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"
Cduvtcev0" Ecnekwo" rjqurjcvgu" cpf" j{ftqz{crcvkvg" pcpqrqyfgtu" jcxg" dggp" rtqfwegf" d{" wukpi"
giiujgnn"fgtkxgf"tcy"ocvgtkcnu"cpf"rjqurjqtke"cekf"cv"fkhhgtgpv"okzkpi"tcvkqu0"Vjg"ejctcevgtkuvkeu"qh"
vjg"gpf"rtqfwev"jcxg"dggp"hqwpf"vq"dg"kphnwgpegf"d{"cekf1EcQ"okzkpi"tcvkq."oknnkpi"vkog"cpf"jgcv"
vtgcvogpv" crrnkgf0" Ecnekwo" rjqurjcvg" hqcou" tguwnvgf" cv" jkijgt" cekf1EcQ"okzkpi" tcvkq"ykvj" jkij"
urgekhke" uwthceg" ctgc0"Eqorqukvkqpcn" cpcn{ugu" ujqygf" vjcv" vjg"Ec1R" cvqoke" tcvkqu" qh" vjg" ecnekwo"
rjqurjcvg" hqcou" ctg" ukipkhkecpvn{" uocnngt" vjcp" hqt" j{ftqz{crcvkvg" ucorngu0" Cv" jkijgt" ukpvgtkpi"
vgorgtcvwtgu"ecnekwo"rjqurjcvg"vjkp"cpf"vjkem"hkno"eqcvkpiu"jcxg"dggp"rtqfwegf"d{"c"eqpfgpucvkqp"
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*pcvwtcn+" ocvgtkcnu" ku" rtgugpvgf0" J{ftqz{crcvkvg" *JCR+" ku" mpqyp" cu" c" jkijn{" dkqcevkxg" cpf"
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rtqeguu"hqt"crcvkvg"eqcvkpi"ycu""rtgugpvgf"d{"Mqmwdq"gv"cn0"]32_0"Kp"rtgugpv"uvwf{."hktuv"vjg"ecnekwo/
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oqtrjqnqikecn"cpf"uvtwevwtcn"qdugtxcvkqpu"ctg"rtgugpvgf0"
"
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eqoogtekcnn{"cxckncdng"uvcpfctfu0"Ukping"gngogpv"uvqem"uqnwvkqpu"*3222"rro+"ygtg"rwtejcugf"htqo"
Urgevtcuecp."cpf"uwdugswgpvn{"fknwvgf"wukpi"Oknnk/S"ycvgt"*TGYC"JS/7+0"Cp"coqwpv"qh"\"32"oi"
qh" vjg" crcvkvg" hkpg" rqyfgt" ycu" rtgekugn{" ogcuwtgf" kpvq" rncuvke" hncum" *47" on+." vjgp" fkuuqnxgf" kp"
fknwvgf"pkvtke"cekf"uqnwvkqp0"Vjg"rtqeguu"qh"fkuuqnwvkqp"ycu"cornkhkgf"d{"ogcpu"qh"wnvtcuqpke"dcvj0"
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rqyfgt"ucorng"ycu"kp"eqpvcev"ykvj"codkgpv"cvoqurjgtg"chvgt"hktkpi"vjg"rtqfwev"vwtpgf"vq"Ec*QJ+4"
*cu"kp"Hki0"3c+0"Uqog"uocnn"fkhhtcevkqp"nkpgu"htqo"EcQ."*LERFU/RFH":4/38;3+"cpf"OiQ."LERFU/
RFH" 9:/2652" ecp" dg" cnuq" qdugtxgf0" Chvgt" c" uweeguukxg" cpf" kpvgpukxg" oknnkpi" rtqeguu." cpf" d{"
vtgcvkpi"vjg"rqyfgt"ykvj"rjqurjqtke"cekf."pgzv"vq"vjg"ockp"nkpgu"qh"Ec*QJ+4."pgy"rjcugu"crrgctgf"
*EcJRQ6."LERFU/RFH"23/2875+"vjcv"ctg"ejctcevgtkuvke"hqt"ucorng"C"*Hki0"3d+0"
Vjg"oqtrjqnqikecn"gxqnwvkqp"qh""tcy"giiujgnn."ecnekpcvgf"cv";22̇E"hqt"5"jqwtu"*Hki0"4c+."hqnnqygf"
d{" c" ogejcpkecn" cevkxcvkqp" *oknnkpi" hqt" 32" jqwtu." Hki0" 4d." ucorng" C+" cpf" oknngf" hqt" 46" jqwtu"
*Hki0"4e."ucorng"D+"ctg"rtgugpvgf"kp"Hki0"40"C"ncognnct"pcpquvtwevwtg"ecp"dg"qdugtxgf"*eqpukuvkpi"qh"
32/42" po" eqnwopu+" kp" vjg" ecug" Ec*QJ+4" cu" kv" ycu" qdvckpgf" chvgt" ecnekpcvkqp" *Hki0" 4c+0" Chvgt"
ogejcpkecn" cevkxcvkqp" hqt" 32" jqwtu" vjku"oketquvtwevwtg" ku" ejctcevgtkugf" d{" 3/42"oo"ocetqitckpu0"
Vjku"ocetqitckpu" ctg" eqpukuvkpi" qh" cfjgtgf" hkpg" Ec*QJ+4" cpf" EcJRQ6" pcpqitckpu." cu" ujqyp" kp"
Hki0"4d"cpf"qdugtxgf"d{"ZTF"kpxguvkicvkqpu"*ucorng"C."kp"Hki0"3+0"Chvgt"32"jqwtu"c"uocnn"swcpvkv{"
*ucorng" C+" ycu" eqnngevgf" htqo" lctu0" Vjg"oknnkpi" rtqeguu" jcu" dggp" eqpvkpwgf" d{" cffkpi" cpqvjgt"
coqwpv"qh"rjqurjqtke"cekf"*vjg"ucog"swcpvkv{"cu"vjg"rqyfgt"ucorng+0"Cu"ecp"dg"qdugtxgf"htqo"Hki0"
3e" cpf" Hki0" 4e" c" vqvcnn{" pgy" uvtwevwtg" cpf"oqtrjqnqi{" gxqnxgf" chvgt" nqpi" oknnkpi0"Oketqp" uk¦g"
et{uvcnu" qh" Ec*J4RQ6+4J4Q" *LERFU/RFH" 92/22;2+" ykvj" jgzciqpcn" ujcrg" ctg" ejctcevgtkukpi" vjg"
ucorng"D0"""""
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*Ec32*RQ6+8*QJ+4+." LERFU/RFH" 96/2787." pqvgf" cu" ucorng" CU+0" Ejctcevgtkuvke" oqtrjqnqikgu" qh"
ucorng"CU"cpf"ucorng"CRU"ctg"rtgugpvgf"kp"Hki0"6c"cpf"Hki0"6d0"Eqctugpkpi"qh"JCR"itckpu"ecp"dg"
qdugtxgf." kh"c"jkijgt"ukpvgtkpi"vgorgtcvwtg"ycu"crrnkgf"*;22̇E"cpf"3222̇E+0"Vjg"ucorngu."yjkej"
tguwnvgf" htqo"c" nqpigt"oknnkpi" vkog" *ucorng"D+"cpf"ykvj"RGI"*ucorng"DRU+"cpf"ectdqp"cffkvkqp"
*DERU+."ejcpigf"vjgkt"oqtrjqnqi{"fwtkpi"ukpvgtkpi"cpf"tguwnvgf"kp"vjg"hqto"qh"ecnekwo/rjqurjcvg"
hqcou"*Hki0"6e."6f+0"Cu"tguwnvgf."d{"ectdqp"cffkvkqp"c"oqtg"hkpg"oketquvtwevwtg"ku"qdvckpgf"*Hki0"6f+0"
Z/tc{"fkhhtcevkqp"cpcn{uku"ujqygf"vjcv"vjg"hqcou"jcxg"d/Ec*RQ5+4"uvtwevwtg"*LERFU/RFH"39/2722."
Hki0"7c"cpf"7d+0"Vjg"ucorngu"CRU"cpf"CRU/42"tguwnvgf"htqo"ukpvgtkpi"qh"ucorng"C"cv"3222̇E"jcxg"
vjg"ucog"et{uvcn"uvtwevwtg"cu"ucorng"CU"*Hki0"5+0"Vjg"ucorng"CRU/42"tguwnvgf"htqo"vjg"ucog"dcvej"
cu"vjg"qvjgt"CRU"ucorng."dwv"fwtkpi"ukpvgtkpi"kv"ycu"rncegf"pgzv"vq"vjg"DERU"ucorngu0"Vjg"DERU"
ucorngu"yjkej"jcxg"dggp"ukpvgtgf"cv"3222̇E"jcxg"dwtpv"qwv"fwtkpi"ukpvgtkpi"cpf"vjg{"eqpfgpugf"vq"
vjg"uwthceg"qh"vjg"pgkijdqtkpi"*CRU/42+"ucorngu"kp"hqto"qh"oketq/"cpf"pcpqet{uvcnu"*Hki0"8+0"""""

Materials Science, Testing and Informatics III108



2 42 62 82 :2 322

JCR

JCR
T
gn
cv
kx
g"
kp
vg
pu
kv{

4s."Ewmc

c0"ucorng"CU

d0"ucorng"CRU

e0"ucorng"CRU/42

JCR

EcQ

"
Hki0"5"Z/tc{"fkhhtcevqitcou"qh"ukpvgtgf"ucorngu0"c+"ucorng"CU0"d+"ucorng"CRU"e+"ucorng"CRU/420"
Vjg"ockp"nkpgu"qh"j{ftqz{crcvkvg"*JCR+"ecp"dg"tgeqipk¦gf"kp"vjg"ecug"qh"vjg"cnn"ucorngu0"
"

c+" d+"

e+" f+"

Hki0"60"Uecppkpi"gngevtqp"oketqitcrju"qh"ukpvgtgf"ucorngu"c+"pcpqet{uvcnnkpg"uvtwevwtg"qh"ucorng"CU"
*;22̇E." 4" jqwtu+0" d+" ucorng"CRU" *3222̇E." 4" jqwtu+0" e+" hqco" uvtwevwtg"ykvj" 32/72"oo" rqtgu" qh"
ucorng"DRU"*;22̇E."4"jqwtu+"cpf"f+"ucorng"DERU"*;22̇E."4"jqwtu+0"Pqvg"vjg"hqtocvkqp"qh"hqco"
uvtwevwtgu"kp"ecug"qh"e+"cpf"f+0"

Materials Science Forum Vols. 537-538 109



2 42 62 82 :2 322

T
gn
cv
kx
g"
kp
vg
pu
kv{

4s."Ewmc

c0"ucorng"DERU1;22̇E

d0"ucorng"DRU

e0"ucorng"DERU13222̇E

JCR"rgcmu

wp/kfgpvkhkgf

"
Hki0"7"Z/tc{"fkhhtcevqitcou"qh"ukpvgtgf"ucorngu0"c+"ucorng"DERU1;22̇E0"d+"ucorng"DRU0"
e+"ucorng"DERU13222̇E0"
"
C"uejgocvke"xkgy"cdqwv"vjg"eqpfgpucvkqp"rtqeguu"yjkej"vqqm"rnceg"kp"vjg"rtgugpeg"qh"ectdqp"ecp"dg"
hqnnqygf"kp"Hki0"80"Hktuv."vjg"DERU"ucorngu"jcxg"itqyp"kp"fkogpukqp."chvgt"vjcv"c"ugnh/eqodwuvkqp"
rtqeguu" vqqm" rnceg" cpf" cnn" qh" vjg"DERU" ucorngu" jcxg" dggp" gxcrqtcvgf0" Vjg" eqpfgpucvkqp"okijv"
jcxg"qeewttgf"htqo"ucvwtcvgf"xcrqwt"rjcug"fwtkpi"eqqnkpi"uvgr"vq"vjg"pgkijdqtkpi"uwthcegu0"Vjg"cu/
qdvckpgf"nc{gt"ku"xgt{"kpjqoqigpgqwu"cu"ujqyp"kp"Hki0"90"

Hwtpceg

Cn4Q5

DERU DERUCRU/42CRU/42 CRU

"
Hki0"80"C"uejgocvke"xkgy"qh"eqpfgpucvkqp"rtqeguu0"

"
Nctig"itckpu"ykvj"fkogpukqpu"qh"42/82"oo"jcxg"eqpfgpugf"pgzv"vq"htcevwtg"uwthceg"*cu"kp"Hki0"9c+0"
Vjg" uwthceg" qh" eqpfgpugf" itckpu" ku" ujqyp" kp" Hki0" 9d0" Cu" ecp" dg" qdugtxgf" vjg" dki" itckpu" ctg"
eqpukuvkpi" qh" uocnn" et{uvcnu" ykvj" 3" oo" ngpivj0" Pgzv" vq" vjg" dkiigt" itckpu" ..uocnn" urqvuÑ" ykvj"
pcpqogvgt"vjkempguu"ecp"dg"qdugtxgf"yjkej"ctg"ygnn"cvvcejgf"vq"vjg"uwthceg"qh"ucorng"CRU/42"*cu"
ujqyp"kp"Hki0"9e+0""""
"
"
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"

c+" d+" e+"
Hki0"90"Uecppkpi"gngevtqp"oketqitcrju"qh"ukpvgtgf"DERU"ucorng"c+"nctig"itckpu"cv"htcevwtg"uwthceg0"
d+"vjg"uwthceg"qh"itckpu0"e+"eqpfgpugf"urqvu"eqppgevkpi"vjg"itckpu"qh"JCR"uwthceg0"
"
Vjg"tguwnvu"qh"eqorqukvkqpcn"cpcn{ugu"tgncvgf"vq"Ec1R"cvqoke"tcvkqu"ocfg"d{"vqvcn"tghngevkqp"Z/tc{"
hnwqtguegpeg"*VZTH+"urgevtqueqr{"cpf"rtqorv"icooc"cevkxcvkqp"cpcn{uku"ctg"rtgugpvgf"kp"Vcdng"40"""""
"

Vcdng"40"Ec1R"cvqoke"tcvkqu"d{"vqvcn"tghngevkqp"z/tc{"hnwqtguegpeg"*VZTH+"urgevtqueqr{"cpf"
rtqorv"icooc"cevkxcvkqp"cpcn{uku"*RICC+"
"

"
ngu"

"

"
VZTH"

"
RICC"

CU" 3089" 3098"
CRU" /" 3096"
DRU" 2033" 2065"
DERU" /" 2065"

Ucor

"
Vjg" VZTH" urgevtc" qh" vjg" vyq" ucorng" ctg" ujqyp" kp" Hki0" :0" Cu" kv" ecp" dg" uggp" vjgtg" ku" pq" qvjgt"
gngogpv" kp" vjg" ucorng" crctv" htqo" vjg" ockp" eqpuvkvwgpvu0" Htqo" vjg" RICC" ogcuwtgogpvu" yg"
qdugtxgf" uqog"Oi"cpf"U" eqpvcokpcvkqp0" Kv" ecp" cnuq"dg" tgeqipkugf" vjcv" vjg"DRU" ucorng" eqpvckpu"
ukipkhkecpvn{" uocnngt" coqwpv" qh" Ec" ykvj" tgurgev" vq" R0" Vjg" swcpvkvcvkxg" gxcnwcvkqp" qh" vjg" urgevtc"
rtqxkfgu" kphqtocvkqp" cdqwv" vjg" cvqoke" tcvkq" qh" Ec" cpf" R0" Vjku" tcvkq" ku" ygnn/mpqyp" hqt" vjg"
uvqejkqogvtkecn" j{ftqz{crcvkvg." vjcv" ku" vjg"CU" ucorng<" Ec1RÃ" 30890" Vjg" cvqoke" tcvkq" kp" vjg"DRU"
ucorng"ku"jqygxgt"ukipkhkecpvn{"uocnngt<"Ec1RÃ"20330""
"

2 4 6 8 : 32 34 36 38 3: 42
32

322

3222

Kp
vg
pu

kv{

Gpgti{"*mgX+

Oq/rgcmu"*gzekvcvkqp+

CU"-"62rro"Et"uvf0

Et
Ec

Ct
R

2 4 6 8 : 32 34 36 38 3: 42
32

322

3222

Kp
vg
pu

kv{

Oq/rgcmu"*gzekvcvkqp+

Gpgti{"*mgX+

DRU"-"62rro"Et"Uvf0

Et

Ec

Ct
R

"Hki0":"VZTH"urgevtc"qh"vjg"CU"*nghv+"cpf"DRU"*tkijv+"ucorngu0"Ogcuwtgogpv"nkxg"vkog"ycu"322"u0"
"
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Kv" ujqwnf"dg"pqvgf" vjcv" vjg"fkuuqnwvkqp"ycu" uweeguuhwn" kp" vjg"ecug"qh" vjg"CU"ucorng."dwv" vjg"DRU"
ucorng"ycu"korquukdng"vq"vcmg"wr"kpvq"uqnwvkqp0"Vjg"nqygt"rgcmu"kp"vjg"urgevtwo"qh"vjg"DRU"ucorng"
ctg"vjgtghqtg"c"ukorng"eqpugswgpeg"qh"vjg"nqygt"uqnwdknkv{0"
"
"
Eqpenwukqpu"
"
Vjg"rtqeguukpi"tqwvg"qh"ecnekwo"rjqurjcvg"egtcokeu"cpf"vjg"gpf"rtqfwev"ejctcevgtkuvkeu"jcxg"dggp"
hqwpf" vq"dg" kphnwgpegf"d{"cekf1EcQ"okzkpi" tcvkq."oknnkpi" vkog"cpf" vgorgtcvwtg"qh"jgcv" vtgcvogpv"
crrnkgf0" Ecnekwo" rjqurjcvg" hqcou" tguwnvgf" cv" jkijgt" cekf1EcQ"okzkpi" tcvkq." nqpigt"oknnkpi" vkog"
ykvj" jkij" urgekhke" uwthceg" ctgc0" Ucorngu" ykvj" oqpq" rjcug" JCR" jcxg" dggp" qdvckpgf" " cv" nqygt"
cekf1EcQ"okzkpi" tcvkq" cpf" ujqtvgt"oknnkpi0"Eqorqukvkqpcn" cpcn{ugu" ujqygf" vjcv" vjg"Ec1R" cvqoke"
tcvkqu" qh" vjg" ecnekwo" rjqurjcvg" hqcou" ctg" ukipkhkecpvn{" uocnngt" vjcp" hqt" j{ftqz{crcvkvg" ucorngu0"
Cv" jkijgt" ukpvgtkpi" vgorgtcvwtgu" ecnekwo" rjqurjcvg" vjkp" eqcvkpiu" jcxg" dggp" tgcnk¦gf" ykvj" iqqf"
cfjgtgpeg"vq"JCR"uwduvtcvg0""
"
"
Cempqyngfigogpvu"
"
Ft0" Eucdc" Dcnƒ¦uk" vjcpmu" hqt" QVMC" Rquvfqevqtcn" Tgugctej" Itcpv" *F5:69:+" cpf" Lƒpqu" Dqn{ck"
Tgugctej"Itcpv0""
"
"
Tghgtgpegu"
"
]3_" G0O0" Tkxgtc." O0" Ctck¦c." Y0" Dtquvqy." X0O0" Ecuvcpq." L0T0" Fkc¦/Guvtcfc." T0" Jgtpcpfg¦."
"""""""L0T0"Tqftkiwg¦."Ocvgtkcnu"Ngvvgtu"63"*3;;;+"34:0"
]4_"U0L0"Ngg."U0J0"Qj."Ocvgtkcnu"Ngvvgtu"79"*4225+"67920"
]5_"H0"Rgvgtu."F0"Tgkh."Ocv0/ykuu0"W0"Ygtmuvqhhvgejp0"57."Pq0"6"*4226+"4250"
]6_"R0"Ugkfgn."G0"Fkpignfgkp."Ocv0/ykuu"w0"Ygtmuvqhhvgej0."57."Pq0"60"*4226+"42:0"
]7_"D0"Dgp/Pkuucp."Pcpqegtcokeu"kp"dkqogfkecn"crrnkecvkqpu."OTU"Dwnngvkp."Xqn04;."Pq03"*4226+"
]8_" Rcwn" Fwejg{pg." Y0" Xcp" Tcgofqpem." L0" E0" Jgwijgdcgtv." O0" Jgwijgdcgtv." Dkqocvgtkcnu."
""""""9"*3;:8+";90"
]9_"Dgp/Pkuucp."C0"Okngx."T0"Xciq."Dkqocvgtkcnu."Xqn0"47."Kuu0"42."*4226+"6;930"
]:_"L0"N0"Qpi."N0"E0"Nwecu."Y0"T0"Nceghkgnf."G0"F0"Tkipg{."35"*3;;4+"46;0"
];_"[0"Y0"Iw"."M0"C0"Mjqt"."F0"Rcp."R0"Ejgcpi."Dkqocvgtkcnu."Xqn0"47."Kuu0"38."*4226+"53990"
]32_"V0"Mqmwdq."O0"Jcpcmcyc"."O0"Mcycujkvc."O0"Okpqfc."V0"Dgrrw."V0"Ok{coqvq."V0"Pcmcowtc."
""""""Dkqocvgtkcnu."Xqn0"47."Kuu0"3:."*4226+"66:70"
]33_""U0"Mwtwpe¦k."U¦0"V."L0Y0"Dgcn."Lqwtpcn"qh"Tcfkqcpcn{vkecn"cpf"Pwengct"Ejgokuvt{."
""""""Xqn0"475."Pq04."*4224+"4;3/4;70""
]34_""yyy0mgvgm/iodj0fg"
]35_""SZCU."KCGC"Ugkdgtufqth"Ncdqtcvqtkgu."Cwuvtkc."Xgtukqp"507."3;;8"
]36_"¥u0"Tfixc{."I0"N0"Oqnpƒt."Tcfkqejko0"Cevc";30"583/58;"*4225+"
"
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