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B mammoii paboTe mpuBeleHBLI SKCIEPUMEHTANbHbIE NTaHHBbIE O HANPIKEHUU
paspyienus aMmopHBIX JIEHT Ha OCHOBe :Kejieza. McciiejoBaHue JIEHT C pas-
HBIM COJIeP;KaHMeM TaKuX n06aBoK Kak Co u Mo mo3BOJINUIIO CesiaTh BEIBOJ, 06
UX BJIUSHUY HA IPOYHOCTH aMOPMHOro cijiaBa. AHAINS 9KCIIEPUMEHTATbHBIX
JTaHHBIX O HAIPAKEHUSIX paspylieHusd aMOPMHBLIX JIEHT B paMKax TpéxIiapa-
METPUUECKOTO pacupenesieHus: Beitdyiyia mo3BOJIUI JaTh OIEHKY IMOPOTOBBIX
HaIIPAXKEHUN paspylleHns NCCIeAyeMbIX CILIaBoB. Tak:ke ObIIO yCTAHOBJIEHO,
YTO KPUBBIE IIJIOTHOCTU PaCIpefieieHNA 3HAUEHUH paspyLIaionnx HampsaKe-
HU MCCJIeIOBAHHBIX JIEHT SABJISIOTCA IPAKTUYECKU CUMMETPUYHBIMY JJIA BCeX
CILJIABOB. B 9TOM mposBIsieTcA X OTJIUYMNE OT PACIIPEeAeIeHNs IPOYHOCTH THU-
MUYHBIX XPYIKUX MaTepruaaoB (KepaMUKU, CTEeKJa 1 T.1.), KPUBLIe paclpee-
JIEHUS KOTOPBIX XapaKTepU3YIOTCA SHAUMTEJIbHOM acuMMeTpueil B obJacTu
MAJIbIX BeJIMYWH HATIPSAKEeHUA PaspyIIeHus.

B maniii po6oTi HaBeeHO eKcIepruMeHTaJIbHI JaHi CTOCOBHO HAIIPY KEHHS PYH-
HYBaHHA aMOP(pHUX CTPiYOK Ha OCHOBI 3ayiza. JlocaimKeHHs CTPiYOK 3 pisHUM
BMicTOM AoMmimiok, Takux AK Co Ta Mo, YMOKJIMBUJIO 3POOUTH BUCHOBOK IIPO
iX BILIMB HA MiIlHicTh aMOp(dHOTro cTomy. AHaIi3 eKCIePUMEHTANIbHNX JaHUX
PO HANIPY:KEeHHA PYUHYBaHHA aMOP(MHUX CTPIiUOK y paMKaX TpUIapaMeTpuy-
HOro Beli0yJ/I0BOTO 3aKOHY YMOKJINBUB OIIiHATH IIOPOTOBi HAIPY:KEeHHSA PYi-
HYBaHHSA JOCJiIKyBaHUX CTOIiB. TaKkoK 0yJI0 BCTAHOBJIEHO, 110 KPUBi I'yCTH-
HU PO3MOJiJy 3HAUEHb HANPYsKEeHb PYHHYBAHHS JOCJiIKYyBaHUX CTPIiUOK €
MaiKe CUMETPUYHUMMU JJISI BCiX CTOIIiB; B IIbOMY BUABJJAETHCA IX BiIMiHHiCTD
BiZ po3mozisly MIITHOCTU THUIIOBUX KPUXKUX MaTepiajiB (KepaMiKu, cKJia TO-
1I10), KPUBi POBMOAITY AKUX XapaKTepU3YIOThCSI 3HAYHOIO aCUMeTPieio B 00J1a-
CTi MaJIuX 3HAYEeHb HAIIPYKEeHHA PYHHYBaHHS.

A given work presents the experimental evidence on fracture stress of amor-
phous tapes made on the base of an iron. Investigation of the tapes with dif-
ferent content of such alloying elements as Co and Mo enables to conclude
about their influence on amorphous alloy strength. Approximation of exper-
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imental data on fracture stress of amorphous tapes by means of the three-
parameter Weibull distribution allows estimating threshold fracture stresses
of studied alloys. As also ascertained, the curves of distribution density for
fracture stresses of analysed tapes are symmetric for all alloys. This is their
difference from strength distribution for typical brittle materials (ceramics,
glasses, etc.) described by distribution curves, which are essentially asym-
metric within the range of low fracture stresses.

KaroueBsie cjaoBa: aMOp(dHBIE JIEHTHI, HATIPAKEHNE Pa3pPyLIeHUA, paclpese-
neune BeiiOyia.

(ITonyueno 19 nosbpsa 2013 2.; nocae dopabomrxu — 17 dexabpsa 2013 e.)

1. BBEJIEHHE

OTkprITEIE B cepenuHe 20-ro BeKa «MeTaJJInUecKue CTeKJa» (MeTaJLIu-
YyeCcKMe CILJIaBhl ¢ aMOP(HON CTPYKTYPOil, IMOJyuaeMble CBepXOBICTPO
3aKaJKOIl 13 PacIjiaBa) CTAJIN OCTPO BOCTPEOOBAHHBIMU U IITUPOKO IIPU-
MeHAeMBbIMU B MUPOBOI MPOMBINLIeHHOCTH yKe B 90-x rogax [1]. Okouro
90% mpoIieHTOB aMOP(MHBIX I HAHOKPUCTAJINUYECKHUX CILJIABOB, IIPOU3-
BOAMMBIX cefiuac B MHUpPE, HCIOJb3yIOTCA B Ka4eCTBE MATrHUTOMSATKUX
MaTepuaJjoB, B TO BpeMs KaK KpaliHe BHICOKUII YPOBEHb IIPOUYHOCTHBIX
cBoiicTB [2, 3], XapaKTepHBIX IJis aMOP(HBIX CIIJIABOB, HA ITPOMBIIII-
JIEHHOM yPOBHE OCTa€Tcs Hepeaau30BaHHBIM. OCHOBHBIMU NPUUYMHAMU
TaKOT0 OJHOCTOPOHHETO IIPMMeHEeHUsT aMOP(hHBIX MAaTEPUAJIOB ABJIAIOT-
cdA: BBICOKAs ce0ecTOMMOCTL MATEePHUAJIOB BCJIEACTBHE HEOOXOIMMOCTH
IPUMEHEHUS YUCTHhIX MCXOMHBLIX DJIEMEHTOB M, COOTBETCTBEHHO, CJIOMK-
HOCTHU TeXHOJIOTUUYECKOTO IPOIlecca MOoJIyUeHnsT aMOP(HBIX MATEePUAaJIOB
C UCHOJIL30BaHUEM CIIeIl000pYIOBAHUS IJIsI IJIABKY B 3aIIUTHON cpeje;
OTHOCUTEJILHO HU3KAaA CKJIOHHOCTD METAJINYECKUX PACILIaBOB K aMOp-
dusanuy, OrpaHMYMBAIOIIAS TEOMETPUUECKNE Pa3Mephl IIOJYYaeMbIX
usnennii; HU3KUII ypOBeHb MAKPOCKONMYECKOM ILIACTUYHOCTU MeTaJl-
JUYECKUX CTEKOJI, CBABAHHBLINA CO CIEIM(PUUECKUM XapaKTepoM ILjia-
CTHUYECKOU gedopMaIlium B HUX.

C 1eapl0 CO3MAaHUA HOBBIX KJACCOB (QYHKIIMOHAJBHBIX U KOHCTPYK-
IIMOHHBIX aMOP(MHBIX ¥ HAHOKPHUCTAJLINUYECKUX MAaTEPUAJIOB C IIPeeIb-
HBIMU SKCILIyaTaIlMOHHBIMU IIapaMeTpaMH, OCO0EHHO aKTyaJbHBIMU
SIBJIAIOTCS paboThI, HAIIpaBJIeHHbBIE HA CO3/TaHNE HOBBIX CIIJIABOB C BHICO-
KOU CIIOCOOHOCTBIO K aMop(hU3aluy 1 YIPOIIEHHON TeXHOJOTHUU II0JIY-
YEeHUSA B YACTHU MCIIOJIb30BAHUS MCXOMTHBIX MaTePHUAJIOB IIPOMBIIIIEHHOM
YHUCTOTHI, HE TPEOYIOITNX MCIIOJB30BAHUS CJIIOKHOTO TEXHOJOTHUECKOTO
obopyznoBaHus. B ¢cBA3U CO CKa3aHHBIM BBIIE, AKTYAJbHBIM SABJIAIOTCA
WCCJIeNOBAHUA BJIUSHUA XWMHUYECKOTO COCTaBa paspadaThIBaeMbIX
CILIABOB, UX T'€OMETPUHU, TEXHOJIOTUUYECKUX PEKMMOB HA MeXaHUUYECKHe
CBOMCTBA IIOJIYYaeMbIX U3IEJINH.

WccrnemoBaHus mpeaycMaTpPUBAJIM BEITIOJTHEHNE NCIILITAHUNA HA OTHO-
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OCHOEe pacTsKeHre aMOpP(HBIX IJIEHOK Ha ocHOBe Fe ¢ pasdiuuHBIM CO-
nepsxanueM Ni, Co, Mo, Cr mpu KOMHaTHOM TeMIepaType:

1. NHRS-(Co-1) — Fey;Ni, g ,Cr; ;Mo, ¢Cog 5B,,Si; 5,
2. NHRP-4 — Fe; (Nijg (Crg sMo; sVB141C; 5Py 4Si;,
3. HBKNV-2 — Fe3; 14,C03,Crg W 1oNby 6:B19 1C5Si; 3,

4. NHRS-(Co-2) — Fe;Niy, sCr; ;Mo,Co;B,,Si; 5,
5. NHRS-19 — Fe;;Ni;; ;Crg sMo,B6Si,.

Ompepenenne TPOYHOCTH aMOPGHBIX JIEHT BBIMOJHAJIOCH ITYTEM
CTaHAAPTHBLIX UCIBITAHUM HA OJHOOCHOE pacTsaKeHue. McIbITaHUA BbI-
MOJIHAJIUCH HA YHUBEPCAIbHOM MaIIHe I8 MeXaHNUYeCKNX UCITLITaHU I
Instron. M3 nmeHTHI Hapesaauch o0pasIibl TAKUM 06pasoM, YTOOBI pado-
yad AJauHA oOpasia cocraBisana 10 mupuH, a TakKe ¢ 00eUxX CTOPOH
OoCTaBaJIOCh IO 9 CM /I 3asKaTUs JIEHTHI B 3aXBaTax. SHAUEHUA TOJIIIN-
HBI, ITUPUHBI U AIUHHBI 00Pa3IloB IpUBeAeHbI B Tab. 1.

O6pasIisl B BUe JIEHT HUCILIThIBAINCH Ha OOJHOOCHOE pacTsaKkeHue. B
mpoIlecce UCIBITAHUM 3aIMCHIBAIaCh KPUBAsA HaTPYKEeHUA B KOOPAMHA-
Tax ycuJane—IepeMelneHue.

Hanpsakenue paspylieHusa ompenesnasock mo crangaptHoi (I'OCT
11701-84) ¢popmyne 6 =P / F,, rae F, — HauanpHad IJOLIaAb IIOIe-
peuHoOTrO ceueHUs obpasia, P — Harpy3ka B MOMEHT Pa3pyIIeHUs.

Ananus auarpamm gedopmanuy aMOPMHBIX IJIEHOK HOKa3aJ, UTO
nedopManmsa, TPEAIIECTBYIONIAsa paspyIleHnuio, ABJAETCA YIIPYTo-
HeauHelHOM. C MOrpeIrHoCcThIO, He IpeBbImawiIieit 3% , He ObIIO 3a-
(UKCHPOBAHO HAJIMUME OCTATOUHBLIX Aedopmarimit. [IpyMeHenne Tex-
HUKU CKOPOCTHOM CHEMKU ITO3BOJINJIO OIIEHUTHh BpeMs IIpoIlecca paspy-
menus. J[Ja nccaefoBaEHOM IIEHKHT OHO He mpeBhIimaeT 1-107% .

ITonyuenHble 3HAUEHUA HATIPAKCHUA PA3PYIIEHUA A PA3SHBIX JIEHT
cBefieHbl B Ta0JI. 2.

Bo Bpemsa uchbITaHUIT HAa OJHOOCHOE PACTSAMKEHUe 00pasIlbl JEeHTHI
NHRS paspsiBanuch Ha [Ba KyCKa B rpaHUIlax padodeil 30HBI, B TO Bpe-
MaA Kaxk Ha obpasmax HBKNV-2 Habamogasoch MHOTOOUATOBOE Paspy-
1eHue. OTO XOPOII0 BUAHO Ha hoTorpadmax, IpUBEAEHHBIX Ha puc. 1.

Cratuctuueckas o00pabOTKa BKCHEPUMEHTAJBHBIX JaHHBIX IIO
HANPSKEHUAM PaspyIleHus IT03BOJIMJA ONpPeNeJUTh MHUHUMAJIbHOE,
MaKCHUMAaJIbHOE U CpeHee HATIPAKEHUA pas3pyIleHnsd, JUCIIEPCUIO U KO-
a(hduIeHT Bapuamun, 3SHaYeHNA KOTOPHIX TPHUBeIeHbI B Ta0I. 3.

Kak BugHO 13 MpUBeAEHHON BbIIle TAOJIUIILI, YMEHBIIICHNE ITUPUHBI
aeaTsel NHRS-Co-1 3 10 MM 10 6,5 MM IIPUBOAUT K YBEJIUUYEHUIO CPeIHEeH
BeJIMYMHBI HanpsaKeHuda paspymienusa ¢ 930 MIla no 1034 MIla, yeenu-
yuBas TaKKe U QUCIEePCUI0, YTO CBUAETEIBCTBYET O O0JIbIlleM pasdpoce
3HAUEHU M HAIPSIKEHUA PA3pyIIeHns.
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8 4

Puc. 1. BremmHMi BUJ paspyuieHHbIXx 06pasiioB: a — NHRS-(Co-1) mupunoii
6,5 mm; 6 — HBKNV-2; 6 — NHRS-(Co-1) mmpumoit 10 mm; 2 — NHRS-(Co-2).

Ecau cpaBHUTH MeKIy cO00M pe3ybTaThl N3MEPEeHUN, MOJIyUeHHbIe
Ha Jeutax NHRS-Co-1 u NHRS-Co-2, a Tak:xe nx XuMUYEeCKHUI COCTaB,
MOJKHO cIejiaThb NOIYIlleHHe, UTO K YBEeJIUUYEHUIO CPeIHero M MaKCH-
MAaJbHOTO 3HAYEHUI HAIPSIKEeHUS PaspyIlleHnusaA IPUBOIUT YBeIUUeHre
KosmuectBa Ni mpu ymensbIitenuu gou Co.

HawuboJibItiee cpefHee sHaUeHre HANPAKeHUS PaspyIIeHns, a TakKe
ONVH M3 HAaUMEHBINX K03(hGUIMEeHTOB BapUAIlNK ObLIN IIOJyUYeHbl Ha
obpasmax cuimaBa NHRS-19, B xoTopom moaHocTsio oTcyTeTByeT Co, a
Tak:ke yMeHbIIeHa 0151 Mo o cpaBHenmio ¢ NHRS-(Co-2).

IIpu ananuse paspylieHusa aMOP(HBIX CIJIABOB IIINPOKO HUCIIOJb3YyeT-
cqa pacupenenenue Beitbyana [4—6] (puc. 2)

P(c) =1 —exp —(ﬂJ ,

Gu
rae P(c) — BepoOsSTHOCTH pPaspylIlleHus P 3aJaHHON BeJIUUYnHe HAIps-
JKeHUS G; G, — HTOPOTOBOE HATPSKEHUE; G,, M — TapaMeTpPhl pacipe-
JeJIeHU .
s OIeHKY CTEeleHW XPYIKOCTH CILJIaBa MCIOJb3yeTCsA 3HAUeHUE m
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Puc. 2. ®yHKIMA IJOTHOCTH PACIpeeJeHns HAUPSKeHUs PaspylIeHusa IJIsd
pas3HBIX 3HAUeHUH Moayaa Beitbysna npu o, = 969,8 u o, = 14,5 Mna.

(monyss Beiibyiia). Kak mpasuio, A XpyOKUX KepaMUK 3HaUeHUe
m =5 [7]. dnsa amop@HBIX CIJIABOB HA OCHOBEe MUPKOHUA Zr,Cu,;Al;, —
m = 73,4, naa 6oJee XPYIKOro BapuaHTa 3Toro cmiaasa (Zr,Cu,;Al;)e Y,
— m=25,5[8]. [Ina 6oJee IIACTUYHBIX CILJIABOB Ha OCHOBE MapraHIia B
pabore [9] 6bL10 TTOTYyUeHO 3HAUYEeHUE M = 35.

Hcnonn3oBanue TpéxmapaMeTpUUYecKOro pacmpezesenuns BeiiGysiia
Ui aIIpPOKCUMAIIMM SKCIEePUMEHTAJbHBIX [MaHHBIX WCIBITAHUN
aMOp(HBIX JIEHT Ha OJHOOCHOE PACTSKEeHUe IT03BOJINJIO ONIPeNeSUTh I0-
poroBoe 3HAUeHWE HATPAKEHUS PaspyIIeHUs U IapamMeTphl pacipese-
aenusa Beiibyina (Tabi. 4). OKcrepuMeHTaJIbHBIE JaHHBbIE HATTPIKEeHUA
paspyiieHus Ha oopasmax NHRP-4 e aHammsupoBaiuch n3-3a UX Ma-
JIOTO KOJIMYeCTBa.

B pamMKax M3JI0KEeHHOTO BHIIIE MMOAX0Ia, UCCeyeMble CILJIaBhbI CJie-
IyeT paccMaTpMBATh Kak HamboJiee XPYIKUe, OAHAKO ITPU MAaJbIX 3HA-
YeHHMSAX M MEHSeTCS XapaKTep acMMMEeTPUUN KPUBOM IIJIOTHOCTU pPac-
npefenenus (puc. 2), YToO MOKET CBUIETEJILCTBOBATH O CMeHe MUKpPOMe-
XaHU3Ma WHUIIMUPOBAHUA paspyiieHusd. Takum obGpasom, BeJUUYMHA
mapamerpa M MoKeT HeCcTH WHAOPMAIINIO O MeXaHU3Me MHUIITUPOBA-
HUS Pa3PYIIEeHN A, KOTOPBIH 00YCIOBIIEH CTPYKTYPHBIM COCTOSAHUEM.

IIpu mosyueHHBIX ITapaMeTpax KPUBbIE IJIOTHOCTH pacIIpeeseHus
3HAUEHUH paspyIaloiuX HAIPAKEHUN NCCAeJOBAHHBIX JEHT SABJISIOT-
cs MPaKTUYEeCKU CUMMETPUUYHBIMU AJIsS BCeX CILIaBoB (puc. 3). B aTom
MIPOABJISIETCSA WX OTJIWYME OT PaclpeesieHus IIPOYHOCTH TUIIUUHBIX
XPYIKKUX MaTepuaaoB (KepaMuKU, CTeKJIa U T.[.), KPUBbIE pacipeaese-
HUS KOTOPBLIX XapaKTepUa3yIOTCS 3HAUWTEJIbHON acumMMeTpueil B obJia-
CTHU MaJIbIX BeJINUYNH HATPAKEHUSA Pa3pPYIIIeHU.
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TABJINIIA 4. 3uaueHus mapamMeTpoB pacpejenenus Beiioyia.

Cnuas c,,, MIla m c,, MIla
NHRS-Co-1 mupunoii 10 mm 740 2,4 170
NHRS-Co-1 mupunoii 6,5 mm 250 3,2 800
HBKNV-2 20 3 250
NHRS-(Co-2) 600 2,5 400
NHRS-19 600 5 450

0,006 |- HNSR1Co mupokras

]

B 0,005 - HBKNV2

Q

g -

(]

5 0,004 | NHRS19

2,

g

8 0,008 -
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© 0,002 |-
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3]
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Puc. 3. ®yHKIIUU IJIOTHOCTU PACIpelesieHNA HANPSAKEHUA PaspyLIIeHUd HC-
ciielyeMbIX aMOP(HBIX JIEHT.

2. BBIBO/J1 bI

Nsmenenne mupuns! JeHTHI NHRS-(Co-1) ¢ 10 MM g0 6,5 MM IpuUBOAUT
K YBEJIMYEHUIO €€ IPOYHOCTU, OTZHAKO B TOXKe BpeMdA Habuiomaerca ad-
(bexT oxXpynuuBaHUA, IPOABIEHNEM KOTOPOTO B JAHHOM CJIydYae SBJIA-
eTcs yBeJInueHue pasbpoca 3SHaUEHUI IPOYHOCTH.

Hawub6onbiiee cpefHee 3HAUYEHNEe HATIPAXKEHUSA PA3PYIIEHNA, a TAKKe
ONVH M3 HAUMEHBIINX KO9(GUIIMEeHTOB Bapualuu ObLIN MMOJyUYeHBI Ha
obpasmax cmaBa NHRS-19, B KoTopom mosiHOCTEIO oTcyTcTByeT Co, a
TaK)Ke yMeHbIleHa 1o Mo. B mesoM, 3TOT CIIaB MMeeT HaUJIydIIne
CBOWICTBa IO TPEM IIOKa3aTessaM: CPeIHEMY 3HAaUEHUIO IIPOYHOCTU; Be-
JUUYMHEe MUHUMAJIbHOTO HAMPSMKEHUS PaspylleHus U KodhPUIUeHTY
Bapualuy 3SHAYCHU IIPOYHOCTHU.

KpuBble mJIOTHOCTH paclpegejeHus 3HAUEHWIH paspylIaolimnx
HaNPAKEHUH MCCJIeJOBAHHBIX JIEHT, ABJISAIOTCA MPAKTUYECKU CHMMET-
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PUYHBIMHU JJIs BCEX MCCJIEeNOBAHHBIX CILJIABOB. B 9TOM mpoABJIsdeTCA UX
OTJINYHMEe OT paclpeneseHnA IIPOYHOCTHU THUIINYHBIX XPYIKHUX MaTepHua-
JIOB, KPUBbBIE€ pacIlipelieJeHUsA KOTOPhIX XapaKTepuayIOTCA SHAUUTEIb-
HOM acMMMeTpHel B 00JaCTH MaJIbIX BeJINUNH HAIPAKEHNS paspylie-
HUA.
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