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METO/IAKA PACUETA TOJIEA HATIPSIKEHUAM
¥V MOJIOC CABUT A THUIIA U30THYTBIX JTYUEN
Y HIOBEPXHOCTH AMOP®HOI'O METAJUUIA

A.A. PFOMIIEB, kano. ¢u3z.-mam. nayxk O.M. OCTPHUKOB
(I'omenwvckuii 2ocyoapcmeennwtit mexuuueckuit ynugepcumem um. I1.0. Cyxozo)

IIpeonooicena memoouxa paciema noueil HAnPANCEHUll y NOA0C cO8U2d MUNA U30SHYMBIX JyUell, HAX0O0s1-
WUXCS Y NOBEPXHOCMU MEMAIULECKO20 CMeKd. [Jannas MemoouKa no3eoauia Onucames Xapakmep pacnpeoe-
JIeHUSI HARPANCEHUT 8 AMOPPHOM Mamepuane y nOI0C cO8Uead MUNa U30SHymbulix Jyyetl, Hax00sWuxcs y nogepx-
HOCMU MEemMAIIU4ecKko20 CMeKid, Npu pPA3IUYHbIX 3aKOHAX pACHpeoeienuss NJIOMHOCMU KEA3UOUCIOKAYUL.
B pesynomame 6viiu 6visignensvt 6eposimuble MeCcma KOHYEHMPAyuyu HAubOIbWux HANPs’CceHutl, 20e Mo2ym 3d-
PO2AHCOAMbCsL MPewunbl — HeooOpamumole depeKmol.

Knroueeswvie cnoea: nonoca cd@uea, memaiiudeckoe CmeKio, noJii Hanp}wfceHmZ.

BBenenue. J{uciokannoHHas MOJENb MOJIOCH CIBUTa B aMop(hHOM Marepuale, peuiokennas B [1, 2],
MO3BOJISIET MOJICIHPOBaTh mporecc GopmupoBanus mnonoc casura. CoriacHo [2], naHHAs TEOpHs SBISACTCS
0a30l I CO3aHMs TEOPUU MPOTHO3UPOBAHMS PACIPEACICHUS HANIPsDKEHUH B aMmopdHOM Marepuaie. OHaKko
B paborax [1-5] He paccMmaTpuBaKOTCs ClIy4ad KOHKPETHOTO MOMACIHPOBAaHUS Je()OpPMAIMOHHOIO Mpolecca,
XapaKTEPU3YIOIIEroCs 3aJaHHBIMUA THUIIAMH IIOJIOC CIIBUTa — KAaHAJOB CIBUTOBOM Jedopmanuu B aMOpQHBIX
MaTepuanax [3], a Takke IMJIOTHOCTBIO pAaCIpeACiCHHs KBa3umuciokanmid. K TakuMm THmaM IMOJIOC CIBUTA
OTHOCSITCSI TOJIOCHI CABHUra THIA YeIIyHyaThIX HaBaJlOB, a Takke TUMa Jydeil [2]. B uvactHocTH, paHee He
paccMaTpuBaCs BOIIPOC CO3AAHWS METOTUKHM pacdeTa MOJed HalpsDKeHHH y MOJIOC COBUTA THIIA M30THYTHIX
nyded y TIOBEPXHOCTH aMOp(HOro Marepuana, KoTopas ObUia OBl MpH3BaHA ONMUCATh XapakTep M OOIIyIo
KapTUHY IOJIeH HampspkeHWH. J[aHHBIA BOMPOC OYEHb Ba)KEH B M3YyYEHUM W3MEHEHWH (DH3MUECKHX CBOWCTB
MaTepuaja NpPH BO3HMKHOBEHMH IIOJIOC CIBHUra, a Takke B CaMHX Iolocax ciasura. llomydeHHas KapTHHA
pacripenieieHus] HalpsHKCHUH B METAJUIMIECKOM CTEKJIE JAacT BO3MOXKHOCTH ITPOTHO3MPOBAHMSA TE€X WM MHBIX
(u3nMYecKUX SBICHHIA, 3HAHHE KOTOPHIX TII03BOJIAT OMPEICHATh OINACHBIC Yy4YacTKH B MaTepuaie, TIIe
C HanOOJNBIICH BEPOSATHOCTHEO MOTYT BO3HUKATH TPEIIMHBI U Pa3JIOMBL.

Henbto paboThl crana pa3pabOTKa YMCICHHO-aHAJIUTUYECKOTO METOAA pacueTa MOJCH HampsDKCHUHA
B METAJUTMYECKUX CTCKJIAaX Y IMOJIOC CIBHUTra TUIA U30THYTHIX JIy4eH Y TOBEPXHOCTH aMOP(HOTO MaTepHana.

IMocTranoBka 3amaum. [lonocel clIBUTa THIIA HM30THYTHIX JIy4deH, (OPMHUPYIOUIHECS Y MOBEPXHOCTH
MaTepuaja B pa3pese, NEepHeHINKYISIPHOM €€ Cliely Ha MOBEPXHOCTH MaTepHala, a TakkKe MepHeHIUKYIIPHOM
MMOBEPXHOCTH MaTepuaia, UMEIOT BUJ KPHBOW, N300pakeHHON Ha pUCYHKe 1.

y

PucyHok 1. — CxemaTH4yeckoe H300paskeHHe MOJIOCHI CABUIa B BU/IE H30THYTOIO JIy4ya
Y HOBEPXHOCTH aMOP(HOI0 MaTepualia B pa3pese

PaccmoTpuM ciydaii, TpeACTaBICHHBI HAa PHCYHKE 2, TIIe CXEMaTHYECKH H300pa)KeHa HaXOISIIasics
Y TIOBEPXHOCTH METAIUTMUECKOTO CTEKIIa KPUBOJMHEHHAs TIojIoca ciBUTa B (hopMe M30THYTHIX Jydel [3] B mutoc-
koctu XOY.
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Pucynok 2. - CxeMaTH4YHOe H300pakeHHE MOJIOCHI CABUIa, HAXOASALIEHCSl Y TOBEPXHOCTH MeTAJNIMYEeCKOI0 CTeKJIa
B hopMe H30THYTHIX Jy4eiil B pa3pe3se, MepHeHANKYISAPHOM CJIedy HOJIO0CHI CIBUTA HA IIOBEPXHOCTH
aMop¢dHoro maTepuasa, a TaKxKe caMol MOBEPXHOCTH MaTepHaJia

IIpu popMupOBaHUH ITOJIOCHI CABHATA HA MIOBEPXHOCTH aMOp(HOTO MaTepHaia o0pa3yeTcs CTyleHbKa Be-
muauHOK O. B 3TOM ciydae HampspDKeHHS, CO3/1aBaeMble KPUBOJWHEHHOW IIOJOCOW CHBHTA, OMPEACISIOTCS
C TIOMOIIIbIO KPUBOJIUHEWHOTO HHTETpaa [2]:

o;= | pogjp)ds, (1)
Lap

rae  Lap—3amaer npoduib MOIOCH! CABUTA;
p — INIOTHOCTB KBa3UIUCIOKAINH, (POPMHUPYIOMINX MOJIOCY CABUTA;
0 . Y

o E] ) _ HaNpsDKEHUS, CO3JaBaeMble CANHIYHOM KBAa3UANCIOKAUEH Y TOBEPXHOCTH.

Vcnonp3oBaHme KBa3UAUCIOKAIMOHHOTO TTOAX0/1a B PELICHUH TIPOOIEMBI ONPEICIICHNSI KAPTUHbI HAIIPS-
JKCHUH, BBI3BAHHBIX B aMOP(HOM MaTepuaie IoJIOCOH CABHUIa, CTaJ0 BO3MOXKHO Onarozaps TOMy, 4TO OH 0a3u-
pyeTcsl Ha TEOpHH AMCIOKANWi B M30TPONHBIX CpPelax, a aMOpP(HBIE MaT€pPHaNbl OTHOCATCS MMEHHO K TaKUM
cpesaMm, HECMOTPSI Ha TO, YTO PEaJbHO B aMOpP(HBIX MaTepuanax ANCIOKALUHN KaK JTHHEHHBIX Ae()EKTOB KpH-
CTAJUIMYECKOH pelieTky, He cymecTByeT [2, 5]. CornmacHo Teopuu AUCIOKALMOHHBIX TPELIUH [6] nanee moHsTHe
«KBa3UJIUCIIOKALMA» 3aMEHUM Ha «JUCIOKALIUI».

KpuBonunelinsiii naTerpan (1) no oOIen3BecTHBIM NpaBmiaM [2] CBOIUTCS K ONPEAEICHHOMY HHTEIpay

L
o= [ 1+F©Pp@0l) . v, 8)dE, @)

a+td

rae L — JuiMHA TIOJIOCHI CIBHTA, paBHAs poeKunu Lag Ha och OY;
a — TTyOvHa 3aJieTaHns UCTOYHUKA JUCIOKAIH;

f(€&) — dyukuus, onpepensoas GopMy IOJIOCH CIABUTA;
P(§) — nuHeliHast IIOTHOCTD JAUCIIOKAIUI B TI0JIOCE CIIBUTE;
& — mapamerp MHTCTPHPOBAHUS;

0 . o
ng )()C, y,a) — HalpsKCHUA, CO3JaBaCMbIC CAUHUYHON AUCJIOKAIIUCH, KOTOPBIC B Cil1y4ae (bOpMPIpOBaHI/IH

Y DOBEPXHOCTHU MaTCpHaJia NOJOCHI CABUTA TUIIA JIy4ad, HAXOAATCA 110 (bopMynaM [2]

6@ x,y,6) = B v~ fi©) _ y+A©)
. =82 +0-£E)? x-82+(+£©)°

o (1.8 =By | TS
* =82+ - [E) =82+ + f(©)?
rae

_z—n.

51



2017 BECTHUK ITIOJIOKOI'O T'OCYAPCTBEHHOI'O YHUBEPCUTETA. Cepus C

3nech U — Momynb casura; V — xodddunuent Ilyaccona; b, — MOLynb BUHTOBOM JHUCIIOKAIMU, 0Opasy-

01N MOJI0Cy CABUTA.
®dopMy MOJOCH! CABUTa UCKPUBJICHHBIX JIyueil 0e3 CylIeCTBEHHBIX JIOKAJIbHBIX M3MEHEHUI BIOJb JTHHBI
(CM. PECYHOK 2) MO>KHO omnHcaTh (PpyHKIHEH [2]

f(&)= A On&)+B &2, 3)

rae A u By — smnupudeckue Ko3QOUITUSHTHI.
PaccMoTpuM deTwIpe BapHaHTa pacrpeielicHus IoTHoCcTH auciokanuii P(&) . Ilycts B mepBoM cirydac

IIOTHOCTh [lI/ICJ'IOKaIII/Iﬁ IIOCTOsAHHA:

pE=10"m"". @)
Bo BTOpOM — 3aK0H pacnpeeieHus TUCIOKAINA OMUCHIBACTCS JIMHSHHON QyHKITHEH
pE)=Ay E+B,, &)

rae  A», B> — smnupuyeckue K03 PpUInueHTHI.
B Tpetbem ciydae 3aK0H pacrpeesieH s JUCTOKANi OMUCHIBAeTCs KBaApaTHIHON (PyHKIMEH THIa

pE) = A B> +B; B +C5, (6)

rne  As, Bz u C3 — smmmupuyeckue K03 UIUESHTHI.
[TycTp B 4eTBEpTOM CiIydae INIOTHOCTh JUCIOKANNI M3MEHSETCS 0 FApMOHUYECKOMY 3aKOHY, OMHCHIBa-
eMomy QyHKITUEH

p(&) = A, Bin(g), (N

rae A4 — SMIUPUUECKAN KOIPPHUITUESHT.
Pe3yabTaThl pacyeToB noJieil HanpsizKeHWid 1 UX 00CyKIeHHUe.

Jl1s Gopmbl 1onockl cliBura, onucbiBaeMol Gynkuueit (3), roe Ay =1 mxm, By = 10 MKMI/ 2 , TIpA pacnpene-
JICHNX JIMHEHHOW TUIOTHOCTH IWCIIOKAIMH IT0 3aKOHY, ONHCHIBAEMOMY (YHKIHEH (4), y BEpIIMHBI MOJIOCH CIIBUT'a

B obmactu Il HabromaroTCsi MaKCHMaJIbHBIE TI0 MOAYINIO M OTpUIATeIbHBIC HANPSIKEHUS O, , KOTOPHIE YMEHb-

X
LIAIOTCS MPU yAaJICHUH OT BEPUIMHBI B OTPULATEILHOM HaIpaBieHUU 1o oc OX 1 MOJ0KUTENbHOM 1o ocu OY.

B o6nactu II (pucyHok 3) HampspKCHHs 3HAKOTICPEMCHHBI M MCHSIOTCS Ha OTPHUIIATEIIBHBIC, MPOI0IIKAS
pacTH B OTPHUIIATEIILHOM HaIpaBieHHH 1Mo ocu OX 10 BEPIIMHBI TOJOCHI CIBHTA, TIe HANPSHKEHHUS JOCTHUTAIOT
MaKCHUMyMa TI0 MOJIYJIIO.
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<+ ' \.37/”/ 0 0
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Pucynok 3. - Pacnpenenenne HanpsizkeHMid y 10J10ChI CIBUT'a, ONMChIBaeMoii pyHkumeii (3),
NPH 3aK0He pacnpe/ieseHus MJIOTHOCTEH AUCI0KANU, onucbiBaeMoM pyHkuueii (4): a — G 0-0 .
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B o6mactu 11 HalpsZKECHU L Ozy MaKCHUMaJIbHbI Y BETBU 1 mojmockl caABuUra M noCTCIICHHO y6LIBaIOT npu

yAaJIeHUU OT 3TOM 30HBI IPEUMYILECTBEHHO B MOJOXKUTENIbHBIX HanpaBieHusx 1no ocsm OX u OY.

Bokpyr oTpeska MmoJIocHl CABHTa, y €€ yCThs, HAPSIKCHNST YMEHBIIAIOTCS M B oOmacTu 1 cTaHoBATCS OT-
pHUIATEIEHBIMHU, JOCTUTAsi MAKCHMANBHBIX 110 MOAYINIO 3HAYCHWH Yy BEpPIIMHBI HOJOCH, W YOBIBAIOT TIpH yIaje-
HUU OT Hee JI0 CEPEAMHbI BETBU 2 U Jajiee OT MOJIO0CHI CIBUTa K TOBEPXHOCTH MaTepHaa.

Jns dopmel nonockl casura, onucsiBaeMoil Gynkiumeit (3), rae A =1 MxM, By = 10 v 2 TP 3aKOHE

pacrpesieneHus IIOTHOCTH AMCIOKAIUi, onuchiBacMoM (yHkiuei (5), tae A> = 0,9 105M_2 s B, = 6- 105 M s
B obnactu Il HauGonblMe HaNpsHKEHUsT O, JIOKAJIM30BaHbl y OTPE3Ka I0JIOCHI CJIBUIa y BEPIIUHBI U YMEHbIIA-

FOTCSl TIPH yJOAJICHUH OT 3TOH 30HBI B MPEUMYIIECTBECHHO IOJIOKUTEIHHOM HampasieHuu mo ocu OY. Bokpyr
OTpEe3Ka IOJIOCKH CABHIA y 00JIACTH HAMOOJbIICH KPUBU3HBI POTHUB YaCOBOW CTPEIIKU HAMPSKCHHS CTAHOBSITCS
OTPHIATEIFHBIMU B JJOCTHTAIOT MaKCHMyMa TI0 MOJYJIIO Y IIOBEPXHOCTH MaTepHaja y BEPIINHEI.

CrnemyeT OTMETHTB, YTO BOKPYT BEPIIMHBI TIOJOCH CIIBUTA MO YaCOBOW CTPENKE HAIPSDKEHIS MEHSIOTCS
Ha OTpUILIATEIbHBIE U BO3PACTAIOT MO0 MOAYJIIO BOKPYT YCThS IIOJIOCHI, TOCTUTasi MAKCUMYMa Y BETBH 2.

B obnactu | MakcumMasbHbIe IOJI0KATEIbHBIC HANPSDKCHUS. O, CKOHLEHTPUPOBAHbI Y BEPLUIMHbI OJIOCHL

CABWTa W YMEHBIIAIOTCA NPH yAaJeHuH oT Hee. B obmactu Il HampspkeHHMsT 3HAKOTIEPEMEHHBI M CTAHOBSATCS OT-
pHUIATEIBHBIM, JOCTHTast MAKCUMYMa 110 MOAYJIIO y CEPEINHEI BETBHU 2.

Jns Gopmbl nonocs! casura, onucsiBaeMoil ¢ynkuueit (3), roe A =1 mxm, By = 10 mim” 2 , IIpY HEJU-

HEWHOM 3aKOHE pachpezielieHns INIOTHOCTH JUCIOKAITNH, onmrichiBaeMoM ¢GyHKIme (6), toe Az = 1/10- 100m73 s

B3=1/5-100m2 , C3=5- 10°m™~!, HanGoubIIMe MOTOKATENBHBIE HanpspkeHust O,, B obaactu Il ckoHLEHTpHUPO-

BaHBI Y OTpe3Ka IOJIOCHI CABHUTa y €€ BEPIINHBI U ITOCTENICHHO YOBIBAIOT MPU YAAICHUH OT 3TOH 30HBI IPEUMY-
IIECTBEHHO B MOJIOKHUTEIHHOM HampasiieHnH 1o ocu OY. Ilpu aToMm B obnactu 1 HanpsoKeHUS CTaHOBATCS OTPH-
UATEIbHBIMHU M JTOCTUTAIOT MAKCUMyMa y OTpe3Ka IMOJIOCHI CIBUTA Yy BepuiuHbl. B obmactu II Bokpyr oTpeska
MIOJIOCHI C/ABHTA y €€ 00JacTh HanOOJbIIei KPUBU3HBI HATIPSDKEHHS CTAHOBATCS OTPHUIATENBHBIMH H, Oormbas
yCTBhe TOJIOCHI CIBUTA, B 00JaCTH | yBEeTMYMBAIOTCS 110 MOAYIIIO 10 MAKCHMYyMa.

MakcumanbHble 10 MOAYIIO U OTPULUATENbHbIC HANPSDKCHUS O, B 001actu I CKOHUEHTPUPOBAHBL

Y BEPIIMHBI IMMOJOCHI CIBUT'a U ITOCTCIICHHO y6LIBa}OT pu yAaJICHUU OT HEEC, IPU 3TOM B obmacru 11 HapsiKCHUA
B IIOJIOKUTCIIBHOM HAMPaBJIICHUU OT BCPIONHMHBI CTAHOBATCA ITOJOXHUTCIBHBIMU W JOCTHUIalOT MaKCHUMAaJIbHBIX

3HAYCHUI Yy CepCAUHbI BETBU 2. CneuyeT OTMCTUTH, YTO B obmactu I HapsKCHU Ozy 3HAKOIICPECMCHHBI. Mak-

CUMAJIbHBIC TIOJIOKUTEIILHBIC HANPSIKCHUS JIOKAIU3YIOTCS Y OTPE3Ka MOJOCH CABHIa OT OOJIACTH HAUOOJbIICH
KPHUBH3HBI 10 CEPEeINHBI BETBH 2 M MIOCTEIICHHO YMEHBIIAIOTCS MIPH YAAJICHUN OT 3TOH 30HBI, IPEUMYIIECTBCHHO
B OTPHLIATEIFHOM HarpasiieHHH 1o ocu OY.

Jns popmMel mosockl caBura, onuceiBaeMoit ¢pynkuueit (3), roe A =1 mxM, By = 10 mxm 2 , U IIpU pac-
HpeJeICHUH IUIOTHOCTH JUCIOKALMKH 10 TapMOHMYECKOMY 3aKOHY, OmNHcbiBaeMoMy (yHkuumeit (7), rae
As=10°m"", HanGonpmme HaIpsKEHUsT O, JIOKAIU30BaHbl y IIOBEPXHOCTH MaTepHaa y YCTbs I1OJOCHI CIBHU-

ra. JlaHHbIC HANPSDKEHUS OTPHULATEIHHBI M YMEHBIIIAIOTCS 1T0 MOIYIIO TIPH yIAJIEHUH OT BETBU | TIOJOCH! CIABH-

ra. B o6nactu I u Il HanpspKeHUST CKOHIICHTPUPOBAHBI Y TOJIOCHI CIIBUTa, MIPU 3TOM B MUKaX CHHYCOUJIBI MOJICH

HANPSHKCHUH MUHUMAIBHBL, 2 Y CPEIHEH JIMHUM CHHYCOHIBl — MAKCUMAJIBHEI 110 MOAYIIIO U OTPUATCIIbHEI.
Haubonbuiie HanpsokeHust O, B JaHHOM Cily4ae CKOHLCHTPHPOBAHBI y BeTBH 1 romocs czasura. Ilpu

9TOM B TIMKE CHHYCOHMIBI TIOJICH HAINPsHKEHHWH y BETBU | TIOJOCHI CABUTA HANPSOKEHUS MUHUMAIBHBI U TTOJIOXKH-
TenbHBI B oOnacTu I u orpunatensHbl B o6nactu [. B0k ocTanbHOM 4acTH MONOCH CABHUTa TOJIS HAPSDKECHUHA
UMEIOT BUJ CUHYCOWJBI, B TIMKaX KOTOPOM HAOIOMAIOTCS MUHUMAIIBHBIC 110 MOJYJIIO M OTPHUIIATEIbHBIE 3HAUC-
HUS, & Y CpeJHEN IMHUM 3TOH CHHYCOHIBI OTMEUCHBI JIOKAIbHBIE HAMPSHKCHIYSI, 3HAYEHUS KOTOPBIX MEHSFOTCS 110
BEJIMYMHE BJIOJb BCCH CPEIHCH JIMHUH MOJIOCH 10 TAPMOHUYECKOMY 3aKOHY. Y YCThS IOJIOCHI CIBUTA HAOIOa-
€TCsI 30Ha OTPUIATEIbHBIX HanpsbkeHuin. Kpome Toro, B obmactu I oOpa3yercs 30Ha OTPUIIATEIBLHBIX HATIPSIKE-
HUH y TIOJIOCHI CABUTA OT BEPIIUHBI IO CEPEIUHBI BETBHU 2, pACIIPOCTPAHSIONMIASCS B TIOJOKUTEIIHLHOM HaIpaBJIe-
HuH 110 ocu OX.

Takum 00pa3oM, METOJMKA pacyeTa MoJIel HANPSDKCHUH y MOJOC CIBUTA, HMCIOMIMX (POPMY M30THYTHIX
Tydel, HaxXOIINXCS y MMOBEPXHOCTH aMOp(HOTO MaTepraia, IpeyIoxKeHHas: B TaHHOW CTaThe, MO3BOJISIET CO-
CTaBUTH JIOCTATOYHO TOJHYIO KapTHHY TOJICH HanpsDKEHUH B aMOp(GHOM MaTepHalie, BRI3BAHHBIX TTOJIOCOU CIIBU-
ra npuBeneHHON (Gopmbl. [lonmyueHHBIC pe3ynbTaThl B BUAC PACHPEICICHHN MOJCH HANPSHKCHHU MO3BOJISIFOT
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ompejiesnTh HanboJiee OMacHble MecTa B aMOP(HOM MaTepualie MpH MOSBICHUH MOJOC CBHUIA, YTO JAET BO3-
MOHOCTh MPOTHO3UPOBAHUS MECTa U HAIPABICHUE BO3HMKHOBEHUs TPEIIUH NPH JabHEHIIEM HArpyXeHUH
Mmarepuarna.
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METHOD OF CALCULATION OF STRESS FIELDS IN SHEAR BANDS SUCH
AS CURVED BEAMS LOCATED AT THE SURFACE OF THE METALLIC GLASS

A. RUMTSAU, O. OSTRIKOV

This technique allowed to describe the nature of the distribution of stresses in the amorphous material in
shear rays such as curved beams located at the surface of the metallic glass under different laws of density
distribution quasidislocations. As a result, places of probable concentration of maximum stress where can arise
cracks — irreversible defects have been identified.

Keywords: band shift, metallic glass, the stress field.
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