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Kntouesnbie crnosa:

BbICOKOCKOPOCTHas aedopmaums,
noBpexXaeHue, paspyLLeHne npu
pacTsXeHUW, MapameTp TPEXOCHOCTU
Hanps>XeHHOro CoCToAHUA,
NOBbILLEHHbIE TEMMEPaTYpbl,
MarHueBble CnraBbl.

B pabote npeactaBneHbl pesynbTaThl 3KCNEPUMEHTanNbHbIX UCCNEA0BaAHNA MEXaHNYECKOro
nosegeHust cnnasa Mg—3% Al-1% Zn npu BbICOKOCKOPOCTHOM PaCTsXKEHWUWN MNP KOMHATHOMN U
NOBbILLEHHbIX TemnepaTypax. [Ana UcnbITaHWin NPUMEHANUCL Nockue obpasLpl ¢ rmagkon pabo-
Yen vacTblo 1 ¢ Hagpesamu paguycom 10,5 n 2,5 mm. SkcnepyMeHTanbHble NCCneaoBaHus Npo-
BeJEeHbl Ha BbICOKOCKOPOCTHOM cepBorMapaBnuyeckoMm creHae «WHctpoH» VHS 40/50-20.
HarpeB 006pasuoB MnockMMK KepamuveckuMn MHMpakpacHbIMU uU3nyvaTensaMm A0 3adaHHbIX
TemnepaTtyp 3aHuman B cpegHem oT 60 go 160 c. KoHTponb 3a TemnepaTtypon B paboyen yactu
06pa3LoB OCYLLECTBNANCA B peanbHOM BPEMEHM C NMOMOLLbIO XPOMerb-antoMernesoi Tepmona-
pbl. [MonyyeHbl AaHHbIE O BNVAHUM NapameTpa TPEXOCHOCTN HaNPSHKEHHOro COCTOAHUA B Avana-
3oHe ot 0,33 go 0,5 Ha HanpsXeHVe Te4YeHVsa 1 BENMMYUHY npedenbHon gedopmauum o paspy-
LLEHNS MarHWeBOro Cnnasa Mpy pacTsKeHnn co ckopocTamu gedopmaumm 100 n 1000 1/c npu
Temnepatypax 295, 473 n 673 K. ObHapyXeHo, 4TO C pOoCTOM napameTpa TPEXOCHOCTU Hanpsi-
YKEHHOro coctosiHus B ananasoHe ot 0,33 o 0,5 BenvuvHa npepensHow gedopmaumu o pas-
pyLEHNs MpU pacTsHXKeHWW CnnaBOB MarHUs yMeHblUaeTcd B ABa pasa. YKasaHHbl adpdpekT
peanu3yeTcsl B LUMPOKOM Auana3oHe ckopocTel aedopmauum n tTemnepatypax T/Ty ot 0,32 po
0,73 (Tm = 923 K — TemnepaTypa nnaeneHus MarHmeBoro crnnasa Mg—-3% Al-1% Zn). MNonyyeH-
Hble faHHble BbINN UCMONb30BaHbI ANA KanMbpoBKM MoAeNeln NnacTM4eckoro AedopMnpoBaHnst
1 pa3pyLueHus marHuesoro crnnasa MA2-1.
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The paper presents the experimental results of the mechanical behavior of Mg-3% Al-1% Zn
alloy at high strain rates at room and elevated temperatures. The flat samples with smooth work-
ing parts and notches with a radius of 10 mm, 5 mm and 2.5 mm were used. The experimental
studies were carried out using the high-velocity servo hydraulic test machine Instron VHS 40 / 50-
20. The samples were heated with flat ceramic infrared emitters on average from 60 seconds to
160 seconds. The temperature control in the working part of the samples was carried out in real
time using a chromel-alumel thermocouple.

Data on the stress triaxiality effect on the plastic flow stress and the strain to fracture of the mag-
nesium alloy under tension with strain rates of 100 and 1000 1 / s at temperatures of 295 K, 473 K and
673 K were obtained. The stress triaxiality factor was varied within the range from 0.33 to 0.5.

It was found that the value of tensile strain to fracture of the magnesium alloy decreased
twice when the stress triaxiality factor increased from 0.33 to 0.5. This effect is realized in a wide
range of strain rates and homologous temperatures T/Tn, from 0.32 to 0.73 (Tm= 923 K is the
melting point of Mg-3% Al — 1% Zn magnesium alloy). The obtained data were used for calibra-
tion of plastic deformation and fracture models which are used in computer-aided design of prod-

ucts from MA2-1magnesium alloy.

© PNRPU

BBeaeHune

Jlerkue crulaBel Ha OCHOBE MAarHus, OTHOCSIINECS
K N30MEXaHWYECKON TpyMIe CIUIABOB C T'eKCAarOHANbHOM
IJIOTHOYMAKOBAaHHOW PEIIeTKON, 00JIaat0T MOBIIIEHHBIMH
YICNBHBIMH NPOYHOCTHBIMHM XapaKTEePUCTUKAMU M IIpUMe-
HSIOTCS JIS CO3/IaHMS METAIIMYECKNX JIETKUX M HAJIEXKHBIX
koHCTpykuuii [1—4]. TloBpexaaeMoCcTh CIJIaBOB, 00YCIOB-
JMBAIOIIAsl Pa3BUTHE BS3KOTO pa3pyLICHUs, HAKJIaIbIBAeT
OTpaHUYCHUs] Ha TEXHOJIOTHYECKHE PEXHUMBI (HOPMOBaHUS
n3Jenuii, paBHOKaHAIBHOTO YTJIOBOTO HPECCOBaHUS, pud-
JICHWs IIpHU NIPECCOBAHMU AJIS TONYyYEHHs CIJIABOB C YIIb-
TPaMEJIKO3EpHUCTON CTPYKTypoil [5—7]. Pa3BuTHe Bs3KOro
pa3pymIeHHs] MarHUEBBIX CIIJIABOB B IIMPOKOM HHTEpBaje
TeMIepaTyp ¥ CKopocTed aedopManuy SBISIETCS OCHOBOI
TEXHOJIOTHYECKUX IPOLECCOB OOPAOOTKH M3JIENNH, BKIIIO-
yasi pe3aHHe U PacKpod JNHUCTOBOro mpokara [8—9]. Jms
MIPOTHO3a BA3KOTO DPA3pYyLICHHS W BIHMSHUS MTOBPEXKICHUNA
Ha IUIACTHYECKyI0 JedopManuio MarHMeBBIX CIUIABOB
MIPE/I0KEHB MHOTOMIApaMETPHUYECKNAE MOJIENTH U KPUTEPUH
paspylieHus B MIMPOKHAX YCIOBUSIX Harpyxkenus [10-21].
[Tomy4yeHs! AKCIEpUMEHTAIBHBIE JTAHHBIE O 3aKOHOMEPHO-
CTsIX AeopMallii MarHUEBHIX CIUIABOB B IIMPOKOM AHara-
30HE TeMIepaTyp W CKopocTedl Harpyxenus [2, 3, 8—22].
YCcTaHOBIIEHO, YTO MarHWEBbIE CIUIABBI OOJIAAIOT Pa3IIHy-
HBIM COIIPOTHBJICHHEM IUIACTUYECKHM JleopManusM Hpu
pacTsDKeHMH M CKaTHU. OTOT 3¢ ¢eKT oOycioBieH Mmexa-
HU3MaMH IUIACTHYECKOTO TEUEHUS, CBA3aHHBIMHU C TBOWHH-
koBaHueM [19-21]. OGHapyXeHO, YTO B MarHHUEBBIX CILIa-
Bax MpHU IUIACTUYECKOH AedopManuy BO3HUKaeT nedopma-
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LIMOHHAS aHW30TPOIHs, OOYCIOBJIEHHAs (OPMUPOBAHHEM
texctypsl [18—20]. Ipu miacTudeckoi aedopMarm Mar-
HHUEBBIX CIUIaBOB B TEMIIEPATYpHOM auarna3zoHe oT 423 1o
673 K mpouCXOOUT HHTEHCHBHAs TUHAMHYECKAs PEKpH-
CTAJUTM3aLMs, COINPOBOXKAAIOIIASACS HM3MEHEHHEM MeXaHH-
yeckux cBoicTB [16, 22]. DkcrnepuMmeHTalbHbIC JIaHHBIC
CBHUJICTENBCTBYIOT O TOM, YTO MEXaHHYECKOe IOBEICHHE
MarHMeBbIX CIUIABOB B LIMPOKOM MHTEpBAJle TEMIIEPaTyp U
CKOpocTed eopMalMy OTJIMYAETCS OT TOBEJICHHUS CIIIa-
BOB, OTHOCSIIMXCS K IPYIMM H30MEXaHHYECKHM TpYIIam
[1]. B cBsi3u ¢ 3TUM aKTyaiabHOM 3ajaveil SBJISETCS paspa-
00TKa a/IeKBaTHBIX MOJIENIell MEXaHWYECKOI'o IIOBEICHHUS
MarHMeBBIX CIUIABOB, YYUTHIBAIOIINX 3aKOHOMEPHOCTH IIJIa-
CTHYECKOTO TEUEHHsI U pa3pyLICHUs..

B Hacrosmiee Bpemsi OoJbllIOE BHUMaHHE YJIEISIETCS
pa3paboTke MoJeNiel cO CBSI3aHHBIMH KPHUTEPHUSIMU ITOBpE-
JKICHUs ¥ IiactTuaHocTd [24-33].

B aTix Momensax ommcaHue IIaCTHYECKOi aedopmaryn
CBSI3aHO C pPACUYETHHIMH 3HAYCHUSIMHU IapameTrpa MHOBpe-
JKIIEHHOCTH, 3aBUCSIIIIETO OT OTHOCUTEIBEHOTO 00beMa 1op B
Marepuaine. J[aHHbIM KjIacc MOJAEIe pa3BUBAETCS B paMKax
noaxona ['ypcona — Teeprapaa—Humensmana [25—30]. s
KaIMOPOBKM 3THX MOJIENIEH HCIIONBb3YIOTCS SKCIEPUMEH-
TaJIbHBIC JaHHbIC, MOJYYEeHHbIE PU HUCTBITAHUIX 00pPa3OB
Ha pacTsHKEHHE, CKATHe, CABWT, TpojaBiuBanue [28—29].
MeToauK1 HCHBITAaHUH 00pa3loB ¢ Pa3IMYHOI reoMeTpHeit
ObuTM pa3paboTaHbl IS MOJYYEHHs AKCIIEPUMEHTAIBHBIX
JIAaHHBIX O BJIMSHUM TPEXOCHOCTH HAIPSIKEHHOTO COCTOSHHUS
Ha ITUIACTUYECKOE TE€UYEHHE M Pa3BUTHE IOBPEKICHUH B 00-
JIACTH MOJIOKHUTENbHBIX Hanpsbkenuid [20, 28, 32—35].



Ckpunmsik B.A., Ckpunusax B.B., Kosynun A.A., Hoxum K.B. | Becmnux I[THUITY. Mexanuxa 1 (2019) 151-160

Henp manHON pabOTHI 3aKiIIOYAach B MOITYYCHUH HO-
BBIX DKCICPUMCHTANBHBIX IaHHBIX O BIMSHUH Tapamerpa
TPEXOCHOCTH HANPSHKEHHOTO COCTOSHHS HAa MEXaHHYeCKOe
MOBENICHHEe MAarHueBsIX cruiaBoB Mg—Al-Zn B ycmoBmsx
BBICOKOCKOPOCTHOH JeopMaIuil U B IIUPOKOM JHAINIA30HE
TeMIeparyp A KaauOpOBKU ONPEACISIOIIUX COOTHOIIC-
HUH, a TalKe B TONyYCHHH HOBBIX JKCIIEPHMEHTAIBHBIX
JAHHBIX O CKOPOCTHOW YYBCTBHTEILHOCTH HAMPSHKCHHUS
TEYEHUS CIUIaBa MPU TOBBIIICHHBIX TEMIIEpaTypax.

1. MaTtepuan u meToabl uccrnenoBaHuUsA
1.1. Martepwnan

HccnenoBanns NpoBeNeHBl HA KOMMEPUYECKOM TOHKO-
JUCTOBOM TMpOKaTe MarHueBoro cmiaBa MA2-1 (aHanor
cmwraa AZ31 wn Mg — 3%Al — 1%2Zn). CrtaB Haxoauicst
B TOJINKPHCTALIMYCCKOM COCTOSIHUH. 3epeHHasi CTPYKTypa
CIUIaBa HCCIICNOBAaHa HA CKAaHUPYIOIIEM MHKPOCKOIE
TESCAN wMeTonoM andpakiuyd BTOPUYHBIX 3JIEKTPOHOB
(EBSD). AHanu3 mojy4eHHbIX CKaHOB TMPOBEACH C MOMO-
IpI0 JIAIICH3UOHHOTO TporpaMmHoro obecmedenuss HKL
Channel 5 Oxford Instruments. Ctpykrypa siBisuiach Me-
KOKPUCTAJUTMYECKOH, OJHOPOIHON U paBHOOCHOH. CpenHuii
pa3Mep 3epHa cIutaBa coctaBisit 40 MKM.

OO0pasupl U UCTIBITAHMN BBIPE3ANCH JJIEKTPOUCKPO-
BbIM METOJOM Ha CTaHKE C YHCIIOBBIM HPOrPaMMHBIM
ynpasienuem DK7732, ¢ opueHTanmelr ocu BIOJIb HAIpaB-
JIeHHs IPOKaTa U3 JIMCTa TONMIMHON 2,4 MM, 9TO obecrieyn-
BAJIO BBICOKYIO TOYHOCTH BOCIIPOHM3BOJICTBA TeOMETpHYe-
CKHX THapameTpoB paboued yactu obpasuoB. I'eomerpuue-
CKHE TapaMeTpsl 00pasloB Ui  BBICOKOCKOPOCTHBIX
UCTIBITAHUH OBbUTH BBIOPAaHBI B COOTBETCTBHU C PEKOMEH[a-
usiMu INSTRON wu crangaproB ASTM E8 u DIN 50125-H.
I'eomerpust 00pa3LoB MoKazaHa Ha puc. 1.

jR a

U (] it ﬂl]lll||l[l|ll|'||||l||l|l|lll|ﬂll|‘lllﬂ]|N||l|iﬂ‘; 1 wiﬂmivim
2 8 456 7 8 9 1011 12 13 14 15 1
o
Puc. 1. Ilnockue o0pa3ubl MarHUEBOro CIIaBa C HaJpe3aMHu:
a — KoHburypamms Hampe3oB pabodueil YacTH 00pasIoB;

6 — doTorpaduu oOpasoB ¢ Haape3amu paguycom 2,5, 5, 10 MM

Fig. 1. Flat samples of the magnesium alloy with notches: geometry
of notches (a); photos of the samples with notches having
aradius of 2.5 mm, 5 mm, and 10 mm, respectively (b)

1.2. MexaHu4yeckue UcnbITaHust N aHanu3 gaHHbIX

st uceneoBaHus MEXaHUIECKOTO HMOBEICHHUS TOHKO-
JIMCTOBOTO IIPOKaTa MarHWEBOTO CIUIaBa OBUTH IPOBEICHBI
UCTIBITAHMS 110 OCEBOMY PACTSHKEHHUIO 00pa3IoB ¢ MOCTOSH-
HOM ckopocThio Jedopmanmu. McmbsiTaHust mpoBeneHbl Ha
BBICOKOCKOPOCTHOM wmcmbITaTenbHOM creHae INSTRON
8800 (kondurypanus VHS 40/50-20). [ns BBICOKOCKO-
POCTHBIX HMCIBITAHUH NPUMEHSIUCH 00pasibl, OKa3aHHbIE
Ha puc.l. s npoBepkH BOCIIPOM3BOIMMOCTH PE3yJIbTaTOB
UCIIBITBIBAIN HE MEHee MATH 00pa3loB ¢ OJMHAKOBOH KOH-
¢urypanueit paboueil yacTu Ipu KOMHATHOH TeMIiepatrype
(295 K) m mpu TOBBIIEHHBIX HAYAJIBHBIX TEMIIEPATypax
(473£2) K u (673%2) K. IloBBImICHHBIC TeMITEPaTypsl BO
BpeMsl UCITBITaHUI OBIIIM JOCTUTHYTHI IIyTeM Harpesa pabo-
4yel yacTH 00pa3lioB B TEIIOM30JUPOBAHHOM OOKCE C IO-
MOIIBIO TUIOCKUX HH(PaKPaCHBIX KEPaMHYECKHX Harpepa-
Teneid. Harpes oOpa3noB 10 3agaHHBIX HayalbHBIX TEMIIC-
patyp 3anuMan B cpeaHeM ot 60 c mo 160 c, dyto
NPEMATCTBOBAJIO HPOTEKAHUIO PEKPUCTAJUIM3ALMU CIUIaBa.
OIHOPOIHOCTE MONS TEMIIEpaTypsl B pabodedl yactu 00-
pasua oOecrieunBaiach NPUMEHEHHEM IIOTOKOB HWHppa-
KPacHOTO M3JIy4eHHUs 10 HOpPMalld K IUIOCKOCTH 00pasla.
TemnepaTypa Ha rpaHuLe pabodeil yacTi oOpasna u3Meps-
JlaCb HEIIPCPLIBHO B pCajibHOM BPEMCHU C IMOMOIIBIO KOH-
TaKTHOW XpOMeJIb-aJIIOMEJIEBOI TepMOIaphl C pa3pereHueM
0,1 K u Tounoctsio 1,5 K.

HcnpITaHusl BBIIOTHEHBI NPU IOCTOSHHBIX CKOPOCTSIX
pactsbkennst 20 u 2 M/c, KOTOpbIe 0OecTeunBaId CKOPOCTH
nedopmarmu 1000 ¢ u 100 ¢ cootBercTBeHHO. CKOPOCTH
PaCTsHKEHHUS MOJJICPIKUBAIACH IOCTOSHHON C TOYHOCTBIO JI0
0,01 M/c ¥ KOHTpOJIMpOBalach B MpOLECCE HArPyKEHUS
00pasIoB B KOKAOM KCHepHUMeHTe. MexaHHYeCKUe OTKIIH-
KM, TTOJIyYeHHbIC B Pe3yJbTaTe UCIBITAHUN Ha pacTsDKEHHE,
MOJIy9YEHBI B BHJIE 3aBUCUMOCTEH yCHINH 1e(popMUpOBaHUS
oT HepeMemeHMﬁ. Ot JAHHBIC OBIIIN KCIIOIB30BaHbI JJIs1
OIIpeNIeNICHUsT 3aBUCUMOCTEH HCTHHHBIX HANpPsHKCHHH OT
UCTHHHBIX JedopMaiuii B COOTBETCTBHM CO CTaHAAPTOM
ASTM ES8.

HcTHHHOE HAIPSDKEHHE Girye OTIPEACIISIIOCH 110 (hopMyITe
AP(

Sirue = =
0

1+Al, /|0), (1)

rae AP — npupamenue ycunus, Fo — momane Ha9aabHOTO
MOTIEPEYHOTO CcedeHust paboueit wactn obpasima; Algp —
yIUIMHEeHHe paboueil yactu obpasia; lo — HavanbHas JUIMHA
paboueili yactu obpasua.

HctunHas nedopManus €yue ONPEACIISIIACEH IO GOpMYyIIe

—In(1+Al, /1,). @)

SIFUE

OtHocuTenbHOE paBHOMepHOE yaiuHenue (8p) [%0]
ompeiensnach mo popmyie

3, =In(Al_, /1,)1009%,
p n( cp O) 0 (3)

e Al — ymnmaenne pabodeit yacti o6pasifa 10 06pa3oBaHus
1ieiiky; lo — HavanpHas 1yMHa pabodeit yactu obpasia.
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IIpu npoBeneHUN UCTIBITAHMI HA PACTSHKEHUE AATYUKU
MO3UIIMOHUPOBAHUS U YCKOPEHUS UCIBITATEIBHOTO CTCHIA
Instron VHS 40/50-20 o6ecrieunBanu ompeaeicHAe Tuia-
cTideckux nedopmanuii B auamna3zone ot 0 qo 0,2 ¢ TogHO-
ctpio 0,5 %. B uHTepBane miactuueckux aedopmanuii ot
0,2 mo 1 ToYHOCTH OmpeAeCHUs MIACTUYECKOH aedopma-
IUH cOCTaBIsIIa ~2 % OT N3MEPEHHOW BEINIHHEL.

Jns omnpeneneuus negopManuu 10 Pa3pyIICHUS &
IUTOCKUX 00Pa3lioB MPUMEHSIACH (hopMyIia

& :\/m\/af+8§+[—(sl+az)f, 4)

W, )
e g =In| = |, ¢, =In| =+ |, Wi — HaumeHbmIas u3Me-

WO 0
peHHasl [IMpHWHA CeveHHs B OOJIaCTH paspylieHus; Wo —
HavaJbHas IMUpUHA pabodeil yactu oOpasna B 30HE Haipe-
3a; 01 — cpeaHee apu(PMETHUCCKOE H3MEPCHHBIX 3HAYCHHI
TOJIIIMHBI B OTICIBHBIX CEUCHHUSX 00JaCTH Pa3pyIICHUs; do —
HavaJbHas TOJIIIHA pabodyel yacT oOpasiia B 30HE Hape3a.

BenuuuHb W1 1 Wo, 01, 6o OTIPEACISUTUCH C HCIIOJIB30-

BaHUEM H3MEPHUTENLHOrO0 HU(GPOBOro Mukpockoma BMII-
IM mpu ananmse pororpaduii 30HB pa3pyUIcHUS 00pa3oB
(puc. 2, a, 6). lllupuna 30HBI U TOMIIKHA 00pa3lia ObLIH
HU3MEPEHBI 10 ¥ TOCNE pa3pylicHus o0pasia ¢ TOYHOCTHIO
1 MM (cM. puc. 2, 6). TommuHa 61 Onpenensuiach Kak cpel-
Hee apu()METUYECKOE H3MEPCHHBIX 3HAYCHUH TOIIIHUHBI
B OTJCIIBHBIX CEUCHUSIX O0JIACTH Pa3pyIICHHS.

ITpu onpenesenn: eOpMaLi 10 Pa3pyIICHUS & IUIOC-
KuX 00pasoB no (opmyie (4) mpemnonaraioch BHITIOIHEHUE
HOCTyJIaTa IUTACTUIECKOW HECKUMACMOCTH H MAIOCTH YIIPY-
rux fehopMaIuii o CPABHEHHIO C IUTACTUYCCKIUMH:

g+, +8 =0 g =—(g +¢,), 5)

I7IE € — IJIaBHbIE KOMIIOHEHTHI TEH30pa jaedopmanuid, | =
=123

W cTHHHBIC HAMPSKEHUS PACCUUTHIBAINCE IS KaXKIOTO
HCIIBITaHKS BIUIOTH 10 paspyuieHus obpasia. [locne Hayana
(hopMHpOBaHUS MICWKH NPUHUMAIOCH BO BHHMAHHE, YTO
HANPSDKEHHOE  COCTOSHHWE  CTAHOBHUTCSA — HEOIHOPOIHBIM
B paboucii yacTi 00pa3IoB u3-3a U3MEHEHHS (HOpMBI pado-
Yyeil yacTH.

[TapameTp TPEXOCHOCTH HATPSKEHHOTO COCTOSHHS 1| U
napametp Jloze L onpenensimmcs no gopmynam [14]

M = —Pp/Geq, L = (2 ou — o1 — o)/ (o1 — o), (6)

e 6,=c,, o,=(/ 2)(Giicjj _Gijcij) » Oy :det(cij):

— 2 2 2
=01)0,,05 + 2612023631 015033 —020;; —030y nep-

BB, BTOPOIl U TPETUIl MHBapHUaHThl TEH30pa HAIpPSLKEHUN

Kormm cooTBETCTBEHHO; P — JaBlieHHe, p = — o1/3; Gy —
3 1
OKBHBAJICHTHOE HANPSIKCHHE, GO = Ecijcij —Eckkckk =

=,/30,, ; Gij — KOMIIOHEHTbI TeH30pa HanpsbkeHni Komrm.

7 ot0,  o+4§,
LW Hew,
5
20 30 X, Mmm
o 6
R A LA
0 e orc 3 u

Puc. 2. Kondurypanus oOpa3ioB MarHMeBOro CIUlaBa B 30HE PaspyIICHHs: d — CXeMa OLM(POBKU OOJACTH paspyIICHUs; 6 — KOHTYD

00JIacCTH pa3pyLIeHHs; 6 — CXeMa M3MEPEHHS TeOMETPHYECKUX IapaMeTpoB 30HbBI Pa3pyIICHHUs; ¢ — HauyaJdbHas KOHQUTypauus ceueHus

paboueit yactu 006pa3ioB; Gororpaduu 30HbI pa3pylIeHUs: 00pa3OB C HAIPe3aMHu, UMEIOIIUMH Paauyc; 0 — 2,5 MM; e — 5 MM; orc — 10 Mm;
3 — ¢ rmagkoi gacteio ipu 473 K; u — ¢ rmazgkoit gacteio npu 673 K

Fig. 2. The geometry of the magnesium alloy samples in the zone of fracture: the scheme of digitizing the fracture area (a), a contour the

fracture area (b), geometric parameters of the fractured zone and initial geometry of cross section samples (c); initial configuration of

samples; photographs of the specimens fracture zones with notches with radius of 2.5 mm (d), f 5 mm (e), 10 mm (f), with smoothed
specimen at 473K (g), and with a smoothed specimen at 673 K (h)
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HauanpHoe 3HaueHHe mapaMerpa TPEXOCHOCTH Hampsi-
JKEHHOTO COCTOSIHMSI 1| OLICHHBAJIOCh IO aHAIUTHYECKOU
(dopmyne ams oOpa3moB ¢ Haape3aMH B IDIOCKOM Harps-
JKEHHOM cocTossuuu [29]:

n=(L+2a)/(3Ja’ +a+1), a=h[1+w/@R)], ()

rie W — mupuHa oopasua; R — 3HaueHue paguyca KpUBU3HBI
HaJpesa.

3HayeHUs 1 MpH pamuycax Hazapeso 10, 5, 2,5 mm
u Uil o0pasnoB ¢ pabouell yacTbio 0€3 HaJIpe30B PaBHbBI
0,3997; 0,4455; 0,5029; 0,33 cOOTBETCTBEHHO.

B pamkax moaxoma I'ypcona — Tsepraapma—Hunens-
MaHa KpUTEpHUil IIIaCTHIHOCTH uMeeT Bus [25, 26]

(o2 /0%)+2q,f cosh(-q, p/ 20,)-1-g,(f)’=0, (8)

TZIe Geq — SKBUBAJICHTHOE HAINPSDKCHUE; Gs — HANPSDKEHHE
TedeHus; P — gasnenwue; 1 = 1,5, 02 = 1 u 3 = 2,25 — mapa-
MeTpsl MaTeprana; f — mapamerp MOBpEKICHHOCTH MaTepH-
ana.

IIpu otcyTcTBHH TOBpex)AeHUI Kputepuii (§) SKBHBa-
JICHTEH KPUTEPUIO IUIacTUYHOCTU Mu3seca. B ciydae perue-
HUSl AMHAMHUYECKUX 3a/ad JEBHATOp TEH30pa HaNpsDKEHHH
OTIpeeAeTCs U3 PEIICHUS YPAaBHEHUS

bS; :%_qui_ , (9)
Dt 3g, '

rae D/Dt — npousBoaHas o Bpemenu SlymaHHa; Sij — ne-
BUATOp TeH3opa Hanpsokenuit Komw, S; =o; —(1/3)c,, 5y ;

€; — KOMIIOHEHTBI TEH30pa CKOPOCTH Jiehopmanuy,

e=[.[(2/3) & &Tdt

Omnpenenenye mapaMeTpoB Marepuala B YpaBHEHHSX
(7), (8) u (9) ocymiecTBIsIETCS] C UCTIOIB30BAHUEM PE3YJIb-
TaTOB 3KCHEPUMEHTAIBHBIX HCCIIEIOBAHUNA MEXaHUIECKOTO
TIOBE/ICHUS B COOTBETCTBYIOUIMX AMAINA30HAX H3MEHECHUS
TeMIIepaTyphl, CKOPOCTH JedopMaldy U MapameTpa Tpex-
OCHOCTH HAIIPSDKEHHOTO COCTOSTHHUSL.

Hanpspkennst TedeHns A7l CIUIaBOB C IeKcaroHaJbHOW
wioTHoynakoBanHoi pemeTrkoi (I'TIY) ommceBammce B
BUAE€ CYMMBI aTEePMUYECKOTO HAMPSKEHHUS W TEIUIOBOTO
HarpsokeHust [27]. Moaudukanus onpenesnsionero ypas-
HeHUs1 3epmlIn-ApMCTPOHTa JUIsl MarHUEBHIX CIIJIABOB HC-
MoJIb30BaHa B (hopme

M —
— p 1/2
o, =0, +C; (Seq) +ky,d, -

(10)

roe o, Cy, N, K

dg -

C,,C;,C, — mapamerpsl MaTepuaia;

£ =[(213)g;8; 1'%

hp?

cpeqHMH pa3Mep 3€pHa;

. 1. .p (! 2P APT24+
o =108 ,aeq—jo[(2/3)8ij ;' “dt — oxBuBanenTHas

P
wiactuaeckas aedopmanus, T =T, +(0.9/ pCp)J.OS o, dgf ;
To — HavyanmbHas TeMIEpaTypa HarpyeHHs; p — MaccoBas
IIOTHOCTH; Cp — yZeNIbHAS TEIIOEMKOCTb.

ATepMHIYecKOe HalpsHKEHHE, 33/1aBaéMOe BTOPBIM Clla-
raeMbIM B TpaBoil uyactu ypasHenus (10), onmcwiBaercs
COOTHOLIEHUAMH 0e3 ydyeTa 3aBUCHUMOCTH OT CKOPOCTH fe-
dopMaLyy U TEMIepaTypbl, HO C Y4€TOM 3aBUCUMOCTH OT
CTETICHH IIACTHIECKOH aedopMaIim, oTpaxaromeil CTpyK-
TYPHYIO 9BOJIIOLMIO CIUIABOB.

CBsi3p MEXIY SKBHBAICHTHOW IUTACTHUYECKOU Hedop-
Mamyeil M IapaMeTpoM IOBPEXICHHS B CiIydae BS3KOTO
paspylieHus Marepuaina 3agaercs QyHKIHEH MIacTHIecKo-
ro MOTEHIMala, KOTOpas 3aBHCUT OT IapameTpa IOBpe-
JKIEHHOCTH Matepuana f:

f=fq+f

nucl growth ?

frua=(Tu /sy ) el exp{—O,S[s; —SN)/SN]Z}, (11)

fgrovvth = (l_ f )élfk’
rae f — mapamerp MOBPEXACHHOCTH; €N U SN TPEACTABISIOT
coboil cpeanne neopManuy HyKJICaMH M CTaHAAPTHOE
OTKJIOHEHHE COOTBETCTBEHHO; fy — mapamerp, KOHTpPOIUPY-
FOLUI KOJIMYECTBO 3aPOKAAOIIMXCS TIOP.

IIpu ucnone30BaHUH MOJENEH MOBPEXKICHHON Cpenbl
JIOKQJIBHOE PA3pPYyILICHUE IIPOUCXOIUT IPU JOCTUNKCHUM IK-
BUBAJICHTHOH AedopManueil KpUTHYECKOTO 3HAYCHUS, Be-
JMYUHA KOTOPOTO 3aBHCUT OT TEMIEPATYpPbl, CKOPOCTH Jie-
dopManuu M mapamerpa TPEXOCHOCTH HAIPSHKEHHOI'O CO-
crosHus. Jlns mporHo3a mpenaensHOH nedopMmamuu 10
paspylleHHs & MarHUEBBIX CIUIABOB, OTHOCSIIMXCA K HM30-
MEXaHU4YecKol rpymme cruasos ¢ I'TIY -pemeTkoil, ucnomnb-
30BaJINCh (PEHOMEHOJIOTHYECKHE COOTHOIIEHUS

gr=F () Fy (g /&) RI(T —Toee )/ (T, = Toee )1, (12)

rne Fi, F;, F3 — Qenomenomornueckue (GyHKIUH;
£,=0,01c*; T u Tpn — Temneparypa JedopMaiuu u TeM-
nepaTypa IUIaBJIeHNUs COOTBETCTBEHHO; Trer = 295 K.

B nanHO# paboTe ObUTH NPUHSTHI CIEAYIOIINUE BapUaH-
ThI (HEHOMEHOJIOTMYSCKUX (PYHKIIUH:

F, =D, +D, exp(D;h), F, =(1+ (&, /)5 ),

(13)
Fy = (14 Dy (T = Toge )/ (T = Taer )

rae Dy, Dy, D3, D4, Ds — x03ppunmeHTs COOTHOLIECHUH,
SBISIFOIIIMECS TTapaMeTpaMH MaTepuaa.

Juns onpenenenus kodpounuento D1, D2, D3, Dy, Ds
B cooTHOomeHUs X (13) HEOOXOAMMBI DKCIEPUMEHTAIbHBIC
JTaHHBIE O MEXaHWYECKOM MOBEJICHUN MaTepHala IIpH Baph-
HUPOBAaHHU CKOPOCTH JeopMalr, TEeMIEPaTypsl W I1apa-
MeTpa TPEXOCHOCTHU HAMPSKEHHOTO COCTOSHHUS.

2. Pe3ynbTaTbl M 06CcyxaeHue
Ha puc. 3 noka3zansl momy4eHHbIE IPH 00paboOTKe IKC-

MEePUMEHTAIBHBIX JAHHBIX 3aBUCHMOCTH WCTHHHBIX Hamps-
JKEHUH OT UCTHHHBIX JeOpMalnii IpH pacTsKEHUH 00pas3-
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0B MaruueBoro cruiaBa Mg—3%Al-1%Zn ¢ miaakoil pa-
6oueii yacTpto (JuHUU 1), ¢ pabOYNMHK YaCTSIMH, UMEBITUMH
Haapesbl ¢ pamuycoM 10 MM (nmuHuu 2), 5 MM (tueun 3),
2,5 MM (JtuHbY 4).

Jnst KaXkaoro yciIOBUSL HAarpy»XEHUs! IPOBOJMIOCH 10
20 wucnblTanuid (4 TMna reomerpuu paboyel YacTH MO
5 00pa3moB).
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OcuTMpyIONUi XapakTep auarpamm JehopMHupoBa-
HUS JJI1 MarHueBoro ciiaBa MA2-1, Toka3aHHBIX JIMHUS-
mu 1 Ha puc 3, a, 6, 8, aHAJOTHYCH BOJHOOOPAa3HOMY Xa-
paktepy auarpamMMm aehOpMUPOBAHUS, 3apErUCTPUPOBAH-
HeIX Juia  cmiaBa AZ31B B [30]. ®dopmwupoBanue
OCHWJLTUPYIONIETO XapakTepa AuarpaMm ae(GopMupoBaHHS
00YCIIOBIICHO 33JICPIKKOM TJIACTHYECKOTO TEUCHUSI.
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Puc. 3. 3aBUCHMOCTH UCTHHHBIX HANPSDKEHHI OT HCTHHHBIX Je(opMaliuii pH Harpy»KeHHH o0pasioB MaraueBoro ciuiasa Mg—3%Al-1% Zn co

ckopocThio aedopmanuu 1000 ¢t — (a), (6) 1 100 ¢ — (), (2); munuu 1 — ang 06pa3LoB ¢ IMAAKOM YaCTbIO, JIUHUU 2 — JUIS 00pa3loB

¢ HaJpe3amMu, UMeronMMi paauyc 10 MM; mTuHUE 3 — s 00pasloB ¢ HAApe3aMH, NMEIOMIUMH paanuyc 5 MM; JMHHU 4 — i1 0o0pa3noB
C HaJIpe3aMH, UMEIOIIUMH Pagnyc 2,5 MM

Fig. 3. True stress — true strain curves of Mg — 3% Al — 1% Zn magnesium alloy at strain rates of 100 s and 1000 s, the samples with a smooth
part (a), the samples with notches having a radius of 10 mm (b), the samples with notches radius of 5 mm (c), (g), the samples with notches
radius of 2.5 mm (d)

ITpu ckopoctsax aepopmanuu, MeHbux 100 ¢, oc-
IJUIMPYIOLIETO  XapakTepa JIuarpamMM aedopMHUPOBaHUS
00pa3IoB ¢ TIaAKOH pabodyeil 4yacTbi0 HE HAOJIOAaeTCs.
Ocumupyromui  XapakTep auarpamm 1eGopMHPOBaHUS
Juisl 00pasloB ¢ HA/Ape3aMH He HaOIojaics MpU BCEX HC-
CJICZIOBAaHHBIX PEKUMaxX HarpyXeHHs. AHaJIN3 MOTyYCHHBIX
pe3yNbTaToB, NPHUBEICHHBIX HAa PHC. 3, CBUIETEIBCTBYET
0 TOM, 4YTO ITIPH YBEIMYEHHWH CKOPOCTH Jedopmanuu OT
100 ¢* o 1000 ¢! mpenen Tekyuectu criasa MA2-1 mipu
pacTshKEHMH yBEIMYMBAETCSl MOYTH B JBa pas3a. Bbicokas
CKOPOCTHAsI 4yBCTBUTEIBHOCTh HANPSHKEHHS TEUYCHHS Mar-
HHEBOTO CIUIaBa IOJydeHa /ISl HCCIIeIOBAaHHOTO JIMaIa3oHa
temnepatyp ot 473 mo 673 K. Poct ckopocTHOIT uyBCTBH-
TEJILHOCTH HAINpPSDKEHUS] TEYEeHUs MAarHUeBBIX CILIABOB
C YBEIMUYEHHEM TeMIIEpaTypsl B [uanas3oHe oT 473 no 673 K
00yCJIOBJIEH CMEHOH JOMHHHMPYIOIIMX MEXaHH3MOB IIja-
CTHYECKOTO TeYCHHUsI ¢ 0A3MCHOTO CKOJIBXKEHUSI TUCIOKAIUiI
mpu temmeparype 473 K Ha mupaMuampHOE HOMEpEedHOe
CKOJIBXEHHUE JMCIOKaluil npu Temneparype 673 K [21].
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JluarpaMMBbl MCTHHHBIX HAIpsDKEHUI OT UCTUHHBIX Jie-
¢dopmanuii, moka3aHHbIe Ha puc. 3 i1 MA2-1, kadecTBeH-
HO TOJ00HBI TUarpaMMam, nojiaydeHssm B [13, 30]. Vepen-
HEHHbIE 3HAUCHMs HANPSDKEHUs TEeYeHHsl ISl CIUIaBOB
AZ31B u MA2-1 npu cxopoctr aedopmanun 1000 ¢ mpu
temrniepatype 473 K paznuuarorcst Ha 12 %, a nedopmarin
JI0 pa3pyuieHus: — MeHee ueM Ha 16 %.

[MonyueHHBIE AKCTIEPUMEHTAIbHBIE AUArpaMMbl UCTHH-
HBIX HaNpsDKEHUH OT MCTUHHBIX Jedopmanuii, mokasaHHbIe
Ha puc. 3, OBUIM UCIOJIB30BAHBI IS ONPENIEIECHUS YNCIICH-
HBIX 3HAYEHHH MapameTpoB Marepuaia B ypasuenuu (10).
ITpn ompezneneHNH KOMIOHEHT TEH30pa IUIACTUYECKOH je-
dopmManuy WCMONB30BANUCH 3HaYeHHs Moxnyis HOHra,
E=43[1-53-10%4T 295 K)] I'Ta [1]. Ipu ananuse pe-
3yJIbTaTOB AKCIIEPUMEHTOB MO BBHICOKOCKOPOCTHOMY PacTs-
JKEHUIO 00pas3ioB MmarHueBoro criaBa Mg—3%Al-1%Zn,
Temneparypa B ypaBHeHuH (10) omeHMBaNach ¢ MCIOIB30-
BaHUEM JIMHEHHON 3aBUCUMOCTH YAEJIbHOW TEIJIOEMKOCTH
Cp ot temmepatypsl B uHTepBasie ot 1005,9 Jix/kr K npu
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295 K mo 1130 JLx/kr K mpu 523 K [13]. Hauanbhas mac-
COBast MIIOTHOCTH Po NPUHMMAasach papHoi 1780 kr/m®. Ilpu
omnpeneneHnn mapameTpos ypasuenus (10) 6suT0 HCHONB-
30BaHO 3HAUEHHUE Khp, moMyueHHOE panee B [37]. [Tomyuen-
Hble 3HAYCHHsS NapaMeTPOB MOAU(PUIMPOBAHHOW MOJICIH
3epuiuTi-ApMCTPOHTa PHBEACHBI B TaONHUIIE.

ITapameTpsr Mozenn 3epruin-ApMCTPOHTa
Jutst MaraueBoro cruiaBa Mg—3%Al-1%Zn

Zerilli-Armstrong model parameters
for magnesium alloy Mg—3%Al1-1%2Zn

TTapamerp G, Knp, };Iza C,, I'Ma| Cs, K| C4 Kt |Cs, TTa| Ny

MOACIIn HM
n [Ma

0,141 6,2 0,315 | 0,0029 |0,000389| 0,505 |0,2514

[TapaMeTpbl MOIETBHBIX ypaBHEHHH KHHETHUKH IOBpe-
e (11) monOupamice A MOMyYeHUS COITIacHs MPOTHO-
3UPYEMBIX M OKCICPUMEHTAJIBHBIX 3HAYCHUH HAIpPsHKEHUS
TEYCHUsI Ha CTAAWH Tpeapa3pylleHus. Beuti moy4eHs! cie-
nyromiue 3Hauenus napametpos ey = 0,1, sy = 0,2, fy = 0,4.

3HaueHus Jedopmanuu 10 pa3pyLIeHUs Marepuana &r,
TIOJY9YCHHBIC TIPH aHAJH3¢ KOHPHUTYPAIHU 30H Pa3pyIICHHS
00pa3IoB, UCTIBITAHHBIX B YKa3aHHBIX HA pHC. | yCIOBUAX
Harpy>KeHusi, ObIJIM MCIOJIB30BaHbl JUIA ONpEISIICHHs YKC-
JICHHBIX 3HAYCeHUH KOIPPUIUEHTOB cooTHOmeHui (13),
ABIISIOIMINXCS TTapaMeTpaMy MaTepHaa.

s onpenenenust ko3dduruentos D1, Dy, D3, Da, Ds
B cooTHoIeHus1X (13) ObUT MCHONB30BaH METOJ PErpeccH-
OHHOTO aHAaJH3a, PEATN30BAHHBIA B CTAaHIAPTHOW TPOIETY-
pe User-Defined Regression Wizard B makere SigmaPlot
12.5. Tloka3zaHo, 4YTO NOJyYEHHBIE OSKCHEPHUMEHTAIbHbIE
JIAaHHBIE MOTYT OBITH OIMUcaHbl cooTHomeHus MU (12)—(13).

3aBHCHUMOCTH AehopMaIiy O pa3pyIICHHs I MarHH-
eBbIX cr1aBoB Mg—3%Al-1%Zn npuHuMaeT Bu

g = (0,0199+0,5€ ") (1+ (g, /0,01) “*) x
x(1+1,6(T ~295)/(923-295)), (14)

rae T — abcomoTHas TeMNeparypa; &£, — IKBUBAIECHTHAS

CKOpOCTH JepopMalu, UMEroIas Pa3MepHOCTh C L.

Ha puc. 4 mokasaHbl 3aBUCHMOCTH IedOopManuu 10
paspymieHuss OT TapameTpa TPEXOCHOCTH HAMPSHKCHHOTO
COCTOSIHWSI TIPU 3aJaHHBIX TEMIIEPaType M CKOPOCTH [ie-
(hopmarmu, onrckIBaeMble cooTHOIIEHHEM (14).

IomyueHHbIe B JaHHOW paboTe pe3ynbTaThl HE MMEIOT
TOYHBIX AHAJIOTOB, OMYOJIMKOBAaHHBIX paHee B pedepupye-
MBIX JKypHajax.

OTMeTHM, YTO TOJNYYCHHBIC B JAaHHOH paboTe 3aBUCH-
MOCTH MCTUHHBIX HANpPsHKCHUN OT MCTHHHBIX AedopMariuii
st MA2-1 ka4eCTBEHHO COTJIACYIOTCS ¢ aHAJIOTHYHBIMH
quarpamMamu ais AZ31, moiydeHHbIMH aBTopamu [16]
NPY UCTIBITAHUSAX IMIMHIPHYSCKUX OOpPa3lOB MarHUEBOTO
crumaBa AZ31 (Mg—2,9%Al-0,85%2Zn-0,3%Mn) ¢ rnaakoi
paboueii yacTpi0 B Auamna3one temreparyp ot 423 mo 673 K
co ckopoctamu aedopmanuu 1073, 1072, 107%, 1, 10, 100 ¢
npu pactsxenun. Jna ckopoctu gedopmamuu 100 ¢t

HanpspKeHUsT TeueHus criaBoB AZ31B u MA2-1 B auanma-
30He nedopmanuii 1o 20 % npu Temmneparypax 473 u 673 K
otimyaroTcs MeHee deM Ha 5,5 %. IIpenensupie pedopma-
LK JI0 Pa3pylICHHUs B YKA3aHHBIX YCIOBHUSX OTIHYAFOTCS
Ha 27 %. DTO0 MOXeT OBbITh OOYCJIOBJIEHO pa3lUYUsIMH B
3epeHHBIX CTPYKTypax criaBoB AZ31B u MA2-1.

0,6 T T
[30] 0,001 ¢, 295K
0,54 ;7 v[22]80¢ 673K A
5 5[16] 1001, 473K

0417 21000c1,473K T
& 32 41000¢, 673K

0314.\w 100c473K ]

0.2 5% =100¢ !, 673K

0,14

0,0 - -

0,25 0,50 0,75 1,00

Puc. 4. 3aBucuMocTs mpenensHON AedopManiy A0 pa3pyLlICHUs
OpH PacTsHKEHHH & MarHmeBoro cmmaBa Mg—3%Al-1%Zn ot
napameTpa TPEXOCHOCTU HANpPSHKEHHOTo cocTostHus. JInnuu 1, 2 —
Temneparypbl 673 u 473 K cooTBETCTBEHHO; CKOPOCTH JAe(opManun
100 ¢%; 3 u 4 — temmeparypsl 673 u 473 K cOOTBETCTBEHHO,
ckopocTh aepopmaruu 1000 ¢ L; 5 — ckopocts aepopmaru 0,001 ¢,
temrieparypa 295 K. CuMBojaMH NOKa3aHbl SKCIIEPUMEHTAILHBIC
naHHble, nmojy4eHHsbie B [16, 22, 30] u B nanHO# pabore

Fig. 4. Strain to fracture depending on the triaxiality stress factor

of Mg — 3% Al — 1% Zn magnesium alloy under tension predicted

at different temperatures and strain rates (curve 1) — 100 s, 673 K,

(2) —100s%, 473 K, (3) — 1000 s%, 673 K, (4) — 1000 s1, 473 K,

and (5) 0.001 s and 295 K. The symbols show the experimental
data obtained in [16,22,30] and this research

Pe3ynbraThl, npencTaBIeHHbIE Ha pHC. 4, TOKAa3bIBAIOT,
YTO B JMana3oHe MCCIEJOBAaHHBIX TEMIIEPATyp IIPH yBEJIH-
yeHuu ckopoctu aedopmaruu ot 0,001 g0 1000 ¢! 3HAUE-
HUS AedopMalys 10 paspylIeHHs NPH PacTsHKEHUH CIIa-
BoB Mg—3%AIl-1%Zn ymenpiratorcs. C yBenuveHHeM ma-
paMeTpa TPEXOCHOCTH HalpshKeHHOTro coctosiHusi ot 0,33
J0 0,5 BenmmuuHA eopMaly 10 pa3pyIICHNs TIPH PacTs-
JKeHMH cIutaBoB Maruust Mg—3%Al-1%Zn B ucciemoBan-
HBIX YCIIOBUSIX Harpy>KeHHsi yMEHbIIaeTcs B JiBa pasa. YKa-
3aHHBIH 3((QEeKT peanu3yeTcs B IIMPOKOM JUANa30He CKO-
pocreii  medpopmammm  or 0,001 mo 1000 ¢! mpm
roMoJIorHueckux temmeparypax 1/Tm ot 0,32 10 0,73.

3aknrouyeHune

[MosyueHHbIE dKCIIEPHUMEHTANIbHbIE JAHHbIE CBUJIETENb-
CTBYIOT O TOM, 4YTO C POCTOM Iapamerpa TPEXOCHOCTH
HarpspkeHHoro cocrosuus ot 0,33 o 0,5 B ananaszone ro-
MoJIornueckux Temmeparyp T/Tm ot 0,32 1o 0,73 nedopma-
s 70 paspyireHnst ciaBoB Mmaraust Mg—3%Al-1%2Zn
YMEHbIIAeTCsl MOYTH B JIBa pa3a MpHU CKOpOCTsX Aedopma-
e 100 1o 1000 c L.

IIpu yBemmuenmn ckopoctu aepopmarmu ot 100 mo
1000 ¢! mpenen Texydectn cruiaBa MA2-1 mpu pactsike-
HUM yBEJIMYUBAETCS IOYTH B JBa pa3a IpH TeMIeparypax
473u 673 K.
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ITomydeHHBIE SKCIEPUMEHTAIBHBIC NaHHBIE O MEXaHH-
YEeCKOM IOBEICHUN MarHueBoro crasa MA2-1 npu ckopo-
crax gepopmanuu 100 u 1000 ¢ u npu Temneparypax 473
u 673 K mo3BONMIIM ONpeneNuTh 3HAYCHUS MapaMeTpOB
Marepuaia  MOJU(UIMPOBAHHOW  MoAenH  3epuilIH-
Apwmctponra ans ['TIY -cruiaBos.

OmnpenencHsl YHCICHHBIE 3HAYECHUS TApaMETPOB Marte-
pHana ajst MOJIeITH, TIO3BOJISIOIIEH ONMUCHIBATH 3aBUCUMOCTD
nedopManuy 10 pa3pyuieHus MarHueBoro criaBa MA2-1
OT CKOpOCTH aedopMaryy, TEMIepaTypsl W IapaMerpa
TPEXOCHOCTH HANPSKEHHOTO COCTOSIHUS.

[onyueHHbIe pe3ynbTaThl MOTYT OBITH HCIIOJIb30BaHBI
JUISL pa3pabOTKH BEIYHMCIUTEIBHBIX MOJEIICH MEXaHHIECKO-
IO MOBEICHHS KOHCTPYKIWI M3 MAarHWEBBIX CIUIABOB, HOA-
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