaa (opmMou3MEHEHHE MeTajula
CTAHOBHUTCS HEKOHTPOJIMPYEMBIM. JIOMOJHUTENBHBIM TPEUMYLIECTBOM TaKOW KOHCTPYKLUU
YCTPOMCTBA SIBIISIETCS BO3MOYKHOCTH T'apaHTHPOBAaHHOI'O MpWXKAaTUS MAaTpUIbl C BCTaBKOM U3
Kene3orpauToBoro KOMIO3MTAa K BajkaM, TaKk Kak YCHJIME NO/PKMMAa CTAaHOBUTCS MEHbIIE U

BEPOATHOCTb MPOHMKHOBCHUWA MECTAJlJIa B 3a30p MEXKAY BaJIKaMUu U ManI/IHefl 3HAYUTCIIbHO CHHUXACTCA.



225

YcrpoiicTBO 11 6€CCIUTKOBOM MPOKATKU U MPECCOBAHUS MeTajllla BKJIIOYAET Meyb-MHUKcep 1 ¢
paciuiaBoMm 2, BaJOK 3 ¢ py4beM U BajJoK 4 C BBICTYIIOM, UMEIOIIME OXJIAXIAEMbIe MOJIOCTH 5, Mpu
9TOM BaJIKM O00Pa3yloT 3aKPBITHII KaauOp, MEpeKphIThIl Ha BHIXO/AE BOJOOXJIAXIaeMOil MaTpulei 6,
Ha BBIXOJIHOM IIOBEPXHOCTHM KOTOPOM BBIIOJHEHBl MPOJOJIbHBIE Ia3bl, PACHOJIOKEHHBIE B
JUaMETPaIbHON INIOCKOCTH M OTCTOSIIIME OT MaTpullbl 6. B 1poonpHble a3kl BCTaBIEHBI HApYKHbIE
pebpa TpyOKH 7, UMEIOIIEH HApYKHBIN TUaMeTp MEHbIIE, YeM BHYTPEHHUN JTUaMETp BBIXOAHOW 4acTh
MmaTpuiibl 6. Ha marpurie 6 pacnonokeHa skene3orpaduToBasi BCTaBka 8, nMeromas pabounii kanan 9
o ¢opme u pazmepam npecc-u3aenus 10 u kamoOpyrommii nosicok 11. C oxHo#t cTopoHBI TpyOKa 7
yIHpaeTcs B jKene30rpaduToByI0 BCTaBKY 8 MaTpHIlbl 6, a ¢ IPYroil CTOPOHHI - B MaTpHIIE/IePKaTeNb
12. Bonooxnaxnaemble KaHaibl 13, paclonokKeHHbIE B 3a30p€ MEX]Y BBIXOJIHOM IOBEPXHOCTHIO
MaTpHULbl U TPYOKO# 7, cooOLatoTcs ¢ KaHajlaMu s mojBoAa 14 u orBoga 15 xmajgaresra.

YcTpoiicTBO PyHKIIMOHUPYET CIEIYIOIIUM 00pa3oM.

[lepBoHayanbHO paciiaBICHHBIA MeTasl, 0003HaYeHHBIA U(POI 2, MOCTYMAeT B MUKCEPHYIO
neyb 1. OJHOBpPEMEHHO € O3TUM CTapTyeT IMPOLECC €ro KpUCTAUIM3AlMKM Ha IOBEPXHOCTSX
BpAILlAlOLIMXCSl BaJIKOB, yKa3aHHBIX HomepaMu 3 u 4. OxylakJeHHE 3TUX BaJKOB IMPOU3BOAUTCS
MOCPEJICTBOM  IOJIOCTEH, TMoMedeHHbIX I1udpoit 5. Ilocme »sroro, 3arBepaeBIIMA  METaLI
MOJIXBaThIBaETCS BallkaMu 3 U 4, moaBepraercs AegopMalii B 3aMKHYTOM Kaiaubpe, oOpa3oBaHHOM
TUMHU K€ BaJIKAMU, U BBIJIABIMBAETCS HapyXy uepe3 KaauOpyromui noscok 11, pacrnonoxeHHbIN B
xene3orpadutoBoil BctaBke 8. JTa BCTaBKa HAXOJIUTCS BHYTPU MaTpulibl 6, GopMupys IpeccoBaHHOE
uznenue 10. B MmomeHT, korja pacruiaB 2 3an0JIHSIET MUKCEPHYIO IIeUb |, MpOUCXOIUT OAHOBPEMEHHAS
nojiaya xjajareHra B kanain 14. OTBoa xiajareHra peaan30oBaH dyepes3 KaHai 15.

YcTaHOBKa 1T HENPEPHIBHOTO JIMThsI, MPOKATKA W IpeccoBanus Metamwia (puc. 7.8) [258]
(matenT PD No 2792327) oTHOCHTCS K OOJaCTH METALTyprHU, KOHKpETHee K 00paboTKe METaslioB
COBMEIICHHBIMH METOJAMU HEMPEPhIBHOTO JIUThS, MPOKATKM M IPECCOBAHUSA, U MOXKET OBITh
UCMOJIb30BaHO I TOJNyYeHUs Je(hOPMHPOBAHHBIX MONYyQaOpUKaTOB M3 ILBETHBIX METAJUIOB U
CIUIaBOB, B TOM YHCJI€ 3JIEKTPOTEXHUUECKOTO Ha3HAYECHHUS.

VYcraHoBKa BKJIIOYAaeT B ce0d MUKCEPHYIO IMedb 1, 3JE€KTPOMArHUTHBIN KpUCTALIU3ATOp 2,
cHaOXeHHBIM nuTareneM 3, OJOK ynpaieHHs 4, OTBEUAIONIMH 3a 3a/laHUe MapaMeTpoB Mpoliecca,
ne(pOpMUPYIOLINH y3€l, OCHOBY KOTOPOT'O COCTaBIISIOT BAJIOK 5 C BBICTYIIOM, AMaMeTp KoToporo Di, u
BaJIOK 6 ¢ pyubeMm, uMmeromum nuamerp D, mo any u D3 no pebopae. O6a Bajgka UMEIOT BHYTPEHHUE
KaHaJbl JUIsl [UPKYJSIUN OXJIaKJAroIed J>KUIKOCTH (Ha puc. 7.8 He OTpakeHbl) U (POPMHUPYIOT
3aMKHYTBIH SIIMYHBIA KaauOp, BBIXOJOM KOTOPOTO SIBJIE€TCS MaTpuia 7 C KaluOpOBaHHBIM
OTBEPCTHEM IHaMeTpoM O, M KIMHOBUIHBIMHU TMOJOCTAMHU §, NMpEJAHA3HAYCHHBIMHU UIS OXJIXKIACHHUSI
MaTpulbl. MaTpuna nprwxumMaercs K BaJKaM C UCIIOJIb30BaHUEM THAPOLMIINHIPA, 0003HaYaeMOro Kak

9. Ilocne y3na nedopmanvyu TEXHOIOTHYECKAs MOCIEOBATEIBHOCTD BKIIIOUAET B ce0sl OXJIaXaaromiee
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ycrpoiictBo 10, mpemHasHadyeHHOE s 0OpaOOTKH TONYyYEHHBIX IMPECCOBAHHBIX u3nenuid. [lanee
clenyeT YHHUBEpcalibHasi IMpoKaTHas KieTb 11, a 3aBeprmiaer mporecc YCTPOWCTBO ISl HAMOTKH

rotoBoi nmpoaykuuu 12 [258].
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Pucynok 7.8 — O0mmuii BUJl yCTaHOBKU JJIS HEMPEPHIBHOTO JIUThSI, TPOKATKH U MIPECCOBAHUS METaIJIA:
1 — meuyb-mMuKcep; 2 — 3MEKTPOMArHUTHBIN KPUCTAJUIU3ATOP; 3 — MUTATENb; 4 — 1ePOpMUPYIOIIHIA
y3€eI1; 5 — BaJIOK C BBICTYIIOM; 6 — BAJIOK C KaHAaBKOH; 7 — MaTpuIa; § — KIIMHOBHUIHBIC TIOJIOCTH IS

OXJIaXKJEHUS MaTpuLbl; 9 — rugpoumnuyap; 10 — oxnaxaromee ycrpoictso; 11 — npokaTHast KJIETh;

12 — npecc-uznenue

B mpouecce nmpou3BojcTBa pacIUIaBICHHBIM METAUT U3 CMECHTEIBHOM Ieun | mocrymaer B
ANIEKTPOMATrHUTHBIN Kpuctaums3arop 2. OTryaa, mo nurarensMm 3, GopMUpyercs CIUTOK KPYIJIOro
CEYEHHs, MPOUIEAMNNA KPUCTAUIN3AIMI0. JTOT CIUTOK MOABEpraeTcs M3rudy, a 3arem, Onaromaps
MEXaHHU3MY MPaBUWIbHON Moaun 4, HanpaBisieTcs B kanuOp. Kanubp o6pa3oBaH BalkoM 5, UMEIOIIUM
BBICTYII, U BAJIKOM 6, UMeromuM pydeil. Jlanee 3arotoBka MpOXOAMT Yepe3 MPOIECC MPOKATKH, T/e
IPOUCXOIUT 00XKaTHE M0 BBICOTE, OCYIIECTBIsIEMOe TpeOHeM Basika 5. MeTalll MOJHOCThIO 3aIl0JIHSAET
KamuOp, Tocje 4Yero MpOMCXOIUT €ro BbIAaBIMBaHHE, (POpMHpYIOIIEe MPECCOBOE H3IeNne, Yepes
Matpuny 7. @ukcanus MaTpUibl 7 OCYIIECTBISIETCS MOCPEACTBOM TUApOUMIIMHIpa 9. OXnaxaeHue
MaTpHIbl 00ECTICUNBACTCS IUPKYISAIMEH XJ1alareHTa B KJIMHOBUAHBIX MOJOCTIX 8. 3aKITIOUYNTEIbHBIN
9Tal — HaMOTKa TMOJIYYEeHHOTO MPECCOBAHHOTO MPYyTKa B OyXTy Ha yctpoiictBe HamoTku 12. Ilepen
HaMOTKOM M3/IeNIue MPOXOJAUT UYepe3 EMKOCTh OXJaxaeHus 10 A oxJiakaeHus, a 3aTeM MOoBepraeTcs
KaTuOpPOBOYHOM MPOKATKE B YHUBEpCAIbHOM Kitetu 11.

C mpuMeHeHHeM CHeNHaTbHOW YCTAaHOBKHM OBUT M3TOTOBJIEH METOJOM TOPSYEro MpecCOoBaHUS
MPYTOK, UMEIOMUNA AUaMeTp 9 MM. DTOT MPyTOK ObUT MPOW3BEIACH M3 CIUIaBa ATIOMUHUS W MarHHs

(Al-Mg), B coctaB koToporo no6asieno 0,25% ckanaus. Llenpro co3aanus JaHHOTO MPYTKA SBISUIOCH
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JaJbHEUIIEE €r0 MCIOJIb30BAHUE I U3TOTOBJICHUS CBapO4YHOM IMpoBOsIOKU. [Iponecc HaunHancs ¢
3aJIMBKH paciuiaBa, pazorperoro 10 780-790°C, B 3aKphITHIN KaTUOpP, KOTOPHIN HAXOAUJICS B BaJIKOBOM
yctanoBke CIIIT-200. Iuamerp BajikoB B 3ToW ycTaHOBKe cocTaBisi 200 mMMm. Buyrpu kammbpa
MPOUCXOIIIO O0KaTue MaTepuajga IMyTeM IPOKATKH, COBMEIIEHHOE C BbIJABIMBaHHEM MPYTKa
Tpebyemoro auamerpa (9 Mm) depe3 MaTpuily. Marpuiia mioTHO MPUKUMANACh K BaJIKaMm Ojaromaps
YCWIHIO, CO3aBa€MOMY THAPOUMIUHAPOM. Matpuia Obuia BeiojiHeHa U3 cranu mapku SXHM, u B
Hee TMOMEINANach BCTaBKAa M3 JKeJIe30rpa)MTOBOTO KOMIIO3UTA. 3aMepbl CHIIBL, JIEHCTBYIOIIEH Ha
MaTpully, MOKa3aJid, YTO OHa CHU3WJIACh B 1,2 pasa 1o CpaBHEHUIO C MPECCOBAHHEM Uepe3 MaTpUIly
0e3 BCTaBKHU U3 xkKene3orpagpuroBoro kommno3uta. KauecTBo moBepXHOCTH NMPYTKa XapaKTepHU30BAIOCh
OJIeCTSAIICH MMOBEPXHOCTHIO U OTCYTCTBHEM HApPYKHBIX e(PEKTOB, 4TO OBUIO O0YCIOBICHO CHIKCHUEM
CHUJI TpPEHHS HA KOHTAaKTHOW IOBEPXHOCTH paldodero TMosiCKa Keae30rpauToBOM BCTaBKH U
peccyeMoro MeTauia.

Cnoco0 OeccauTKOBOW MPOKATKU-NPECCOBAHUS MPYTKOB M YCTPOMCTBO JI €ro peain3aluu
(puc. 7.9) [259] (marent P® Ne 2847204) oTHOCHTCS K METaLTypTHUH, B YaCTHOCTH K CIIOCOOaM H
YCTPOMCTBAM I COBMEIIEHHBIX IMPOIIECCOB C HCIOJIb30BAHMEM OIEepalliii HEMPEPHIBHOTO JIUTHS,
INPOKATKH U TMPECCOBaHUA. TEeXHHUYECKHM pe3ylbTaTOM SBISETCS TMOBbIIeHHE 3S()(PEeKTUBHOCTU
W3TOTOBJICHUSI TOPSYEHIPECCOBAHHBIX NPYTKOB 3a CUYET CHIDKEHUS KOJIUYECTBAa TEXHOJOTHYECKHX

HEpEeAEIIOB U TPYJOEMKOCTH IIPOU3BOJICTBA.

N

Pucynok 7.9 — Cxema crioco6a 6ecclIiuTKOBOM MPOKAaTKU-TIPECCOBAHUS IIPYTKOB M YCTPOMCTBA ISl €T0
peaym3anun: 1 — 3aTMBOYHOE YCTPOMCTBO; 2 — BAJIOK C BBICTYIIOM; 3 — BAJIOK C KAaHABKOIA;

4 — matpuna; 5 — MaTpuIleiepKarenb; 6 — CKIu3; 7 — THAPOTPIKUM

VYerpoiictBo  pabotaer crnenyromuM  obpazoM. PacmaBneHHBIH  MeTayu, TMOJaeTcs B

3QJINBOYHOE yCTPOMCTBO 1, 3axBarbiBaercsa BankamMu 2 u 3. [lpm 3TOM Ha NOBEPXHOCTAX
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BOJOOXJIAKJAEMbIX ~ BaJIKOB 2 W 3  HayuMHAeTcs  KpUcCTau3auus  Mertamia.  [anee
3aKPHUCTAUIM30BABIIMICS B BHUIE 3arOTOBKM NPSIMOYTOJBLHOTO CEUEHHUS METAT O0XHMAaeTcs B
3aKpBITOM KaiauOpe, paclpeccOBBIBAETCS U BbIIABIMBACTCS Yepe3 KaIUOpyroliee OTBEPCTUE MATPHUIIbI
4 ¢ obpazoBaHueM mpecc-uzaenus (mpyrka) 3agaHHoi ¢opMbl U pasmepoB. [Ipu BpallleHHH BaJIKOB
TUAPOIIPYKUM 7 4epe3 Marpulenepxareiib 5 W CKiIu3 6 IUIOTHO MNpWXKUMaeT marpuny 4 K
MOBEPXHOCTAM BajJKoB 2 U 3, o0ecrieunBasi MOCTOSHHBIN 3a30p MEXKIy BajJkamu U Marpuuen. Ckius 6
U3MEHSCT HAPABJICHUE BHIXO/a IPyTKa JuaMeTpoM d U yaajsieT ero u3 yCTpOoucTBa.

Pa3paboTanHble TEXHUYECKHE PELICHHS Jalld BO3MOXXHOCTh PEan30BaTh HOBBIE TEXHOJOTHH
MOJyYeHHs TPOBOJIOKH MaJbIX JHAMETpOB U3 ciuiaBoB cuctembl Al-P3M, B Tom uucie s
NPEIJIOKEHHOTO CIUIaBa, a TaKXKe CIPOCKTUPOBATh BAJIKOBBI U MPECCOBBIA HMHCTPYMEHT JJIs
peamu3any  MpoIeccoB TepMoaehOpMaIlMOHHONH OOpabOTKM € HCIOJIIB30BaHHUEM pPOTOPHOTO U
3JIEKTPOMArHUTHOTO KPUCTAJUIU3ATOPOB ISl TOTYYESHHSI 3aTOTOBKH, a TAK)KE OMBITHO-TIPOMBITIIEHHBIX

ycTaHOBOK coBMenieHHo# o6padotku CIITT-200 u CIIII-400.

7.2. ONbITHO-MPOMBINIEHHOE ONPOOOBaHHME Pa3pPadOTAHHON TEXHOJIOTHHM MOJYyYeHHs

NnpoBoJI0oKHU U3 cijiapa 01417 ¢ npumenenuem yecranosku CIIII-400

Jlyisa mpoBelieHusl SKCIIEPUMEHTaIbHO-IIPOMBIIIJICHHBIX HCTbITaHU Ha obopynoBanuu CIIII-
400 (cm. pucyHok 7.10) morpeboBaack HEMPEPHIBHOJINTAS 3aroTOBKa, Mpou3BeneHHas Ha DMK, u3
crutaBa 01417. B kauectBe 3arotoBku Obuta BbIOpaHa Oyxta ¢ aumametpoMm 12 mm. ['aGapuThl OyXThI
coctaBmd 300x1000x1000 mm, a e€ ob6mias macca gocturia 300 kr. M3roToBneHue 3aroTOBKH BEIOCH
Ha JICUCTBYIOIIEH TexHoJOrudyecko nuHuuM, npuHamiexamern OO0 «HIIL MarautHoi
TUAPOIUHAMUKID.

OU3NKO-MEXaHUYECKUE CBOICTBAa HEMPEPHIBHOJUTOW 3aroTOBKM  CIEAYIOLIUE: Tpeaes
IIPOYHOCTH IIPH pacTskeHuu coctasisgeT 212-214 Mlla, oTHOCcHTENbHOE yAJIMHEHUE BapbUPYETCS B
npeaenax 8-9%, yaenbHOe snekTpuueckoe compotusieHue — 0,03610 Om-mM?/M. B rpouecce
OTBITHO-TIPOMBIIIJICHHBIX ~ MCHBITAHUM  ObUIO  3a/eCTBOBAHO  YHMKaJIbHOE TEXHOJOTHYECKOE
000opy/IoBaHuUE, B YaCTHOCTH, YCTaHOBKA HenpepbiBHOTO npeccoBanus CITIT1-400 [215].

PesynpTaThl TeopeTHyecKMX (CM. THaBy 2) M O3KCIEPUMEHTAIbHBIX (CM. TiaBy 3)
UCCIIEOBAaHUM B BHUJE IApaMETPOB COBMEIEHHOW IPOKATKU-NIPECCOBAHUSA U PEXKHMMOB BOJIOYEHUS
MCIIOJIb30BAIM JJIsl arpoOaiy TEeXHOJIOTUU TOJy4YeHHUs MpoBOJoKU auamerpoM 0,5 MM U3 criaBa
01417, npoBeneHHON B MPOMBIIUICHHBIX yciaoBuAX Ha npeanpusatuax OOO «3aBoJl COBPEMEHHBIX

matepuanos» 1 OO0 «AnbsHc 2008».
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PI/ICYHOK 7.10 — YcTaHoBka MPOMBIINIJICHHOTI'O HETIPEPBIBHOTO ITPECCOBAHUS, COBMCIUIAIOIIAA ITIPOKATKY

u npeccoBanue (Momens CITIT-400)

Tpebyercss pa3paboTka MPOCKTHOH JOKYMEHTAIMH, ONHUCHIBAIOIICH HOBBIM BAJIKOBBIM U
IIPECCOBbIM MHCTpYMEHT. [laHHas 1okyMeHTauus Oblia pa3paboTaHa ¢ MCIIOJIb30BaHUEM TEXHUYECKHX
peLIeHNH, 3allUIIEHHbIX aBTOPCKUMU mateHTamu P® (cMm. pasmen 7.1). i skcnepuMeHTanIbHbIX
UCCIIeIOBaHM OBLITN pa3paboTaHbl KOHCTPYKIIMH BaJika ¢ BBICTYHOM (puc. 7.11, a), Banka ¢ KaHaBKOM
(puc. 7.11, 6).

KoHcTpykiuus npeccoBoro HHCTpyMEHTa IoKazaHa Ha puc. 7.12.

Ha arperare CIII1-400 mpousBoauiach 00paboTka Kpyrioi OyxToBoii 3arotoBku u3 9MK (cm.
pucyHok 7.13, a), umepmiel quamerp 18 MM u usrorosineHHo u3 ciwiaBa 01417, Bec kaxmoit OyXThI
nocturan 100 xr. ta 3arotoBka, mojydeHHas cnocooom DMK, npennazHauanacey i JaabHEHIIETO
W3TOTOBJIEHHS] JUIMHHOMEPHOTO TOPSIYENIPECCOBAHHOIO NPYTKA, UMEIOLIET0 n1uaMeTp 9 mm [215].

AHau3 TpeAbIyIIMX HCCIeOBaHUN 10 IpeccoBaHUI0 o0pasnoB cruiaBa 01417 mokasan
3HAUUTENbHOE BJIMSHUE CKOPOCTH Ipollecca Ha KauecTBO KOHEUHOro mpoaykra. Ha mepBom sTame
UCCJIEIOBaHMsSI, 1€JIb KOTOpPOrO — ONpPENENUTh HaWIydllie MapaMeTpbl, ObUla yCTaHOBJIEHA
npejienbHas JIoMycTUMasi CKOPOCTh BpAIllEHUs BaJKoOB, paBHas 8§ o6/muH. [lpu 3TOM Temmepatypa
ucxonHoro marepuana (7,) monnepxusanack Ha ypoBHe 550 °C, a Temmeparypa BankoB (7;) — Ha
200°C. Hecmotps Ha o0O0uIy0 CcTaOMJIBHOCTH IIpOLIECCa, BHIOPAHHBIE PEXUMBI CKOPOCTH U
TEMIEpaTypbl MPHUBEIN K 0Opa30BaHUIO TEMIIEPATYPHBIX TPEHIMH MO BCEH IUIONIAIU MONEPEeYHOro
cpesa nostydeHHoro crepxHs. C yaéroM atoro 3¢dexra nmocieayromme UCIbITaHUs ObUIH TPOBEICHBI
C TIOHM)KEHUEM YacTOThl BpallleHHs BaJKOB 10 4 00/MMH NPH HEU3MEHHBIX OCTAJIbHBIX YCIOBHIX. B
pe3ysbTare BBINOJIHEHHBIX SKCIIEPUMEHTOB OB HAKOIJIEH MPAKTUYECKUH OIBIT 10 KOPPEKTUPOBKE
TexHojorndyeckux mapamerpoB CIIII ans naHHOrO CrulaBa, YTO TO3BOJIMJIO M30aBUTHCS OT

BBIICYITOMAHYTBIX ILC(I)GKTOB.
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Pucynok 7.11 — BankoBsriii uHCTpyMeHT Uit yctaHoBku CIIIT-400:

a — BAJIOK C BBICTYIIOM; 6 — BaJIOK C KaHABKOM
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Pucynok 7.13 — OnbITHBIE TAPTHH HEMTPEPBIBHOIUTOM 3aroToBku u3 DMK nuamerpom 18 mm (a)

U npoBosioku auamerpoM 0,5 MM (6) u3 crutaBa 01417

Jlanee ocCymecTBIsAIOCH BojoueHue a0 auamerpa 0,5 MM, ¢ MEPUOAUYECKUMU OTKUTAMU

(monpobnoctu B pazaene 3.4). Buenpenune texnonoruu CIIIT 00ycmoBuiIO MPUTOTHOCTH CIUTKOB K
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BOJIOUCHHIO, KOTOPOE IUIO YBEPEHHO, O€3 pa3pbIBOB, a MPOBOJOKA OTJIMYAJIach MPEBOCXOIHOM
3epKaIbHOM MOBEPXHOCTHIO (cM. puc. 7.13, 6) [215].

HccnenoBanne MHMKpPOCTPYKTYphl 1oiypaOpUKaToB, MONXy4eHHBIX JuTheM B OMK u
00paboTKOl naBieHueM (CM. pUCYHOK 7.14), mpuBeno K CIeAyIOIUM BbIBOJAM. MMKpPOCTPYKTypa
HCXO/HOM 3ar0TOBKH, MPOU3BEICHHON HEMTPEPHIBHBIM JIUTHEM C IUAMETPOM 18 MM, U3rOTOBIEHHOU U3
cmaBa 01417  (puc. 7.14, a), B ceyeHuu oOpasla JEMOHCTPUPYET HAIMYHE MEIKUX
WHTepMeTaUIMIHBIX vactun ¢ rabaputamum 0,008x0,003; 0,005x0,002; 0,01x0,002; 0,007%0,002;
0,017x0,011 mM. B ctpykrype nepopmupoBaHHON ropsiueit 00pabOTKOM 3arOTOBKH AUAMETPOM 9 MM,
IOJy4eHHOM METOZOM MpoKaTKu-npeccoBanus (puc. 7.14, 0), Takxke oOHapyXKHUBaIOTCS HEOOJbILNE

unrepmeraumabl pazmepamu 0,006x0,003; 0,006x0,004; 0,015%0,005; 0,010x0,007 mm [215].

a o 8

Pucynok 7.14 — MUKpOCTPYKTypa HEPEPHIBHOJIUTOMN 3arOTOBKU AraMeTpoM 18 mm (a),
ropstueehopmupoBarHoro npytka rnocie CIIIT guamerpom 9 mwm (6)

u npoBosioku auamerpoM 0,5 MM (8) u3 crasa 01417, x200

B pamkax mpomsinuienHoro mnpennpusitus OO0  «Anbsac  2008» Obima  co3maHa
SKCIIEPUMEHTAJIbHAsL MpOorpaMMa, JeTalu3upoBaHHas B Tabn. 7.4. TemmepaTypa HpOMEXYyTOUHBIX
OTXHUroB OblIa 3adukcupoBaHa Ha ypoBHe 470 °C ¢ yacoBO#l BBIAEP)KKOH, IOCIIE YEro CcleaoBajlo
BO3JYIIHOE OXJaXKICHHE. Pe3ynbTaThl TECTUPOBAHHS MEXAHMUYECKUX CBONCTB  MPOBOJIOKH,
MOJIyYEHHbIE Ha DPa3HBIX 3Talax BOJOYEHUS M IOCJIE 3aBEpIIAIOIIEr0 OT)KUra C HCIOJIb30BAHHEM
Pa3TUYHBIX MTOJIX0JIOB, MPEICTaBICHBI B TabmuIe 7.5 [215].

B mporecce BosodyeHUs MPOBOJOKK M3 3aroToBkH, mpousBeaeHHou Ha CIIII-400, ymamock
MOJIYYUTh HEOOXOMMbIE MEXaHUYECKUE CBOMCTBA MpU KOHeuHOM nuameTpe 0,5 mm. PazpaboTaHHbIN
TEXHOJIOTUYECKUN MpoIecc, MPUMEHEHHBI B BOJOYEHUH, HPOIIEN YCHEIIHOE MPOU3BOACTBEHHOE

tectupoBanue Ha Tepputopur OO0 «AnbsaC 2008.
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Tabmuua 7.4 — Ilporpamma 3KcClieprMEHTa HalpaBJICHHOTO Ha TOJYYEHHE IMPOBOJIOKH U3 IPYTKA,

noiy4deHHoro Ha ycranoBke CIII1-400

Howmep Ha3Banue MapiuipyT BoJIOUECHHS Oo6xarue, %
ome- oncpanuu 3a Iepexo. MEX LY
panuu OT)KUTaMU
1. Bostouenue 9,0—8,0—-7,0—6,0—-5,0— | 21,0—-23,4-26,5—-30,6 88,9
(8 Hepex0/10B) 4,45—4,0—3,6—3,0 20,8— 19,2—19,0—30,6
2. OTxur - - -
3. Bostouenue 3,0-2,6—52,25—2,0— 24,9—25,1-21,0—19,0 84,0
(7 nepexo/10B) 1,8—1,6—1,4—1,2 21,0-23,4-26,5
4, OTxur - - -
5. Bostouenue 1,2—1,0—0,9—0,8 30,6—19,0—21,0 55,0
(3 mepexona)
OTmxur - - -
7. Bostouenue 0,8—0,73—0,66— 16,7—18,3—20,1—16,2 | 0,8—0,5Mm
(5 mepexoI0B) 0,59 —0,54 —0,5 —14.3 61%

AHanu3 nHbopMalluu ToXKe ToKa3ai, yTo MPoBojoka ceueHueM 0,5 MM B HarapTOBaHHOM BHUJIE
MIOKAa3bIBACT HE3HAYUTENbHYIO IUIACTUYHOCTh (cMOTpU Tabmuuy 7.5). [lnactuuHocTh MaTepuana npu
3TOM He TpeBocxoauT 3HaueHue o = 1,3%, uro pacxomurcs ¢ TY 1-809-1038-2018, rne MunMansHOE
3HaYeHHE JAHHOTO MOKa3aTessl yCTaHOBIEHO Ha ypoBHE §%.

B cBs3u ¢ 3TUM OBUIO MPUHATO PEIICHHE MPOBECTU HCCIECIOBAHHUS PA3IUYHBIX PEKUMOB
3aKTIOYUTEIIFHOTO OT)KHMTra sl JOCTHXKEHHUS TpeOyeMbIX IMokaszareneil riactTuaHocTH. Kpome Toro,
HY)KHO OBLIO ONpEeAeTUTh MHUHUMAJIBHBIA YpOBeHb JAedopMaivii, KOTOPBIM oObOecrneunBaeT
ONTUMAIBHOE COYETaHUE MTPOYHOCTH U MJIACTUYHOCTH YITPOUHEHHOW MPOBOJIOKH B MHTEPBAIaX MEXY
OT’)KMI'aMH, OCHOBBIBAsICh HA JAHHBIX, MOJYYEHHBIX B XOJI€ UCCIIEI0BaHUM [224].

[IpennoxeHHBIN BapUaHT BOJOYECHHS, TIOIpa3yMeBalOIIN 3HAUUTEIbHbIC TehOpMallui MEKIY
sTanamu (cM. Tabi. 7.4), MO3BOJIMII BHITYCTUTh MIPOMBIIIJICHHbIE TAPTUH MPOBOJIOKHU ceueHueM 0,5 Mm
(puc. 7.13, 06) ¢ 3aMaHHBIMH XapaKTCPUCTUKAMHU, MPUMEHSS (UHATBHBIA OTXKHUT TI0 PA3IMYHBIM
MpPOTOKONaM. AHalW3 JaHHBIX MO MEXaHMYECKUM CBOiicTBaM (cM. Tabnuily 7.6) MOKa3bIBaeT:
yBEJIMUYEHUE CyMMapHOU nedopMaiinu 10 nuana3zona 72-84% mpUBOIUT K 3HAUUTETHHOMY CHHXKEHUIO
MPOYHOCTH M TJIACTUYHOCTH METajlsla, a MUHUMAaJbHas TeMIeparypa JJis MPOMEKYTOUYHOTO OTXKUTA
noipkHa ObITh HE MeHee 420 °C [224].

[IpuMeHUTENHPHO K MEXaHUYECKUM XAPAKTEPUCTUKAM U YJIETbHOMY JIEKTPOCONPOTUBIICHHUIO, Y

npoBojiokn 1o TexHonorun OMK-CIIII-Bonouenne u3 crutaBa 01417 ObIIO MOATBEPKICHO

cootBercTBue TY 1-809-1038-2018 (cM. Tabmuiy 7.6).
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Tabmuma 7.5 — Mexanndeckue cBoiicTBa nonydadbpukaros u3 crutaBa 01417

[Tomydabpukar MexaHn4ecKkrue CBONCTBA
Bpemennoe YcnoBHBIN npenen OTtHOcuTeNnbHOE
conpoTtuBiienune, Ml la tekydectu, MIla yaiuHenue, %
[IpyTok auameTpom 145 85 31,1
9,0 mM mociie CIIIIT 145 85 32,0
[IpyTok auameTpom 170 150 15,8
7,0 MM 160 150 17,0
165 145 14,5
[IpyTok nuameTpom 190 170 12,0
6,0 MM 170 170 11,3
175 155 12,5
[TpoBosoka qraMeTpom 130 90 23,5
3,0 MM IOCJIE OTHKUTA 130 90 22,7
(T=420 °C, T =5 4acoB) 130 95 23,1
[TpoBomnoka qramMeTpom 190 190 13,0
1,8 MM 195 190 12,9
205 195 12,0
[IpoBosioka quamMeTpom 235 140 4.0
1,6 Mm 230 140 3,8
240 135 4,1
[TpoBonoka quameTpom 245 145 1,4
1,2 MM B HarapTOBaHHOM 240 150 1,6
COCTOSIHAH 240 150 2,0
[IpoBosoka  nHaMeTpoM 130 105 12,1
1,2 MM mocie OTXHra 130 105 15,0
(T=350 °C, T =5 4acoB) 130 100 12,2
[IpoBonoka  aAMaMeTpoOM 125 65 18,2
1,2 MM MocCJie OTKUTA 120 65 18,0
(T=400 °C, T =5 4acoB) 120 65 17,9
[IpoBosioka  nHameTpoMm 260 240 1,4
0,5 MM B HarapToBaHHOM 260 245 1,3
COCTOSIHUH 265 240 11
[IpoBonoka  aAMaMeTpoOM 165 - 16,3
0,5 MM mocne oTkUra 160 - 17,0
(T=500 °C, T =4 4aca)
TV 1-809-1038-2018 He menee 1425 - He menee 8,0

B coorBercTBUM C pa3paboTaHHOW TEXHOJOTHEW IO pe3ylbTaTaM MCCIEIOBaHUM ObLIN
M3TOTOBJICHBI OIBITHBIE OOpa3Ilbl TOPSUETIPECCOBAHHBIX MPYTKOB Ha MPOW3BOJICTBEHHOW IUIOIIAIKE
00O «3aBox COBpeMEHHBIX MaTepuajioBy», paclojiokeHHOM B c. YcTior KpacHosipckoro kpas (cM.
[Tpunoxxenue A). Ilpumensemoe B mpomecce obopynoBanue — CIIII-400, mnomyyaembie
nonydabpukarel ObuTH qrameTpoM 9 MM u3 crutaBa 01417. [locne momydeHus! IPYTKOB HA yCTaHOBKE
CIII1-400, onn moaBepranub BosodeHUto 10 nuamerpa 0,5 mm Ha 6aze npeanpustas OO0 «AnbsHC

2008» (ITpunoxenue b).
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Tabmuua 7.6 — ®U3NKO-MeXaHMUECKUE CBOMCTBA MPOBOJIOKU aAuameTpoM 0,5 mm u3 crnaa 01417 B

3aBUCUMOCTH OT PA3JIMYHBIX PCIKUMOB OTKHUI'd

CocrostHue MexaHu4eckue CBONCTBa YnensHOE
Y PSKUMBI OTIKUTa Bpemennoe [Mpenen OrnocurenpHoe | ICKTPO-
COIPOTUBJIEHHE, | TEKYYECTH, yuiHenue, % | COTIPOTHBIICHHUC,

MIla MIIa OMm MM*/M
HaraproBannoe 257 242 1,2 0,03149
260 243 1,2 0,03157
OTOoXKEHHOE 159 - 13,4 0,03139
(T=350 °C,1=4 vaca) 164 13,3 0,03136
OTOKKEHHOE 157 - 14,2 0,03129
(T=400 °C,7=4 uaca) 159 14,4 0,03137
OT0oXKEHHOE 155 - 15,8 0,03132
(T=450 °C,1=4 vaca) 157 15,2 0,03143
OTOXKEHHOE 160 - 16,7 0,03141
(T=500 °C,1=4 vaca) 157 16,8 0,03132
TV 1-809-1038-2018 1425 - 8,0 0,03200

Takum o00pa3oM, NpOaHATU3UPOBAB JaHHBIC, MOXHO 3aKJIIOYHUTh: OHU MOJTBEPKAAIOT
HepBOHAYAIBHBIE 3aKIIOYeHUs. [IpOBOJIOKA, M3rOTOBIEHHASI COTJIACHO NPEIUIOKEHHOH TEXHOJIOTHH,
HOJHOCTBIO COOTBETCTBYET nojoxeHusM TY 1-809-1038-2018. DT1o oTHOCHUTCS K €€ MEXaHUYECKUM

XapaKTEePUCTUKAM, [TapaMeTpaM YIAEIbHOT'O 3JIEKTPOCOIPOTUBIICHUS U YPOBHIO TEPMOCTONKOCTH.

7.3. BeIBOJBI 110 IJ1aB€

1. Pa3zpaOGoranpl 3ammiieHHple 6 mnaTeHTamMu P® HOBble TEXHMUYECKHE pELIEHHUsS Ha
KOHCTPYKLIUU YCTPOWCTB JUIsI COBMEILICHHOM HpPOKAaTKU-TIPECCOBAHMs, OECCIUTKOBOW MPOKATKU WU
IPECCOBaHUs, HA OCHOBE KOTOPBIX CIIPOEKTHPOBAHBI, W3TOTOBJIEHBl M ONpPOOOBAaHBI HMHCTPYMEHT,
BaJIKOBBIE U TipeccoBbie y3ibl ycranoBok CIIIT-200 u CITIT-400, a Taxke 1 cruiaB cucremsr Al-P3M.

2. B xozme mnpoMBIIIIEHHBIX HCHBITAHUM JaHHOM TEXHOJOTMU ObUIM arnpoOupOBaHbI
TEXHOJIOTHYECKUE MapaMeTpbl 00paboTKU MeTajla, IPUMEHUMbIE K HEIpPEPhIBHOMY MPECCOBAHUIO U
BOJIOYEHHIO, @ TAK)K€ PEXHUMBI MPOMEXKYTOYHOIO M 3aBEPLIAIOLIET0 OTKUroB. Llenp — momydeHue
npoBoJioku n3 cruiasa 01417 nnamerpom 0,5 mm.

3. bbulo ycraHoBieHOo, 4TO 0O0pa3lbl MNPOBOJIOKH, IPOU3BEIECHHBIE C MPUMEHEHUEM
pa3paboTaHHON TEXHOJIOTHH, AEMOHCTPUPYIOT COBOKYIMHOCTh MEXAaHMYECKHX M AIIEKTPO(PUZNUECKUX

XapaKTCPUCTHK, COOTBCTCTBYIOIIUX YCTAaHOBJICHHBIM TpC6OBaHI/I}IM, II0CJIC BBITIOJTHCHH A
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3aKJII0YUTENBHOrO oTxura npu temmneparype 500 °C u npoJo/KUTENBHOCTH IIpoliecca B TeueHue 4
4acoB.

4. OnpeneneHbl  palMOHANIbHBIE PEXHUMbl  J1e(OPMUPOBAHMS, TEMIEpaTypHble H
CKOPOCTHBIE XapaKTEPUCTHUKU [UI Ipoliecca HENPEephIBHOIO IPECCOBAHUSA, HCHOIb3YEMOro Ha
ycraHoBke CIII1-400 Ha OCHOBE MPOBEAECHHOTO KOMIBIOTEPHOTO MOAEIHPOBaHUsS. [IpOMBINIICHHBIE
ucneltanus ocyuiectsieHbl Ha OOO «3aBoj; COBPEMEHHBIX MAaTEpUAIIOB» C MOJIYYEHHEM OIBITHBIX
napTUil NMPYTKOB, U3TOTOBJIEHHBIX U3 ciaBa 01417 ¢ nuamerpom 9 Mm. B kauecTBe 3aroToBKM AJs
IPOM3BOJICTBA UCIIOJIBb30BATIACh HEIIPEPHIBHOIMTAS 3ar0TOBKA, pou3BeieHHas Ha OMK.

S. [To mpenioXKeHHOMY peXHMY BOJOYEHHUS IPOM3BEAEHBI IMPOMBILIUICHHbIE MapTHU
npoBosioku guamerpom 0,5 mm u3 crutaBa 01417, m ycTaHOBIIEHBI PEXUMBI NIPOMEXKYTOUHOIO U
OKOHYATEJIbHOTO OTKHUTOB.

6. BoeisiBieHO, 4TO mpou3BeAeHHAas MO JaHHOW TexHojorumdyeckor cxeme OMK-CIIII-
BOJIOUEHHE IMPOBOJIOKA, uMmeromas auamerp 0,5 MM u u3rotoBieHHas u3 cmiaBa 01417, unenukom
OTBEYAET MapamMeTpam, periiaMeHTHPOBaHHBIM TeXHHUeCKuMH ycaoBusmu TY-1-809-1038-2018.

7. OnbITHBIE MAPTUU TPOBOJIOKK ceueHueM 0,5 MM, IpOou3BEIEHHbIE B paMKaX OIBITHO-
IOPOMBIIIJICHHOTO 3Tamna, IOJBEPIVIMCh CEPUM MCIBITAaHUM, HaNpaBIEHHBIX Ha OLEHKY HX
MEXaHUYECKUX, JIEKTPOTEXHUYECKUX XAPaKTEPUCTUK M TEPMOCTOMKOCTH. VcnbITaHUsI MPOBOJMIUCH
Ha 0a3ax cienyromux opranuzanuii: OO0 «3aBoj coBpeMeHHBIX MaTtepuanoBy (T. Kpacnospck), OO0
«HayuHno-nnpon3BoacTBeHHbIN 1eHTp MaruutHoil rugpoguHamuku» (r. Kpacnospck), OOO «AunbsiHC
2008» (r. Kpacnosipck), a takke B COAO «l'omenbkabens» (r. 'omens, Pecnybnuka bemapycs).
Pe3ynbrarel TECTMpOBaHMSA MOATBEPAMIN COOTBETCTBUE MPOBOJOKM auaMerpoM 0,5 MM u3 crasa
01417, W3rOTOBIEHHOW C TPUMEHEHHWEM JIBYX HCCIEIYEMbIX TEXHOJOTHYECKUX IOJIXOO0B,
tpeboBanusim  TY  1-809-1038-2018 B 4YacTu COBOKYIMHOCTH  (U3UKO-MEXAaHUYECKHX H

9KCILTYaTallHOHHBIX HOKaSaTCHCﬁ, Ha6J'IIOI[aeMBIX B OTOXOKCHHOM COCTOSAHHUHU (CM. HpI/IHO)KCHI/IH A-B)
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3AK/IIOYEHUE

Ha ocHOBaHUM BBITIOJTHEHHBIX UCCIIEOBAHUH ClIEIaHbl BEIBOABI M MTOJyYSHBI PE3YJIbTATHI.

1. B pamkax pa3BUTHS Hay4YHBIX OCHOB COBMELICHHOH IPOKATKU-TIPECCOBAHUS
JUITMHHOMEPHBIX J1e(hopMUPYEMBIX M01y(haOpUKaTOB U3 aTIOMUHUEBBIX CIIJIAaBOB BIIEpPBBIE pazpaboTaHa
TeopeTuueckas 0a3a Il HCCIIENOBaHMWl MpoleccoB JedopManuu 3aroTOBKU MPSMOYTOJIbHOIO
MOMEPEYHOr0 CEYEeHMsI MPU HCIOJIb30BAHUU OJHOTO IPUBOJHOTO Bajka M 3aroTOBKU KPYIJIOTO
MOTIEPEYHOTO CEYEHHMsS MpPH HUCHOJIb30BAHUHU JIBYX NPUBOJIHBIX BAJKOB B 3aKPBITHIX SIIUYHBIX
KanuOpax, MO3BOJIIONIMX CHU3UTH dHEpPro3arpatsl Ha nedopmanuio meramia npu CIIII B cpennem Ha
30-50% 1o CpaBHEHHIO C MCHOJIB30BAHUEM JBYX NPUBOJHBIX BaIKOB, KOTOpbIE BKIIOYAIOT
TEOPETUYECKHI aHaaM3 TEeOMETPUYECKUX M HSHEPrOCUJIOBBIX IMapaMEeTpoOB Ipolecca, €ro
MOJICIIMPOBAHKIE M aHAJTMTHYECKYIO OIICHKY TeMIIEpaTypsl 1e(OPMHPYEMOTO METala U TeMIepaTyphl
BAJIKOB Ha KOHTaKTE MPHU MPOXOKACHUU KAKIOW 30HBI oyara aedopmManuu 0e3 ydera U C Yy4eTOM
OXJIQXK]ICHUSI THCTPYMEHTA.

2. B pesynbrare pelneHus BapUallMOHHOW 3aJaud M YHUCIEHHOTO MOJEIUPOBAHUS
BBISIBIICHBl OCHOBHBIE 3aKOHOMEPHOCTH (OPMOM3MEHEHHUS MeTajlyla TpU IPOKATKEe-PECCOBAHUU
3arOTOBKH KPYTJIOTO TMOMEPEYHOTO CEYCHHUS B 3aKPBITHIX SIIUYHBIX KAIMOpax M MOIydeHbl (POPMYITBI
JUISL pacyeTa ONTHMAJIbHOW BEIMYMHBI YAAJNCHUS MaTpHUIBl OT OOIIell ocu BaJlKOB, MOKa3aTenel
HANpPSDKEHHOTO COCTOSIHUS W MOJBOJMMOI BajlkaMM MOIIHOCTH MpPH YCIOBUM MUHUMAJIbHBIX
PHEPro3aTpaT Ha OCYIIECTBIICHHE MpoIecca AedopMaIiim.

3. [Tonmy4eHbl perpecCHOHHBIC 3aBUCHMOCTH PEOJIOTUYECKHX CBOWCTB JUISI YeThIpeX
HCCIIeyeMbIX CIUIaBoB cucteMbl Al-P3M.

4. Co31aHbl KOMIIBIOTEPHBIE MOJENH MPOLIECCOB COBMEIIEHHOW MPOKAaTKU-IPECCOBAHUS,
UCTIOJIb30BaHUE KOTOPBIX NTAJI0 BO3MOXKHOCTH TOJYYHTh HOBBIE HaydHBIE JaHHBIC, B TOM YHCIE TI0
napamMeTpaMm TepMojaepOopMalMOHHON 00pabOTKM TIPH HKCIOJIB30BAHUM 3arOTOBKU  KPYIJIOTO
MONIEPEYHOT0 CEUeHHs! ISl UCCIEeyeMbIX CIUIaBOB, OCHOBHBIMM M3 KOTOPBIX SIBJISIOTCS CIENYyIOIIHUE!
temneparypa oopadotku 480-550 °C; remnepatypa unctpymenta 100-200 °C; oOxarue npu npokarke
He MeHee 50%; BBITSKKA IIPH MTPECCOBAHUY B AnMarna3one 6,5-15,3.

5. [Tpu ucToNBp30BaHUM STUX JAHHBIX MPOBEIEHBI IKCIIEPUMEHTAIBHBIE UCCIICAOBAHMS JIIS
OTBITHBIX CIUIABOB C OLEHKOW TEXHOJIOTUYECKUX M SHEPrOCHUIIOBBIX MHapaMeTpOB COBMEIIECHHOMN
00pabOTKH C LETBIO MONTyYeHHs Je(pOPMUPOBAHHBIX U OTOXKEHHBIX MOTY(HaOpUKATOB U MPOBOJIOKH.

6. [IpoBenena oneHka pU3NKO-MEXaHUIECKUX CBOMCTBA TTMHHOMEPHBIX TOJTy(PaOpUKaTOB
U3 HCCIEMyeMBIX CIUIaBOB Ha BCEX TEXHOJOTHMYECKUX TIepe/ielax ¥ YCTAaHOBIEHO, YTO OHHU
COOTBETCTBYIOT YPOBHIO IIJIACTUYECKUX U MPOYHOCTHBIX CBOWCTB MONy(PaOpHUKATOB, MOTYHYEHHBIX

TPaJUIIMOHHBIMHU BUJaMH 00pabOTKH (TIpeccoBaHUEM, POKATKOMN).
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1. Cozana MeTOAMKa peanu3allid MOCIeI0BATEIFHOCTH Pa3padOTKH TEXHOJIOTHUUYECKUX
IIPOLIECCOB COBMEIIEHHON 00paOOTKH aJOMUHUEBBIX CIUIABOB ISl IOJYYEHHS IPOBOJOKH MAJIBIX
TUAMETPOB, C MPUMEHEHHEM KOTOPOW IPOBENEHbI KOMIUIEKCHBIE MCCIEIOBAHUS STUX IPOIECCOB
IPUMEHHUTEIBHO K ciijlaBaM cuctemsl Al-P3M.

8. Pa3paboTrana TEXHOJOrMsI W IPOU3BEACHBI OIBITHBIE CEPUM DIEKTPOTEXHUUYECKOM
npoBosioku auamerpoM 10 0,3 mm u3 cmiaBoB Al-P3M ¢ pa3HbIM ypoBHEM Iepusi W JaHTaHA.
OrnpezenieHo, 9YTo U3roTOBJIEHHAs 110 MpeaiokeHHoM TexHomornyeckon cxeme DMK-CIIII-Bonouenue
npoBosioka u3 cruiaBa 01417, B OTOXOKEHHOM COCTOSIHMM, 00JafaeT KOMILIEKCOM (hU3HKO-
MEXaHUYECKUX U IKCILTyaTallMOHHBIX XapaKTePUCTHK, cooTBeTcTBYOmMX TY 1-809-1038-2018.

9. Paspaborana  TexHosorMs M IPOU3BEAEHBI  IKCIIEPUMEHTAJbHBIE  MAPTUU
AJIEKTPOTEXHUYECKOW TIpOBOJIOKM auamerpom 10 0,3 MM u3 cruraBoB cuctemsl Al-P3M. B
MPOU3BOJICTBE MpuMeHsnach cxema bIIII-Bonouenue, B crutaBax BappupOBAJIOCh COACPKAHUE LIEPUS U
JaHTaHa. YCTAaHOBJEHO, YTO MPOBOJOKa W3 cruiaBa 01417, W3roToBineHHas MO JaHHOW TEXHOJOTHH,
1ocjiae OTXKHra o0JamaeT HEOOXOAWMBIM KOMILIEKCOM (PH3MKO-MEXaHUYECKUX XapaKTEPUCTHK U
COOTBETCTBYET dKCIUTyaTallMOHHBIM TpeboBanusiMm TY 1-809-1038-2018.

10.  PazpabGoTraHa TEXHOJIOTHUS M MPOU3BENEHBI IKCIHEPUMEHTAIbHBIE MAPTUH CBAPOYHOMN
MPOBOJIOKKA auamerpoM 3 MM, U3 cmiaBoB 01570 u 1580. YcraHoBieHO, 4YTO MpPEI0KEHHBIN
TEXHOJIOTUYECKUH TPOLIECC MPOU3BOJICTBA CBAPOYHOM MPOBOJIOKHM, BKIIIOYAIOIIMN B ceOst TpU dTama
obpabotku (BIIII, copToByHO MpOKATKy, BOJIOYECHHWE) W ONEPAlUU TPOMEKYTOUHBIX OTIKUTOB,
o0ecrevynBaeT BBIMYCK BBICOKOKAYECTBEHHBIX IJIMHHOMEPHBIX Ne(OPMUPOBAHHBIX MONYy(haOpUKaToB,
MOJTHOCTHIO COOTBETCTBYIOLINX TPEOOBAaHUSAM aKTyaldbHBIX cTaHIapTOB, Takux kak ['OCT 7871-20109.

11.  PesynbTarhl ucciaeAOBaHUMN MPOILIM MPOMBINIJIEHHYIO anpoOauio Ha MPEeANpUITHIX
METATyprudeckoro u marmHoctpoutenbHoro mpodwis ([punoxenne A-E), a oxumaemsiit
SKOHOMUYECKUH 3(PPeKT OT BHeIpeHHs pa3pabOTaHHBIX TEXHOJOTHH COBMENIEHHOW 00paboTku
TOJIBKO JIJIsl U3TOTOBJIEHHUS poBosIoky u3 craBa 01417 cocraBun 7215500 py6. B roa (Ilpunoxenue
X).

12. Co3gaH W 3amaTeHTOBAH PsJl TEXHHYECKUX M TEXHOJOTMUYECKUX perieHuid [255-259],
MIPUMEHEHNE KOTOPBIX MO3BOJISET NOBBICUTH IPOM3BOAUTEIBLHOCTh MIPOLIECCA HETIPEPHIBHOM MPOKATKU -
MPECCOBAHUS M KAueCTBO MOIy4YaeMbIX Mpoduiiel, CHU3UTh €r0 TPYAO- M SHEPrOEeMKOCTb, a TaKkKe
MO3BOJIIET MOJIydaTh JAePOpPMHUpPOBaHHBIE MMOTy(haOpUKaThl M3 3arOTOBOK KPYIJIOTO IONEPEYHOTO
CEYEHHUs MaJIOIIACTUYHBIX METAJUIOB U CIJIABOB C BBICOKUM YPOBHEM MEXaHUYECKUX CBOMCTB.

13.  Pe3ynbTaTsl paboThl BHEAPEHBI B Y4EOHBIM Mpolecc Ui MOATOTOBKH MAarucTpoB IO
HanpaBienuto 22.04.02 «Meramnyprusi»  (mporpamma  22.04.02.05 «OO6pabGoTka MeTayLuIoOB
JaBJIEHWEM») U acupaHToB 1o HampasieHuto 22.06.01 «TexHomornn mMaTepraioB» CIEIUATBHOCTH

2.6.4. (05.16.05) «O6paboTtka metayuioB naBieHuem» (IIpunoxenue N).
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ITPUJIOKEHUSA
I[Ipunoxenne A
VTBEPKIAIO
E BO «Cubupcrni Hupexrop
Rt HEPCHTET OOO naxlsqn cqn’baueuum MATCPHAIORN
B.M. Koamakon g L M.
2018 1. Y g/ 2018 .
AKT ‘~-,_ P 4

NPOMIIICHHON anpobalul pe3yIbTaTon Hec e 0BaRMIF IO | AOAYSCHHIO TPOBOJOKH
#3 crasa cueremsl Al-P3M meroniom coBmeennol 0bpadoTkn

HacToaiumm aKTOM NOATBEPKAIETCR, HTO PEIYNBTATH HAYYHBIX HCCEOBAHHA N0 COZAAHHIO
H BHCAPCHHIO B NPOWIBOACTBO IHEprocheperaiomedi TEXHONOIHH COBMEICHHON obpaboTkn ©
NPHMEHEHHEM ONEPalMil AHTHA, NPOKATKH M NPECCOBAHMS, NPEAHAIHAYECHHOR ANK NOAYYEHMS
JUTHHHOMEPHBIX AehopMUpORAHHEIX NOYhabpHKaToBs #3 criaasos cHeTemul Al-P3M, ennoanernne
KOJIEKTHBOM YHEHMIX HHCTHTYTR UBETHWX METWII0B W Marepuaiosesenns (MLIMuM) COY e
cocrase C.b. Cuaeasnukosa, J1.C. Bopowmaosa, M.H. Jomkenxo, P.M. lNaavesa, A.A.Kosanesoft,
AlL Camuyxa, O.B. fAsussiox, T.B. Bepmewesa u cryaewramu [LH. HlaGapuums, B.A.
@posossiyv, JLB. Hasapenxo, H.H. Beaokonosoit, A.B. JlypHONsRHOBKIM (POLLIK TPOMBILLICHHYIO
anpobaUMI0 M N03BOANOT NOBLICUTL  SHPCKTHBHOCTE NPOUCCEE  HATOTORJACHHS  (IPOBOJOKH
CBAPOYHOTO M JICKTPOTEXHHUECKDIO HATHAYSHHN.

Texnosiorus Owina paspaborasa B AaGOPATOPMM COBMCIUCHHBIX MCETONOB 0BpabOoTKM
HLMUM COV u peanusonana ua ycranoske cosmeuentoft obpadorke CIITN-400, yeranosaenuoi
Ha 000 «3aB0 COBPEMEHHBIX MATEPHAIORY.

Ona BRIIO4ANA B CeDA CHEAYIOUINE NepeaLkl:

- NPHIOTOBJICHME CrAaBoB cHcTeMbl AFP3M ¢ paznuuHmM COACPKAHMEM PEIKOIMENBHBIX
METALIOB:

= NOAYHEHHC THHHOMEPHBIX 38TOTOBOK AMAMETPOM 3 - 9 MM HE YCTAHOBKEX COBMEILEHHOIO JMTHR
u npoxarku-npeccosanus  CII1-200 (COY) u CIHI400 (D00 «3ason  coBpeMeHHBIX
MATEPHAIOBEY );

= NOJYHEHHE NPOBOIOKN AHSMETPOM 2 MM W3 NONYHCHHBIX 38rOTOBOK METOADM BOIOYEHMS.

o pa3paGoTanHOA TEXHOJOTHH H3TOTORIEHB OTMTHBIE NAPTHH  AchOPMHPOBIHHBIX
noaypaGpHKATOB B BUIE NPYTKOB H NPOBONOKH M NPOBEACH AHAAMI MX MEXOHMYCCKHX W
IKCIUTYSTAUMOHHBIX  CHOMCTE., BHICOKME NOKAIATENM MX  (POYHOCTHBIX, [LIACTHYECKHX W
MEKTPOPHUINYECKHX XAPAKTEPHCTHE GhUTH MOATBEPKACHLI MCITBITAHHAMH MCXAHHYECKMX CBOHCTB
(FOCT 1497-84), snexrpuucckux csoiiors (FOCT P MDK 62004-2014), a take pesyasTaTtamu
METRINOrPRPHUECKOro aHAINIA MAKPO- M MUKpOULIMGOR noayueHHRX noayhabpukaros.

Taxusm obpaiom, paspaboTanHas TEXHONOTHA NOIBOIACT NOAVHATS TPOBOAOKY CBAPOHHOTO M
AMEKTPOTEXHHYCCKOIO HA3HAYEHMS M3 CnaasoB cucTemb AlFP3M ¢ TpeSyeMbiMH 3HRUEHUAMH
MEXAHMUCCKHMX M IKCILUIYATAUHOHHBIX CBOHCTE IR HYMKA OTCUCCTBEHHOR JNCKTPOIHEPICTHRH M
JIpyTHX oTpaciei NPOMBULICHHOCTH.

3as. kadeapoii OM/1 ®PI'AOY BO CaY
JI-p TeXH. Hayk, npod.

% = C.B. Cunensunkos
«__7]5 07 2018 r.

= == e
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IIpuioxenune b

NPOMBINLICHEOH aNPOCALNEA DEIVALTATOB HOC/ICAOBANNT 110 NOIYHEHRI0 TOHKOH HPOBOAOKH
ABUAUNOHHOrO HA3HAucHNs 12 cnness 01417 weronom cosvenentoil 06padoTRn

HacTosiuM 8KTOM NOATAEPHARCTCS, MTO Pe3VALTATHl HAYWHEIX HOCHCAOBAHIA MO CO3JAHHIO M
BHEAPESHINIO B NPOHIBOACTEO TEXHONOIH NOAYHEHIA TOHKOH MPOBOTOKH W3 HENpPepHIBHO-IHTON 3aroTOBKK
OMK cnnaza 01417 ¢ npuvenesxev onepaumii cOIMEWICHHOW O0paSOTKH, B PAMKAX  HAYHO-
uccagaosateabexod  paSorel  18-48-242021  wiPaspaforxa  DyHIAMEHTANEHMX  OCHOB  NONYYeHHA
AeOPMUAPOBAHHLIN NONYGASPHKATOR MEKTPOTEXHMHECKOIO HAIHAYEHHN K3 BLICOKOICTHPOBIHHEIX CIUIABOB
chcTeMsl Al-P3M ¢ npiivenenneM Meronoe cosmelleHrol obpaSoTki B HCWISRORAHHE HMX PEONOrHHECKHX
cBOHCTBY, noasepmadnod Poccufickum  dosaoM  dyeaavemiansumx iccregosaxiil.  [lpaznitenscTBoM
Kpachospoworo kpad, KpacHospokum kpasesiM Gorgom Hayku # ODO «HIILL Maruuraoli rEaponssaMEKEs,
BLINOMHEHHOA KONNMEKTHIOM YHEHIX HHCI11YTa H3STHLIN METALIOB W MarepHricaeaeHia COY s cocrase C.B.
Cupensunrosa, MM, Motxoea, JL.C. Bopoinkacza, P.W, Iaareza, B.M. becnanosa, E.C. Jlonartuioi, AB.
Aypronssroes, P.E. Coxonosa, T.B, Bepuemesa, O.B. Sxuziok 1 cryseniavi M.B. Bopouwmnosod, [1.B.
HazapeHko npoiia npoMmeliuneHHyo anpoSaumo. TeXHOMOMA nojy4esis TOHROR nposonoxd Obiia
paspaborasa 8 nadopaiopits coMellledHnX MeToaos ofpaSorkn MIIMuM COVY 1 peamizozana Ha OnbITHOM
yaacike Q00 «HITIL MarduTholl rHAPOAHHAMIIKIS € NPHMEHEHHEM MNPOMSIINEHHON  YCTAHOBKH
HENPEPLIBHOIO JHTES 8 MEKIPOMArHMTHSIA kpscTananiatop SMK-12, 8 Taoxke HE yCiaHOBNAX COBVEIEHRON
ofpaborri CTIT-200 (®TAOY BO COV), CTIM-400 (000 «3a204 COBPEMEHHLIX MATEPHATOR ) H THHIER
sonoseHir (Q00 «Ansanc-20080). PazpaboTaHHas TEXHOMOMN BRAKSEET B Cels CleymiliHe Nepaaekl:

- HETIPEPHIBHOS AHTBE ANHHHOMEPHBIX CAMIKOR JMAMETPOM 12 MM C HCRONB20BZHHEM METORA
anextpomariuTHOR kpuctananzains (000 «HITL Marsnrsoll ruiposstHaMigin );

- ux aedopmaurornas ofpalorke Ha naSopatopHolt yclasozxe CIIN-200 (PTAOY BO COY) w
npossiunesreit yeredosxe CIITT-400 (OO0 «32304 COBPEMEHHLIN MATERIANOEA) METOAOM COBMELISHHONK
APORATRU-NIPOCCOBAHIR /LI NIONYHCHIR MPYTROB JIMAMETPOM 5 - 9 mwm;

- BOJIOHCHME TIPYTROA [UIE NOSYYSHUA NPOSONORM Suamerpom 10 0.5 MM ¢ NPOMEKYTOUHBIMH 1
OKOHMaTeabHRM OTMravu (000 «Aasanc-2008%),

o paspaloransodl TEXHONOIMH H3TOTCANCHR! ONBITHRE RAPTHH AchopmupoaaHibX nonydabpuraTos
8 BUAC UTMHHOMCPHBIX CAHTROS, MPYTROB M NPOBOIOKH, NPOACACH SHATHI HX MOXAHMYCCKUN CBOHCTS M
AICKTPONPOBOAKOCTH. BhicOxMe noxasarend MX OPOYHOOTHBIX M AACTHYCCKHX XAPAKTEPHCIHK ObulM
NOATBCPAUICHR MCMbITaHNaMH MexaHuseckux csciiote no TOCT-1497-84 w I'OCT 10346-80, yaensHoro
anekTpiseckoro conpotuancsHkr no [OCT-7229-76. TMonyuetiHere PE3ynhTaThl MCXSHHYCCKHX CBOHCTH M
WIEKTPONPOBOAMOCTH B NOIHOH Mepe cootaercraytor TY 1-809-1038-2018.

Takiw ofpasom, paspalboranias TEXHONOTHA TO3AOIACT MOIYHAT TOHKYIO MPOBONOKY ABHAUMOHHONO
Haziayeina 13 cruiaza 01417 ¢ TpelyeMsivi TCXHIHECKIEME YCIOBHAMH 3HAYCHIAMHE MCXAHHHCCKHX CBORCTS K
AIEKTPOTNPOBOAHOC I,

COI'TACOBAHO COI'VIACOBAHO COI'VIACOBAHO
PyKOBOMHTEAbL NPOCKTA, A-P TEXH. Hupexrop Hupextop
Hayk, npod. kadeaps OMJT A 000

®IrAQY BO «Cubipexui
Degepaibinil YHHBEPCUHTETH
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NPoMbIIICHHOR anpobanun pesyasTaTos necaetosanuii no MOJAYHEHMIO TOHRKOH 1POBOIOKH
ABHAUHOHHOTO HASHAYCHHS 13 cnaasa 01417 merogom cosmemennoii obpaborkn

Hactoswmm axtom noarsepiazercs, yro PE3YNbTaTLl HAYYHBIX MCCACAOBAHMA N0 COIAAHMIO M
BHEAPCHHIO B MPOHIBONCTBO TEXHONOMHM NONYYEHHA TOHKOH NPOBOAOKH M3 HENPCPBIBHO-NHTONR 34rOTOBKM
OMK cnaama 01417 ¢ npumenennes Onepauni - cosmewennoil  obpaborku, B pamkax HAYHHO-
Heeaenosatensckodf  paSors  18-48-242021  ««PaspaGorka pyHaaMeHTANBHBIX  OCHOB  NONYHEHMS
AehopMUpoBAHIBIX NOAYDAGPHKATOB NEKTPOTEXHHUECKOrO HATHAYCHUA M3 BRICOKOZICTHPOBAHHBIX CNAAROB
cHeremer A-P3M ¢ npumerieHuem METO0B COBMEIIEHNON 06paboTkH W HCCTEROBAHME HX PEOAOrHYECKHX
croficTay, noasepmannoil  Poccuiickum  domaom yHaaverTanLHBIX  Mccnenosanuit, Tpasurensernom
Kpachospcxoro kpas, KpacHospekum kpacsbim doraom Haykn 1 000 «HITLL Marunthodi THAPOAMHAMHKHY,
BINQIHEHHON KONIEKTHBOM YHCHBLIX HHCTHTYTA LIBETHBIX METAILIOR H marepuastorencuus COVY s cocrase C.B.
Cuaensuuxosa, K0.B. I'opoxosa, JI.C. Bopowwiosa, B.M, Becnanosa, M.M. Motkosa, A.Il. Camuyxa, A.B.
Aypronsvanosa, T.B. bepmewesa, JI.B. Hasapenxo, A.C. Crpurusa, H.b. ODpawmmeesa, npouna
npomuiuaenHyo anpoSawmo. [lonywennsie pesynnrars NOATBEPAUABIOT BOIMOKHOCTE  HCTIONLIOBAHHA
TEXHOJIOTHM INEKTPOMATHHTHOR KPHCTRATHIAUMH NPH NONYMCHHH HENPEPHLIBHOTO NHTEIX IArOTOBOK noa
TOHKOE BOJIOYCHHE BIAMEH MPAHYALHOA TEXHONOMHH,

Texnonorus nonyyenns Toukoit nposonokn Suna paspaGorana B 1aGOPATOPIH COBMEILEHITBIX METOAOB
obpatorku HLIMUM COY x peammosans Ha onsrvHom. yuactke OO0 «HIILL Maruurioit runpoauuamukmy ¢
TPHMEHCHHE (IPOMBILLACHHOM YCTAHOBKM HENPEPLIBHOIO THTLA 1 ANCKTPOMATHMIHBIA kpHeTanaHaaTop IMK-
12, 3atem Ha yYCIBHOBKE HENPEPLIBHOTO npeccosanna «T1J 300» w nva nuHum gonouenns HESF 5/3 «MAG»
(COAOQ «IomenbkaGenny).

PaspaGotannas TexHonorns skmouaer B ceba caeaylomme nepeac!is;

- Henpepbisnoe anthe AnuHHOMEpHEIX 3aroTomok auamerpom 12 MM METOAOM 31eKIpPOMArHITHOM
kpucranansaumn. (OO0 «HITL] MarsurHol ruapoauHamukmy)

- Hedopmausonnan oGpaBorka UIMHHOMEPHEIX 3aroTOBOK Ha naGoparopuoii (CHY) u npomsiunennod
YCIaHOBKAX HENPepbiBHOTO npeccosanna (COAO «Iomenuxabens») a0 auamerpos 2,65 — 5 mm.

- Bonouenne nposonokn 10 amamerpa 0,5 mw ¢ TPOMEAYTOMMBIMH M OKOHUATCALHBIM OTHKHIAMM,
(COAO «l'omenskabiensy)

Io paspaGoTaHHOH TEXHONOrHH MIrOTORNEHI ONBITHBIC naptun aedopmuposantbix nonydabpukaros
B BHAC [IDYTKOB H MPOBOIOKH, MPOBENCH AHRANI HX MEXAHHYECKHX CRONCTS M INCKTPONPOBOAHOCTH, Bricokue
MOKAIATEAH KX MPOUHOCTHBIX M MIACTHYECKHX XAPaKTCPHCTHK  Gbiam NOATBEPAUCHB!  HCTILITAHHANH
MexaHruecknx ceoiicts no NOCT-1497-84, yaensuoro AEXTPUMECKOro conpoTusicHnus no MOCT-7229-76.
TMomyuennbie pesyabTaTsl MexaHHHCCKHX CBOMCTS 1 SNIEKTPONPOBOANOCTH B NONHOI Mepe cooTseTcTayior TY
1-809-1038-2018,

Taxum 0Bpasom, papaboTanHas TEXHONOMMA NO3ROASET NOJIyHarh TOHKYIO NPOBOIOKY ABHAIMOHHOIO
HasHauenus 13 cnaasa 01417 ¢ TpeSyembIM IHAYCHUEM MEXAHHYECKHX CBOACTB M I1CKTPONPOBOAHOCTH,

COIJIACOBAHO COI'TACOBAHO
Pyxosoantenn npoexra, A-p Texu. nayx, npod.
sa. kageapoit OMJI DFAOY BO «Cubupexuii

@enepubn?ﬁ}l/uaipcma»

———=——— C.b. Cunensnuxos (i
« S » Qﬂm_\_&_g 201y '
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Pextop ®I'AQY BO «Cnbupekuit SKTOp, AR COBPEMEHHBIX MATCPHANOB)

(eacpanbbiil YHUBEPCHTETH

£} BJ. 3uxos

3 p— HCCACMOBAHWH 110 NOJIYIEHHI0 LTHHHOMEPHBLIX A1¢POPMHPOBAHEBIX
giaasa Al-1%P3M, noyMenasix ¢ NOMOMILIO METOA0B COBMEMIECHHOI obpaborkn

npnmeuemem onepamm coBMemeHHoi oOpaboTkH, B pamMKkax HaywHO-HCC/ea0BaTenbekoi pabore 23-29-
00028 «PaspaGorka GyHaaMeHTANBHBIX OCHOB MOMyweHHs AedopMHpOBAHAEIX nomydabpukaros u3
HU3IKONErHPOBAHHBIX AIOMHHHEBBIX CIU1aBOB cHCTeMbl Al-P3M ans npouseosacTsa KabebHO-NPOBOHUKOBOI
NPOAYKUHH C HCMOAB3OBAHHEM pPAVIMYHKIX COBMCIUICHHBIX MCTOAOBR OOpaGoTKH M MCCHACHOBAHHE MX
PEONOrHYECKHUX XAPAKTCPHCTHRY, NOAAEPKAHHON POCCHHCKHMM HAYUHBIM DOHIOM, BEITIONHEHHON KO/NIEKTHBOM
Y4eHBIX HHCTHTYTA UBeTHBIX MeTannos CDVY s cocrare J|.C. Bopowmnnosa, C.B, Cuaensnukona, P.U. [anuesa,
B.M. Becnanosa, MM. Motkosa, A.B. [lypuombssosa, T.B. Bepwmewesa, B.A. Bepurapara, M.B.
Bopowmnoso#t, LB, [lapmaxanoea, npouuia npoMmsiuiennyio anpobaumio, [lonyuyeHHbie pesynsTaTss
NOATBEPANAIOT  BOIMOKHOCTH  HCTIONB3OBAHMA  TCXHONOIHH  COBMEUIEHHOH NPOKATKU-NPECCOBAHHA W
COBMEIUCHHOIO JIHTEA M MPOKATKH-MPECCOBAHHUA MPH MOJYMEHHH 3arOTOBOK [0 JAadbHeliliee TOHKOE
BOJIOYEHHE,

TexHon0rua namyueHHs NPYTKOE BKIKOYAIA B CeOF Be cXeMbl (COBMEIICHHAR NPOKATKA-NPeCcCOBaHHE
(CITIT) aMThIX MUIMHHOMEPHBIX 3ArOTOBOK W COBMELICHHOE IMTBE W NPOKATKY-NPEccORAHME (CJlallIT) no
narenram Ne2792327, Ne2724758, Ne2689460, Ne2457914), Gbina paspabortana B 1aG0paTopiy COBMEINEHHBIX
meronos obpaborkn MIMM COY wu peanusosana Ha onbiTHOM ydacrke OOO «3aB0A COBPEMEHHBIX
MATEPHANIOB) C NPHMEHEHHEM NPOMBIIIEHHOH yetanosky CITTT-400,

PaspaGorannas rexnonorus CIIT siutiouaet B cebs creayionue nepeness:

= HENPEPHIBHOC JIHTLE UTHHHOMEPHbIX 3aroTopok anameTpom 18 MM u pasmepama 20x20 mm (PIAOY
BO «Cubupckstit enepansibiii yHHBEpCHTET);

- neopmaumonnas  oGpaGoTKA VIMHHOMEPHBIX 3ArOTOBOK HA  NPOMBIIEHHON YCTAHOBKE
Henpepsisioro npeccopanus CII-400 (OO0 «3aso cOBPEMEHHRIX MATEPRATORY) 10 AHAMETPOB 5-9 MM,

- BOJIOYEHHE MPOBO/IOKH M3 MONYHMEHHBIX MPYTKOB 0 auametpa 0,2-0,5 MM ¢ NpOMEKYTOMHBIMH R
OKOHUATCIbHBIM OTAHTAMH (PI'AOY BO «Cubnpeknii penepanbHbiii yHusepcurer»).

PaspaGorannas texnonorna CJIulIT sxmouaer 8 cefa creayiomme nepenens::

- HENPEPBLIBHOC JTHTHE W NMPOKATRA-[IPECCOBAHME MPYTKOB AHaMeTpoM 5-9 mm ua ycranoske CITI1-400
(000 «3ason COBPEMEHHBIX MATEPHAIOBN);

- BOJIOYCHHE MPOBONOKH W2 NOAYYCHHLIX MPYTKOB A0 auamerpa 0,2-0,5 mm ¢ TIPOMERYTOTHBIMH |
okonyarebubiM oTAHraMn (OIAOY BO «Cubnpekuit deaepansusiii yHusepeutem).

TMo paspaGoTaHHol TeXHONOTHH MIrOTORACHHI ONMBITHBIC MAPTHH AePOPMHPOBAHHLIX nonydabpukaTos
B BH/IC NIPYTKOB H NPOBO/IOKM, ITPOBCICH QHAMHI HX MEXAHHYECKHUX CBOYCTE M 3MeKTPONPOBOAHOCTH. Boicokue
NOKA3aTe/IM MX MPOYHOCTHBIX M IUIACTHYECKHX XAPAKTEPUCTHK ObLIM NOATBEPACICHB! HCMBITAHHAMM
MeXaHHUecKHX cBOHCTB 110 'OCT-1497-84, yaennHoro anekTpuueckoro conporusnenna no N'OCT-7229-76.

Taxnm obpasom, paspaGoTaHHas TEXHONOTHS MOIBOJNAET NONYYATL NPYTKH H TOHKYIO NPOBOOKY M3
cutasa Al-1%P3M ¢ TpeGyeMbiM 3HAUCHHEM MEXAHHUECKHX CROHCTB H 31EKTPONPOBOIHOCTH.

COI'JTACOBAHO

Pykosoaurens npoekra, Kajl. TEXH. HAYK, JOLCHT,
3as. kadeapoit OMJ] HIIM ®I'AOY BO
«Cnbupekuii deaepanbhblii yHHBepCHTETH

«Z5» i) 2024
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puiaoxenne /I

anpobaluy dKCIIepUMEHTANBHON CBApOYHOMH IIPOBOJIOKH

B nabopatopum cBapkH OTAena [JIaBHOMO CBapUIMKa CAykObl TIJIaBHOTO
TEXHOJIOra TMPOBEeHBl HCHBITAHHWS CBAPOYHBIX MPOBOJOK, BBINOJHEHHBIX W3
TIOMHHMEBbIX crutaBoB cuctembl Al-Mg-Sc u Al-Si ¢ 3aBapkoit o6pa3noB-UMHTATOPOB
PYYHOH aproHOAYroBOH CBapKOH M MOCHEAYIOUIMM MCCIEJOBAHHEM MOJYYEHHBIX
CBAapHBIX LLIBOB.

CBapoyHble MPOBOJIOKH TMOJYYEHbI M3 UTHHHOMEpPHBIX Ae()OpMHPOBAHHBIX
nonypabpukarax B 1abopaTopuM COBMEILEHHOrO JIHThS-NPOKATKH-TIPECCOBAHMS
®I'AOY BO «Cubupckuii denepanbHbiii YHHBEPCHTET» KOJUIGKTHBOM YYEHBIX
MHCTHTYTa LBETHBIX MeTannoB # Marepuanoseaenus (MLIMuM) COYV B cocrase: B.H.
Bapanosa, /1.C. Bopommnosa, H.H. 3aruposa, E.C. Jlonatunoii, A.Il. Camuyka, C.b.
Cunensaukosa, O.B. Sxussiok #© crynentamd W.H. benoxonopoii, A.B.
JypHonesHoBeM, B.A. ®ponoBbIM.

Llens ucnbiTanuit: anpobauus CBApOYHBIX MPOBOJOK Ha obpa3liax-uMHTATOpaX,
onpejie/ieHHe TEXHOJOIHYHOCTH CBOMCTB NPH CBapKe M BO3MOXHOCTH JajbHeiiiero
NPUMEHEHHS.

OCHOBHO#H MaTepHan:
- 00pa3subl-MMHTATOPB! M3 ATOMHHHEBOrO crasa AMré (ceprudukar KayecrTsa
Ne(4-23114-14 npunoxenue 1), pazmepoM maacTil 4x150x300mm

CBapouHnble MaTepyabi:

- MOCTaB/IeHHkIE CBAPOYHbLIE MPOBOJIOKH 3 crinasoB Nel 1570, Ne2 Al-Mg-Sc 1
Ne3 AK12 (npunoxenue 2);

- ANMeKTpoJl Bosb(pamoBsiit tanTanupoBanueiit TY 48-19-27-77;

- apron ['OCT 10157-79 (nacnopt kavecrsa npuioxenue 1).

Caapounoe obopyznosaune: EVOTIG 500 P AC/DC

Meronnka HCTIbITAaHHNA:

1. Tloaroroska 06pa3LOB-HMHTATOPOB H CBAPOYHOMH NPOBOJIOKH;
2. C6opka u cBapka 00pa3ioB-HMHTATOPOB;

3. BusyanbHbiH W H3IMEPHTEIbLHBIA KOHTPOJIb;

4. Mertannorpaduueckue HCCIeNOBAHUS;

5. Mexanuueckue ucnbirauus obpasuos.
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1. TToaroroska 0Gpa3sOB-HMHTATOPOB

[Tnactursl ¥3 criaBa AMr6 u cBapovHbie NMPOBOJIOKH MOATOTOBNEHBI COIJIACHO
OCT 92-1152-75 n noasepruyTsl obiemy obedxupuBanuio u Tpasiesuo no OCT 92-
1178-77 ¢ nocaeayommM mabpeHneM TOPLOB jeTaned H 30HbI CBAPKH.

ITocne Tpasinenns W ocsersieHust npososoku 1570 u Al-Mg-Sc npuobpenn
cBeT/bli Oenblif LBeT.

[lpoonoka AK-12 npu TpaBiedun npuoOpena cepuiii LBET, KOTOpbIH He
M3MEHMJICH MOC/Ie OCBET/IEHHS.

2. Cbopka u cBapka 00pa3loB-HMHTATOPOB

COopka nnacTHH BHINOAHANACH B TIPUCMOCOONEHHH Ha MNpHUXBaTkax. Tun
coemunenns ['OCT 14806-80-C4.

Cpapka Ha MepeMeHHOM TOKE B HHIKHEM TOJIOKEHHWH Ha CheMHON MOAKIAAKE C
NPOIIaBO(POPMHPYIOLIEH KaHaBKOM.

Pexumsl cBapku:

Caapounstif Tox 180-200A.

Pacxon aprona 9 n/muH.

2.1. Cnnas Nel 1570

[Tpouecc ¢opMHpoBaHUS CBApHOro wIBa CTa0WIBHBIA C HE3HAYHTENIBHBIM
razoobpazoBaHHeM B paclulaBe CBapOYHOW BaHHBI He MoBiekmee obpa3zoBaHHe I10OP
(nanbonee BepoATHAA NMPHYHHA — HACKIIIIEHHE MPOBOJIOKH BIAT0H BO BPEMs XpaHeHH ).

2.2. Cnnas Ne2 Al-Mg-Sc

Hayano npouecca cBapkH paBHOMEpHOE ¢ XOpOomHM (JOPMHPOBAHHEM ILIBA Ha
JUTHHE OpHeHTHpPoBOYHO 200MM, nocsie cTabHIBHOCTH Mpolecca (pOpMHPOBaHHSA IIBa
HapylllaeTcs ¢ ra3oBbUIC/ICHHEM, BbIACJCHHEM BKIIIOYeHHH dwepHoro usera. [locne
NpephiBaHWA MNpollecca CBapkH M BO300HOBIEHHMA CBAPKH C MECTa OCTAHOBKH C
MPHMEHEHHEM HOBOTO, XOJOAHOIO OTpe3Ka [PUCANOYHON MPOBOJOKK MNpoOLece
NpojoKaeTcs CTabHILHO.

D dexT MposBNSETC KAaK HA OTOXIKEHHON NMPOBOJIOKE TaK M HA HArapTOBAHHOM
MPOBOJIOKE C HE3HAYHTENbHBIMH OTIHYHAMH.

INpeanonaraemas NpUYHHA HapyleHUS GOPMHUPOBAHUA — IPOrpeB MPHCATOYHOMN
MPOBOJIOKH MO J/UIHHE BO BpeMs CBAapKH, @ COOTBETCTBEHHO Ieperpes IPOBOJIOKH
(HuM3Kas Temrepatypa IUlaB/ieHHs) BOMM3M CBapOYHOH IYTHM C MpeXIeBpeMEeHHBIM
pacniaBieHneM GonbiIei Macchl MPOBOJIOKH.

2.3. Cnnas Ne3 AK-12

ITpu cBapke NPOUCXOAWT HHTEHCHBHOE rasoBblleNeHHe, (opMHpOBaHHE LIBa
KpaliHe HepaBHOMepHOe ¢ 00pa3oBaHHeM HECIUIABJICHHH, KPaTepoB H Bbife/ICHHEM
YepPHOro OCaJKa W BKIIOYEHHAMH OKMCHOM MJIEHB! B PaCIUIaBe CBAPOYHOI BaHHBI.

3. BuayaneHbl# H H3MEPHTEIBHBIH KOHTPOIL
Konrpomo na coorsercteie I'OCT 14806-80 noasepramuck cobGpanHbie noa
CBAapKY MJIACTHHbI H KOHCTPYKTHBHBIE 3/IeMEHThI CBAPHOrO 1IBA.



272

HedexrHocts cBapHLIX WIBOB KoHTponuposanack no OCT 92-1114-80.

PesynbTaThl KOHTpONS:

- mBsl o6pazuos crasa 1570 coorsercrBytor 'OCT 14806-80 u OCT 92-1114-
80;

- wBbl obpasuoB cnaaBa Al-Mg-Sc Ha nportskeHun opueHTHpoBOYHO 200MM
coorBerctBytor ['OCT 14806-80 u OCT 92-1114-80, ywacTku mnocie HapylleHHs
crabunsHocTH opmupoBanns mBa He coorsercTByloT 'OCT 14806-80 u OCT 92-
1114-80;

- wBkbl o6pazua AK-12 ne coorsercrayror FOCT 14806-80 u OCT 92-1114-80.

4. Merannorpaduueckne HecleA0BaHUA;

ITo pesynsraTam MeTamiorpaduyeckoro Hccae0Banus (NpuIoKeHHe 3) CBapHOH
OB, BHIMOJMIHEHHBIH ¢ npuMeHeHneM cruiaBa AK12, e cootBercteyer OCT 92-1114-
80.

5. MexaHu4ecKkue HCTbITaHHA 00pa3loB (MpuiIoKeHHe 4).

5.1. Cnnas 1570

[Toreps npounoctn cocrasasier menee 10% or HoMuHANBHOTO TpeGoBaHuA Ui
cniaBa AMré B OTOXKEHHOM COCTOSHMH, 4TO coorBercTByer TpeGosanusam OCT 92-
1114-80 ans ceapusix wBos | kareropu# (6,20,90,).

5.2. Cnnas Al-Mg-Sc

IToreps npounocTH coctasaser meHee 10% oT, 4To coOTBETCTBYET TpeOOBaHHAM
OCT 92-1114-80 ans ceapHbix wsos | xareropuu (6,20,90,).

Ormeuatorcs Gonee BLICOKME [OKa3aTe/ld MPOYHOCTH HEXKEMH TIPH CBapke
nposoJiokoi 1570.

5.3. Cmnas AK12

[Toreps npounoctH cocrasaser Oonee 20% (37,5%) oOT HOMMHAIBHOIO
TpeGoBanusi s cruiaBa AMr6é B OTOXOKEHHOM COCTOSHHH, YTO HE COOTBETCTBYET
tpeGopannsm OCT 92-1114-80 naxe mns 2 KaTeropuu.

Beisosi:

1. Ilposonoka u3 cruasa AK12 He mpumenuMma Juis cBapku cruiasa AMré s
OTPAC/IH PAKeTOCTPOCHHS;

2. Tlposonoka u3 cruiaBa Al-Mg-Sc TpeSyer KOppeKTHPOBKH TEXHONIOMHYECKHX
CBOHMCTB, [MOC/IE HYero PEeKOMEHIYIOTCA [OBTOPHLIE HCHLITAHHAMH B PYYHOM H
aBTOMaTHYEeCKOM PeXHMax CBAPKH;

3. Ilposonoka u3 crnasa 1570 pexomenyercs s JaibHeHIIero Heele0BaH!s
B PYHHOM H aBTOMaTHYECKOM PeKHMAax CBapKH.

HauansHuk nabopaTopus cBapKH %/7‘4, A.H. TMawkun
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IIpuioxenne E

YTB
Pextop ®I'AOY BO «Cubupcxuit
thenepanbublil yHHBEPCHTET)

i 6 x cnaasos 1580 u 01570, m3roToB/eHHbIX € IPUMEHCHHEM METOI0B COBMELIEHHOI
- / obpaGorkn

Lo NPOHIBOACTBO TEXHONOIMH NOAYHECHHS CBAPOUHON NpoBosiokd M3 cruasos 1580 u 01570 ¢
NPAMEHEHHEM OMepaliii copMenleHHON o0palboTKH B paMKax roCyapcTBeHHOTO 3ajaHna Ha Hayky ®IAOY
BO «Cubnpckuii denepaneubii  ynupepcHrer», Homep npoexta FSRZ-2020-0013 «Pasewrne ¢usmxo-
XHMHYECKHX OCHOB pecypcocOeperalomyx —TEXHONOTWH  MPOHIBOACTBA  LBETHBIX, PACCEAHHBIX M
PeAKO3eMeIbHBIX METAUIOB, CO3JaHHe HOBBIX MATEPHAZIOB Ha HX OCHOBE», BBIMONHEHHOH KOJLTEKTHBOM
YHCHBIX HHCTHTYTa UBeTHBIX MeTannos CDY B cocrase C.b. Cuaensinkosa, J1.C. Bopomunosa, P.H. lanuesa,
A.B, Jlypuonsssosa, E.C. Jlonaruuoii, ILO. HOpsesa, 10.B. Baiikosckoro, M.B. Bopowmmnosoii npowmna
npoMbilivieHHyo  anpobaumio, [lonyueHHble pesyabTaThl MNOATBEPAAAIOT BOIMOKHOCTE HCIMO/IBIOBAHHA
TEXHONOIMH COBMELICHHOIO JIMThA M MPOKATKU-TIPCCCOBAHMA IMPH NOJYHCHHM 3aroTOBOK M0J JanbHeifiiee
BONOYEHHE JUIS NONYHCHHS CBAPOYHOH ITPOBOJIOKH.

TexHoNOrus noNy4eHHs NPYTKOB M 00Opy0BaHKe Ui ¢e peannsaumu Obuin paspaGoransl Ha Gasze
uenonb3osanus narenta PO Ne2689460 B naGoparopun coBmemenHsix mMerofor obpaborkn UM COY u
BHEApEHB! Ha onkitHOM yuacTke OO0 «3aB01 COBPEMEHHBIX MATEPHAIOBY C NMPHMEHEHHE MPOMBIIIEHHON
ycranoski CITI1-400.

PaspaGoTannag TEXHOMOMHMA BKIIOHAET B CeOfl CCAYIONUIME NEPEACIbI:

- HEMPEPBLIBHOE JIHTHE M NPOKATKA-MPECCOBAHME MPYTKOB AnameTpoM 9 mm na yeranoske CITIT-400
(OO0 «3apojt COBPEMEHHbIX MATEPHAJIOBH );

- COpPTOBaA MPOKATKA M (WIH) BONIOYCHHE TIPOBONIOKH M3 MOIYYEHHBIX TPYTKOB 10 AHAMETPA 3 MM C
MPOMEAYTOYHbIMM U OKOHUATENbHBIM OTHHIaMK (DIAOY BO «Cubupekuit denepanbibiil yHHBepeHTET? ).

[Mo pazpaborantoii TEXHONOrHKM HIrOTOBACHK! ONLITHBE NAPTHH TeOPMHPOBAHHEIX NonydabpHKaTos
B BHJIE NPYTKOB M NPOBOIOKH, NPOBCACH AHAIH3 MX MEXaHHYECKHX CBOWCTB W MHKPOCTPYKTYpHL. Bricokue
MOKA3aTeNH HX TNPOYHOCTHBIX M MJACTHYCCKHX XapAKTEPHCTHK GBUIM MOATBEPAKNEHE! HMCIHITRHHAMH
MexaHHgeckHx croicTs no 'OCT-1497-84.

Taxum oGpa3zom, paspaboTaHHaR TEXHOMOTHS MOIBONSET MOMYHETH NPYTKH H CBAPOYHYIO NPOBOIOKY H3
crasos 1580 1 01570 (cucrema Al-Mg-Sc) ¢ Tpelyembiv 3HAUEHHEM MEXAHHYECKHX CBOWCTB.

COT'JIACOBAHO

3ae. naGoparopueit XMIIHM, kaH. TEXH. HayK,
noueHT, 3a8. kaenpoit OMJ{ UIIM ®I'AOY BO
«Cubupckuit heaepaibHeIl YHHBEPCHTET)

1.C. Bopoumaos
7% » 70 2024
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OKHIAEMOT0 IKOHOMUHECKOro adhexTa 0T BHEAPEHAA TEXHOTOTHH GECCIIHTKOBOM
NPOKATKH- MPECCOBAHMA MPYTKOB 13 amoMunuesoro crnasa 01417

Breapenue Texuonorun OeceantkoBolf mpokatku-npeccopanns (BITII) npyrkos w3
amomuuuesoro crasa 01417 Ha onsrrHO-NpoMbimneHHo# yctamopke CIIN-400 nossonutr B
yciaosusX 3aBoja coBpeMeHHBIX MatepranoB (Kpacospekmit kpail) cHH3NTE ceGecTOHMOCTB
nonyueHus npoaykimy Ha 30 062 py6/T (eM. Tabmmiy).

Tabmana - Connas Tabauia pacyera IKOHOMHUCCKOH AP HEKTHBROCTH

IMoxasatens ITpeccopanue Ha rugponpecce Texnonorus BITIT
Brixos roamoro, %:
[TnaBuibHbIT HEX 77% 96%
IIpeccoBbiit Hex 63% 97%
DnexTpoaneprus, kBr-1 na 171:
[TnapunsHb X 832 95
ITpeccosslif 1ex 5303 3073
ITepepaboTka:
ITnaBunbHLN UeX, pyo/T 10 042 18 689
Jononaurensusiit nepernas (446 xr/t) 2 300 -
[peccosanne, pyb/T 36 409 -
Bonouenue 28 446 28446
CeBecToMMOCTS 110 NEPEMCHHBIM, pyO/T 193 754 163 692
CHuxenue cefecTONMOCTH, pyd/T 30 062

DxronOMEYeCKHH 2PPEKT OT BHEAPSHHSA TEXHONOTHA HW3TOTOBACHHSA NMPYTKOB JAHaMerpoM 9
MM 13 cninasa 01417 ¢ uenonb3oBanHeM HENPEPLIBHONR Pa3IMBKH, MPOKATKH H NPECCOBAHKA MOKET
GBITH ONpPe/IEicH 110 BHIPAKEHHIO

O =I1(C - C) - Eu (K - K3),
rae D¢ - roaosoii akoHomudecknii adidexr, pyo:
[T - rosoBoit 06BbeM NPOAYKIKN, T;
Ci  Ca— cebecTouMoCTs J10 M nocse BHeaApenus, pye/T;
E, — HopMaTHBHBH KOADOHUIHEHT OKYNAEMOCTH KAMHTATBHBIX BIOKEHHIA,
K, K; - 3arparsl 10 1 nocne BHespenus, pyo.

PacueTs! 10 npHBeeHHOMN (POpMYNe MOKA3&IH, YTO OKHAACMBIH roJIoBOH SKOHOMAYECKHH
3pexT OT BHEAPEHHS TEXHOMOIHH HEMpPEePhIBHOI Pa3/IMBKH, MPOKATKH ¥ [IPECCOBAHHKS IIPYTKOB U3
amomuHBesoro crinasa 01417, cocrasut

2,=250- (193 754 - 163 692) - 0,15 - 2000000 = 7215500 py6.

O1 000 «3aB0j1 COBPEMEHHBIX MaTEpUATOB)
Byxrantep 3aBoja (g™ Mensrnkosa JLE.
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M.B. Pymsnues
2020 r.

nnenpenn yqﬁnuﬁ npouece

Hacrosumm akrom noarsepxknaercs, uto B yueGHsIi mpomece HHCTHTYTa
UBETHBIX METAIIOB ¥ MaTePHAIOBEACHHH BHE/IPEHBI U NPUMEHSAIOTCH NPH 06yueHHH
MAarucTpoB no Hanpapnenmio 22.04.02 «Meramnyprus» M acnupaHToB Mo
Hanpasjennio 22.06.01 «Texsonoruu wmatepuanos» crenmHamsHoctH 05.16.05
OGpaGoTka MeTannoB naBreHHEM pesynbratet  HHP no teme «PaspaGorka
DyHZAMEHTAIBHBLIX OCHOB MOMYYeHHs Ae(OPMHPOBAHHBIX nonyhabpukaros
JNEKTPOTEXHHYECKOTO Ha3HAYEHHS M3 BLICOKOJIEIMPOBAHHEIX CII/IABOB CHCTEMBI Al-
P3M ¢ npumeneHHeM MeTONOB COBMEIIEHHOJ obpaboTkM M McciegoBaHHE MX
PCONIOTHYECKHX CBOWCTB», Bhinonusemod B 2019-2020 r.r. no mpoekty Ne ]18-48-
242021 MEXIMCUMIIMHAPHBIX  (YHAAMEHTANTLHBIX Hay4HBIX  HCC/IEI0BaHHH,
nposoauMeiX coemecTHO PO®U 1 KpacHospcknm kpaeM.

Pesynbrathl  HayuHbIX MCCNENOBAHMI TONYYeHE! KOMTEKTHBOM aBTOpPOB B
COCTaBe: pyKOBOAHTEN, A.T.H., Tpod. Cunensunkosa C.B., K.T.H., ou. Bopowunosa
A.C., mou., k.1.H. Becnanosa B.M., 3as. naboparopuer, k.T.H. Camuyka A.IL,
acnupantos Morkosa M.M. u [lypronssnosa A.B., unxenepa Bepmeinesa T.B.

PaspaGoranssie npu seinonnenus HUP KOMIBIOTEpHBIE MOZETH, METOAMKH
OLEHKH TEXHONOTHYCCKMX H CHIOBBIX MAapaMETPOB MPU pealu3alli MpPOLECcCOoB
HENPEPBIBHOrO MpeCCOBaHHA, [aHHBIE MO PEOJIOrHYECKHM M MEXaHHYECKUM
CBOHCTBAM NHTBIX # JeOPMHPOBAHHLIX NOMY(haGPHKATOB H3  ATIOMMHHEBBIX
CIIIaBOB C PE/IKO3EMENBHBIMH METaIIaMH, pa3paboTaHHbIe KOHCTPYKLHM YCTAHOBOK
A7Is COBMEIICHHOM NPOKATKU-IIPECCOBAHHA, @ TAKJKe HOBbIE TEXHOJNOTHH MONYHeHHS
NPOBOMIOKH H3 3THX CIUIABOB, MCHONL3YIOTCS NPH NPOBEAEHHH JIEKLHOHHBIX,
nabOpaTOpHLIX M TNPAKTHYECKHX 3aHATHH 1O CHCAYIOIMMM  JMCUHIIHHAM
MarucTepckod  nporpammel  22.04.02.05 O6pafoTka MeETALIOB  JaBIEHHEM:
«CoBpeMeHHBIE METOJBI METATYPIHH, MAWHHOCTPOCHHS MaTepHAIOBE I HHIY,
«KombuHupoBaHHbBIE ¥ COBMEIUEHHBIE METOZBI  OBPabOTKM  MeTalIoB,
«HempepbiBHOoe nuThe ¥ 00pafoTka UBETHBIX METAWIOB M  CIIABOBY,
«MaTeMaTH4eCKHE  METONBI B  ABTOMATH3MPOBAHHOM  MPOCKTUPOBAHUMY,
«TexHonorus npeccosanusy, « Texnonorus MPOKaTKu», « TeXHOJOTHA BOIOYCHHUAY H
Ap-, & TAKXKE NPH BEITIOJIHEHHH KAHIUAATCKHX M JIOKTOPCKMX JAHCCePTaLMii, HAyYHO-
MCCIICNIOBATE/IBCKMX ~ KYPCOBBIX M BBIMYCKHBIX  KBATHOHKALHOHHBIX pabor
CTY/IeHTOB.
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