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HccnenoBaHo BIMSIHASA 00y4YeHNsT MOIIHBIM HOHHBIM ITydkoM (MMUIT) HaHOCEKYHIHOW IUTEIEHOCTH Ha (a3o-
BBI COCTaB W MHUKPOCTPYKTYPY IOBEPXHOCTHBIX CJIO€B MarHHeBHIX ciuiaBoB MAS m MA14T1. He obGHapysxeHO
CYIIECTBEHHOI (a30BOM MEepecTpOHKH B 30HE TEIUIOBOTO BIIMSHUS IyYyKa MOHOB B HCCIIEAYEMBIX CIUIaBaX, 3a HC-
KioyenneM criasa MA14T1, 061y4eHHOTO HOHHBIM IYYKOM ¢ IIOTHOCTEIO Toka 100 A/cm?. B aToM ciyuae obHa-
pyeHo BoiaeneHue ¢a3zsl MgZn,. Y CTaHOBIICHO BIMSHHUE PEKUMOB OOJTy4EHHS Ha HaNPsHKEHHO-Ae(hOPMUPOBaHHOE
COCTOSIHHE, pa3Mep 3€peH U BEIMYHHY MUKPOTBEPIOCTH MCCIEAyEeMBIX crilaBoB. OOHapy»KeHO pe3Koe MOBLINICHUE
3HaueHUs MUKPOTBEPAOCTH B criase MA14T1, o6nyuennom MUII ¢ muotHOCTEIO Toka 100 A/cM?, uTo cBsA3aHO ¢
M3MeIIbUeHNEM 3€PEHHOI CTPYKTYPHI U C MOBBIIIEHUEM TNIOTHOCTH TUCIIOKAIHH.

Knrouegole cnoga: MOUTHBIM MOHHBIA Iy4OK; 0OJTy4eHHE; MarHUEBBIE CIUIaBbl; MUKPOCTPYKTYpa; (a3oBBIi cO-
CTaB.

MODIFICATION OF THE STRUCTURE OF MAGNESIUM ALLOYS
MAS8 AND MA14T1 UNDER THE ACTION
OF A HIGH-POWER ION BEAM OF NANOSECOND DURATION

T.V. Panova, V.S. Kovivchak, A.A. Belozerov
F.M. Dostoevsky Omsk State University., 55a Mira Ave., Omsk, Russia,
panovatv@omsu.ru, kvs_docent@mail.ru, aleksei.belozerov.ffl@yandex.ru

The effect of nanosecond high-power ion beam (HPIB) irradiation on the phase composition and microstructure
of the surface layers of magnesium alloys MA8 and MA14T1 has been studied. No significant phase change was
found in the zone of thermal influence of the ion beam in the studied alloys, with the exception of the MA14T1 alloy
irradiated with an ion beam with a current density of 100 A/cm?. In this case, the precipitation of the MgZn, phase
was detected. The influence of irradiation modes on the stress-strain state, grain size, and microhardness of the
studied alloys has been established. A sharp increase in the microhardness value was found in the MA14T1 alloy
irradiated with a HPIB with a current density of 100 A/cm?, which is associated with the grinding of the grain
structure and an increase in the density of dislocations.

Keywords: high power ion beam; irradiation; magnesium alloys; microstructure; phase composition.

BBenenue CTPYKTYpbl, BBEIEHHBIX JETUPYIOLIUX 3JIe-

bnarogaps Manol MJIOTHOCTH, BBICOKOU MEHTOB [2]. OqHUM M3 pelIeHUI yKa3aHHbIX
yAETBbHOW MPOYHOCTH, AeMIupyrolel cro- BbIIIIe MPOOJIEM SBIIIETCS pa3paboTKa Croco-
COOHOCTH MarHMeBbI€ CIUIABBI HCIIOIB3YIOTCS 6a 00paboTku, MO3BOJIAIOLIETO cHopMHUpO-
B aBTOMOOMJIbHOM, aBUAKOCMUYECKON U ApY- BaTb B MAarHUEBBIX CIUIaBaXx MEJIKO3EpPHHU-
TMX OTpaciiAX NPOMBIIUIEHHOCTH, a B IIO- CTYIO CTPYKTYpPy C PaBHOMEPHO pacmpeie-
cinennue roasl U B meauuuue [1]. [upokoe JIEHHBIMU YacTUIaMH BTOpbIX (a3. [lepcrek-
IIPUMEHEHNE MAarHMeBBIX CIUIABOB OTpaHU- TUBHBIM METOAOM TaKOW MOJU(HUKAIMU SB-
YUBAETCsl CHJIBHOM aHM30TpOINUEN UX Mexa- nsercsi 0o0paboTKa TMOBEPXHOCTH MOIIHBIM
HUYECKUX CBOMCTB, HEIOCTATOYHOH (opMmy- noHHbIM myukoM (MMII) HaHOCEKyHIHOM
€MOCTbI0, HHM3KOW KOPPO3HMOHHOW CTOMKO- nmutensHoctd.  [lpu  BozneiictBun  MUII
CThIO. OKCILTyaTallHOHHBIE CBOMCTBA ATHX BO3MOYKHBI CTPYKTYpHO-(pa30BbIe MpeBpaiie-
CIUIABOB CYILIECTBEHHO 3aBHUCIT OT MHKpO- HUSl, TIPUBOJAIINE K ONTUMH3ALMU XapakTe-
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PHCTHUK MAarHUEBBIX CIUTaBoB. Jlist 3TOTrO
HEOOXOIUMO M3YyUYHTh BIUSHUE PEKUMOB 00-
aydennss MUIT na MukpocTpykTypy, (aso-
BBl COCTaB U JC(PEKTHYIO CTPYKTYpy CILIa-
BOB MarHwusl.

Marepuajibl 1 METOIbI HCCJIETOBAHUS

OObeKTaMH UCCIICIOBAHUSI SBISUINCH Je-
(dbopMupyeMble MarHueBble CIiaBel: — MAS
(Mg — 96.8%, Mn - 2% u nerupyromnue J1o-
6aBku Zn, Al, Ce u ap.) u MA14T1 (Mg —
94.1%, Zn - 5%, Zr — 0.9 %). OOpa3ip! mo-
cie mUGOBKU U TIOJTUPOBKH O0ITyJIaTUCh Ha
yckoputene uoHoB «Temm» (OMIY  wum.
@®.M. JloctoeBckoro) noHHBIM my4dKoMm (30%
H" u 70% C*) ¢ ouepruedl wactui Ex
200 k3B, muTeNnbHOCTHIO UMITYJIbCa T=60 HC
B JMama30He IUIOTHOCTEH Toka mydka j=50-
150 A/cm? ogHEM umnyJjibcoM. Da3oBbIi
aHaJIN3 U OIICHKA HaIpPsKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUSI  TIPOBOIU-
auch 1o jaudpakrorpamMmmam, CHSATBIM Ha
pentreHoBckoM nudpakromerpe [JPOH 3M
Ha MenHoM Ko-uznyuenun. Mopddooruto
MOBEPXHOCTH M DJIEMEHTHBIA COCTaB MOJIH-
(UIMPOBAHHBIX CJIOEB HCCIENOBAIU C TIO-
MOIIIBIO PACTPOBOM 3JEKTPOHHOM MUKPOCKO-
muu (JSM-6610LV, «JEOL» ¢ npucrtaBkoii
Inca-350). MukpoTBepa0CTh 00pasloB W3-
MEpsUIM METOAOM BHKKepca Ha TBepaoMepe
[IMT-3.

Pe3yabTarsl M UX 00Cy:KIeHHE

Ha puc. 1 npencraBnena audpakrorpam-
Ma crraBa MA8 1o u mocie oOaydeHHus
MUII. POA mokasan, 94To B HCXOJHOM CO-
CTOSIHUM TIOBEPXHOCTHBIM CJIOH COCTOMUT U3
TBEPAOro pactBopa Mg ¢ rekcaroHajlbHOU
pemreTkoi, ¢a3pl o.-Mn U OKCHIa MarHusl.
Taxke ObIIO OOHApYyXEHO COEIMHEHHUE
Mg, Al; ¢ rekcaronanbHoi pemerkoii. [Tocie
moaudukarmmun MUIT kadecTBeHHOTO H3Me-
HeHusT (Pa30BOTO cocTaBa HE OOHAPYKEHO.
Opnako HaOMIOJAIOTCS TeEpepachpeeieHne
WHTEHCUBHOCTU MUKOB U CABUTU JUPPAKIH-
OHHBIX IMMHKOB B CTOPOHY OOJBINHMX YTJIOB,
YTO CBUJETEIBCTBYET O BO3HHUKHOBEHHH
CKUMAIOIIIUX OCTATOYHBIX HAIPSKEHUH.
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Puc. 1. dudpakrorpammsl cimaa MAS8 mo u mocne
obmyuenuss MUII ¢ pa3inndHOil MIIOTHOCTHIO TOKA

CmnaB MA14T1 B UCXOJHOM COCTOSIHUH
cocTout u3 (a3el Mg ¢ rekcaroHajabHOM pe-
LIETKOM, coequHeHuss MgZn, uHTEepMeTall-
JUHOTO COEOUWHEHUs1 Zn,Zr; C TeTparo-
HaJIbHOW pEIIETKOM M OKCHJIAa MarHus
(puc. 2).
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Puc. 2. ludpaxrorpammel crutaBa MA14T1 o u mo-
cie o6mydenns MUII ¢ pa3nnyHON MIOTHOCTBIO TOKA

[Mocne o6myuenns MUII ¢ j= 100 A/cm? B
cruiaBe MA14T1 nHaOmiogaeTcs BbIIENICHUE
a3zl MgZn;. C yBenu4eHHEM | TIPOUCXOAUT
YBEIIMYEHNE MHTEHCHBHOCTH (ha3bl Mg, 4To
CBUJICTENLCTBYET 00 yHajJeHUH YacTd Io-
BEPXHOCTHOI'O CJIOSI M yMEHbIIEHHE (a3bl
okcupa MarHus. CuibHOE YIIUpEHUE IH-
(paKIMOHHBIX NMHUKOB M MX CMEIICHHE CBU-
JETENbCTBYET O TOSBIEHUU MUKpPOHAMpsIKe-
HUW, B pesyibrare Bosaeucteua MUII, a
CIABUT B CTOPOHY OONBIINX YTJIOB AHQpaK-
MMOHHOTO THKa o0pasna, O0OJyYeHHOTO
MMUII ¢ j = 100 A/cM? TOBOPUT O BOZHUKHO-
BEHUHU COKMMAIOIIMX OCTaTOYHBIX HaIpsiKe-
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HUW PacdeT CymMMBblI TIUIaBHBIX HaIpsHKEHUN
[OKa3aJl UX MAaKCHMaJlbHOE 3HAueHHe JUIs
000MX HcCciIeyeMbIX 00pa3ioB Mpu o0Iryde-
Hu MUII ¢ j=100 A/cm?.

[Tocne o6myuenuss MMUII mnpoucxonst
3HAYUTEIbHbIE W3MEHEHUS MOP(OJIOrHH MO-
BEPXHOCTH 3THX cIu1aBoB. HabOmomaercst 06-
pa3oBaHUME MHOXECTBA KpaTepoOB Ppa3HBIX
pa3MepoB M OCAXKICHHBIX IHCIEPCHBIX Ya-
CTHUIl. DHEPTrOJUCIICPCUOHHBIN aHAIN3 TOKa-
3al1, 4To B ciuiaBe MAS8 nucnepcHble yacTH-
bl COJEp’KaT aJIOMUHMHA, a B cCIUIaBe
MAI14T1 - uunk. TpaBieHue HUCCiIeIyeMbIX
00pa3LoB C LEIbI0 BBIABICHUS MUKPOCTPYK-
TYpBI MOKa3ajo, YTO M3HAYAIBLHO MEIKO3ep-
HUCTass CTpykTypa (2.5-3 MKM) B cILiaBe
MAS nocne o6myuenuss MUII octaercst men-
KO3EPHUCTOM, HO pa3Mephbl 3€peH YyBEIUYU-
muck (4.5 — 6 mxm) (puc.3).

SEl  20kV WD10mm SS38 x3,000  Spm

Puc. 3. Mopdororus moBepxHoctu crutaBa MAS8 mo-
cie obnyuenus MUII ¢ j=100 A/cm?

Jnsa crmaBa MA14T1 naGmrogaeTcsi BbI-
TATUBaHUE 3€PEH, OCOOEHHO 3aMETHOE MpH
o6myuennn MUII ¢ j=50 A/cm? (puc. 4). Tlpu
obnyuernn MUII ¢ j=100 A/cm® pasmepsl
3€peH YMEHBIIMWIUCH C ~35 MKM 110 ~20 MKM.

W3MeHeHrss MUKPOCTPYKTYPbI OTPa3HINCh
Ha 3HA4YEHUSIX MUKPOTBEpIOCTH. Benmuunna
MHKPOTBEpPJOCTH B cruiaBe MAS mocne 00-
nydyenuss MUII HeMHOro cHmkaercs, 4TO
CBS3aHO, MO-BUJIUMOMY, C OTKUTOM Jeek-
TOB M POCTOM 3€pHa NpU MOBBHILIEHUH j. B
criaBe MA14T1, o6nyuennom MUII ¢

SEl  20kV WD10mm  $S45 x250 100um

Puc. 4. Mopdonorust noBepxuoctu criaBa MA14T1
nocine obyuenuss MUII ¢ j= 150 A/cm?

j=100 A/cM? BemMYMHA MMKDPOTBEPIOCTH B
JIBa pa3a MPEBBIIIAET UCXOIHOE 3HAUCHHUE.

OTH W3MEHEHHsI MOTYT OBITH CBSI3aHBI C
U3MENBPYCHHEM 3EepeHHOM CTPYKTYyphl. llpu
OCTAIBHBIX PEXUMaX OOJYYCHHS TaKOTO
PE3KOr0 YBETUYEHUS MHKPOTBEPAOCTH HE
HaOJIFOJaeTcsl.

3akiiloueHue

Takum 00pa3oM, yCTaHOBIEHO, YTO 00My-
yenue MMUII marnueBsix cmmaBoB MAS u
MAI14T1 He npuUBOAUT K CYIIECTBEHHOMY
n3MeHeHuto ¢aszoBoro coctaBa. (OgHAKO
HAOIOIAI0TCS MUKPOCTPYKTYpPHBIE H3MEHE-
HUSI, CBSI3aHHBIC C XapaKTEPOM BO3JICHCTBUS
MMUII u pexumMaMu 00JTydeHHUsL.

HccnenoBanue BBIMOIHEHO 3a CYET rpaHTa
Poccuiickoro HayuyHoro ¢onga u IlpaBu-
tenbcTBa OMCKOM o0macTu Ne 25-22-20041.
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