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PABPABOTKA TEXHOJIOT'MHX U3I'OTOBJIEHHU S 3Y BOITPOTE3HbIX JIUCKOB
M3 CILTABOB 30JI0TA U HCCJIEJJOBAHUE UX CBOMCTB

[Ipu pabote ¢ AparoleHHBIMUA METAIJIaMH HEOOXOAMM MOUCK TAKUX CIOCOOOB 00pabOTKH, MPH KOTOPBIX OE3BO3BpAT-
HbIC TIOTEPH JIPArOLCHHOr0 MeTaliia Oy 1yT MUHUMAJIbHBIMU. B CBSA3M ¢ 3TUM HEOOXOAMMO HCCIIC0BATH OCHOBHBIC (DU3HUKO-
MEXaHUYECKUE CBOMCTBA JPATOICHHBIX METAJIJIOB: IPOYHOCTH, TBEPAOCTh, YIIPYTOCTh, INIACTUYHOCTH U MX KOPPO3HOHHYIO
CTOUKOCTB; OTPEACTUTH BIUSHUE TEMIIEPATYPbl 00pa00TKM Ha MEXaHMUCCKUE XapaKTCPUCTHKHU MOJYICHHBIX CIIUTKOB JIpar-
meTasuia. Kpome Toro, Heo0XoauMo 3HaTh GU3UKO-XUMHUYECKHIE CBOMCTBA METAIIJIOB, BXOJISIIUX B COCTAB CILJIaBa, BO3MOXK-
HOCTHU BO3/JICHCTBHSI HA HUX METOJAMHU 00pabOTKH METAJIIOB JAaBJICHUEM, MPUYEM 3HAHHUE TAKHX CBOMCTB OCOOCHHO Ba)KHO
MIPH U3TOTOBJICHUH 3yOONPOTE3HBIX TUCKOB.

B pesynbraTe Mccie0BaHN yCTAHOBIICHO, YTO MPHU MPOKATKE MOJIOCHI crutaBa 3070Ta 900-i mpoObl HCXOHON TOMIIH-
HbI OT 4 110 0,55 MM IIPOMCXOJUT BBITSTUBAHKUE 3€PEH B HAIIPABJIGHUH ITPOKATKH, Ipe/est npouyHocTu cruiasa 3nCpM 900-40
yBEJIMYMUBAETCS IIOYTH B 2 pa3a U OT>KUT 11pu TemrnepaTtype 650 °C B TeueHue 3 MUH OJIHOCTBIO BOCCTAHABINBAET IJIACTUYE-
CKHE CBOMCTBA CIIJIaBa.

Knrouesvie cnosa: crina 30510Ta, 3y0OONPOTE3HBIC TUCKHU, IIPOKATKA, HAKJICH, YITHPECHUE, oyar AeGopMannu, MmiacTude-
ckas aedopmarus, 1podHas 1epopMarusi, OTHKHUT.
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DEVELOPMENT OF MANUFACTURING TECHNIQUES OF DENTOPROSTHETIC DISKS FROM GOLD
ALLOYS AND THE RESEARCH OF THEIR PROPERTIES

Searching of such ways of processing at which irrevocable losses of precious metal will be minimum is necessary during
the work with precious metals. In this regard it is necessary to investigate the main physico-mechanical properties of precious
metals: durability, hardness, elasticity, plasticity and their rust resistance; to define temperature effect of processing on
mechanical characteristics of the obtained precious metal ingots. Besides it is necessary to know physical and chemical
properties of the metals which are a part of alloy, their workability by methods of metal forming, and knowledge of such
properties is especially important at manufacture of dentoprosthetic disks.

As a result of researches it is established that when rolling a strip of gold alloy of 900 fineness from initial thickness
4 mm to 0.55 mm, there is an extraction of grains in the direction of rolling; ultimate strength of alloy of AuAgCu 900-40
increases almost twice. Further annealing at temperature of 650 °C for 3 minutes completely restores plastic properties of the
alloy.

Keywords: gold alloy, dentoprosthetic discs, rolling, peening, broadening, deformation center, plastic strain, fractional
deformation, annealing.

Beenenue. [Ipu pabote ¢ AparoneHHbBIMHE METaJIJIAMH HEOOXOIUM ITOMCK TaKUX COCO00B 00padoT-
KM, TP KOTOPBIX 0€3BO3BpATHBIC IIOTEPH IParoleHHOro MeTajuia OylyT MUHUMaJIbHBIMU [1].

B cBs131 ¢ 3TUM HEOOXOIMMO HCCIIEA0BaTh OCHOBHBIC (PH3MKO-MEXaHUUYECKHE CBOMCTBA AparoreH-
HBIX METaJUIOB: MPOYHOCTH, TBEPAOCTb, YIPYTOCTh, MIACTHYHOCTh U UX KOPPO3UOHHYIO CTOHKOCTB;
OIIPENeNINTh BIUSHUE TEMIEPaTypbl 0OpabOTKM Ha MEXaHHMYECKHE XapaKTEPUCTHKH IOIYYEHHBIX
CIUTKOB Aparmeraiia [2]. Kpome Toro, Heo0xonnMo 3HaTh (PU3MKO-XUMUUIECKHE CBOMCTBA METAJIOB,
BXOIAILIUX B COCTaB CIIJIaBa, BO3MOKHOCTH BO3JEHCTBHSI HA HUX METOJaMH 00paboTKH METaJlJIOB JaB-
JICHUEM, IPUYEeM 3HaHHE TaKUX CBOMCTB 0COOGHHO Ba)KHO ITPH M3TOTOBJICHUH 3yOONPOTE3HBIX TUCKOB.
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MatepuaJibl 1 MeTOABI HccJieoBaHus. COrTacHO MOCTAHOBJIEHUI0O MHUHHCTEPCTBA 37]paBOOXpa-
HeHus Pecriybnuku benapyck Ne 72 ot 14.08.2007 r. « HCTpYKIHS 0 OPSAKE MpHEeMa, y4eTa, XpaHe-
HUS, MCTIOJIB30BAHUS JIPArOIeHHBIX METAJIJIOB ISl 3yOOIIPOTE3NPOBAHUS TSI 3yOHBIX MTPOTE30B, KO-
POHOK, MOCTOBHJIHBIX IIPOTE30B UCIOJIb3yeTcs ciuiaB 30i0ta 900-i mpoosl (90 % 3o0moTta, 4 % cepedpa
u 6 % menu (31CpM 900-40)).

[loHBIN TEXHOJOrMYECKUH IUKJ M3rOTOBJIEHHMS CTOMATOJIOIMYECKHX JUCKOB M3 CIIJIaBa 30JI0Ta
900-# TpoOBI COCTOUT M3 TPEX OCHOBHEIX CTA/IHI: TIepBasi — MOIyUYeHHUE JIUThEM 3arOTOBOK JIJIsl MeXa-
HUYEeCKON 00pabOTKH, BTOpas — MPOKaTKa 3arOTOBOK B MIOJIOCY U TPEThS — U3TOTOBJICHHUE AMCKOB Iy TEM
BBIPYOKH Ha NITaMIIaXx.

Ha nepBoii ctaguu nocie NpoBeAeHUs IEHTPATU30BaHHONW U OKHUCIUTENIBHOM MIIaBOK, KOT/a Moy-
yaroT cruiaB 900-i mpoObl, U3 HETO OTIUBAIOT CIUTKU HEOOXOAMMOHN IIMPUHEI TOMIIHHON 4 MM. [lepen
Pa3JIMBKOH CIlJIaBa 30J0Ta U3JIOKHUIbI HarpeBaroT 10 Temmnepatypsl 60—100 °C u cma3bIBalOT MYeIu-
HBIM BOCKOM.

3areM CIWTKHU OXJIaXJAI0T B MPOTOYHOW XOJOAHON BOJE, OYMIIAIOT OT MOCTOPOHHUX IpHUMecei
u rpszu. [locie B3BeMIMBaHUS CIUTKH MEPEArOT ISl MEXaHUYECKOi oOpabOTKH MyTeM MPOAOIBHOM
MPOKATKH JIO TOJIIHHBI TOIOCH! 0,3 MM.

IIpokaTKy CIMTKOB 30J0Ta OCYIIECTBIISIIOT HA ABYXBAJIKOBOM JIAOOPATOPHOM IMPOKATHOM CTaHE.
B pesynbraTte AeiicTBHS MPUIOKEHHBIX CHJI CO CTOPOHBI BAJIKOB METAJJI TE€YET HE TOJIBKO B MPOJOIb-
HOM, HO M B TIONIEPEYHOM HaIlpaBJIEHHH, BCIEACTBHE 3TOr0 IIMPUHA MOJOCH! MPU BHIXOJE U3 BAJIKOB
BCET/Ia HECKOJIBKO OOJIbILIE HCXOAHON ITHPUHBIL.

Ymupenue B OOJBIIMHCTBE CITy4aeB MPENCTaBIsIeT cO00H oTpuiaTenbHoe siBieHue. OHO CHIDKAET
0OITYyT0 BBITSKKY TTPH IMTPOKATKE W BBI3BIBAET B OOKOBBIX KPOMKAX MPOKATHIBAEMO MOJIOCHI 3HAYUTEh-
HBIC paCTITUBAONINE HAMPSKEHUS [3].

Ha BenuuuHy ymmpeHus: npy MpoKaTKe OKa3bIBaeT BIUSHUAE MHOTO (paKTOPOB: 00KaTHE, TUAMETP
BAJIKOB, IIMPHHA U TOJIIIHHA MOJOCHl, KOHTAKTHOE TPEHHE, TEMIIEpAaTypa, CKOPOCTh IIPOKATKH, HATSIKe-
Hue u ap. [IpudeM ymupeHue yBeTUIMBAETCS C POCTOM OOXKaTHs, THaMeTpa BajKoB, Koddduirenrta
TPEHUS ¥ CKOPOCTH MPOKATKY U CHIKAETCSA IPH MPUMEHEHNY HATSOKEHUS U C YMEHBIIEHHUEM TOJITMHBI
nosiockl. O6XkaTHe pH MPOKaTKe SABIISIETCS] OMHUM M3 OCHOBHBIX MTapaMETPOB, BIUAIOMINX HAa BETHUHHY
a0COJIIOTHOTO M OTHOCUTENBHOT0 yunupeHus. C yBelInueHreM 00KaThsl yBEIHUNBACTCS YIIHPEHHE.

Hamu Obuta m3ydeHa 3aBUCHMOCTb YHIMpPEHHS Ab OT IIMPHHBI TOJIOCH b U3 30JI0TOTO CILJIaBa
3n1CpM 900-40 (puc. 1).

Kax BumHO Ha puC. 1, 3aBUCHMOCTS YIIHPEHUS OT IMIMPUHBI TIOJIOCH 30710TOTO0 crutaBa 3iCpM 900-40
MMeEEeT CIIOKHBIN XapakTep, JOCTUTas MaKCHMyMa MpPHU CPAaBHUTEIBHO HEOONBIIONH MHUpUHE. DTO
00BSICHSIETCSL TEM, YTO TIPH MPOKATKE Y3KUX MoJioc U3 30j0Toro crasa 3nCpM 900-40 ymeHbIIaeTcs
TIOTIEPEYHOE HAIMPSDKEHHUE, B CBS3U C 4eM pacteT ymupeHune. C yBeIUYeHUEM HIMPUHBI TIOJOCHI JIeH-
CTBHE TIOANHUPAONINX CUJI TPEHUS B MOMIEPEYHOM HAIPABJICHUH yBEIHMYHBAECTCS; BBUAY ITOTO PAaCcTET
BEJTMYMHA MTOTIEPEYHOT0 HATIPSIKEHH S, YTO BJIEUYET 3a CO00M yMeHbIIe-
Hue ymupenus. [lo mepe pocta mIMpUHBI MONOCH YIIMPEHNUE BO3pac-
TaeT, HO JI0 ONPEJENIEHHOI0 Mpeesa, OCe Yero yBeIndeHne Hupu- 6
HBI ITOJIOCHI BHI3BIBAET YMEHBIIICHUE BETMYUHBI YIITUPEHHUSL. e ’—‘\

Kpome Toro, B paboTe ObLIO M3ydeHO M3MEHEHHE YIIMPEHHS B 4 /'/ \
3aBUCUMOCTH OT JApoOHOCTH Aedopmanuu. st uccienoBanuii ObLIN /

B3ATHI MOJIOCHI 3070Toro crutaBa 3nCpM 900-40 mupunoit 20 MM, 2 A
TOJILIMHA TIOJIOCHI cocTaBisiia 4 MM. Bennuuna creneHu neopManuu /
3a epexo]] cocTasisia B cpegHeM 2—3 % (puc. 2). )

AHanm3 puc. 2 OKa3pIBaeT, YTO APOOHAs JeopMaIys IPH MTPOKaT- 05 05 20253035 40
K€ CIIOCOOCTBYET 3HAYUTEIHHOMY YMEHBIIEHHUIO MollepedHoi nedopma- Wi noace B 1
LUK U YBEIUYMBAET NPONOIBHYIO AeOpMALIMIO MeTaia. DTO MOKHO PHC. 1. BIHSHNE HCXONHOH WIMPHHBI
OOBSICHUTH CIETYIOUMMH MpHYHHaMy. 1Ipy cpaBHeHHH ouara gedopma- o0 13 H(;H;iiap:;ipM 900-40
IIUY TIPU TIPOKATKE 32 OJUH MPOXOI M IPOOHOM pexume JieopMupoBa- Fig. 1. Influence of initial width of
HUS BUJIHO, YTO TPOTSHKEHHOCTH odara Je(opMalui B TUIOCKOCTH AYTH alloy band of AuAgCu 900-40 on
3axBara IpH MPOKATKE 32 OJIMH ITPOXOJT 3HAYUTEIIHHO OOJIBIIIE. broadening

AL mm
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S % ITpu mpokaTke ¢ MaJabIMU CAMHUYHBIMH OOKaTHSI-
720 MU 3a HpOXOI[ HpOI/ICXO,[[I/IT 3HAYUTCIIBHOC yMeHLLHeHI/Ie
700 ? oyara )_'[e(l)OpMaLII/II/I B ITIJIOCKOCTH Z[yl"I/I 3axBaTa HpI/I CO-
50 // XpaHeHI/II/I HCU3MCHHBIM HpOTSDKeHHOCTI/I oyara z[e(i)op—
60 / Malll B ITJIOCKOCTHU AJIUHBI 60‘{KI/I BaJIKOB. COFJ'IaCHO

/ 3aKOHy HAUMCHBIIICT O COHpOTI/IBHeHI/IH B cnyqae BO3-

40 @ i MOKHOCTH TIEpEMELICHHS TOYeK Ae(hOPMHUPYEMOro Teja

20 '._._..-r""'- B pa3J'H/I‘lHLIX HaHpaBHeHI/IHX Kaxaas €ro Todka Hepe—
0| oo™ e %

MEIIAeTCsA B HAPaBJICHUU HAUMEHBIIETO COMPOTHUBIIC-
nus. [losromy wu3MmeHeHue odvara JedopManuy NPH
npokaTke 1ojockl u3 cniasa 31CpM 900-40 B 3aBu- AAPOOHOIE NPOKATKE B CBA3H C YMCHBIICHHEM CTO MPO-
CUMOCTH OT CTenieHH siedopmatui: ¢ — npokatka sa  TUKCHHOCTH B TIOCKOCTH JIyTH 3aXBara CHOCOOCTBYET
OJIMH TIPOXOX; W — ApoOHAsS MpokaTka (cTereHb fe- OOJIEE MHTEHCHMBHOMY TE€UEHHUIO METajlIa B IPOJOJIEHOM
dopmanuu 3a onuH mpoxos cocTapsna 2-3 %) HanpasieHnH. COOTHOILIEHHE MEXy MPOAOIBHON U TO-
Fig. 2. Change of the relative broadening when rolling  TIepe4HOH AeopMaliiei Ipu MPOKATKe ¢ Pa3THIHBIMH
a strip from alloy of.AuAgCu 900-40 dependipg on the PEKUMAMHU JIOIIKHO PACCMATPUBATLCS C TOUKM 3PEHHUS
degree of deformation: ¢ — 1 one pass rolling; m —
fractional rolling (deformation at one pass was 2.3 %) B/WAAHH (OKECTKHX KOHLIOB) Ha 0COOCHHOCTH TEUCHUS
MeTajia B ouare AeopMarium.

[Ipu mpokatke 3a OAMH TPOXOJ MPOTSIKEHHOCTh
oyara nedopManiy B MIOCKOCTH AYTH 3aXBaTa 3HAYUTEIILHO OOJIbILE, a 3HAYHT, U PACCTOSHUE MEKIY
BXOJISIIIIM M BBIXOJSIIITUM <OKECTKUMU KOHI[AMUY OOJIbIE. YBEIUUYCHUE PACCTOSHHS MEXKTY <«OKECTKH-
MH KOHIIAMH» B CBSI3U C YBEIWYCHUEM MPOTSIKEHHOCTH JUTHHBI 00JIacTH AeOpPMAIINH ITPU COXPaHCHHH
ee IMPUHBI O0JIeryaeT TeUeHUE MeTaia B ONePEeYHOM HampaBieHnu. KpoMe Toro, Benn4uHa ymupe-
HHUS 3aBUCUT OT BEJIMYMHBI KOHTAKTHOTO TpeHHs. C yBeIWYeHHEM TPEHUs NMPOHMCXOAMUT YBEIHUYEHHUE
nonepevHoi aeopmanuu B ouare JIe)OpMUPOBAHUS.

Tax kak BelMWYWHA TPEHHUS MPH MPOKATKE HAXOMWUTCA B HEMOCPEACTBEHHOM CBS3H C YACTBHBIMU
TABJICHUSIMHU B 00acTH ovara JedopMaliii, TO YBeIWUYeHHE CTeNeH! aedopMaIlii B OTACITFHOM IIPO-
XOZIe TPUBEAET K YBEIMUYCHUIO YACIbHBIX JABICHUM, a BMECTE ¢ HUMU U BEIUYUHBI TPEHUS, BCIE-
CTBHE Yero BO3pacTeT MorepevHas aedopmanus Merasia.

HaknenanHblil MeTa1 yIIUPAETCS 3HAYUTEIHHO MEHBIIE 110 CPABHEHUIO C METAJIJIOM B OTOX) KEH-
HOM COCTOSIHMH. TakK Kak IpU Ka)KJOM MOCIEAYIOLIEM MPOITycKe Mpu ApoOHOH mpokaTke aeGopMupy-
eTCsl MeTaJLI, TIOYYHBIINN YK€ HEKOTOPYIO CTENEeHb YIIPOYHEHHS B IPEIBIIYIUX MPOITYCKax, TO O4e-
BHJTHO, YTO TIpH APOOHOI mMpokaTke OyneT HaOI0AaThCss MEeHbINAs BETUYUHA YITUPCHHUS.

Hapsiny ¢ 5TuM Hanmm4yue onpeesieHHON TEKCTY PhI IIPY TPOKATKE M0 POOHOMY pexXuMy nehopMu-
pOBaHHUA CIIOCOOCTBYET B Ka)JIOM IOCJIEAYIOMIEM MPOMYCKE MEPEMELICHUI0 METalla B IPOIOIBLHOM
HaIlpaBJIeHUH U 3aTPYAHSIET IIepeMelIeHe MeTaslula B IoNepeyHoM HarpaBieHuu. [1pu 3Tom B cBsA3H cO
3HAYUTEIHHO MEHBIICH BEJIMYMHON YHIMPEHHS MPH APOOHON MpOKAaTKe TEKCTypa y MOJOC, MpoKaTaH-
HBIX TI0 JPOOHOMY peXuMy AehOopMHpPOBaHUs, OymeT Ooyiee BRIpakeHA IO CPABHEHHIO C TIOJIOCAMH,
ne(OpPMUPOBAHHBIMH 32 OJJUH TIPOXO/], IPU OJAMHAKOBEIX CyMMApPHBIX CTETIEHAX J1e(hopMaInu.

PaccmoTpuM 0COOEHHOCTH TEYEHHS METalljla B MPOJOJIHHOM M TOMEPEYHOM HAIPABJICHUSIX MPH
IIpOKaTKe 32 OIMH MPOXOJI ¥ IPOOHOM pesxkume nedopmupoBanus. st 1poOHOTO pexrnMa IMPOKaTKH 110
Mepe yBEeIMYEHUS CyMMapHOW CTereHu JedopMaliui yIINPEeHNEe YBEIUIUBACTCS HE3HAYUTEIHHO 110
3aBUCHUMOCTH, OJTU3KOH K JTMHEWHOH. OTHOCUTENIBHOE YITUPEHHE MTPH APOOHON MTPOKATKE IS CyMMap-
HOM cTeneHn Aeopmanuu okojo 95 % mocturaeT BenuyuHbI opsaka 35 %. YBennueHue OTHOCHTEb-
HOTO YIIUPEHHS MPU MPOKATKE 32 OMH MPOXOJT MPOUCXOIUT TI0 3aBHCUMOCTH, OJIM3KON K mapadonnye-
ckoif. OTHOCHTENFHOE YIIMPEHNE TIPH MTPOKATKE 332 OJJWH MPOXOJI IPH CPETHUX CTENEeHAX aedopMannu
OTHOCHUTEIIFHO HEBEIMKO U MpH cTerneHu aedopmanmu okoso 50 % cocraBnser 25 %. 3HaunTenpHOE
YBEIUYCHHE OTHOCUTEIHHOTO YIIMPEHUS IIPU MPOKATKE 3a OJIMH MPOXOJ HAOIfoJaeTcsl B 00JIacTH CcTe-
reHe#t aedopmamuu 50-95 %. Tak, OTHOCHTENBHOE YIIMPEHUE MPHU MPOKATKE B MaJioe KOJIUYECTBO
IIPOITYCKOB /IO CYMMapHBIX CTereHel aedopmarun okono 95 % coctapnset 115 % (cMm. puc. 2). 910 00Bsic-
HSIeTCA CIEAYIOIHUMH TpuunHaMu. lIpum mpokaTke co crerneHsMH AepopMamuu, MPEeBOCXOMSIIHME
50 %, MeTaI 3HAYUTEIHHO YIPOUHSETCs, BCICACTBUE YETO BO3PACTAIOT yAEIbHBIC JIaBIIEHHU, a 3Ha-

g 20 40 60 & 00

Puc. 2. MI3MeHeHUEe OTHOCUTEIBHOIO YUIUPEHUS MIPH
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YHUT, U BEITMYMHA KOHTAKTHOTO TPEHHMS, UTO BEIET K YBEIUUCHUIO ymupeHusi. OMHOBPEMEHHO MTPOUC-
XOIUT YBEIHUCHHE MPOTSHKEHHOCTH o4ara ie()opMalii B MIOCKOCTH TyTH 3aXBaTa, UTO TaKKE B CBA3H
C YBEJIMUCHHEM PACCTOSHUS MEK/1Y BXOASIILIUM H BBIXOIAIIUM OKECTKHMMH KOHLIAMHY IPUBOJUT K yBe-
JUYCHUIO YITUPEHUS.

Kpome Toro, mpu npokarke ¢ GOIBIINMHU 00KATHSIMH 33 TPOXOA yBEINYUBACTCS POJIb BHIXOASIIETO
«OKECTKOTO KOoHIIay. [Ipn HayanbpHOW cTaauy MPOKATKM MO MEpe BXO/a METajlla B 36B BaJIKOB IIPOIECC
MPOUCXOUT MPU HAJTUYHH TOJIBKO OHOTO BXOJSIIETO «KECTKOTO KOHI[A», OTPaHUIUBAIOLIETO TEUEHHE
MeTajjla B TIONEPEYHOM HANpPaBICHUH, IOATOMY C YBEIMUYCHHEM OOXKaTHsS B CBSA3U C POCTOM JJIUHBI
oyara aehopManuy BIUSHUE BXOMASILETO «KECTKOTO KOHIIa» Ha MONEPEUHyIo AedopMaliio MeTajia
YMEHBIIIaeTcd, a YIIMpEeHHe Bo3pacTaeT. B pesynbraTe 3TOro mpu nepexoje K yCTaHOBUBIIEMYCS MPO-
Heccy MPOKaTKU MeTasll B ouare 1eopMHUpOBaHUsl OyAeT HAXOJUTHCS KaK MO ACHCTBUEM BXOSIIECTO
Y3KOT0 «KECTKOTO0 KOHIIa», TaK W IOJ JEHCTBHEM BBIXOASIIETO IIMPOKOIO <GKECTKOro KOoHIa». Bos-
pactanue o0KaTHs MPHU MPOKATKE CHOCOOCTBYET YBEIMUCHHUIO YIIUPEHUS B Ha4aJIbHOW CTaluu MpO-
KaTKH{ U (OPMHUPOBAHHIO 00JIEEC LIMPOKOTO BBIXOISIIETO «OKECTKOT0 KOHIIA», YTO, HECOMHEHHO, ITPHBE-
JIET K YBEJIMUEHUIO YIIUPEHUS IPH YCTAHOBUBIIEMCS IIPOLIECCE MPOKATKH.

PaccMoTpum OTHOLIEHHS NoNEpevHON Jepopmanuu K nponosbHoi (B, /B ))/(L, /L)) B 3aBucuMoCTH
OT CTeneHu eopMaliy Mpy MpokaTke nonocsl u3 cruiasa 3nCpM 900-40 3a oguH TPOXOA U 1O Jpoo-
HOMY peKuMy aedopMupoBanus (puc. 3).

Kax BuaHO Ha puc. 3, Ipu IpoKaTKe 3a OJuH MpoxoA nojockl u3 cmiasa 3nCpM 900-40 mo mepe
yBeIMUYEeHHUS o0IIel cTeneHn AedopMalii OTHOIIEHUE TPOAOIBHON AeopMaluil K MONEPeYyHOH yMEHb-
IAeTCSl MEHEE MHTEHCUBHO 110 CPABHEHUIO C MTPOKATKOH TI0 APOOHOMY PEXKUMY Ae(OPMHUPOBAHUSL.

Pe3yabraThl M ux o0cy:kaeHue. [IpoBeaeHHBIE SKCIICPUMEHTHI ITOKA3bIBAIOT, YTO IPOKAaTKa I10
IpOOHOMY pEKMMY J1e(OPMHPOBAHUS CIIOCOOCTBYET 00JIee MHTEHCHBHOMY TEUCHHIO MeTaljia B Ipo-
JOJBHOM HaNpaBJICHUU M OTPAHMYMBACT IEPEMEIICHUE METalIa B IONEPEYHOM HalPaBJICHUH IO CpaB-
HEHHMIO C MPOKATKOM 32 OIMH MPOXOJ, TPH KOTOPOI HECKOJIBKO YMEHBIIAETCS MPOAONIbHAS 1eOopMaLUs
3a CYeT yBEJIMUYCHUS MONEepeyHOo nedopMalnun Metauia. B ciaydae mpokaTtku mo ApoOHOMY pexKuMy
ne(OpMUPOBAHUS C MAJIBIMU €AUHUYHBIMU O0KaTHAMHU 32 MPOX0J Ooee MHTEHCUBHO Ae(hOPMUPYIOT-
Csl TIOBEPXHOCTHBIE CJIOM TIOJIOCHI, B PE3YJIBTaTe 4ero OOKOBasi MOBEPXHOCTDH MOJIOCHI TOJIy4YaeTcs BO-
rayToi. Ilpu mpokartke 3a onuH npoxos 0ojiee MHTEHCUBHO J1e(OPMHUPYIOTCS LEHTPaIbHBIC CIIOH TI0-
JIOCHI, B pe3yJibTaTre 4ero OOKOBasi MOBEPXHOCTD MOJOCHI TIONyYaeTcs BHIMYKJIOW. J|poOHas mpokarka
croco0cTByeT 60J€e NHTEHCHBHOMY TE€UEHHMIO METajlla B HANPABICHUU MPOKATKH, TIPU MPOKATKE 3a
OIIMH MPOXO0JT HaOIromaeTcs O0IbIIas monepedHas aepopMarus MeTaja.

Takum 00pa3om, B pe3yibTaTe MPOBEICHHBIX HCCIEIOBAHUN IO NMPOKATKE IOJIOCHI U3 30JI0TOTO
crraBa 900-i mpoObl yCTaHOBIIEHO, YTO YIIUPEHHE 3aBHCHT

oT apobHocTH nedopmanun. Tak, Tpu CyMMapHOU 00IIeH cTe- B/
neHu nedopmaruu 90 % BenmIMHAa OTHOCHUTEIHHOTO YIITHU- ]
peHus monockl coctaBisieT 105 % mpum mpokaTke 3a OAMH 08 ""‘*-ﬂ::\
npoxon u 30 % mpu mpokaTke Mo APOOHOMY PEXUMY CO CTe- \\
TeHbr0 medopmariu 3a oguH npoxox 2—3 %. a6 NS
Iloxazano, 4TO TIpOKaTKa Mo APOOHOMY PEXHUMY Aedop- 04 N \\\
MHUPOBaHUS MHTEHCH(OUIIUPYET TEUEHUE METalNIa B TPOJOTb- “\ >
HOM HaIPaBJICHUH, YTO MTO3BOJISIET YMEHBIIUTH MMOTEPH 30J10- (]2 \\
TOTO CIlJIaBa 110 CPAaBHEHMIO C IIPOKATKOH 3a OJUH IPOXOA 3a () g %
CYeT yMEHBIIIEHUS IIMPUHBI TTOJIOCHI. 0 1020 30 40 50 60 70 80 90

KpOMC U3YUYCHUS MpoIecca NPOKATKU 30J0THIX CIIJIABOB  Puc. 3. M3MeHeHHE OTHOIICHUS KOA(PPHITHCH-
aBTOpamMH ObLIN MPOBEACHBI UCCIICIOBAHUSI MUKPOCTPYKTY-  TOB IPOJOIBHON [ 1 momepeuHoii B nedopma-
pbl monoc crutaBa 31CpM 900-40 mocie ux medopmarmm, WM IPH npokarke nonockl us craga 31CpM

o 900-40: ¢ — mpokarka 3a OJUH MPOXOJ; W —
a TaKXKe (I)I/ISI/IKO-MexaHI/I‘IeCKI/Ie CBOHCTBA IIOJIOC M OTHCKOB 6
900 5 IpoOHas IPOKaTKa
30JIOTBIX CILTABOB ~H HPOOBL. Fig. 3. Change of the relation of coefficients of

B mporecce mpokartky, Npy MIACTUYECKOM AePOPMHUPO-  |ongitudinal p, and lateral B deformation when
BaHWH MPOUCXOJIUT U3MEHEHHE ()OPMBI 3epEH M yBEIMYHBA- rolling a strip from alloy of AuAgCu 900-40:
€TCsl IPOYHOCTH (HAKJIEM). ¢ — one pass rolling; m — fractional rolling
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UccnenoBanns cnasa 3nCpM 900-40, mpoBeaeHHBIE HAaMHM, MOKa3aid, YTO KpPUCTAJIMUECKas
CTPYKTYpa IJIaCTHUECKH Ae(HOPMUPOBAHHOTO METaJIa XapaKTePU3yeTCs HE TOIBKO UCKaKEHHEM KpH-
CTaJNIMYECKOM PELIETKH, HO M ONpENeIICHHON OpUEeHTHPOBKOM 3epeH, TEKCTYPOii, a OeCropsiJ0YHO OpH-
CHTHPOBAHHBIC KPUCTAJIBI MOCIEC KPUCTAIM3ALUU TOX ACHCTBHEM AedopMaliy MOBOPAYMBAIOTCS
0CSIMU HauOOJIbILIEH MPOYHOCTH BAOJIb HAIPABICHUS JepopMariy.

C yBenuuenueM aedopMaliy CTENEHb TEKCTYPOBAaHHOCTH BO3pACTAET M IPU OOJBIIMX CTEMECHSIX
nedopmanuu gocturaer 100 %, To ecTh Bce 3epHA OKa3bIBAIOTCS OIMHAKOBO OPUEHTHPOBAHHBIMHU.
Takoll xapakTep MIaCTHYECKOT0 TEUEHHS MPUBOINT K U3MEHEHUIO BHY TPU3EPEHHON CTPYKTYPBI — IpO-
0aTCsl OJIOKM MO3aUKH C OJHOBPEMCHHBIM YBEIWYCHUEM CTENCHH MX Pa30pHEeHTHPOBKHU. Bospactaer
BEJIMYMHA BHYTPEHHUX HANPSKCHHH, OrPaHUYCHHBIX (JJOKaJTU30BaAHHBIX) MajbiMU oObemamu. Ilnac-
TH4eckas AeopManys MPUBOAUT METAJUI TaAKXKe B CTPYKTYPHO-HEYCTOWUMBOE cocTosiHue. Camonpo-
W3BOJILHO MTPOUCXOST SIBJICHUS, BO3BPALLAIOIINE METaIJ B 00Jiee YCTOHYNBOE CTPYKTYPHOE COCTOSTHHE.

K camonpon3BoIBHBIM MpoLeccaM, KOTOPbIE MPUBOASAT MIaCTUYECKH JeGOPMUPOBAHHBIN METAII
K Oosiee yCTOMUNBOMY COCTOSIHUIO, OTHOCSTCS: CHATHE MCKAXEHUH KPUCTAININYECKOH PEHIETKH, POCT
3€peH U JIpyrue BHYTPU3EPEHHBIE Npolnecchl. Vcka)eHns KpUCTAIITNYECKON PEIETKH CHUMAIOTCS MPH
CPaBHHUTEJIBHO HEBBICOKOW TEMIEpaType, TaK Kak MPHU 3TOM MPOUCXOAUT HE3HAUUTENBHOE MEpeMellie-
HHE aTOMOB.

Ha puc. 4 npuBenena MukpocTpykTypa nosuockl ciiasa 31CpM 900-40 nocie nmpokaTKH MOJIOCH
HCXOJTHOM TONMIUHBI 4 MM 110 TonmuHbI 0,55 MM (0011as CTeneHp aeopMaluu coctasiset 86,3 %).

Amnanu3 puc. 4 MOKa3bIBACT, YTO MPU MPOKATKE C YBEIMUCHUEM CTEIICHH Ae(OpPMalluy IPOUCXOJUT
BBITSITHBAHKE 3€PEH B HAIIPABJICHUHU MPOKATKU U BHYTPU3EPEHHAS CTPYKTYpa U3MEHSETCs, OJIOKH MO-
3aMKH ApOo0STCS, BHYTPEHHHE HAIIPSDKEHUS BO3PACTAIOT, a CJICI0BATEIBHO, TPOYHOCTHBIC U IJIaCTHYe-
CKH€ CBOWCTBA CIIaBa TaKkKe U3MEHSIOTCS.

Bty mpoBeneHsl U3MEPEHUSI N3MEHEHUH MEXaHNYEeCKUX CBOMCTB 30510Toro cruiasa 3nCpM 900-40
oj1 iekicTBreM nedopmaruu (puc. 5, 6).

Amnanu3 puc. 5 u 6 TOKa3bIBaeT, YTO M0 MEepe YBEIUUYCHHUS CTENEeHU Ae(hOpMALMH TP PaCTSHKEHUH
T0JI0C PEJIEN NPOYHOCTH G, PACTET, & OTHOCHTEBHOE YIJIMHEHHUE O TIaIaeT.

Jns cHATHUSA HakJena U yBEIMYEHN MIaCTUYECKUX CBOMCTB CIlJIaBa MPUMEHSUIH OTHKHUT.

Hamu ycranosneno, uto yxxe Hebonbmoil Harpes (300—400 °C) cHUMaeT MCKa)KeHUs! PEHICTKH —
pe3yabTaT MHOTOYHMCIICHHBIX CYOMHKPOIPOLIECCOB — YMEHBIICHHE MIJIOTHOCTH TUCIOKALNN B pe3yJsIbTa-
T€ UX B3aMMHOI'0 YHUUTOXKEHUS, TAK Ha3bIBacMas aHHUTHIISIIUS, CIIUSAHUS OJIOKOB, yMEHBIICHUE BHY-
TPEHHUX HANPSKEHUM, YMEHbIIEHUE KOJIMYECTBA BaKaHCUU M T. 1. JINHMK Ha peHTreHorpammax
ne(GOpMUPOBAHHOTO METaJlja, Pa3MbIThIC BCICACTBUE NCKAKEHUHN PEIICTKH U HAPYLICHUH ee TPaBUIIb-
HOCTH, BHOBb CTAHOBATCS YeTKUMHU. B pe3ynbrare TBEpAOCTh U MPOYHOCTH HECKOJIBKO MOHMKAIOTCS (Ha
20-30 % 1o cpaBHEHUIO C UCXOAHBIMH), a INITACTUYHOCTH Bo3pacTaeT (Ha 2,5 %).

Huskas Temneparypa HarpeBa 1 IpOUCXOAALINHN MPU HEW BO3BpAT HECKOJIBKO MOBBIIIAIOT MJIACTHY-
HOCTb, & MPHU JOCTH)KEHUU Temneparypsl 650 °C u BbIllIe TPOUCXOAUT MONHAS PEKPUCTATIIU3ALINS

Puc. 4. Mukpoctpykrypa crasa 31CpM 900-40 nocie npokaTky MOJA0Chl KCXOHONW TONIIKUHBI 4 MM 10 TOAIUHEL 0,55 MM
(cTemrens neopmarnuu cocrasiser 86,3 %)

Fig. 4. The microstructure of a strip of alloy of AuAgCu 900-40 after rolling from initial thickness of 4 mm to thickness of
0.55 mm (deformation is 86.3 %)
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Puc. 5. U3menenue npenesa npoYyHOCTH CIja-
Ba 31CpM 900-40 B 3aBUCUMOCTH OT CTEIEHU
nedopmanuu mpu pacTSIKEHHH IOJIOCH TOJI-
muHo# 0,55 MM mociie apo6HOro nehopmupo-
BaHUS
Fig. 5. Change of ultimate strength of alloy of
AuAgCu 900-40 depending on the degree of
deformation at stretching of a strip of 0.55 mm
thickness after fractional deformation
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Puc. 6. I3MeHeHNE OTHOCHUTEIBHOT'O yIJIHHE-
Hus cmnasa 3n1CpM 900-40 B 3aBHCHMOCTH OT
cTerneHu JieopMaluy IpH PaCTSHKESHUH T0JIOCHI
TonuuHOK 0,55 MM, MOJNy4eHHOH ApOOHBIM Je-
¢dhopmupoBaHUEM
Fig. 6. Change of the specific elongation of alloy
of AuAgCu 900-40 depending on the degree of
deformation at stretching of a strip of 0.55 mm
thickness after fractional deformation

U BOCCTAHaBJIMBACTCS NCXOAHAS (IO HAKJEIa) IUIaCTUYHOCTh MeTasa. [locie Toro kak pekpucTaiiu-
3anus (epBast CTaaAus) 3aBepllieHa, CTPOCHUE METaJlla H €ro CBOMCTBA CTAHOBSITCS IPEXKHUMHU, TO €CTh
KOTOpbIE OH UME 10 Ae(hOpMaLtH.

Temneparypa pekpucTaUIM3alMH UMEET BaXKHOE MPAKTHUYECKOe 3HaueHHe. YToObl BOCCTAaHOBHUTH
CTPYKTYpPY M CBOMCTBa HAaKJEMAaHHOTO MeTajula (HampuMmep, NPy HEOOXOAMMOCTH MPOAOIKHUTH 00pa-
0O0TKY AaBJICHHEM IyTEeM MPOKATKH, IPOTSHKKHU, BOJIOYSHHS U T. I1.), €r0 HaJ0 HArpeTh BBILIE TeMIepa-
TYpBl PEKPHUCTAIITU3ALMH.

Takum 00pa3om, IJisi HOTYUYSHHs] B KOHEUHOM M3JEIHH (JUCKE) HEOOXOOUMBIX MEXaHUYECKUX Xa-
PaKTEPUCTHUK (TBEPAOCTH, MIACTUYHOCTD) CIEAYET IPUMEHATh OTXKUT IpH TeMreparype 650 °C B Teue-
Hue 3 MuH A nosnocs! TonuuHon 0,4 mm. Ilocne oTkura npoBOoAUTE MPOKATKY 10 KOHEYHON TOJIIIH-
Hbl 0,3 MM, 3aTeM Ha IITaMax TPOU3BOAUTH BEIPYOKY TMCKOB HEOOXOIUMOrO pa3Mepa.

BruiBoabI

1. ITpu mpokatke nosnockl cruiasa 3070ta 900-i mpoOsl ncxoaHo# TonmuHbI ¢ 4 10 0,55 MM mpouc-
XOOUT BBITATMBAHUE 3CPCH B HAIIPABJICHUU ITPOKATKH, TO €CTh BOSHUKACT YCTKO BBIPAKCHHAA TEKCTYPa.

2. TIpenmen nmpounoctu cruiaBa 3nCpM 900-40 mpu mpokaTke yBenuauBaetcst ot 24 1o 45 xkI/mm?,
a OTHOCHUTEIIbHOE yJIITMHEHUE yMeHbIaeTcs ¢ 25 10 3 %.

3. Omxur npu temneparype 650 °C B TeueHue 3 MUH MMOJTHOCTHIO BOCCTAHABIMBACT IIACTHICCKUE
cBoiicTBa ciuiaBa 3n1CpM 900-40. Temmneparypa pekpuctammu3anuu criasa 31CpM 900-40 cocrapis-
et 530 °C (moxa3aHo pH ONPEACTICHUH TIACTUIECKUX CBOUCTB ITyTEM PACTSKCHHS TOTOBBIX TIJIACTHH
CIIJIaBa).

4. lanpHelmas o6paboTKa gaBiIeHUEM (IIPOKaTKa W BRIPYOKa) MO3BOJISIOT MOIYIUTh JUCKH C He-
00XOIMMBIMI MEXaHWYECKHMH XapaKTePUCTUKAMH (TBEpAOCTh, MPOYHOCTH, MIACTUIHOCTD, H30TPOTI-
HOCTH CBOIMCTB M paBHOMEPHOE pacIpe/elIeHNe 3€PEH 10 BCEMY 00bEMY JFICKOB).
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