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Annomayun: MeaHble ciuiaBbl Ha 0CHOBe cucTteMbl Cu—Zn, B YaCTHOCTH JIaTyHb JI68, SBISIIOTCS NEPCHEKTUBHBIMU
KOHCTPYKIIMOHHBIMUA MaTrepuaiamMu. OmHaKo IS MOBBIMICHUS UX HAJEKHOCTH M pPACIIUPEHUs O00JAaCTH MPUMEHEHUS
HE0OXOUMO TOBBIIIATh WX MPOYHOCTHBIC XapaKTEPUCTUKH. B paboTe M3ydanoch BIUSHUE KOMOWHAIIUU POTAIIMOHHON
xoBkH (PK) u mocnenyromiero omxura Ha CTPYKTYpY, IPOYHOCTh U IIIACTUIHOCTH JaryHu JI68. Jlnsa sToro mpoBeaeHb!
HCCIIEJOBAaHUS MHUKPOCTPYKTYPHI CIUTaBa B 3aKaJICHHOM U Je(OPMHPOBAHHOM COCTOSIHUSX, MEXaHHYECKHUE HCITBITAHHS
Ha OJIHOOCHOE pACTSIKCHHE, MCCIIeJIOBAaHWE TBEPIOCTH IO METOAY bpuHes, a Takke oleHKa CTPYKTYpHO-(a30BbIX
Mepexoa0B MeToAOM audepeHIHanbHON CKAaHUPYIOMISH KaTopuMEeTpUH. YCTaHOBIEHO, 4To B mpouecce PK mpowucxo-
IUT (GOpMHUPOBAHKUE HE TOJBKO BBITSHYTHIX BIOJIb HAMpaBicHUs AehOpMaIUK 3epeH o-(pa3bl, HO U YIBTPAMEIKO3CPHU-
CTOM CTPYKTYPHI BHYTPH HUX, COCTOSIICH U3 Cy03epeH, MBOWHUKOB nedopmanuu u moyoc capura. [locieayrommii oT-
xur 1pu 450 °C npuBOAXT K POCTY pa3Mepa 3epHa A0 3—5 MKM 3a CH4eT IPOTEKaHMs CTaTHYECKOW PEeKPHCTAUIN3AINN.
ITocne PK HabGmromaeTcst pocT yCIOBHOTO Hpezaerna TeKydecTH (Gg,) U npeaena npodynoctu (og) B ~10 u ~3,5 pasa coot-
BETCTBEHHO IIPU CHIDKCHUU 3HAYCHHUS OTHOCUTEILHOTO YIUIMHEHHWs Oojiee ueM B 6 pa3. [locieayromuii oTKHUT HmpHu
450 °C, BpI3BaBIINH (POPMUPOBAHNE PEKPUCTAIIIN3OBAHHON CTPYKTYPBI, IPUBET K CHUI)KEHUIO MIPOYHOCTHBIX XapakTe-
pucTuk naryau JI68 oTHOCHUTENHHO 1e(OPMHUPOBAHHOTO COCTOSIHHS IPU OJHOBPEMEHHOM POCTE 3HAYCHHS OTHOCHUTEN b-
HOTO YUIMHEHHUS 10 CPaBHEHHMIO KaK C Je(pOpPMHpPOBAHHBIM, TaK M C HUCXOIHBIM COCTOSHHEM ciuraBa. OmHAaKO CTOUT
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Yucrroxuna 3.H., Mapreinenko H.C., Poidanbuenko O.B. u ap. «BiMsiHHe POTALMOHHOI KOBKH H NMOCJIEIYIOIIEro OTHKHUIA...»

OTMETHTB, 4TO Gg, U o JaTyHu JI68 mocne PK u mocnenyromero omxura npu 450 °C npeBbIIIar0T 3HAYECHUS IS 3aKa-
JICHHOTO CIUIaBa B cpegHeM B ~2,5 u B ~1,7 pa3a COOTBETCTBEHHO W MPEBBILIAIOT 3HAYCHUS, PErIIaMEHTHPOBAHHBIC

I'OCT 494-90, 'OCT 1066-2015, 'OCT 931-90 u 'OCT 5362-78.
Kniwouegvie cnosa: naryns JI68; poTannoHHAs KOBKA; YITPAMENKO3EPHUCTAS CTPYKTYPa; PEKPUCTAIIM3ALMS; TIPOd-

HOCTb, IIJIaCTHYHOCTb.
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Crarbs NOATOTOBIICHA 11O MaTepuangaM JoKJIanoB yuacTHUKOB XII MexayHaponHoi mxoisl «Du3nueckoe MaTepuano-
Benenuey (LLIOM-2025), TombsittH, 15-19 centsiops 2025 roxa.

Jlna yumuposanusn: Yuctioxuna 3.1., Mapteiaenko H.C., Peibansaenko O.B., Hukurun U.C., Jlykesuosa E.A., Top-
oenko A.Jl., Tempanuesa JI.P., Ctpayman I1.B., Auapees B.A., Jlobatkun C.B. BnusHue poTanimoHHONW KOBKH H ITOCIIE-
OYIONIETO OTXXHWra Ha CTPYKTYpy H MeXaHHYecKHe cBoiictBa omHodasHoit maryrm JI68 // Frontier Materials
& Technologies. 2025. Ne 3. C. 113—124. DOI: 10.18323/2782-4039-2025-3-73-9.

BBEAEHUE

Menp U ee CIIaBbl HAILUIM MIUPOKOE MPUMEHEHHE B JJICK-
TPOTEXHUYECKON TPOMBIIIIICHHOCTH OJlarofapsi MpeKpacHOM
3neKTporpoBogHOCTH [1]. OmHaKO MeHBIE CIUIABEI, B YaCTHO-
ctu cmaBbl cucteMbl Cu—Zn, UCTIONB3YIOTCS W B KadeCTBE
KOHCTPYKIIIOHHBIX MAaTepPHAJIOB B Cy0-  CAMOJIETOCTPOCHHH,
He(PTEXMMHUYIECKOH MNPOMBIIUICHHOCTH, MPH IPOW3BOACTBE
TPyO M CAHTEXHWYECKHX MH3IEIHH, a TaKKe XOJOMMIHHOTO
00OpyAOBaHMST M M3NENH BOeHHOro HasHaueHus [2]. Takoe
NpPUMEHEHHE JIaTyHel 00yCJIOBJIEHO HMX BBICOKOI KOPPO3HOH-
HOM CTOMKOCTBIO, HEMarHUTHOCTBIO M Xopoluel (opmyemMo-
CTBIO, a TaKKe OaNaHCOM MPOYHOCTH U IUIACTHYHOCTH [3].
JlatyHp ¢ conepxanueM IuHKa 10 37 % sBasercst oqHodas-
HOH U TIPECTABIISAET COOOM 0-TBEP/IBIN PACTBOP ¢ KyOUUECKOU
TpaHCIIEHTPUPOBAaHHOHN perneTkor [4]. OmHodazHas a-ITaTyHb
C HU3KHM COJEp’KaHWEM IIMHKA OTHOCHUTENBHO ABYX(a3HBIX
(o-+P)-marynert Gonee ycToifdmBa K KOPPO3MM M TPOIECCaM
obecmaKoBaHus [5; 6]. OmHAKO OCHOBHBIM HETOCTATKOM
OmHO(A3HBIX JIATyHEH SBIAIOTCS WX HHU3KUE IPOYHOCTHBIC
XapaKkTepUCTHKHU. [IOBBICHTh MEXaHHYIECKHE CBOWCTBA H, Clie-
JIOBATENbHO, PACIIUPHUTL O0IAcTh MPUMEHEHHs JaTyHeW mo-
3BOJIIET JAUCIIEPCHOHHOE TBEPJCHHE M H3MENBICHHE 3epHa
nyreM nedopmanoHHol o0pabotku. Ilpu sToM Onaromaps
W3MEJIBIEHUI0 MHKPOCTPYKTYPBI JI0 YIBTPAaMEIKO3EpPHUCTON
(YM3) w/min HaHOpa3MEpPHOM CTPYKTYPhI MOXKHO JOOHTHCS
CYILIECTBEHHOTO YBEIMYEHHS HPOYHOCTH MEIHBIX CIUIABOB.
CdopmupoBats HarO- 1 YM3 CTpPYKTYpy B METaJUIax ¥ CIUIa-
BaX MO)KHO METO/IaM{ MHTEHCHBHOM IIacTHYecKor nedopma-
i (UI1) [7]. Hambomee momynsipaesiMu mMetomamu WU/,
MPUMEHSIEMbIMHI K MEJJHBIM CIIIABaM, SBIISIFOTCS KpyUEHHE MOJ
BBICOKHMM JaBJieHHEM [8], paBHOKaHaJIbHOE YIJIOBOE IPECcco-
Banue (PKVII) [9], Bcectoponnsas kxoBka [10] u nmp. Tak,
B pabote [11] aBTOpam y#anoch HOCTHYH COUETAHHS OTHOCH-
TENTBHO BBICOKHMX TIOKa3aTeNed MPOYHOCTH M IUIACTHYHOCTH
B cmiaBe Cu—30Zn, o6paboranHom PKVYIIL. B stom ciyuae
npesies IPOYHOCTH CIjIaBa cocTaBui 565 Mlla, npenen Texy-
yectn — 250 Mlla, a otHocutenbHOe ymiuHeHue — 20 %.
B mpyroit pabore nocne PKYII ymamoce noOuthkcs cymiect-
BeHHOTo ympouHeHus cmiaBa Cu-30Zn (cp,=542 Mlla,
05=092 MIla), coOnmpoOBOXKAAIOUIETOCS] CHJIBHBIM IaJIEHUEM
wiacTuaHocTH (110 8=5,6 %) [11]. OnHako, HeCMOTps Ha Tpe-
nMymiectsa MeronoB MIIJ[ 11 ynpouHeHms MeTayuioB
W CIUIABOB, WX TPHMEHEHHE B MPOMBIIUICHHOCTH BCE €IIe 3a-
TpynHeHo. [To3ToMy pa3paboTka pekKUMOB 0OpPabOTKH, TTO3BO-
JSIOMUX MOTy4daTh YM3 CTpYKTypy B MEIHBIX CIUIaBax 0e3
npumeHeHust MmetooB UII/, seisercs akTyansHOU 3a/1aueil.

B MenHBIX criaBax BO3MOXHO JOOUTHCS TOTydeHnst Y M3
CTPYKTYpHI ITyTeM MPUMEHEHHs TPaJUIHOHHBIX METOIOB Jie-
¢opmarmu. Hanpumep, B pabote [12] MeTomoM KpHOTEHHOMH
MPOKATKU C TOCJIEAYIOUINM PEKPUCTAIIIM3AIMOHHBIM OTKH-

roM nonmyunni YM3 crpykrypy B daryan Cu-30Zn. B stom
cllyyae yMEHBILUEHHE CpeqHero pasmepa 3epHa 10 0,5 Mkm
C JoNiel OOJBIICYTIOBBIX TpaHull, paBHOH 90 %, MO3BOIUIIO
B/IBOE€ MOBBICUTH IPOYHOCTh UCXOAHOIO cIuIaBa. Jpyrum Tpa-
JMIIMOHHBIM METOZIOM Je(hOpMaliy, YCIIEITHO TPUMEHSIEMbIM
JUISL yIydIneHus (Qpu3HKo-MeXaHHYeCKHX CBOHCTB MarepHalloB
3a cyeT co3gaHud YM3 CTpyKTypsl, SIBISETCA POTALHOHHAS
koBKa (PK). TpaaumuoHHO 3TOT MeToI NMpUMEHSIeTCs I U3-
TOTOBJICHHS TIOJBIX WM CIUIONIHBIX, IMJIMHIPHUYECKUX H CTY-
MIEHYAThIX BAJIOB U OCEH C KPYIVIBIM 1 OTPaHCHHBIM CEUCHHEM,
MO3TOMY €TO BHEAPEHHE B IPOM3BOZICTBO HE SBISIETCS 3aTPYA-
HUTENBHBIM, B oTimure ot meronos UIIJI [13]. B Hacrosiee
Bpems PK ycnemnHo npumeHseTcst 1yt n3MeNBUEeHHs CTPYKTY-
Bl KOHCTPYKLIMOHHBIX TUTaHOBBIX [14; 15] 1 almoMUHHEBBIX
[16] crunaBoB, craneii [17] u apyrux marepuainos. Panee Hamu
yxke OblUla mokazaHa mnepcrekTuBHOcTh PK st momydenus
YM3 CcTpyKTyphl B MEHBIX CIUIaBax: TakK, ObUIM TPOBEACHBI
uccnenoBanus BiusiHUS PK Ha MHKpOCTPYKTYypy, MexaHH4e-
CKHME CBOWCTBA U 3JIEKTPONpPOBOIHOCTH cruiaBoB Cu—0,8%Hf
[18], Cu—0,77%Cr—0,86%Hf [19] n Cu-0,5%Cr—0,08%Zr [20;
21]. B mamBIX crmaBax Omaromapsi copmupoBaHHOW YM3
CTPYKTYpE, a Tarkoke ocakIeHHIo JacTuil, oorateix Cr, Zr u Hf,
3HAUUTEIHFHO BO3PACTAIOT MPOYHOCTD U EKTPONPOBOAHOCTh
C OZIHOBPEMEHHBIM CHIDKEHHEM IUIACTUIHOCTH.

Llens paboOTHI — HMCCIIEIOBAaHUE BIMSHUS POTALMOHHOM
KOBKH W TIOCJIEAYIOIIEr0 OTXKHra Ha CTPYKTYpPY U MEXaHH-
yeckue cBolcTBa onHogasHoil narynu JI68. Oxxunmaercs,
9T0 KOMOMHAIMS POTAIMOHHOM KOBKM M IOCJIEIYIOIIETO
OTXKHUTa TO3BOJIUT MOJYYHUTh CIUIAB C YAyYIICHHBIMH MOKa-
3aTeJIIMU IPOYHOCTH U INIACTUYHOCTH.

METOIUKA ITPOBEAEHUS NCCIIEJOBAHUS

Marepuanom wuccienoBaHus ObUla BbIOpaHa JATYHb
Mapku JI68. [Ins BRIIIaBKU HCCIEyEMOIo CIUIaBa B Kaye-
CTBE IIMXTOBBIX MATEPHAIOB MCIOJIB30BATHCH MEAb MAPKH
MO06 u K Mapku 1[0. BrruraBka crmaBa IpoH3BOAMIACE
B MHIYKIMOHHOM I€YH, OTIIMBKA OCYIIECTBISUIACH B BOJO-
OXJIAXKJIAeMYI0 M3JIOXKHMILy U3 YyryHa AHAMETpoM 52 MM
1 BeicOTON 200 MM. XUMHUYECKHI COCTaB ObUI ompeaeneH
C HCIIOJIB30BaHUEM PEHTTEHO(IYOPECICHTHOTO aHaln3a
Ha TIOCIIEJJOBATEIBHOM PEHTTEHO(IYOPECIEHTHOM BOJI-
HonucrnepcuonHoM cuekrpomerpe BRUKER S8 Tiger
(cepus 2, I'epmaHus) B BakyyMe II0 CTaHJApTHOH METO-
JIUKE C MCIIOJIb30BAHUEM IPOTPaMMHOTO O0OecredeHHs
QUANT-EXPRESS (Bruker, I'epmanus). CoritacHO mpo-
BEJICHHOMY aHalu3y, HCCIEIyeMBIH CIUIaB COCTOSN U3
68+0,21 mac. % Cu u 32+0,13 mac. % Zn. [lanee nomy4yeH-
HBI CIUTOK MOJBEPrajcs ropsueMy HpPEeCCOBAHUIO NpU
temneparype 630 °C o xonegroro nuamerpa 20 MMm. 3aTem
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«Bimsinne pOTaHHOHHOﬁ KOBKH H IOCJICAYOLIETr0 OTKUIA...)»

BEITONTHSUICA OTXur mpyTtka mpu 800 °C B Teuenwme 2 4
€ NOCJIEAYIOLIEH 3aKaJIKOU B BOJIE.

PK BeImonHsANIACK Ha POTAIMOHHO-KOBOYHOW MaIlIMHE
PKM 2129.02 nByxOOMKOBOTO THIA NPH KOMHATHOW TEM-
nepatype. Ilepen PK mpyTox MexaHndeckn oOTadMBaiN 110
19 MM (ucxommsrii muamerp). PK mpomsBoammace 3a 10 mpo-
XOJIOB C IIPOMEKYTOUHBIM YMEHBILICHUEM JUaMeTpa MpyTKa
¢ 0,6 o 1,5MM B 3aBHCUMOCTH OT 3Tama JaehopMaiuu
JI0O KOHEUHOT'0 uaMeTpa 6 MM.

Crenenb aedopMmarun (€) ObUIa omperesicHa mo Gopmyrie

rae Ay — UCXOAHAs IUIOLIa/b IONEPEYHOrO CEYeHHs 3aro-
TOBKH;
Ay — KOHeuHasl IO b MONEePEYHOr0 CEYEHHsI 3aTOTOBKH.

Takum 00pa3oM, CTereHb Ie(pOPMAIHHU, COOTBETCTBYIOIIAS
KOHEYHOMY AMaMeTpy MpyTka 6 MM, Obia paHa 2,31.

UccnenoBanne MuKpocTpyKTypbl 10 U mocie PK mpu
HU3KUX YBEIHUYCHUSAX OCYIIECTBISUIOCH HA ONTHYECKOM
mukpockorie ADF 1350 (ADF OPTICS Co. LTD, Kurait).
Ananu3 MuKpocTpykrypbl nocie PK mpoBoauscs B mpo-
JIONBHOM CEUEHHMH TIPYTKa, MapajuiebHO HalpaBICHHUIO
nedopmanmii. Mukpoctpykrypy mnocie PK wmccienoBamm
METOJOM IIPOCBEYMBAIOIIEH JIEKTPOHHOM MMKPOCKOIIMH
(IIBM). [IDM-aHanu3 OCYIIECTBIISIIH C IOMOITBI0O MUKPOCKO-
na JEOL JEM 2100 (SnoHus) mpu yCKOpsIoIeM HalpspKeHUH
200 kB. O0pasiibl i IPOCBEUHBAOIICH MUKPOCKOIIMH OBLIH
MIO/ITOTOBJICHB! C TOMOINBIO 3MEKTPOIUTHYECKON ITOIMPOBKU
Ha ycraHoBke TenuPol 5 (JIaHusI) ¢ HCTIONB30BAHUEM 3IIEKTPO-
qura, coxepxamero HNO; u CH;OH, npu HampsbkeHun
19,5 B u temneparype —25 °C. Pa3mep CTpYKTYpHBIX COCTaB-
JSTIOIIUX OTIPENEIIUIN METOAOM CITyJaiHBIX CEKYyIIMX B IIPO-
rpaMMHOi cpexne Digimizer.

CTpyKkTypHO-(a30Bble TEPEeXOAbl HW3y4ald METOI0M
muddepenunansHoil ckanupytomeii kanopumerpun (JICK)
Ha npubope NETZSCH DSC 404 F3 Pegasus (NETZSCH,
I'epmanus) npu TUHEHHOM HarpeBe B JUana3oHe TeMIepa-
Typ 150-700 °C B 3amutHO# atmMocdepe aprona co CKopo-
ctbto 10 K/MUH B KOpyHIOBBIX THDNISIX. Jlist dydiiero no-
HUMAaHHS PEaKIUi, MPOUCXOMININX INPH HarpeBe Hccie-
JlyeMbIX 00pa3loB, ObUIM pa3/eNICHbI MEPEeKPHIBAIOIINECS

a

muky. lloydeHHbIE SKCTIEPUMEHTANbHBIC JJaHHBIC OBLTH
OIIMCaHbl KaK CyNEpPHO3UIHS TayCCOBBIX IHMKOB, WIN Tayc-
CHaHOB, O3HAYAIOIAsl CIIOKCHHE HECKOJIBKHX TIayCCOBBIX
¢bynkuumii. Jnsg mpoBemeHWS aHanW3a pa3feNieHHs ITHKOB
HCTONB30BAIOCH TIporpaMMmHoe obecredenne Origin Pro
2021. beuta momydeHa pe3ynbTUpyomas GyHKIU, KOTopas
MMesa HECKOJIbKO MaKCHMYMOB, ONMCBIBAIOIIUX MPEBpalie-
HUSI, TIPOUCXOJISIIIE TIPH Harpese.

Jnst ucripiTaHUi Ha OHOOCHOE pacTshKeHHe ObUIM MOoJ-
TOTOBIICHBI TUIOCKHE OOpaslbl ¢ UIMHOW pabodei yacTu
5,75 MM, mmpuHOH 2 MM M TonmmHOW 1 MM. MexaHude-
CKHE WCIBITaHHWs NPOBOJMIMCH NPH KOMHATHOH Temriepa-
Type Ha HchbeITaTenbHON MmammHe Instron 3382 (Bemmxko-
OpuTaHHs) TIPH TIOCTOSHHOH CKOPOCTH HATrpYyXEHHUS
1 Mm/MuH. J{71s1 K&XKI0TO COCTOSIHUS CIIIaBa OBLIO MCIIBITa-
HO He MeHee Tpex o0pas3uoB. TBepHOCTh M3MEPSUIH METO-
nom bpunemns ma mcmertatensHOM MamuHe WT 5010-01
(Poccust) ¢ nquamerpoM CTanbHOTO MHACHTOpA 2,5 MM 1OJ
Harpyskoi 62,5 xr, BpeMs Beiaepxku 30 c.

PE3YJIBTATBI UCCJIEJOBAHUA

W3 puc. 1 BuaHO, 9TO B 3aKaJIEHHOM COCTOSIHUM CTPYKTYypa
nmatyHu JI68 cocToWMT M3 KPYIHBIX 3epeH o-(a3bl pasMepoM
500-600 MKM 1 JBOMHHUKOB OTXMra pasmepoM oT 10 1o 70 MkMm.
B nporiecce PK MUKpPOCTPYKTypa CYIIECTBEHHO TpaHCchopMu-
pyercs. IToce PK dopmupytoTcst BBITSHYTBIE BIOJIb HAIpaB-
JIEHUS1 KOBKH TIOJIOCHI LTUPUHON HOpsAaKa 45 MKM.

[Mocne PK BHYTpH BBITSHYTHIX 3epeH o-(a3bl GopMUpy-
ercst YM3 ctpyktypa (puc. 2 a). Ota YM3 cTpykTypa co-
CTOMUT U3 JIBOWHUKOB Ae(OopManyy IIUPUHOH OT HECKOJb-
kux gecstkoB o 200 am (puc. 2 b), cy63epeH pazmepoM
300400 HM, TpaHMLBI KOTOPBIX BBICTPOEHBI IIMPOKUMH
JVCITOKallMOHHBIMUA CTEHKaMHu (pHC. 2 ¢), a TakkKe I0JI0C
cnura mupuHoi 400-500 am (puc. 2 a). CrienyeT Taxoke
OTMETHUTh, YTO (OPMUpPOBAHHE CyO03epeH MPOHMCXOAUT MO
OoubIel Mepe BHYTPH TOJIOC cIBUTA (pucC. 2 a).

Puc.3 KOMOWHHMpYET WCXOJHBIE OKCIIEPUMEHTAIbHBIE
JIaHHBIE, OTAEJIbHBIE TIOyUYCHHbIE TIMKH aIllPOKCUMAIINN JUIS
HCCIIEOBAHHBIX CIUIABOB M HOBYIO PE3YJBTHUPYIOIIYIO JTHHHIO
(KyMyJSITUBHYIO KPHBYIO) AaNIpOKCHMAlUH TIEPEKpPBIBAO-
IIUXCS TIMKOB Ha OCHOBE OIICHOYHBIX 3HAUCHHH. MOXHO BH-
JIeTh, YTO HOBBIM MOJOOPaHHBIN MPOGHIH MOYTH HIACHTHICH

Puc. 1. Muxpocmpyxkmypa namynu JI68 é 3axanennom cocmoanuu (a)
u nocie pomayuoHHoU KOBKU npu KomHamuou memnepamype (b)
Fig. 1. Microstructure of L68 brass in the quenched state (a) and after rotary swaging at room temperature (b)
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Puc. 2. [IDM-uzobpasxcenus namynu JI6S nocie pomayuonHo KoKu:
cmpykmypa cnaasa npu yeenuuenusax <25 000 (a), x50 000 (b) u <100 000 (c)
Fig. 2. TEM images of L68 brass after rotary swaging:
alloy structure at magnifications of x25,000 (a), 50,000 (b) and x100,000 (c)
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Fig. 3. Dependence of heat flow on heating temperature for L68 brass after rotary swaging
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SKCIICpPAMEHTATIFHOMY (pHC. 3), 9TO OTpa)kaeT TOYHOCTH MPO-
LEypbl pa3/ieIeHNs IMKOB, HCTIOIb3yEeMON B 3TOM aHAIIH3E.

Ananmu3 JICK kpuBoii CIlaBa BBISBHI HAJIWYHE ISATH
IIKOB TETUIONOMIONICHUS: 1Ba HEOONBIINX IHKA, COOTBET-
ctBytomue temreparypam ~213 i ~301 °C, MakcuMabHBIN
muk npu ~433 °C, a takke mukd npu ~560 m ~626 °C
(puc. 3). Ha ocHOBe mony4eHHbIX pe3yJabTaToB IS JaTyHH
J168 nocne PK 6butn onpeneneHsl TeMIieparypHble PexKuMbl
450, 500 u 550 °C mns mocnenmyromiero otxura. Beioop
TEMIIEpaTyp MPOMCXOAWI W3 pacyera, 4TO HPH HUX YKe
JIOJDKHBI TTPOM30MTH CTPYKTYypHO-(ha30BbIe ITpEeBpalleHHSI.
IIpu atom Temneparypsl Boime 550 °C He OGpanucek B pac-
4eT, 9TOOBI H30eXKaTh OBICTPOTO POCTa 3epHA.

U3 puc. 4 BUIHO, YTO JOTIONHUTEIBHBIN OTXKHI CIUIaBa
mocne PK mprBOIUT K CHIKEHUIO TBEPAOCTH TeM OOJIBIIIE,

4YeM BbIlIE TeMIeparypa HarpeBa. [Ipu 3ToM B MHTepBaje
30-240 MuH BpeMs BBLICPKKH HE OKa3bIBaeT CYIIECTBEH-
HOTO BJIMSIHHS Ha 3HAYCHUS TBEPAOCTH.

[Mocre 3akaiku CIUIaB AEMOHCTPHPYET BBICOKHE 3Haue-
HUSI TUIACTHYHOCTH MPH OTHOCUTEIHHO HHU3KHX MPOYHOCT-
HBIX cBoicTBax (puc.5S). IIpoenenne PK co cremensio
nepopmaruu 2,31 CYIIECTBEHHO TMOBBINIACT 3HAYCHUS
MPOYHOCTHBIX XAPaKTCPUCTHK, MPH 3TOM OTHOCHUTEIHHOE
VIAJIMHEHUE yMEeHbInaeTcs. [Tocne qOmoTHUTENEHOTO OTKH-
ra MPOYHOCTHBIC XapaKTEPUCTHKHU MO CPABHEHHUIO CO 3Ha-
yeHussMHU mociae PK cHIKaroTcs, HO OTHOCHTEIBHO 3aKa-
JICHHOTO COCTOSIHHSI BO3PACTAIOT TMPeNeN MPOYHOCTH, YC-
JIOBHBIH MPE/IEN TeKYYECTH U OTHOCUTENBHOE YITHHEHHE.

W3 tabmumer 1 Bugao, uro PK mpm €=2,31 mpuseno
K 3HaYUTEIHHOMY YBEIMUCHHUIO [TPOYHOCTH C MOBBIIICHUEM
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Puc. 4. 3asucumocms meepoocmu aamyru JI68 nocie pomayuoHHoU KOGKU OM meMnepamypbl U 6peMeHU Hazpesa
Fig. 4. Dependence of the hardness of L68 brass after rotary swaging on the temperature and heating time
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Fig. 5. Stress-strain curves of L68 brass in different states
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Taonuya 1. Mexanuueckue ceoticmea namynu JI68 6 paznuunvlx cCOCMOoAHUAX

Table 1. Mechanical properties of L68 brass in different states

Cocrosinue 6.2, MIla op, MlIla o, %
3akanka T2+4 222+13 39,94+3,8
JI0 Harpesa 754+5 7756 6,3+0,4
Poramonnas kosxa 450 °C (30 muH) 18042 38244 49,1414
mpu £=2,31
450 °C (2 1) 17243 37444 49,942 8

3Ha4YCHUH Gy, U O Oosee yeM B 10 U 3 pa3a cOOTBETCTBEHHO
NP OZTHOBPEMEHHOM CHIDKEHUH & Ooiee yeM B 6 pa3. [Ipose-
JileHre JomnoiHuTenbHoro oTxura mpu 450 °C B teuenue 30
u 120 muH nocnie PK criocoOcTByeT CHUYKEHHIO TPOYHOCTHBIX
CBOMCTB ¥ MOBBIICHUIO [IACTUIHOCTH. OIHAKO OTHOCHUTEIh-
HO HCXOIHOTO COCTOSHHS (TIOCTIe 3aKAJIKH) YCIIOBHBINA IIpees
TEKy4eCTH BO3PACTaeT B CPEIHEM B ~2.5 pa3za, Ipeiel Ipod-
HOCTHU — B ~1,7 paza, a OTHOCHUTEIFHOE YIJTMHCHHUE TTOBHIIIACT-
cs Ha 10. CpoiicTBa NOCHE OTKUra MPOAOKUTENBLHOCTBIO 30
1 120 MUH IpUOIM3UTEIFHO PAaBHEL

Crpykrypa naryau JI68 nocine PK u gononnurensHoro
OTXHra IPEeACTaBJIsAeT COOOH NPEeUMYIIECTBEHHO MEJIKHE
paBHOOCHBIe 3epHa (puc.5). Ilocme omxkura B TeueHue
30 MuH cpenHuit pasmep cocrtapusieT 3,1+0,4 MM, mpu
YBEIMUYEHUU TPOAOJDKUTENLHOCTH HarpeBa 10 120 muH
3epHa HECKOJIbKO yBennuuBarotcs 10 4,5+0,8 mxMm. Cienyer
TaKXe OTMETHUTb, YTO BHYTPU PEKPUCTAIUIN30BAHHBIX 3€pPEH
MPONCXOMUT (POPMHUPOBAHUE OTACTHHBIX TBOHHHUKOB IIAPH-
HOU He Ooiee 1 MkM (pHc. 6).

OBCYXKIEHUE PE3YJIIbTATOB

Uccnenosanune Bausgans xojgogHord PK, a Taxke mocie-
JIYIOIIETO OTXHUTa Ha CTPYKTYPY U MEXaHHUUECKHE XapaKTe-
puctuku narynu JI68 mokaszano, uro PK npuBogut x obpa-

30BaHUIO B CIUIABE BBITSHYTOW BJOJIb HampasieHus aedop-
Malui MHKPOCTPYKTYphI (puc. 1), a Takxke K (popMupoBa-
HUIO BHYTPU BBITSHYTBIX 3epeH YM3 MHUKPOCTPYKTYpPbI
U CYLIECTBEHHOMY POCTY IUIOTHOCTH Je(DEKTOB KPHUCTAILIN-
gyeckoil pemretku (puc. 2). Takoe M3MeHEHHE MHKPOCTPYK-
TypBl BEIET K CYIIECTBEHHOMY POCTY NPOYHOCTH CIUIaBa
(TIpemeIs TeKy9ecT! U MPOYHOCTH pacTyT B ~10 u ~3,5 paza
COOTBETCTBCHHO), OIHAKO CHIJIBHO CHIDKACT €ro IJIacTH-
HOCTh (O ymensmmaercs ¢ 39,9+3,8 no 6,3+£0,4 %).
[IpoBenennsiit JJCK-aHanu3 mokasaj, 4To BCE BBISBJICH-
HBIC TPEBPALICHH MPOTEKAOT C TIOIIOMICHHEM SHEPrHA
(puc. 3). Tak, BepoATHO, TIEpPBbIE MHMKM HA KOBAHOM JIATyHH
(~213 u ~301 °C) coOTBETCTBYIOT MPOTEKAIOIINM TpoIIeccaM
MOJIMTOHHU3AIMK U Bo3Bpara. CXoxue pe3ysbTaTbl ObUIN MOTy-
gyenpl mpu nposeacHuu JICK-anamusza xomomHomehpopMHpo-
BaHHOM MPOBOJIOKM U3 CBUHIIOBOH JaTyHu JICS59-1, rie aBTo-
PBI BBIBIJIM TIPOTEKaHHWE IAHHBIX IPOIIECCOB B MHTEpBAJe
temneparyp 115-235 °C [22]. Cnenyronmii MK Ha KpHBOM
JUIsL KOBAHOTO CILIaBa, COOTBETCTRYIOUMH ~433 °C, BEeposTHO,
CBs3aH C HadaJIOM IPOLIECCOB peKpUCTAIUTM3aliy. V3BecTHO,
410 B Je(hOPMHUPOBAHHOMN YHCTOW MEIH TPOLECC PEeKpUCTAl-
JIM3aluy HaumHaeT npotekats npu 250-350 °C [23; 24]. Tewm-
nepaTypa Hadaua peKpHCTAUIM3AIMK B 9TOM CIydae 3aBHCHUT
OT YHCTOTHI MEJIH, CTEIIEHH JIe(pOpMaIi 1 CKOPOCTH Harpena
00pa3noB mpu wucciaeAoBaHUHM. JoOaBKa JETHUPYIONIUX

Puc. 6. Muxpocmpyxmypa aamynu JI68 nocie pomayuoHHol KOSKU NPU KOMHAMHOU memnepamype
u nocnedyrowezo omaicuea ¢ mewerue 30 mun (a) u 2 u (b). Cmpenxu yxazvlearom Ha 08OUHUKU
Fig. 6. Microstructure of L68 brass after rotary swaging at room temperature
and subsequent annealing for 30 min (a) and 2 h (b). Arrows indicate twins
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9NIEMEHTOB YBEIMYMBACT TEMIICPATYpy PEKPHUCTAILIH3ALNH,
B JJaHHOM citydae 10 ~433 °C. dakT nmpoTeKaHus PeKPUCTAIIIN-
3aliy TpY JaHHOH TeMIepaType MOATBEPKIACTCS U MHUKPO-
CTPYKTYPHBIMH HCCIIETIOBaHISIME (pHC. 6). Tak, OTKHUT CIiaBa
mpu 450 °C BbB3BIBacT (GOPMHUPOBAHHE MEIKHX PABHOOCHBIX
3€peH C OTHENbHbIMHU ABOWHHKaMU. Ilpu 3TOM yBenuueHue
BpeMeHH oTkura ¢ 30 MuH 10 2 4 crabo BIMSACT Ha pa3Mep
(opmupyromierocsi 3epHa, BbI3bIBas JIMIIb HEOOJBLIOW POCT
¢ 3,1+0,4 o 4,5+0,8 mxm. IIpu 5TOM MUKH, COOTBETCTBYIOLIHE
~560 1 ~626 °C, no-BuIMMOMY, CBSI3aHbI JIMOO C TaIbHENUIITM
MPOTEKaHWEM TIEPBUYHON PEKpUCTAIM3ALMY, MO0 C Hadya-
JIOM cOOMpaTENbHON U BTOPUYHON PEKPUCTAIIN3ALIIH.

®opMUpPOBAaHUE PEKPUCTAUIM3OBAHHON CTPYKTYpHI I10-
CJIe OTXKHIa BBI3BAJIO CYIIECTBEHHOE CHIKEHHE IPOYHOCTH
nmaryHd JI68 OTHOCHTENBHO KOBAaHOTO COCTOSHHA (puC. S,
tabmuma 1). Tak, ycIOBHBIA Tpemen MPOYHOCTH B 3TOM
ciIydae CHU3WICA B ~4,2 pa3za, a Tpeel IMPOYHOCTH — B ~2
pa3a. OgHAKO CTOUT OTMETUTH, YTO TOJYIECHHbIC 3HAYCHUS
MPOYHOCTHBIX XapPaKTEPUCTUK CYIIECTBEHHO MPEBBIIAIOT
3HAYCHUs], MOJYYEHHbIC JUIS 3aKaJeHHOro cIulaBa: B ~2,5
u ~1,7 pa3a a1nst 6o, U O COOTBETCTBEHHO. IIpHu 3TOM 3Ha-
YCHUSA OTHOCUTCIIBHOTO YAJIMHCHUA BO3pACTAIOT KaK II0
CpaBHEHHIO C KOBaHBIM cocTossHHEM (B ~7,9 paza), Tak
1 OTHOCHTEINIFHO 3aKajieHHOTo cocTostHus (Ha ~10 %). Uto
MIPUMEYATEIbHO, MEXAaHWICCKHE XaPAKTEPUCTUKH JIaTYHH
J168, otoxokeHHOU B TeueHue 30 MUH M 2 4, IPAKTHYECKU
HE OTJIMYAIOTCS. YBENINYEHHE NMPOYHOCTH cIutaBa nocie PK
1o OOJBIIEH YacTH CBS3aHO C M3MEIBIEHHEM MUKPOCTPYK-
TypbI CIUIaBa ¥ YBEIMYCHNUEM IUNIOTHOCTH ANUCIIOKAIHH.

Kaxk H3BECTHO, Ha MOBBIMICHHUE IMPOYHOCTU METAJIIIOB
U CIUIABOB B OCHOBHOM BIIMSIIOT Takue (DaKTophbl, Kak pasmep
3epHa, HaJIW4YKMe YacTUIl BTOPOM (ha3bl, pOCT IUIOTHOCTU Jie-
(DEKTOB KPHUCTAJUTMYECKON PELIeTKU, B YaCTHOCTH JHCIIOKa-
I, a TaKKe 00pa3oBaHKe TBEPAOro pacTeopa [25]. B mpose-
JICHHOM HCCJICIOBAHUN HAJIMYMS YaCTHUI BTOPOU (hasbl HE ObI-
JIO BBISBJIICHO HM B OJHOM W3 COCTOSHHH CIUIaBa, MOSTOMY
BKJIAJIOM JIAHHOTO MEXaHW3Ma MOXKHO TpeHeOpeus. C mpyroit
CTOpOHBI, B crase coaepxutcs 32+0,13 mac. % Zn, KOTOPbIH
TIOJTHOCTBIO PAacTBOPEH B MEIHOM Marpuile, oOpasyst TBEepAbIi
pactBop. Hanmmame 1uHKa MOBBIIAET MPOYHOCTHBIC XapaKTe-
pucTukn unctol Meau. OpHaKo, Kak OBUIO CKa3aHO BBIIIE,
CTPYKTypa CIUIaBa BO BCEX TPEX COCTOSHHUAX (3aKaJICHHOE,
KOBAHOE U OTOXOKEHHOE) COCTOUT U3 3epeH TBEPAOTO PacTBOPa
LIMHKA B MEJIM Pa3HOTO pa3Mepa. DTO 03HAYAET, YTO BEJIMYMHA

BKJIaJIa TBEPIOPACTBOPHOTO MEXAHM3Ma B YIPOYHEHHUE UMEET
Onv3Koe 3HAYEHWE U Pa3IMIHBIX COCTOSIHWHN CruiaBa. B To
ke BpeMa PK mpuBOAMT K CyIIeCTBEHHOMY H3MEIBYECHUIO
3epHa OTHOCHTEIBHO 3aKaJleHHOTro coctosiHua. Kpome Toro,
PK, kax mrobas medopmariiionHas 00padoTka, BHI3BIBACT yBe-
JIYeHNe TUIOTHOCTH AucioKanumid. Hanprmep, B pabote [26]
nokaszany, uto B npouecce PK mennoro cmmasa Cu-3,11Cr
HAOJFOIaJICs POCT IUIOTHOCTH JTUCIIOKAIMN C 3,87x10" m?
B 3aKaJICHHOM COCTOSIHUH JI0 1,22><1015 M * mocne PK. [Tosto-
My B JaHHOM JKCHEPUMEHTE TaKXkKe CIEIyeT OXKHUIATh CyLEeCT-
BEHHOIO pOCTa IUIOTHOCTU auciokaiui. Ilocinemyrommii or-
xur pu 450 °C npuBOAUT HE TONIBKO K POCTY pa3sMepa 3epHa
I0 3-5MKM H3-3a TIPOTEKAOMIeH PEeKpUCTAIUIN3AINK, HO
1 K CHIDKCHHIO IDIOTHOCTHU JUCTIOKanuid. B pabote [26] Taroke
MPOBOWIM  pacdeT IUIOTHOCTH Juciokamuid cruasa Cu—
3,11Cr mocne PK ¢ mocnexyronmm crapeHHeM B HHTEpBale
temrieparyp ot 400 mo 550 °C. Bpumo moka3zaHo, YTO HarpeB
B 3TOM HHTEpBAIE TEMIIEPATyp NPHUBOAUT K HEOOIBIIOMY
CHIDKCHMIO IIJIOTHOCTH JWCJOKALUM 10 9,41><1014 M 2 Poct
3¢pHA W CHIDKGHHE IUIOTHOCTH JHCJIOKAIlMi TPUBOIAT
K YMEHBIIEHHIO BKJIaJa 3THUX MEXaHW3MOB B YIPOUYHEHUE,
BCJIC/ICTBHE YETO IPOUYHOCTHBIE XapaKTePHUCTUKU CHHKAIOTCS.
Ilpu sTOM (opMHUpOBaHHE MENKHX, PEKPHUCTAJUIM30BAHHBIX
3epeH U CHIDKCHHE IUIOTHOCTH JUCJIOKAIMKA MPHBOAAT K CY-
IIECTBEHHOMY YIyYIICHHIO IUIACTUYHOCTH cruiasa. [lomo6-
HYIO KapTUHY HaOmomany B padote [27] B mpomecce OTKHra
NpH pa3nMYHBIX Temreparypax ciuasa Cu—4,5 mac. % Al,
noaseprayToro PK. ABTopbl Mokazanu, 4To yBEJIMYEHHUE TEM-
TIepaTypsl ¥ TIPOJOIDKUTEIFHOCTH OTXKUTa MPHBOIUT K POCTY
3epHa 3a CYeT MPOTEKaHUs PEKPUCTAILIM3AIMY, YTO MOJIOKU-
TEJIbHO CKa3bIBaeTCA Ha MIACTUYHOCTH.

PestomMupys norydeHHBIE JaHHBIE, MOXKHO CI€IaTh BBIBOJ,
yro PK CymiecTBeHHO MHOBBIIAET MPOYHOCTHBIE XapaKTepu-
CTUKH JlaTyHU JI68 mpH CHIDKEHHH ee IUIACTUYHOCTH, B TO
BpeMs KaK IOCIEIYIOIIHA OTXWI TO3BOJSIET MOJYIHUTH CO-
CTOSIHME C YIy4IIEHHBIMH OTHOCHTEIBHO 3aKaJICHHOTO CO-
CTOSIHUSI 3HAYCHUSIMH TIPOYHOCTH | ItacTHIHOCTH. [1pn aTOM
KaK KOBaHBIM, TaK M OTOMXOKEHHBIH CIUIAB MOXET YCIEIIHO
MIPUMEHATHCS B HAPOAHOM XO3SIMCTBE AJSI PEIICHHS pas-
JIMYHBIX 3371a4, TaK Kak IOJlydeHHble B paboTe MeXaHW4e-
CKHE XapaKTePUCTHKH HE YCTYNAIOT PErIaMeHTHPOBAHHBIM
T'OCT 494-90, T'OCT 1066-2015, TOCT 931-90 u IT'OCT 5362-
78 3Ha4YEeHUSIM WIIN Jake MpeBbImaioT ux (tabmmua 2). Tak,
HampuMep, JaTyHb mnocie PK MoxeT mpuMeHSAThCA NpU

Taonuua 2. Cpasnenue mpebosanuil, npeovsaeasieMvlx Kk oopabomannoi ramynu JI68, ¢ nonyuennvimu 6 pabome OaHHbIMU
Table 2. Comparison of the requirements for processed L68 brass with the data obtained in the work

Ha3nauyenue / MeToa 06padoTkn o, MIla 0, % HcTounux
[TpoBonoka msrkas (auametp 0,18—0,75 mm) 340 25 I'OCT 1066-2015
IpoBomnoxka TBepaas (auamerp 0,18-0,75 mm) 690-930 - I'OCT 1066-2015
[onoca xomogHOKaTaHas TBepaAst 430-540 10 T'OCT 931-90
[Tonoca xonogHOKaTaHas 290-370 42 I'OCT 931-90
TTonoca xonoagHOKaTaHas 290-340 50 T'OCT 5362-78
Tpy6a msrkas 290 40 I'OCT 494-90

Frontier Materials & Technologies. 2025. Ne 3

119



Yucrroxuna 3.H., Mapreinenko H.C., Poidasibuenko O.B. u ap. «BiMsiHHe POTALMOHHOIT KOBKH H MOCJIEYIOIIEro OTHKHUIA...»

IIpodondicenue mabauyvl 2
Table 2 continued

Ha3snauyenue / MeToa 00padoTkn op, MIla 0, % HUctounnk
Tpyba nmomyTBepaas 340 35 T'OCT 494-90
Poraunonnas koBka (¢=2,31) 77546 6,3+0,4 Tekymiee uccnenoBanue
Poranmonnas xoBka (¢=2,31) + Harpes 450 °C (30 muH) 382+4 49,114 Tekymiee uccnenoBanue

NPOM3BOACTBE M3NCIUH, UL KOTOPBIX TPEOYIOTCS BBICOKHE
THIOKa3aTelIM MPOYHOCTH, HAalpUMep paboTalomMX B YCIOBHUSX
uctupanms. OroxokenHas nocie PK naryns JI68 Moxer mpu-
MEHATBCS NPH NPOM3BOACTBE M3NIEIHH, I KOTOPHIX Ba)KHO
COYETaHHE NMPOYHOCTH U IUIACTHYHOCTH, HATIPUMEpP CaHTEXHHU-
yeckux m3nenmid. Kpome toro, o6pabdorka metonom PK Moxer
OBITh JIETKO CKOMOWHMpOBAaHA C JPYIMMH MeTomamu siedop-
Mal|y, HalpuMep ¢ BoslodeHueM. [Ipennonaraercs, 4to Takas
KOMOWHAIIMST MOXKET TIPUBECTH K JIOTIOJHUTETIHHOMY YiTydllle-
HHIO MEXaHUYECKUX XapaKTEePHCTHUK.

OCHOBHBIE PE3YJIBTATHI U BBIBO/IbI

1. Porammonnas koBka naryHu JI68 mpuBomuT k 00pazo-
BAHHUIO BBITSHYTHIX BIOJb HANpaBiICHUS JeOpMaIui 3epeH
o-¢asbl, BHYTPH KOTOPHIX (opmupyercs YM3 cTpykTypa,
cocrosmas U3 cyo3epeH pazmepom 300400 HM, TBOHHHKOB
nedopMaliy IMPUHOM OT HECKOJIBKHX JeCSITKOB 10 200 HM,
a Taroke mnosoc casura mmpunon 400-500 Hm.

2. Iocne orxura npu 450 °C GpopmupyeTcss peKpucTa-
JMU30BaHHasi MUKPOCTPYKTypa C pasMepom 3epHa 3,1+0,4
1 4,5+0,8 MxM 11 30 MUH U 2 9 BBIIEPIKKHA COOTBETCTBEHHO.

3. ®opmupoBanue YM3 CTpyKTypHl NOCIE POTAIMOH-
HOM KOBKHM NPUBOIUT K POCTY Gy, M 6 B ~10 1 ~3,5 pasza
COOTBETCTBEHHO IPH CHIXKEHUU IUTaCTUYHOCTU ¢ 39,9+3.8
1o 6,3+0,4 %. IMocnenyromuit omxur npu 450 °C npusen
K CHIDKEHHMIO IPOYHOCTHBIX XapaKTepHCTHK JaryHu JI68
U3-32 MPOTEKaHUS PEKPUCTAIITM3ALNH ITPU OJHOBPEMEHHOM
pocTe 3HaYeHHUs OTHOCHTENBHOTO yIIHHEHHS 10 ~49 %.

4. IIpopomxuTenbHOCTs oT)kura mpu 450 °C He HOBIHSIA
Ha BeJIMYMHY MEXaHHUECKHX XapaKTePHUCTHK CIUIaBa.
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Abstract: Copper alloys based on the Cu—Zn system, in particular L68 brass, are promising structural materials.
However, to improve their reliability and expand the scope of application, it is necessary to enhance their strength
characteristics. In this work, the influence of a combination of rotary swaging (RS) and subsequent annealing on
the structure, strength and ductility of L68 brass was studied. For this purpose, the alloy microstructure was studied
in the quenched and deformed states, mechanical tests for uniaxial tension, a Brinell hardness study, and an assess-
ment of structural and phase transitions using differential scanning calorimetry were carried out. It was found that
during rotary swaging, both a-phase grains elongated along the deformation direction and an ultrafine-grained struc-
ture inside them consisting of subgrains, deformation twins and shear bands are formed. Subsequent annealing
at 450 °C leads to an increase in the grain size to 3—5 pm due to static recrystallization. After rotary swaging, an in-
crease in the offset yield strength (o) and ultimate tensile stress limit (o) by ~10 and ~3.5 times, respectively, is
observed with a decrease in the relative elongation value by more than 6 times. Subsequent annealing at 450 °C,
which caused the formation of a recrystallised structure, led to a decrease in the strength characteristics of L68 brass
relative to the deformed state with a simultaneous increase in the relative elongation value compared to both the de-
formed and the initial state of the alloy. However, it is worth noting that 6, and og of L68 brass after rotary swaging
and subsequent annealing at 450 °C exceed the values for the quenched alloy by an average of ~2.5 and ~1.7 times,
respectively, and exceed the values regulated by GOST 494-90, GOST 1066-2015, GOST 931-90, and GOST 5362-78.

Keywords: 1.68 brass; rotary swaging; ultrafine-grained structure; recrystallization; strength; ductility.
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