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AHHoTauus. [IpoBefleHO HCC/IeJOBAHHe IIPOCTPAHCTBEHHOIO pacIpe/ie/ieH sl MeXaHUYeCKHUX CBOMCTB B 'TOJI-
cToM" amopdHoM mpoBofie Co-critaBa 84KXCP. KonycHBII 06pa3sel] aMopdHOro poBofa epeMeHHOro JHa-
MeTpa (70-300 MKM) [IOJIy4eH MeTOAOM YIUTOBCKOro-Teropa 3a cueT M3MeHeHM I CKOPOCTH BBITSIKKH B IIPO-
Liecce Ioy1y4eHust IIpoBoAa. Ilocse yaaneHUs CTeKASHHON 000/10UKH U IIPOBe/IeHH s IPOBEPKHU Ha COOTBETCTBUE
CTPYKTYPBI IPOBOJIa aMOPHOMY COCTOSIHUIO UCC/IefIoBaIM MeXxaHHYeCKHe CBOMCTBA 06pa31j0B KOHYCHOIO IIPO-
BoZa nramMeTpoM 100 1 270 MKM MeTOLOM HHCTPYMeHTaIbHOIO0 MHAEHTHUPOBaHU L. YCTAHOBJIEHO, YTO aMOpd-
HBIM IIPOBOJ B MHTepBaJle AraMeTpoB 70-300 MKM coXpaHsieT CTabu/IbHbIe 3HAUEHUS TBEPAOCTH KM MOL YIS
YIIPYTOCTH B IIOIIePeYHOM M IIPOA0/IbHOM CeYeHHsIX. MexaHHUYecKHe CBOKCTBA IIPOBO/OB MCC/IeJOBAHHBIX JHa-
MeTPOB TaK>Ke IPAaKTHUeCKH He U3MEeHSIOTCS IIpU IlepeMellleHHUH OT LieHTpa 06pas31ioB K Kpat. [ToyueHHbIe
JaHHBbIe CBHU/eTeIbCTBYIOT O BLICOKOU M30TPOIIHOCTH aMOPQHOM CTPYKTYPhl IIPOBOZA [IepeMeHHOr0 AhaMe-
Tpa. OTMedeHHBbIe 6oJlee BLICOKHE 3HaUeHU I TBePAOCTH U MOAY/IS YIIPYIOCTH B 06pasiie fuamMeTpoM 270 MKM
(H=9,8 I'Tla, E=212 I'Tla) 110 cpaBHeHHUIO ¢ obpa3nom fuamerpom 100 mxm (H=8,6 I'Tla, E=163 I'Tla) MoryT 6bITh
obycoBeHsl 60/lee HHTeHCHBHBIM GOPMHPOBAHKEM KJIACTEPHOM CTPYKTYPHI 3a CUeT CHH)KeHU S 3 PeKTHBHOM
CKOPOCTH oxJIakAeHHs 6osee "ToncToro” mposofa. OTMedeHo, UTO TakKe IIPOBOfa MOTYT HAUTH IIpUMeHeHHe
JIJISL KU3TOTOBJIEHHM S HOBBIX BUJIOB MEeIHIIMHCKOIO HHCTPYMEHTA.
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Abstract. The study of spatial distribution of mechanical properties in a "thick" amorphous wire of
Co-alloy 84KHSR has been carried out. A cone sample of amorphous wire of variable diameter (70-300 pm) was
obtained by the Ulitovsky-Taylor method by varying the drawing speed during the wire production process. After
removing the glass sheath and checking for the conformity of the wire structure to the amorphous state, the
mechanical properties of the cone wire samples with diameters of 100 and 270 pm were studied by the instrumen-
tal indentation method. It was found that amorphous wire in the range of diameters 70-300 pm retains stable
values of hardness and modulus of elasticity in cross and longitudinal sections. Mechanical properties of wires
of the studied diameters also practically do not change when moving from the center of the samples to the edge.
The obtained data indicate high isotropy of the amorphous structure of the wire of variable diameter. The noted
higher values of hardness and modulus of elasticity in the 270 pm diameter sample (H=9,8 CPa, E=212 GPa) com-
pared to the 100 pm diameter sample (H=8,6 GPa, E=163 GPa) may be due to a more intensive formation of the
cluster structure due to a decrease in the effective cooling rate of the "thicker" wire. It was noted that such wires
may find application in the manufacture of new types of medical instruments.

Keywords: "thick" amorphous wire, microwires, instrumented indentation, hardness, elastic modulus

For citation: E.V. Gladkikh, G.Kh. Sultanova, A.A. Rusakov, A.S. Useinov, V.V. Molokanov,
A.V. Krutilin, N.A. Palii. Mechanical properties study of amorphous Co-alloy 84KHSR variable diameter
wire by instrumental indentation method. NANOINDUSTRY. 2025. Vol. 18. No. 1. PP. 30-38. https://doi.org/
10.22184/1993-8578.2025.18.1.30.38.

BBE/JLIEHUE INTRODUCTION

AMopoHEIe ITpoBoAa Ha oCHOBe cucTeMbl Co-Fe-Cr-
Si-B MMeIT YHUKAJIbHBIH KOMIIJIEKC MeXaHHUe-
CKHX, MAarHUTHBIX, QHU3M4YeCKHUX U KOPPO3HOH-
HBEIX CBOMCTB [1-5]. MicIIo/Ib3yeMBbIH /1S IIOJIyde-
HHUS IIPOBOJIOB B CTeK/JISIHHOM 000JI0UKe METO[
YnutoBckoro - Teinopa [6] mo3BonsieT PUKCHU-
POBaTh aMopdHOe COCTOSIHHE MPOBOAA IIPHU 3KC-
TpeMaJIbHO HU3KHX CKOPOCTSIX BBITSKKH 3a CUeT
aguabaTH4YeCcKOro CXKaTHs paclaaBa CTeKJSH-
HOM 060/0uKoM. [IpH HUCII0JIB30BAHUMU CIIJIABOB
Ha oCHOBe KobajbTa, 06/1aJaoI X BEICOKOM CTe-
KJoo6pa3syromern CrIocobHOCTbIO, 3TUM MeTO-
IOM MO>KHO II0JIy4aTh IIPOTSI’)KeHHBbIe IIPOBOJAA

Amorphous wires based on the Co-Fe-Cr-Si-B sys-
tem have a unique complex of mechanical, mag-
netic, physical, and corrosion properties [1-5].
The Ulitovsky-Taylor method [6] used to produce
wires in a glass sheath makes it possible to fix
the amorphous state of the wire at extremely low
drawing speeds due to adiabatic compression
of the melt by the glass shell. When using cobalt-
based alloys with high glass-forming ability, this
method can produce long wires with amorphous
structure and high mechanical properties in a wide
range of diameters from 5 to 300 pm [7, 8]. Moreover,
due to the controlled change of drawing speed it is
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C aMOPOHOU CTPYKTYPOK K BEICOKHMMH MeXaHH4e-
CKMMH CBOMCTBAaMH B LIMPOKOM AHalla30He AHa~
MeTpoB 0T 5 10 300 MKM [7, 8]. [Ipuyem 3a cUeT KOH-
TPOJIHUPYEMOIO H3MEHEeHH S CKOPOCTHU BBITSKKH
MMeeTCsl BO3MOKHOCTD IOJIy4YeHUsT aMOpdHOro
[IpOBOJA C IIepeMeHHBIM I10 JHMHe JTHAMETPOM.
TakoM MPOBOJ MOXKeT MPeACcTaBIAsITh 60JbIION
MHTepecC IPU U3rOTOBJIeHUH HOBBIX BUJOB MeJ M-
LHUHCKHUX UHCTPYMEHTOB [J/15 S9HAOBACKYISAPHBIX
BMelIaTe/JbCTB: IPOBOJHKNKOB, MUKPOCIIHpaleHn,
cTeHTOB [4]. AMopdHBIe IpoBoJa OONBIIKX AHaA-
MeTpoB Ha ocHoBe Co 06s1alal0T BBICOKUM 3JI€K-
TpHUYeCKUM conpoTrusnenuem (1,2-1,4-106 Omm),
BBICOKOII IIPOYHOCTBIO Ha pa3phalB (2500-3000 MIIa)
B COYeTaHHUHU C BBICOKOM IICeBAOIIIACTUYHOCTEIO
npu u3rube. Beicokasi YyBCTBUTEIbHOCTD 3JI€K-
TPHUYECKOI'0 COIIPOTHUBJIEHHUSI aMOPHOro mpoBoJa
K IIPUJIOKeHHBIM Harpy3KaM (KO3 UILIHMEeHT TeH-
30Pe3UCTHBHOCTU K paBeH 2) B COUeTAaHUHU C BbICO-
KON IIPOYHOCTHIO U KOPPO3HOHHOM CTOMKOCTBIO
OTKPBIBAET XOPOIIHe IePCIIeKTUBBL I/ MCIIOJIb-
30BaHHA TaKUX aMOPOHBIX IIPOBOJOB B KayecCTBe
CTpecCc-4yBCTBUTE/IbHBIX 3JIEME@HTOB OTBETCTBEH-
HBIX KOHCTPYKL MM [8]. [I[paKTHYECKHUH HHTe-
pec oTMeYyeH K aMOPGHBIM IIPOBOAAM AHaMe-
TpoMm 0 70 MKM, MCIIOJIb3yeMbIM JJIS U3TOTOBJIE"
HHUS NPOTSKeHHBIX TeH30PEe3UCTUBHBIX JAaTYM-
KOB [9-12]. HHTepeCHBIM NpeCTaBIseTCsl BO3MOXK-
HOCTH M3TrOTOBJIEHH S MAaTHUTOMSATKUX aMOPPHBIX
MHKPOCIIHpaen NepeMeHHOM KeCTKOCTH JraMe-
Tpom ot 20 1o 100 MKM [4].

MexaHHYeCKHe CBOMCTBA IIPOBOLOB OOJBIINX
AHuaMeTpPOB CUCTeMaTH4YeCKH He OBIIM HCCIe0-
BaHBI. [I/Is1 pacIIMpPeHUs IIOTeHIHaJlbHbBIX 0b6J1a-
CTel NMpPUMEHEeHHS HOBOM IPYIIBbl 'TOJCTHIX"
aMOpPOHBIX IPOBOLOB METOLOM MHCTPYMEHTAaJIb"
HOTO MHJEeHTHPOBAHUS IIPOBEIEHO KCCIeL0BaAHKe
BJIMSIHUS HAIPSI’KeHUH, CO3laBaeMbIX CTeKJ/ISIH-
HOM 000/I04KOM KU NPUHSATHIM CII0COOOM 3aKaaKH
CTPyH pacIijiaBa, Ha ypoBeHb U XapaKTep pacmpe-
le/leHHs MeXaHHYeCKHUX CBOKCTB IIO CeYeHHUIO
U JJIMHEe KOHYCHOI0 aMOpPQHOTO IIPOBOLA MO Ee/Ib-
Horo crjnaBa 84KXCP c mepeMeHHBIM JHaMe-
TpoMm 100-300 MKM.

METOAWUKA SKCNEPUMEHTA

Jng U3roTOBJIEHHS MHKPOIIPOBOLA HCIIONb30-
Bajiyd IPeKypcop — CTeP>KHEBYIO 3ar0TOBKY, IOy~
YeHHYIO 30HHOH IIJIaBKOH, YTO MCKJII0OYAJIO OSIB-
neHue AedeKTOB, BHYTPEHHHX IIOPp M BHeII-
HUX paKoBHUH [13]. Obpa3sel KOHYCHOTO IPO-
BOJa IIepeMEeHHOI0 AHaMeTpa IIoly4dyalu MeTOo-
noM YIHUTOBCKoro - Ternopa. CTep>KHeBYIO 3aro-
TOBKY guamMeTpom 4 MM Co-cryaBa 84KXCP mmox-
Beprajau pacijaBIeHHUI0 B CTeK/JISIHHOMN TpybKe
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possible to obtain amorphous wires with variable
diameter along the length. Such a wire can be
of great interest to prepare the new types of medical
instruments for endovascular interventions: con-
ductors, microspirals, and stents [4]. Amorphous
wires of large diameters based on Co have high
electrical resistance (1.2-1.4-10°°® Ohm-m), high
tensile strength (2500-3000 MPa) combined
with high bending pseudoplasticity. The high sen-
sitivity of the electrical resistance of amorphous
wires to applied loads (strain resistance coefficient
K, equals 2) combining with high strength and cor-
rosion resistance opens good prospects for the use
of such amorphous wires as stress-sensitive ele-
ments of critical structures [8]. Practical interest
has been noted in amorphous wires up to 70 pm in
diameter used for the fabrication of extended strain
gauges [9-12]. The possibility of fabricating mag-
netically soft amorphous microspirals of variable
stiffness with diameters from 20 to 100 pm is
of interest [4].

The mechanical properties of large diameter
wires have not been systematically studied. In
order to expand the potential application areas
of a new group of "thick" amorphous wires by
the method of instrumental indentation, stresses
influence made by the glass shell and the adopted
method of melt jet quenching on the level and
character of mechanical properties distribution
along the cross-section and length of a cone amor-
phous wire of the model 84KHSR alloy with a vari-
able diameter of 100-300 pm was studied.

EXPERIMENTAL PROCEDURE

To prepare the microwires, a precursor was
used - a rod billet obtained by zone melting, which
excluded appearance of defects, internal pores
and external sinks [13]. The cone wire sample
of variable diameter was obtained by the Ulitovsky-
Taylor method. A 4 mm diameter rod billet of
84KHSR Co-alloy was subjected to melting in
a glass tube and joint drawing of the melt jet and
softened glass on a rotating drum according to the
mode ensuring the production of a continuous wire
with a diameter of 70 pm with high technologi-
cal properties. Then the drum rotation speed was
sharply reduced to the value ensuring the process
of obtaining a wire with a diameter of about
300 microns. The glass shell was mechanically
removed from the obtained wire. For the purpose
of research, the cone section of the wire obtained
during the transition from a diameter of 70 pm to a
diameter of 300 pm was cut off. From the obtained
wire section, samples near diameters of 100 and
270 pm were cut off for research. The wire sections
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1 COBMeCTHOM BBEITSI)KKe CTPyH pacljaBa U pas-
MSTYeHHOIO CTeK/ja Ha Bpalmawpmemcs 6apa-
6aHe Mo pexkxuMy, obecmeurBalIeMy I0Jyue-
HHe HeIpepbhlBHOIO IIPOBOJa AHaMeTPoM 70 MKM
C BBICOKMMHM TeXHOJOTMYeCKHMH CBOHCTBAMHU.
Jlanee pe3ko CHHUKAIHU CKOPOCTb BpallleHUs 6apa-
6aHa 0 3HaueHHs, obecledrBaIOLIEr0 MPOLecC
II0JIy4YeHHU S IPOBOJA JHAMETPOM 0K0JIo 300 MKM.
C mo/sly4eHHOI0 IIPOBOAA MeXaHHUYeCKH yOasaau
CTeKJISHHYI0 000/104Ky. [I7s IpOBeJeHM s HCClle-
NOBAaHHUK OTPe3alu KOHYCHBII Y4acTOK IIPOBOAaA,
[OJIyUYeHHBIH [IPU Ilepexofe oT fuaMmeTpa 70 MKM
Ha guameTp 300 MrMm. C MOJIYy4YeHHOIO y4acTKa
IpoBofa oTpe3anu obpasnbl BOJIM3U AUAMET-
poB 100 u 270 MKM [Jis IIpOoBeJeHUs HCC/iefoBa-
HHUM. YYaCcTKU IpoBoJa B6IK3HU BEIOpaHHBIX AHA-
METPOB YCIIeIIHO IMPOILIJH TeXHOJOIUYeCKYyIo
npoby Ha cIocobHOCTh K CBOOOAHOMY H3ruby
Ha 90 rpanycoB 6e3 paspymeHus. JCK-aHanus
06pas10B NpoBoJa ABYX BEIOPAaHHBIX JUAMETPOB,
NnpoBefeHHBH Ha JUdPepeHIIMAJIbHOM CKaHH-
pyomieM KajopuMeTpe Setaram Setsys Evolution,
[10Ka3aJl Ha/lu4Ke JBYX XapaKTepPHBIX COBMeIleH-
HBIX IUKOB 3K3030PeKTOB, OTBEYAIOIMX KPUCTAJI
nu3anuyu aMopdHou dasel. Pe3ynbTaThl IPOBEPKU
IIOATBEPAU/IM COOTBETCTBUE CTPYKTYPHI IIPOBOAA
aMOpOHOMY COCTOSHHIO Ha BCeM MHTepBaJie Jua-
MeTPOB IIPOBOJia, BBIOPAaHHOM IS HCCIe0OBaHUS
MexXaHHYeCKHX CBOHCTB MeTOLOM HHCTPYMeH-
TaJIbHOIO UHAEHTHPOBAHHU .

Jns npoBeleHUs MHCTPYMEHTAIbHOIO HHEH-
THPOBAHUS TOTOBUJIHU cpe3bl 06pa3LoB aMopd-
HOIO IIPOBOJA [ BYX BEIOPAHHBIX AHAMETPOB B IIPO-
J0/IbHOM U II0IlepeYHOM HallpaBieHUsIX. O6pa3iibl
OBLIIM 3a/IUTHI B SIIOKCUIHBIE MAN6BI U OTIIONHPO-
BaHBI IIPH IIOMOIIH IIJTKM(POBATBHO TIOJIMPOBAJIb-
HOTO 060py,£[OBaHI/IH Tegra Pol-11 (Stuers, JaHus).

lllepoxoBaTOCTb 00pa3l0B HCCIeAO0BaNU IPHU
IOMOIIKM KOH}OKaNbHOTOo 3D-mpodusomerpa
S Neox (Sensofar, Ucrtanus). ITone CKaHHPOBAaHUS
cocTtaBngeT 113x94 Mrm. HMCII0/1b30BaJICS UCTOY-
HHK CBeTa C OJIMHOM BOJIHEBI 530 HM.

HccnepgoBaHue TBepAOCTH M MOAYIS YIPY-
roctu o6pasoB aMopPHOTO MPOBOAA OCYILECT-
BJIS/IM METOAOM MHCTPYMEHTAJ/IbHOTO MHAEeHTH-
poBaHMA C KMCIIOJIb30BaHKMEM HaHOTBepaoMepa
"HanoCkaH-4D" (Poccus). IIpoBeieHbI HECKOIBKO
CepHUM H3MepeHHM C MaKCHUMAaJbHOMN HArpy3-
kxou 10 MH. HMcmonp30Baicst HHAEHTOP C a/IMa3HOU
NUupaMunoM TUIla beprkoBuya [14].

PE3Y/IbTATbI U OBCYXAEHUE

[l7si mpoBeneHUS] UCIBITAHUM HAa HAHOTBEp-
JIOCTb, BBIIIOJIHSIEMBIX C MaJIOM Harpy3KoH, Heob-
XOLHMMa KadyeCTBeHHasi nNpobomonrotroBKa.

near the selected diameters successfully passed
the technological test for ability to bend freely at
90 degrees without fracture. Analysis of the wire
samples of two selected diameters, performed
on a Setaram Setsys Evolution differential scan-
ning calorimeter, showed presence of two char-
acteristic combined exo-effect peaks correspond-
ing to crystallisation of the amorphous phase.
The test results confirmed compliance of the wire
structure with the amorphous state over the entire
range of wire diameters selected for the study
of mechanical properties by the instrumental
indentation method.

For instrumental indentation, slices
of amorphous wire samples of two selected diam-
eters were prepared in longitudinal and transverse
directions. The samples were cast in epoxy washers
and polished using Tegra Pol-11 grinding and pol-
ishing equipment (Stuers, Denmark).

Roughness of the samples was studied using
a confocal 3D profilometer S Neox (Sensofar,
Spain). The scanning field is 113x94 pm. A light
source with a wavelength of 530 nm was used.

Hardness and modulus of elasticity
of amorphous wire samples were studied by instru-
mental indentation method using NanoScan-4D
nanohardness tester (Russia). Several series
of measurements with a maximum load of 10 mN
were carried out. An indenter with a diamond pyr-
amid of Berkovich type was used [14].

RESULTS AND DISCUSSION

For nanohardness tests performed with low
load, a high-quality sample preparation is nec-
essary. The indentation depth should be at least
20 times the surface roughness of the sample [14-
16]. The experimentally achieved surface rough-
ness (Ra) after polishing the samples was less
than 10 nm. The obtained result confirmed possi-
bility of tool indentation at an indentation depth
of 200 nm and more.

A series of prints was obtained by moving
the indenter along and across the longitudinal
axis of the specimen. Five tracks each with a dis-
tance between the prints of 6 pm were applied
to the transverse and longitudinal slits of the wire
with a diameter of 270 pm. The value of the applied
load was 10 mN. Each track consisted of 45 prints,
however the outermost ones were discarded
due to the close proximity of the fill mate-
rial which would have affected the measured
mechanical property values. The obtained val-
ues of hardness and elastic modulus correspond-
ing to the same coordinate along the track were
averaged. The results of dependence of average
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Puc.1. Bud cemku omne4yamxog om UHOEHMOopa Ha cpe3e 06pasua amop@Ho20 nposodd cnaasa 84KXCP duamempom 270 MKM U pac-
npedeneHue 3Ha4eHUl meepdocmu U ModyAsl ynpy20Ccmu CAe8a Hanpaso 800Ab KOOPOUHAMbI X: a — nonepeyHbili cpe3; b — npodonbHbili

cpe3

Fig.1. Grid view of indenter imprints on a 270 pm diameter amorphous wire sample cut of 84KHSR alloy and hardness and elastic mod-
ulus values distribution from left to right along the X coordinate: a - cross cut; b - longitudinal cut

[nybuHa MHIEHTUPOBAHUS NOJIKHA KaK MUHHU-
MyM B 20 pa3 HpeBHIIATh IIEPOXOBATOCTh IIOBEPX-
HOCTH obpasua [14-16]. IkcIiepuMeHTaJIbHO JOCTUT-
HyTas IoCjIe IOJIHUPOBAaHUS 06pas3IioB IIepoxoBa-
TOCTh IIOBEPXHOCTH (Ra) coctaBuia MeHee 10 HM.
[Tony4eHHBIN pe3yl1bTaT HOATBEePA U BO3MOKHOCTD
[IpoBeJeHU S HHCTPYMEHTA/IbHOTO HHIeHTHPOBa-
HUS IIpU I1ybuHe oTIledyaTka 200 HM U boree.
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values of hardness and modulus of elasticity along
the track coordinate are shown in Fig.1. It was
found that, taking into account the standard
deviation, the obtained values do not depend on
the location of the hardness measurement loca-
tion along the specimen surface for both verti-
cal location of the wire in the casting and hori-
zontal location. This indicates high homogeneity



NANOTECHNOLOGIES

CepHIo OTIEYATKOB II0JIy4YaU IIPU HepeMme-
IeHWH WHAEeHTOPA BAOJAb U IOIepeK IMPOLob-
HOM ocH manda uccaegyemoro obpasua. Ha more-
PedHBbIN K NPOAOJIBHBIN IIJIKG NPoBOJAa JHAMET-
poMm 270 MKM 6BIIM HaHeCeHO II0 HISITh JOPOKeK
C paccTossHHEM MeXAy OoTme4YaTKaMHu 6 MKM.
BennuMnHa NpHK/AA[blBaeMOM Harpy3KH COCTa-
Bua 10 MH. Kaskgas foposkKa cocTosiyia 13 45 oTie-
YaTKOB, OJJHaKO KparHHe OblIM 0TOpOLIeHEl U3-3a
6/1M3KOTO PacCIIONIOKeHUsI MaTepHUaaa 3aJl1UBKH,
KOTOPBIH ObI ITOBJIMSII Ha U3MepsieMble 3HaUeHHU S
MeXaHHUYeCKMX CBOMCTB. Ilo/lydeHHBle 3HAaUYeHUS
TBePAOCTH U MOJYJIS YIIPYTOCTH, COOTBETCTBYIO-
IIMe O4HMHAaKOBOI KOOpAHHATe BAOJIb JOPOXKKH,
yCpeaHSIIUCh. Pe3ynbTaThl 3aBUCHUMOCTH Cpef-
HUX 3HAaUYeHHUU TBepPAOCTH U MOAYJS YIPYTOCTH
B/I0JIb KOOPAWHATHI JOPOKKH IIPUBeeHbI Ha pUc.1.
YCTaHOBJIEHO, YTO C y4YeTOM CpeJHeKBagpaTH4-
HOTO OTKJIOHEeHH I [I0JIyYeHHble 3HaYeHU d He 3aBU-
CAT OT PACIIONIOKeHH I MeCTa U3MePeHU s TBepIo-
CTH BJO0JIb IIOBEPXHOCTH 00pa3lia Kak /s BEPTH-
KaJIbHOI'O PacCIIO/IOKeHU s IIPOBOJA B 3aJIMBKe, TaK
U JIJIsL TOPU30HTAJIBHOIO PACIIONIOKeHU . DTO CBU-
JleTe/JIbCTBYeT O BBICOKOM OLHOPOJHOCTH MeXaHH-
YeCKHUX CBOMCTB 06pa31ia amopdHOro mpoBofa A1ua-
MeTpoMm 270 MKM.

15 BISABIIEHH I OLHOPOAHOCTH MeXaHHUYeCKUX
CBOMCTB ITpoBoJa fHuaMeTpoM 100 MKM ObLI IIpoBe-
IleH CIeAYIOMKH 9KCIIepuMeHT. Ha MOBepXHOCTHU
TopLeBoro umauda npososa 6bl/1a HaHeceHa CeTKa
M3 OTIe4YaTKOB C MHTepBaJioM 6 MKM (pHc.2a).
Harpyska takske coctaBisna 10 mH. Ilosy4yeHHbIe
3Ha4YeHMU s TBEPAOCTH U MOAY/S YIPYTroCTH OB
IIpe[CTaBeHbl B 3aBUCUMOCTH OT JJIMHBI Paguyc-
BeKTOpa, HPOBeAeHHOI0 13 LIeHTpa TOpLa K IIepH-
¢epun. Ilonaraau, 4To B C/iydyae HaAJIMYKM I HEOJHO-
POLHOCTH MeXaHH4YeCKHX CBOMCTB B 3aBUCHMOCTH
OT MeCTa HaHeCeHHd OTIIeYyaTKa 3Ha4YeHU s TBep-
JOCTH ¥ MOAYJISL YIIPYTOCTH B LIeHTPE U I10 KpasM
npoBoza 6plIK 6bI pa3MYHEL. [I0CKOIBKY KO3 PU-
LIMeHT HaKJ0HAa INPSAMBIX, IPOBeIeHHbIX Ha Irpa-
duKax 3aBUCHMOCTH TBepAocTH (puc.2b) u momyns
ynpyrocTu (pHc.2c) oT pafuyc-BeKTopa COCTaBIIsIeT
MeHee 0,5% OT BeJIMYMHBI CBOOOLHOTO UjleHa, TO
MO>KHO CHe/aTb BbIBOJ, 00 OHOPOJHOCTH MeXa-
HHUYeCKHUX CBOICTB, U3MepPeHHbIX BJI0JIb [IOIlepey-
HOT'O Ce4YeHHd IIpoBoga AruaMeTpoM 100 mrm. Ilpu
3TOM 3aHMKeHHBbIe 3HaYeHU s MOAYJ/Is yIPYTOCTHU
Ha Kpasix o6pas1ia CBsI3aHBI C yIJIOM HaKJIOHA Kpas,
obpasyromuierocs Ipu MOTHUPOBKe.

Ha nmpomonpHOM o6paslie mpoBoAa AHaMeT-
poM 100 MKM BBIIIOJIHEHA CepHsl U3MepeHHH, aHa-
JOTHUYHAs TOM, 4To 6bljla IPpUMeHeHa JIJIsl uccie-
IOBAaHUS o6pa3u013 IIpoBoJa TONLHHOM 270 MKM,
puc.la: mATh JOPOKEK C PAaCCTOSHUEM MeEXAY
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Puc.2. Bud cemku omne4amkoe om UHOeHmMopa Ha nonepey-
Hom cpe3e 06pasua amoppHozo nposoda cnaasa 84KXCP dua-
mempom 100 mkm (a), pacnpedeneHue 3HayeHui meepdocmu
8 3agucumocmu om dAuHbl paduyc-eekmopa (b), pacnpedeneHue
3HaYeHUl MoAyAsl ynpyzocmu 6 3d8Ucumocmu om OAUHbI pa-
duyc-sekmopa (c)

Fig.2. Grid view of indenter imprints on a cross cut of a 100 ym
diameter amorphous wire sample of 84KHSR alloy (a), hardness
values distribution as a function of the radius-vector length (b),
elastic modulus values distribution as a function of the radius-vec-
tor length (c)
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HAHOTEXHO/OrUU

OTIleYaTKaMH 6 MKM WU IIPHJIOKEHHOH Harpys-
kot 10 mH.

PesynpTHUpylOIIHe 3HAaYeHHS TBEPHOCTH
Y MOJYJsl YIPYTOCTH Ha YeTbpex obpasuax mpo-
BOIOB AuamMeTpoM 270 v 100 MKM, MOJIyYeHHEIEe
IyTeM yCpeLHEeHH s BCeX H3MepeHHBIX 3HaUeHUH,
IIOKa3aHbl Ha pHC.3. B npemenax HOrPemIHOCTH
(cpeniHeKBaZApaTUUHOIO OTKIOHEHHUS OT CPe/lHero)
3HaYeHHs KaK TBePOOCTH, TaK U MOAYJS YIIPyro-
CTH COBIIAZAIOT.

M3 mnpencraBaeHHBIX pPe3yabTaTOB Cje-
ayeT, 4To ob6pa3ubl aMopdHOTo MpoBoJa AHa-
MeTpoM 100 m 270 MKM COXPaHSIOT CTabuiib-
Hble 3HAaYeHUs TBEPHOCTH WU MOAYIS yIIPyTro-
CTHU B IOIEePEeYHOM U HPOLOJIbHOM CeYeHHIX.
MexaHH4YeCKHe CBOMCTBA IIPOBOAOB UCC/IeL0BaH-
HBIX JUAaMeTPOB TaKyKe IIPaKTHUYEeCKH He U3Me-
HSIOTCSI IIPU IlepeMelleHHUU OT LieHTpa obpas-
LIOB K Kpaio. YCTaHOBJIEHO, UYTO obpa3el] fuaMeT-
pom 270 MKM mMeeT 60jiee BEICOKYIO TBEPLOCTH
Y MOJY/b yIIPYTOCTH 10 CPAaBHEHHUIO C obpasioMm
nuamMeTrpoM 100 MKM (prc.3), YTO MOKeT OBITH
obycnoBneHo 60lee MHTEHCUBHBIM IMPOTeEKa-
HHeM mpouecca QopMHPOBaHMSA K/IACTEPOB B pac-
IJIaBe 33 CYeT CHU)KeHHU I 9P PeKTHUBHOKN CKOPOCTH
3aKayuku bosee "ToncToro” mposona.

Ha nmpomonpHOM cpe3e o6pa3loB AHaMe-
TpoM 100 MKM BBIIIOJIHEHBl CEPUU HU3MepeHHUH
C Harpyskamu 1, 2, 5, 10, 20 u 50 mH. Monyisb
YIPYTroCTH CHUKAJICS C yBeJIHUYeHHeM IT1yb6HHEI
MHIeHTUPOBAHMS, HAa MaJIbIX HAarpy3KaxX H3Me-
peHHBle 3HaueHHUs HMenu 6onpmoil pasbpoc,
CBS3aHHBIN C LIEpPOXOBATOCTbIO obpasua (mpu
Harpyske 1 MH rnybrHa HHAEHTUPOBAHUS COCTaB-
jiseT okojio 100 HM). ITIo3TOMY MBI CYMTaeM, 4YTO
fonee HU3KMe 3HAUYEHU S TBEPAOCTHU Ha JAHHBIX
obpasiax obycioBlIeHbl BAUSIHUEM MSTKOM 310K~
CH/ITHOI CMOJIBI, B KOTOPYIO 3aJIUTBL 06pas3Iibl.

3AK/IIOYEHUE

C McrmoJib30BaHMEM MeTOJa MHCTPYMEHTAJ/ILHOTO
MHAEHTUPOBAHUS BBIIIOJHEHO HCCIeJOBaHUe
BJIMSIHUS HAIlPSIKeHU M, CO3/laBaeMbIX CTeKJ/ISIH-
HOM 000/I04KOM KM NPUHSATHIM CII0COOOM 3aKaaKHU
CTPyH paciijiaBa, Ha ypoBeHb M XapaKTep pac-
NpefesleHHs] MeXaHUYeCKHUX CBOUCTB B KOHHYe-
CKOM aMOPGHOM IIPOBOJE [IepeMeHHOI0 AHaMeTpa
MozenbHOro criyiaBa 84KXCP.

YCTaHOBJIEHO, YTO aMOPOHBIH IIPOBOJ, B UHTEP-
Bajse nuaMmeTpoB 70-300 MKM COXpaHseT CTa-
OupHBIEe 3HAUEeHUS TBePAOCTH M MOAYIS YIPY-
FOCTH B IIOHNEPEYHOM M IIPOJOJIBHOM cedve-
Huax. IlonydyeHHBle NJaHHBIEe CBUJETEJNb-
CTBYIOT 00 M30TPONHOCTH IIPOBOJOB IIepeMeH-
HOTO JHaMeTpa ¢ aMopdHOU CTPyKTypoH. boiee
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of mechanical properties of the 270 pm diameter
amorphous wire sample.

In order to reveal homogeneity of mechanical
properties of a wire with a diameter of 100 pm,
the following experiment was carried out. A grid
of indentations at 6 pm intervals was applied on
the surface of the wire end slit (Fig.2a). The load
was also 10 mN. The obtained hardness values
and elastic modulus were presented as a function
of the length of the radius vector drawn from
the centre of the end face to the periphery.
It was assumed that in case of heterogeneity
of mechanical properties depending on
the imprint location, the hardness values and mod-
ulus of elasticity in the centre and at the edges
of the wire would be different. Since the slope
coefficient of the straight lines drawn in the plots
of hardness (Fig.2b) and modulus of elasticity
(Fig.2c) dependence on the radius vector is less than
0.5% of the value of the free term, it can be con-
cluded that the mechanical properties measured
along the cross-section of the wire with a diame-
ter of 100 pm are homogeneous. At the same time,
the underestimated values of the elastic modulus at
the edges of the specimen are related to the angle
of inclination of the edge formed during polishing.

On a longitudinal wire sample with a diameter
0f 100 pm, a series of measurements similar to that
used for the study of 270 pm thick wire samples,
Fig.la, was performed: 5 tracks with a footprint
spacing of 6 pm and an applied load of 10 mN.

The resulting values of hardness and modulus
of elasticity on 4 wire samples of 270 and 100 pm
diameter obtained by averaging all measured values
are shown in Fig.3. Within the error limits (stan-
dard deviation from the mean), the values of both
hardness and modulus of elasticity coincide.

From the presented results, it is observed that
the amorphous wire samples with diameters of
100 and 270 pm maintain stable values of hardness
and modulus of elasticity in cross and longitu-
dinal sections. Mechanical properties of wires
of the studied diameters also practically do not
change when moving from the centre of the samples
to the edge. It was found that the 270 pm diame-
ter sample has higher hardness and elastic modu-
lus compared to the 100 pm diameter sample (Fig.3),
which may be due to a more intensive process
of cluster formation in the melt due to decreasing
of the effective quenching rate of a thicker wire.

A series of measurements with loads of 1, 2, 5,
10, 20 and 50 mN were performed on a longitudinal
slice of 100 pm diameter specimens. The modulus
of elasticity decreased with increasing inden-
tation depth; at low loads the measured values
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BBICOKHE 3HAUeHM S TBePAOCTH U MOJYJIS YIIPYTo-
ctu B obpasne nuamerpom 270 MM (H=9,8 I'Tla,
E=212 I'lla) o cpaBHeHHIO ¢ obpa3moMm guaMme-
Tpom 100 MmxMm (H=8 I'lla, E=163 ['lla) MOryT 6BITH
obycnoBneHsl 6o0jlee HMHTEHCHUBHBIM IIpPOTeKa-
HHeM Ipolecca OpMHUPOBaAHUS KIACTEPOB B pac-
IJIaBe 3a CUeT CHUKeHU S 9dPeKTUBHOM CKOPOCTH
3aKaJKku 6osee "ToncToro” mposona.

[Torka3aHo, 4TO "TOJCTHIe" aMOpdHBIe IIPOBOLA
Co-crnaBa 84KXCP coxpaHSIOT BEICOKHUM YPOBEHbB
IIPOYHOCTHBIX U YIIPYTHUX CBOMCTB B I POKOM [ Ha-
Ias3oHe AHMaMeTpoB. TakHe IIPoBoja [lepeMeHHOro
AuaMeTpa MOTYT HaWTH IIPHMeHeHHe [IPU H3T0-
TOBJI€HUU HOBBIX BUJIOB XHUPYPTrUUYeCKUX HHCTPY-
MEHTOB //Isl IPOBeeHU I S9HI0OBACKY/ISIPHBIX BMe-
IIaTeIbCTB, MHCTPYMEHTOB /J15 IPOBeleHU S S3H/I0-
OOHTHYEeCKHUX OllepallH.

BJIATOAAPHOCTHU

HccnemoBaHue BBIIIOJIHEHO C MCIIONb30BaHHEM
obopynoBaHus LleHTpa KOIJIEKTHBHOIO II0JIb30-
BaHusg O®IT'BHY TUCHYM "HcciemoBaHUS HAaHO-
CTPYKTYPHBIX, YIJIE€POLHBIX U CBEPXTBEPIBIX
MaTepuasoB". ABTOPBI BBIPaskaloT 61arofapHoOCTh
M.HU.IleTpKKKY 32 BHUMaHHe K paboTe u 1eH-
Hble 3aMe4YaHHUS NPHU 06CYy>KOeHHHU pe3ynabTa-
ToB. PaboTra BBIIIOJIHEHA B paMKaX [oc3agaHus
Ne 075-00320-24-00.

WHOOPMALUA O PELLEH3UPOBAHUU

Pemakuus 61arofapuT aHOHHMHOTO pelleH3eHTa
(peLieH3eHTOB) 3a UX BKJIAJ B pelleH3UPOBAHHUE
3ToN paboThl, a Takyke 3a pa3MelleHHe CTaTeHn
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Bujge B HOF eLIBRARY.RU.

Jekaapauus o KoHAUKMe UHMepecos. AsMopbl 3a28A510M
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had a large scatter due to specimen roughness
(at a load of 1 mN the indentation depth is about
100 nm). Therefore, we believe that the lower hard-
ness values on these samples are due to the soft
epoxy resin influence where the samples are cast.

CONCLUSIONS

Using the instrumental indentation method,
influence of stresses performed by the glass shell
and the adopted method of melt jet quench-
ing on the level and character of distribution
of mechanical properties in a conical amorphous
wire of variable diameter of the model 84KKHSR
alloy has been studied.

It was found that amorphous wire in
the diameter range of 70-300 pm maintains sta-
ble values of hardness and elastic modulus in
cross and longitudinal sections. The obtained
data testify to the isotropy of wires of variable
diameter with amorphous structure. Higher
values of hardness and modulus of elasticity
in the 270 pm diameter sample (H= 9.8 CPa,
E =212 GPa) compared to the 100 pm diameter sam-
ple (H=8 GPa, E=163 GPa) may be due to a more
intensive process of cluster formation in the melt
due to decreasing the effective quenching rate
of the thicker wire.

It is shown that "thick" amorphous wires of
84KKHSR Co-alloy retain a high level of strength
and elastic properties in a wide range of diameters.
Such wires of variable diameter can be used
in the manufacturing of new types of surgical
instruments for endovascular interventions, and
instruments for endodontic operations.
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