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Bukonano excnepumenmanvhy nepesipky mMeopemudHux HOJOJCEeHb NpO  6HAUE
CMPYKMYPHUX — (PaKkmopié Ha XApakmepucmuxy NiIACMUYHOCMI, BUSHAYEHY Npu
IHOeHMYBAHHI Ma NPU CMAHOAPMHUX MEXAHIYHUX SUNPOOYSAHHAX O Mamepianie 3
pizHuM pisHem naacmuurnocmi. Tlokasano, wo cmpykmypHi pakmopu, sxi 30i1buLyions
SPAHUYIO NIUHHOCMI (3HUJICEHHS PO3MIPY 3€pHA, 30LNbUIEeHHS WITbHOCME OUCIOKAYILL),
npu3600siMb 00  3HUNCEHH — NIACMUYHOCMI.  3icmagnenHs — eKcnepumeHmanbHux
Pe3yIbmamis 3 MmeopemuyHUMU YAGICHHAMU NOKA3AA0 3d008LIbHUL 30ie meopii 3
eKcnepuMeHmoM. Busnauenns xapaxmepucmuxu nAACMU4YHOCMI CYMMEBGO 30iNbUYE
o00cse IHpopmayii npo MexaHiuHi g1acmueocmi Mamepiary.

Knrouosi cnoea: mexawiuni enacmugocmi, nidCmMuyHiCmb, CMPYKMypd, WIAbHICMb
oucaoxkayii.

Beryn

OcHoBHUMHU  ()YyHIAMEHTAJIHHUMH BJIACTUBOCTAMH, IIO BH3HAYAIOThH
MeXaHIuHy HOBEAIHKY MaTepiaiB, € MIHICT Ta IUVIACTUYHICTb.

MilHiCTh BU3HAYAETHCS SIK 37aTHICTH MaTepiady YMHHUTH OIp HE3BOPOTHIN
nedopmariii i pyiHyBaHHIO (PO3/UJICHHIO HA YaCTWUHH) MiJ JIEI0 HABAHTAXKCHD
a0o iHmMX (akTopiB.

[Ilomo TIaCTHYHOCTI, TO 1€ BIACTUBICTH TBEPAVX T I JI€I0 30BHIMIHIX
CHJI 3MIHIOBAaTH, HE PYHHYIOUMCh, CBOIO (hOpMy Ta po3MipH i 30epiratu HaOyTy
nedopMallito micis TPUIMUHEHHS JTistHHS 1uX cuil [1]. 3a3Buuail 1IacTUUHICTh
MaTepiany BU3HAYaIOTh 31 CTAHAAPTHUX MEXaHIYHUX BUIIPOOYBaHb MOJOBKEHHIM
10 pyHlHyBaHHS O ab0 TONEpPEYHHMM 3BYKEHHSIM 10 pyHHyBaHHA Y. OpHak
eheKTUBHICTh MEXaHIYHUX BUIPOOYBaHb Ha PO3TAT U KPUXKHAX MaTepialiB
PI3KO 3HWKYETHCS: JIJISI HUX MOXXHA TUTHKH BHW3HAYUTH TPAHMINIO MIITHOCTI SIK
HamnpyXeHHs pyHHyBaHHS. BiIHOCHO mMacTHYHOCTI LUX MarepialiB IpH
BUIIPOOYBAHHAX HA PO3TAT MOXHA TUIBKU CTBEPDKYBATH, 110 A1t HUX O = 0.

Curyamis, mo cKkiajgacs, 3poOuia JOIUIBHUM BBENEHHS  HOBOL
XapaKTePUCTUKH TNIACTUYHOCTI, SIKa BIiepiie Oyia 3armpornoHoBaHa B podoti [2]
y BUIIISAI1 O€3p03MipHOro mapamerpa, sIK|i 3MIHIOETbCsl B Mexkax Bin 0 o 1:

€ €
of=-—L=1--2, (1
81‘ 81‘
1e 0% — XapaKTepUCTHKA IUIACTUYHOCTL; €,, € 1 €& — BIANOBLIHO IJIACTHYHA,

Npy)XHA Ta 3arajbHa Jaedopmariis y HanpsMKYy MPUKIAICHOrO HaBaHTAKECHH,
NPUIOMY €, =€, T €.
ISSN 2709-510X. YCMIX MATEPIAJIO3HABCTBA, 2024, Ne 8/9 41



A A/ SIk GaumMmo, 1 XapaKTEepHCTHKA
c IUTACTUYHOCTI ~ BHU3HAYAETBCS  SIK
YacTKa IUIACTUYHOI nedopmamii y
3arajpHiil  gedopmarii, Xapakrep-
pHU3YIOUM TAaKUM YHHOM 3IaTHICTH
Mmarepialy 0 TUIacTUYHOI aedop-
Mmarii. ToOTo 1 XapakTepucThka €
YHIBEpPCAJbHOIO y TOMY CEHCI, IO
BOHa MO)Ke OyTH BHU3HaueHa 3a Oy/b-

€ [3 - . .
P e foi SIKMX METOIB CTaHIAPTHUX MEXaHI4-
€, HUX BUIPOOYyBaHb, a TaKOX TpHU
1HICHTYBaHHI.
Puc. 1. Po3knamganns 3arainpHOl gedop- y p060Ti [2] mokazaHo, sk pos-
Mauii € y Todli A Ha IJIAaCTUYHY €, Ta PaxoBYBaTH XapaKTEPUCTHKY IUIAC-
PYXHY € KOMITOHEHTH ISt

THYHOCTI O0* 3 KpuBOI Aedopmarii
Ha pO3TSAr B KOOpAMHATAX Hampy-
XKeHHs1 o—aedopmania g (puc. 1).

PO3paxyHKy XapaKTEpUCTHUKH ILIaCTHY-
HOCTI IIpY BUITPOOYBaHHI Ha PO3TSIT.

3a 0ZJHOBICHHM pO3TATOM 200 cTUCKOM 3a (opmyinoro (1) Ta 3akorom ['yka
XapaKTEepUCTUKY IUIACTHYHOCTI O* MOYKHA PO3paxoByBaTH:

Sr=1--2_, )

Ee,
JIe G — HaINpPYXEHHS IS JOCSTHEeHHs nedopmartii; £ — momyns FOHra Mate-
piany; €, — nedopmaris, BU3HaUEHA MO TIOAOBKEHHIO POOOUO0T YaCTHHU 3pa3Ka.

Sk 6aunmo, OF 3aJKUTh BiJl 3arajibHOro CTyreHs jaedopmarii €, ToMy
MOPIBHSIHHA IUIACTUYHOCTI PI3HUX MaTepiasliB Kpalle MPOBOAUTH 33 JESIKUM
BU3HAYCHUM crymeHeM nedopmanii € = const. g ymoBa aBTOMaTH4HO
3a0e3MevyeThCcsl IPU 1HJICHTYBaHH] MaTepiaiy.

Tak, mnpu IHZEHTYBaHHI UYOTHUPUTPaHHOIO TMipamigor Bikepca a6o
TPUTPaHHOIO MipaMinoro bepkoBuua 3aranbHUAN CTYMHiHD AedopMaliii CTaHOBUTh
g = 8—9%, WO € JOCUTH 3pYYHUM MJIsl 3iCTaBJICHHS IUIACTUYHOCTI PI3HUX
MaTepiaiB.

Y pobGori [2] orpumano ¢opMmyny Ui BHU3HAYEHHS XapaKTEPUCTUKU
TUTACTUYHOCTI METOOM IH/ICHTYBaHHS, SIKY IO3HAYHIIN O :

5, :1—14,3(1—\»—2\»2)%, 3)

ne v — koediuient [lyaccona; HV — tBepuicts 3a Bikepcom; £ — momyib
HOwra.

CTBOpeHHSI Ta 3acTOCYBaHHS OCTaHHIMH pOKaMH HIMPOKOro Kiacy
MaTepiaiiB (yHKLUIOHATIBHOTO MPU3HAYECHHS (TOHKI MOKPHUTTS, IUIIBKH, Tpaji-
€HTHI MarTepiayii Ta iH.) MOTpeOyloTh BU3HAUEHHS MEXaHIYHMX BJIACTUBOCTEH
LUX HOBHUX MaTepiaiiB. TOMy XapakTepUCTHUKY IUIACTUYHOCTI Oy JOCHTH
LIMPOKO BUKOPUCTOBYIOTH Y CBOIX POOOTAxX IOCIITHUKH OaraTboxX KpaiH.

XapakTepucTuka  IUIACTUYHOCTI Oy  BHUSABWIACS  YyDIMBOIO  Ta
1H(pOPMATHUBHOIO MPH JOCIIIKEHHI MEXaHIYHUX BJIACTUBOCTEH MiKpOJaMiHATIB
[3]. Byno mokaszaHo, mo st MikponamiHatiB NbsSi3/Nb 3anexHo Bix croco0y
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OTPUMAaHHs 3HAuYeHHs Oy 3MIHIOIOTHCS B IIMPOKOMY nmiamaszoni Bix 0,373 go
0,824.

VY nocmipKeHHSIX MIKPOMEXaHIYHUX BJIACTUBOCTEH 32 KPIOr€HHHUX TeMIle-
paTyp HAaHOKPUCTAJIIYHUX MaTepiaiiB aBTOpH poOiT [4, 5] BUKOPUCTOBYBAIHU Oy.
Tak, y poOori [5] BCTaHOBIEHO, IO 3HAYECHHS Oy JUISI HAHOKPHUCTAJIYHOTO
tutany (77 K — 85 = 0,76; 300 K — 85 = 0,83) HabGaraTo HIK4Ye 3HaYCHB, HIK
TUTS TIOJIIKPUCTATIIYHOTO cTany (&7 = 0,973).

VY Xomdi mochimKeHb BIUIMBY MIKPOCTPYKTYPU Ha IUIACTHUHY JeopMariio
Miai mpu temmeparypax 295 1 77 K 3’sicoBaHO, 10 HE3aJEKHO BiJ pO3MIpy
3epHa 1 TeMIepaTypu XapaKTepUCTHKA IUIACTHYHOCTI Oy 3MiHIOeThCs Bin 0,93 1o
0,96, 11e cBiTUUATH TIPO BUCOKY TUIACTHYHICTH MiJli T/ IHASHTOPOM 32 HU3BKUX
temmeparyp [5].

Mera 1pOro JIOCHIIKEHHS MOJISITae B eKCIIEpUMEHTaJIbHIN MmepeBipii Teopii
3aJIOKHOCTI XapaKTEPUCTHKHU IUIACTMYHOCTI MaTepiaiiB 3 pI3HUM pIBHEM
IUTACTUYHOCTI  BiA  CTPYKTYypHHX (akropiB (po3mip 3epHa, IIUIBHICT
JTICITOKAITiH ).

Martepianu Ta MeTOAMKA TOCTITKEHHS

Hns pocnimkens BuOpano ARMCO-Fe, amominieBi crmaBu AMrS (Al—
4,8—35,8% Mg), 7075 (Al—S5,6—6,1% Zn—2,1—2,5% Mg—1,2 1 1,6% Cu) Ta
MOHOKPHUCTaJIYHUI KpeMHii. JlocaiKeHHsl BUKOHYBAIM Ha MPYTKax TEXHIYHO
grctoro ARMCO-Fe.

Hocniani crutaBu antomidito Oynu BurotosieHi B [IIM HAHY, ix miaBky
npoBoAMAN B rpadiroBux TUrsix. s BUIMBaHHS PO3IUIABY 3aCTOCOBYBAJIM
KepaMidyHUN (QUIBTP, a TaKoX MPOAYBaHHS PO3IUIABY aprOHOM BIIPOAOBIXK
2—3 XB mepern po3NUBaHHIM y BuiMBHULI. Temneparypa po3iuiaBy cTaHOBUJIA
820 °C. [lng mmXTH BUKOPUCTOBYBaJM aimtoMiHii Mapok A95 1 A97, a mis
BHUTOTOBJICHHS CIUIABiB — TMO/BIMHI JHraTypw, SIKI TIOCHIJOBHO BBOJWIIN B
posiuias. 31 31MBKIB cijiaBiB (Macoro 1,5 Kr) BUrOTOBJIEHO HamiBpaOpukaTa y
BUIJISl MPYTKIB METOAOM MOABIMHOT eKcTpy3ii 3 @ 55 no @ 25 mm, 3 @ 25 1o
@ 6 MM ipu  TemmepaTypi exctpysii 350—400 °C.

Takox mocHiHKEHHS! TPOBOAMIIA HA MOHOKPUCTAJIIYHOMY KPEMHII #-TuIy,
skuii OyB mponedopMoBaHHMil CTUCKOM Ha pi3Hi ctyneHi (Big 1 mo 23%) npu
temmeparypi T* ~ 1000 °C (xapakrepucTuuHa Temrepatypa aedopmarii s
KPEMHIsl, 3a SIKOI BiH MIPOSIBIISIE MAKPOILUIACTHYHICTB ).

Jlns BU3HAUYEHHS MEXaHIYHMX BJIACTUBOCTEH CTaHAAPTHUMH METOAAMU
BHUTOTOBJIEHO 3Pa3Ku HA PO3TAT (JlilaMeTpoM 3 MM, JOBXKHUHOIO poO0Y0i YaCTHHH
15 mm) Ta ctuck (2 3 x 5 mm). BunpoOyBaHHS 3pa3kiB Ha pO3TAT Ta CTHUCK
3niicHioBany Ha MammHi P1246 tunmy INSTRON 3 aBrOMaTMyHMM 3ammcom
KpuBOI HaBaHTakeHHs B miana3oHi Big 1 H mo 100 xH. [Buakicts aedopmarrii
nopisrroBama 107 ¢”'. V mpoueci Bunpo6ysans iHOpMALiO PO MeXaHiUHy
MOBEJIHKY MaTepially OTpUMYBajll y BHUIVIIAI JlarpaMd B KOOpAMHATaX
MpUKIaJeHe HABaHTAKEHHA P—3MiHa JOBXKHMHMA 3pa3ka AL. Y pasi
BUIIPOOYBaHb Ha PO3TIr OJAEPXKaJM KPUBY 3 MAaKCUMYMOM, a IPH BHIIPO-
OyBaHHSIX Ha CTHCK — HaBaHTAXEHHS Oe3lepepBHO 3pocTae 31 30UIbILICHHIM
nedopmarii. /s MeraneBux marepialliB KpuBa Hampy:keHHs—aedopmallis Ha
CTUCK € Ourbll 1H(OPMATUBHOK, HIXK NPH PO3TS3l, OCKUIBKM 3a CTUCKOM
30epiraeTbcs MOCTIMHICTH CXeMHU OAHOBICHOT edopMallii, HaBiTh 3a nedopmartii
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Buiie >30%. binmbluicTh 3pa3kiB Mg 4ac po3TIAry MPOSBISAIOTH MOCTIHHICTH
cxemH olHOBICHOI aedopmartii 10 9—15% (0 moyaTKy yTBOpEeHHS “IUUHKH ).

XapakTepuCTUKy IUIACTUYHOCTI Oy BU3HAY&JIM 31 3HAYEHb TBEPIOCTI,
orpuMaHux Ha MikporBepaomipi [IMT-3 anmaznum ingentopom Bikepca 3a
KIMHATHOI TEMIIepaTypH.

CTpykTypyn MeTalieBUX CIUIaBiB JOCHIHKYBaJIl METOIAMH ONTHYHOI Ta
MPOCBIYYBAIILHOI ~ €IEKTPOHHOI ~ MIKpocKomii. MerogoM  TpaHCMiCiiTHOT
EJIEKTPOHHOI MIKPOCKOMII BHBYAIMA TUCIOKALINHY CTPYKTYpY AedopMoBaHHX
CTHUCKOM Ha pi3HI crymeHi aedopmaiii MOHOKPHUCTAIIUYHOIO KpEMHIIO Ta
amoMiHieBoro cruiaBsy AMrS. JlocnmimkeHHs BHKOHYBajJId Ha EIEKTPOHHOMY
Mmikpockorni JEM-100CX 3a npuckoprotodoro Hanpyroto 100 kB. [IpuroryBanus
00’€KTIB Ui EIEKTPOHHOI ~ MIKpPOCKOMIi  3AIMCHIOBAIM  METOJIOM
enextpomitnyHoro (AMI'-5) ta ximiunoro (Si) cronmenHs. [lo enexTpoHHUX
MikpodoTorpadisix BU3HAYaIM LIJIBHICTh TUCIIOKALIN p 32 (POPMYIIO0

_ 2NM ’ &)

Lt

ne N — KUIBKICTh TIEPETHHIB JiHIT JOBXKWHOIO L 3 aumciokarisimu, M —
30LTBIIIEHHS HAa HEraTUBI; { — TOBIIMHA (DOJIBIH.

OO0roBopeHHs pe3yJbTATIB
Y poOoti [2] mokazaHO, W0 3 BHUKOPUCTAHHSM TeEOpil 3aJICKHOCTI
HamnpyXeHHsl IUIMHY Bl CTPYKTypHHX (hakTopiB (po3mip 3epHa, MIUIBHICTH
JMCIIOKALi Ta 1HILI.) MOXXKHA OTPUMATH DPIBHAHHS BIUIMBY LMX (PakTopiB Ha
XapaKTePUCTUKY TIaCTHYHOCTI.
3anexHIiCTh TPaHMLI MITMHHOCTI BiJ po3Mipy 3epHa d y JOCUTHh LIMPOKOMY
1HTEepBaJli 3HaUeHb d ONMUCYEThCS PiBHAHHAM Xosa—Ilerua [6—11]

o =60+Kyd’1/2, Q)
i€ Gy — I'PaHuULs] INIMHHOCTI MOHOKpUCTaIy; K, — KOoe(ILi€HT.

3 ypaxyBanHsaMm cmiBBinHomeHnHs Teitbopa (H =C-c,, ne C —
KOHCTaHTa; Gs — HaNpyKEHHS TUIMHY 32 OAHOBICHUM CTHCKOM, IO BiANOBigae
nedopmanii mig ingenropoMm Bikepca ~8%) Ta ¢opmynu (3) y poboti [2]
OTPUMaHO 3aJISKHICTH Oy Bill pO3Mipy 3epHa:

SHZSO_Kld_l/zz (6)
ne Oy — IUTACTUYHICTh MOHOKPHCTAITY;

K, :14,3(1—v—2v2)C%~

PiBusinus (6) Oysio ekcriepuMeHTaIbHO nepeBipeno y pooori [12] misa Cu, B
SKif TTOKa3aHo, 0 XapaKTePUCTHKA IIACTHYHOCTI O JIHIHHO 3HMKYETHCS 31
3MEHILIEHHAM d B iHTepBaii 3HaueHb 400—25 Hm.

Y  pobori [13] orpumanHo anHamoriuHy ¢GopMylLy  3aJI©KHOCTI
XapaKTEePUCTUKH IUIACTUYHOCTI 0%, BHU3HAUEHY 31 CTaHIAPTHUX MEXaHIYHHX
BUITPOOYBaHb, BiJl pO3MIpY 3epHa:

5% =8y — Kod "2, (7)
1 K,
IS K2=_ —
e, k£
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Hamu Oyno BHKOHAHO EKCIIEPUMEHTAJIbHY TIEPEBIPKY 3aCTOCYBaHHS
piBasiHb (6) Ta (7) ans ARMCO-Fe ta 3minHeHoro anrominieBoro criaBy 7075.
Po3mip 3epHa B 00panux MaTepianax 3MiHtoBaBcs pexknmamu TMO.

Ontuuna mikpockoris ARMCO-Fe 3 pisanM po3MipoM 3epHa HaBe[eHa Ha
puc. 2. BukoHaHi TOCTiPKEHHS HA PO3TAT MOKA3ajH, 10 31 3MIHOI PO3MIpy
3epHa Big 20 mo 550 MKM TpaHUIlM IUIMHHOCTI Gs 3HIDKYEThCs Bim 320 mo
250 Mlla, a rpanuus minHocTi 6, — Big 407 go 351 Mlla.

BcraHoBIIeHO, M0 XapaKTEPUCTHUKU TIACTHYHOCTI Oy Ta 0%, oTpuMaHi 3
BUMIpiB TBepaocTi 1 npu po3rssi, ansi ARMCO-Fe B intepBani po3mipiB 3epHa
20—550 MkM OnM3bKi 32 3HAYEHHSMH 1 JIHIHHO 3HIKYIOTHCS 31 3MEHILICHHSIM
3epHa (puc. 3, @). Y 1bOMy BUNAJIKy TOIOBKEHHS 0 PYHHYBaHHS O TaKOX
3HIKYETHCS 31 3MEHIIEHHSIM PO3MIpY 3epHa.

[lin yac BumpoOyBaHb Ha PO3TAT antoMiHieBoro cmaBy 7075 3 pizHUM
po3mipom 3epHa (Bim 4 mo 60 MKM) BHU3HAYE€HO TpaHMWIN TUIMHHOCTI Os Ta
MIITHOCTI Gj, 3HAYEHHS SIKUX 3HIKYIOThCA Bif 514 mo 278 Mlla Tta Big 580 mo
355 MIla BiamoBimHo. fAx 1 y pasi gmochmimxenas ARMCO-Fe, ans

amoMinieBoro cruiaBy 7075 orpuMaHo mimiiiay samexwicts 0*= f(d"?) B

Mekax 3MiHM 3epHa Bix 4 10 60 MkM. Y 1bomy pasi 3‘sicoBano, 1m0 6* Ta &
3HIDKYIOTHCS 31 3MEHITICHHSIM 3epHa (puc. 3, 0).

Orxe, ARMCO-Fe ta amowminieBuii cmmaB 7075 wawoTh pi3Hy
IUTACTUYHICTD, aje, K 0ayuMo, A7 HUX Yy JOCHIKEHOMY IHTEpBali 3MiHH
PO3Mipy 3epHa TUTACTUYHICTh 3HMKYETHCS 31 3SMEHIIICHHSM 3€pHA.

PosrnsiHemMo BIUIMB IIIJIBHOCTI JAMCIOKALId P HA XapaKTEPUCTUKY
IJTACTHYHOCTI. 3aJIeXKHICTh TPAHUIIl TNIMHHOCTI Gy BiJl MIUTBHOCTI AMCIIOKAIIN
B o0yiacTi BIJHOCHO OJHOPIAHOTO PO3MOMAUTY IWCIOKAIlid Ta HETOCTaTHHO
PO30pIEHTOBAHMX KOMIPOK, KOJIM TpPaHMII KOMIpYacToi CTPYKTYpU UHHSTDH

200 MM 200 Mkm

200 mMkm

6 2

Puc. 2. Omrmuna mikpockoriss ARMCO-Fe 3 pisauM po3mipom 3epHa d
(MKM): @ — Buxigaui craH, d = 20 MmxM; 6 — 110; 6 — 420; 2 — 550.
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Puc. 3. BB po3mipy 3epHa Ha XapaKTEPUCTHKM IUTACTHYHOCTI 0%, Oy Ta
nofoBxeHHs 10 pyinysanus O st ARMCO-Fe (@) ta nnst crmaBy 7075 (0).

OITip PyXy AMCIOKAIlIA Ha KIITANT JUCIOKAIN “Ticy”’, 3aI0OBUTRHO OIUCYETHCS

piBHSHHSM [ 8]
o5 =0, +anGb,lp(e), ®)

e o, — OIIp pyXy IUCIOKaLii B ineanpHii rpaTii; omew/p(s) BpaxoBye€
OIlip, M0 BHOCHTHCS XAaOTHYHO PO3MOAUICHUMH  TUCIIOKAIISIMH  Ta
cIIa0KOPO30PIEHTOBAHUMH CYOTPAaHHUISIMM; O — KOC(ILI€HT, KU 3a3BHYaid
3HaxomuThCs B iHTepBaii 0,2—1,0; 1| — Koe]iieHT OMHOPITHOCTI PO3MIOALTY
JMCIOKali, M =1 3a OXHOPIZHUM PO3IMOALIOM AWCIIOKAIIA y KpucTaii Ta
3HMXKYETHCS 3 YTBOPEHHSAM KOMIpYacToi AMCIIOKaliiHoi cTpykTypu [8, 14, 15];
G — monynb 3cyBy; b — BekTop broprepca auciokaii.
3anekHicTh Oy Bil MIUIBHOCTI AUCIOKALIN 32 poOOTO0 [2] Ma€e BUIIIS;
8y = 0o —Ks\/p ©)
143C(1-v-2v?)
ne dp1 =1~ z Go; (9a)
K, = 14,3(1—v —2v2)C

anGb'
E

3 METOr0 AOCTIIKEHHsI BIUIMBY MIUTBHOCTI TUCIOKALIA Ha XapaKTEPUCTUKY
IUTACTUYHOCTI OOpaHO MOHOKPHUCTATIYHMHA KpeMHIiH, SKuil mpoaedopMoBaHo
CTHCKOM Ha pi3Hi crymeni npu Ttemreparypi 1000 °C, Ta BHBYCHO aWCIO-
KalifHy CTPYKTYpY METOJOM TpaHCMICiiiHOI Mikpockomii Ha Qonbrax. Sk
BHUJHO Ha puc. 4, Bxke npu aedopmanii 2% crocrepira€Tbcsi MPOCTOPOBA CITKA
TUcIoKarin, a micas gedopmarii 15% Bxke gocuth 4iTKO (HOpMyeThCs
KOMipyYacTa CTPyKTYypa, sika Iogi0Ha /10 TaKoi K B MeTalax 3 BUCOKOIO CHEPri€lo
nedexra nakyBanus [8]. I'paHuii KOMIpOK y KpeMHIii MaiOTh YITKO BUpPaXeHY
JUCIIOKaLiiHy CTpyKTYypy. byna BU3HaueHa MIUIBHICTH JHUCIOKALii B o0iacTi
BIJTHOCHO OJHOPIZHOrO PO3MOAUTY AMCIOKAlild, MOOYJOBAaHO 3aJEKHICTh
XapaKTePUCTUKA TUIACTUYHOCTI Oy BiJ HIUTBHOCTI AMCIOKAIid (puc. 5) Ta
PO3paxoBaHO 3HAYECHHS KyTa HAaXWTy JIIHIHHOI 3aJIeKHOCTI 8u(\ p).
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l‘s MKM ¢ -

Puc. 4. ducnokarniiiaa ctpykrypa aedop-
MOBAaHOTO CTHCKOM Ha Pi3HI CTyHeHi
nedopmarii KpeMHit0: a — 0e3aucio-
KalliiHUA MOHOKpHUCTAN; 6, 6 — € = 2 Ta
15% BigmoBigHO.

BHKOHYIOUH TEOPETHUHI PO3PAXYHKH KyTa HAXHIy 3alexHOCTI Ox(\p)
JUTST. MOHOKPHCTJIIYHOTO KPEMHII0, BUKOPHUCTOBYBAJIM TaKi 3HA4YEHHS: MOXYJb
3cyBy G =79 ITla; momyme HOmra E = 169 ITla; Bektop broprepca
3,86:10% em; g, = 7,6%: on = 0,2; koedimienT [Tyaccona v = 0,22; koedimieHT
C = 1. Ilo po3paxyHkax 3a (popmyJior (9a) OTpUMYy€EMO 3HAUYCHHS KyTa HAXIITY
Ky=tg~ 4,7-10% arctg =0°0'0",01.

3HaYeHHS KyTa HAXUITY 81,-(\/ p), PO3paxoBaHe 3 EKCIEPUMEHTAIBHUX JTaHUX
(puc. 5), cranouts: tg ~ 4,0-10°, arctg = 0°0'0”,83. ExcrepuMeHTAIbHI Ta
TEOPETUYHI 3HAUEHHS KyTa HaxXuiy SH(\/p) Menm 1”. Takum dYHHOM,
XapaKTepUCTUKA IJIACTUYHOCTI Si B 0071aCTi BITHOCHO OJHOPITHOTO PO3IIOALTY
JTUCIIOKAITIH CITAOKO 3HIKYETHCS 13 30UTHIIIEHHSM IIUTFHOCTI JUCIOKAIIIH.

ExcriepuMenTasibHa TIepeBipKa 3aJI@KHOCTI XapaKTePUCTUKU TIACTUYHOCTI
BiJ TIUTPHOCTI AMCIOKAIIi TaKoX OyJia BUKOHAHA Ha aJIOMIHIEBOMY CILJIaBi
AMrS, saxwii mponeopMOBaHO CTHCKOM Ha pi3HI cTymeHi aedopmartii

Lo P oM? 04-100  16-10°
5" T T

0sl Equation y=a+b*x
Puc. 5. 3aexHiCTh XapaKTEPUCTHKH PIOF B ,
IUTACTHYHOCTI Oy BiJ IIUIGHOCTI 0.6 Weight No Weighting
JWCTOKAIii Vp U1 KpeMHiro. Intercept 0.32814

04+ Slope -4.05329E-6

y
02} 5y
0.0
p1/2 CM-l 20000 40000
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Puc. 6. EnexkrponHa MiKpOCKOIIs Ipo-
nepOpMOBAHOTO HA Pi3HI cTyIeHi nedop-
Marlii cruraBy AMrS: @ — BUXIHHHA CTaH;
0, 6— & =2 ta 10% BigmOBIIHO.

(Bix 2 mo 30%). Sk Gaummo Ha puc. 6, g, micns gepopmartii 10% BinOyBaeThcs
AKTHUBHE 3POCTAHHS JUCIIOKAIIN “Jicy”” Ta BU3HAYCHHS MIUTLHOCT] JUCIIOKAIIN
CTa€ HEMOXXJIMBUM. 3HAYEHHS XapaKTEPUCTUKU TUIACTHYHOCTI Oy Maibke He
3MiHIOETECS B iHTepBai 3HaueHb p = (7—10)-10° cm™.

Takum umHOM, Ha KpeMmHilI Ta cmmaBi AMrS Oymo mokasaHo, MO
XapaKTepUCTUKa IUIACTUYHOCTI, BH3HA4YE€HAa NpH IHJACHTYBaHHI, Maibke He
3aJIKUTh Bil MIUTBHOCTI JHMCIOKALid p B 00JacTi BiZHOCHO OIHOPIIHOTO
PO3IOIUTY TUCIIOKAILIIN B 3€pHi.

BucnoBkn

Bukonano eKCIIEpUMEHTH o BH3HAYCHHIO XaPaKTEPUCTUKH
IUTACTUYHOCTI Oy TPU IHAEHTYBAaHHI Ta 3a KPUBHMH CTaHAApTHHX
MeXaHIYHHX BHIPOOYBaHb O* MaTepiaiiB 3 pI3HUM piBHEM IJIACTUYHOCTI
(ARMCO-Fe, amrominieBi cmmaBu AMrS, 7075 Ta MOHOKpHCTaTidYHUMA
KpPEMHIif).

JlocnipkeHHs BIUIMBY CTPYKTYPHHX (DaKTOpiB Ha 3HAYEHHS IIACTHYHOCTI
MoKa3aJo, mo (akTopH, sKi 30UTBIITYIOTh TPAHUIIIO TUTMHHOCTI (3HM)KEHHS PO3-
Mipy 3epHa, 30UTbIICHHS IIUTBHOCTI JUCIIOKAIiNA) MPHU3BOAATH JI0 3HUKCHHS
IacTUYHOCTi. JlOBemeHo, IO XapaKTepUCTUKA IUIACTUYHOCTI Maiike He
3aJI©KUTHh BII IIUTBHOCTI MUCIOKAaIid B 00NacTi  BiXHOCHO OJHOPITHOTO
posnonuty auciokaiii B 3epHi. ARMCO-Fe Ta amrominieBuit cruiaB 7075
MaroTh Pi3HUH piBEHb IUIACTUYHOCTI, OJHAK 31 3MIHOIO PO3MIpY 3epHa OLIbII
HbK Ha mopsaaok (20—550 mxm jis ARMCO-Fe ta 4—60 MM st
QFOMIHIEBOTO ~ CIUIABY)  XapaKTEPHCTHKA  IUIACTUYHOCTI  MPOIMOPIIHHO
3HIKYETHCS 31 3SMEHIICHHSIM 3€pHA.
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3icTaBleHHS CKCIICPUMECHTAJIbHUX NTaHUX 3 TCOPETUIHUMU YABJICHHAMU IIPO

BIUIMB CTPYKTYPHUX (aKTOpiB Ha XapaKTEPUCTUKY IUIACTHYHOCTI IOKa3ajio
3aJI0BUTBHUH 30ir Teopii 3 eKCIIEPUMEHTOM.
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Influence of structural factors on the plasticity characteristic

S. L. Chugunova, I. V. Goncharova*, V. A. Goncharuk,
O. A. Golubenko, N. P. Zakharova, O. 1. Lukyanov

I. M. Frantsevich Institute for Problems of Materials Science
of NAS of Ukraine, Kyiv
*E-mail: i.goncharova@ipms.kyiv.ua

The main theoretical standson the plasticity characteristic, which is determined by
the proportion of plastic deformation in the total defo stands rmation and
characterizes the ability of the material to undergo plastic deformation, were
developed by Professor Yu. V. Milman. This article is devoted to the experimental
verification of theoretical statements about the influence of structural factors on the
plasticity  characteristicc  which can be determined from measurements of
hardness (0g) and during standard mechanical tests (6*). The study was performed
on materials with different levels of plasticity (ARMCO-Fe, aluminum alloys
AMg5, 7075 and monocrystalline silicon). ARMCO-Fe and aluminum alloy 7075
have different plasticity, but in the investigated range of grain change values
(ARMCO-Fe d = 20—550 um, aluminum alloy 7075 d = = 4—060 um), the
dependence of the plasticity characteristic on d is linear. ARMCO-Fe and
aluminum alloy 7075 have different plasticity, but within the investigated range
of grain sizes (ARMCO-Fe: d = 20—550 um, aluminum alloy 7075: d = 4—50 um),
the change in plasticity characteristics in regard to grain size has linear
dependences. The resulting dependences of the plasticity characteristic oy and 6*
on structural factors showed that a decrease in the grain size and an increase in the
density of dislocations, which increase the yield strength of the material, lead to a
decrease in the plasticity characteristic. The comparison of experimental data with
theoretical ideas about the influence of structural factors on the plasticity
characteristic showed a satisfactory match between the theory and the experiment
(which will impact to the further development of the theory of the dependence of
plasticity on other structural and external factors).

Keywords: mechanical properties, plasticity, structure, dislocation density.
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