ANEKTPUYECKUE
CBOUCTBA KOMMO3UTOB
METAIN-OUNANEKTPUK

BoinonHun CTm-161 Kosnos H. B.
MNpoBepun Joktop T. H. CuTHUKOB A. B.



ONeKTpUYECKMe CBOMCTBA rETEPOreHHbIX CUCTEM MOJSTHOCTLIO
onpenensTca nx mopdornornen, asoBbiM COCTaBOM.
CyLLecTBYIOT HECKOJSIbKO YPOBHEN PaCCMOTPEHUSA
arieKTpornepeHoca B reTeporeHHbIX cpeaax:

BCE KOMMO3UTbl MeTasnN-anUaneKkTpumK no coctasy Ha aBe
rpynnbl: C AUANEKTPUYECKOU U MeTanIn4yeckom
NPOBOAUMOCTbLIO

aHanma n3MeHeHuns yaenbHOoro afekTpnU4Yeckoro
COnpOTUBIEHNSA ABYXda3HON reTeporeHHON CUCTEMBI.

Ha aTom ypoBHE BBOANTCHA NOHATME NOpora nepkonsaunm, Kak
obpa3oBaHne 6GECKOHEYHOW CETKM cornpuKkacatoLmxcs
NPOBOAALLMX METANNUYECKMUX FPaHYI



Puc. 4. TemnepaTtypHble 3aBUCUMOCTU yOENBHOIO
9NEKTPOCONPOTUBEHMS rpaHynMpoBaHHbIx komnoauTos (Co,,Fe B, ),
(Si0,), 0.5 NONYYeHHbIX NpU Temnepatype noanoxku 20 °C, ans
coctaBoB: X =35 a1.% (1), x =40 ar.% (2), x =48 a1.% (3),x = 52 ar.% (4),
x =53 ar.% (5)



MKPOMOTOrpadunm 1 aneKTpoHorpamMsl 00pasLIOoB

rpaHynmpoBaHHbIx komnoauTos (Co,,Fe, B, ), (Si0O,)
39°20/X 2

npn 773 K(a, B, o) n npu 873 K(©,T, e) B Te4yeHne 1 muH: a, 6 -

100-X’ OTOXOKEHHbIX

(Co, Fe39820)36(8|0 )

/Pn CaA B (TN \

- (Co,,Fe,4B,),5(SI0,) ., A, e

64’ 39720



Puc. 2.2. 3aBMCUMOCTb YOENBHOIO 3MIEKTPUYECKOrO CONPOTUBIIEHNS OT
Temnepatypbl komnoanTos (Co,,Fe, B, ), (Si0,), .y NOMy4EHHbBIX Npy
Temneparype noanoxku 180 °C ans coctaBoB: X = 33 at.% (1), x =39
at.% (2),x=48 at1.% (3),x=52 a1.% (4), x =55 ar.% (5), x =59 a1.% (6)



Puc. 2.3. 3aBUCMMOCTb YAENbHOIO 3NEKTPUYECKOro CONpPoOTMBIEHNS OT
Temnepatypbl komnosutos (Co,,Fe B, )\ (SiO,), 4.y NONyYEeHHbIX Npy
Temnepartype nognoxkm 250 °C, ansa coctaBoB: X = 35 aT1.% (1), x = 39
at.% (2),x=48 at.% (3),x=51ar.% (4),x=55ar.% (5),x =59 at.% (6).
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Puc. 2.5. 3aBncumMocTb yaenbHOro aneKkTpuyeckoro ConpoTMBIIEHNSA OT

Temnepatypbl komnoantos (Co,,Fe B, ), (SiO,), 4.y NONyYeHHbIX Npy

BBEEHWM Kucropoaa aasnernmem P=2,5-10>, ans coctasos: X = 37 at.%
(1), x=48 at.% (2),x =52 ar.% (3), x =57 at.% (4), x = 61 a1.% (5)



e

Puc. 2.6. 3aBMCUMOCTb YaOEMNBHOIO 3M1IEKTPUYECKOrO CONPOTUBIIEHNSA OT
Temnepatypbl komnosutos (Co,,Fe, B, ), (Al,O,), . AN COCTABOB: X =
39at.% (1), x=42ar.% (2),x=46 ar.% (3), x =48 at.% (4), x =51 at.%
(5)



m
Hl ..
|

Puc. 5. KOHUEHTpaLMOHHbIE 3aBUCUMOCTU YAENBHOIO 3NEKTPUYECKOro
COMpoTHBIIeHNs amopHbIx komnosnTos (Co , Fe, B, ) (Si0,), . NP1 KOMHATHO
TeMmneparype A5t UCXOAHOro COCTOSIHMS, NONTYYEHHOIO Ha HEMOABWXXHY O
noanoxky npu T=20 °C (kpuas 1), 250 °C (kpuBas 2), Ha BpaLlaroLLyCH
noanoxky (kpmeas 3) u nocne omxura npu T =400 °C B TedeHne 30 MUH (KpuBble
4,5 1 6, COOTBETCTBEHHO)



Puc. 2. 14. 3aBMCMMOCTM yOENBHOIO 3NEKTPUYECKOTrO
CONPOTUBIIEHUS OT aTOMHOW 40NN MeTanna Nnpu KOMHaTHOM
Temnepatype komnosutos (Co,,Fe, B, ), (Si0,), . (konBas 1) n
(Co, Fes B, o) (Al,05) 0.y (KPMBaS 3) B UCXOAHOM COCTOAHUM 1
nocne omxura B TedeHme 30 muH npu T =400 °C (kpusbie 2,4),

COOTBETCTBEHHO



Puc. 2.15. 3aBncuMocTu yaenbHOro anekTpruyeckoro ConpoTMBIIEHNS OT aTOMHOM
O0NN MeTannmyeckon dasbl Npy KOMHATHOW TeMNepaType KOMMNO3NTOB

(Co 41Fe39Bzo)X(Sioz)loo_X, HanbINSAeMbIX Ha HENOABWXXHYIO BOOOOXNAX4aeMYHO
NOAJSIOXKKY Npu BBeAeHUn asoTta gasneHmnem P = O (kpusble 1-2), P = 9,8 10> Topp
(kpuBble 3-4), P =1,85-10* Topp (kpusble 5-6), P = 2,8-10* Topp (kpuBble 7-8) B
ncxogHom coctosiHmm (kpueble 1, 3, 5, 7) n nocne omxura npu T = 450 °C B TeveHune

30 muH (kpuBble 2, 4, 6, 8)



Puc. 2.17. - 3aBMCUMOCTN yAENbHOIO 3M1EKTPUYECKOrO CONPOTMBIEHNSI OT aTOMHOWN
O0Mnn MeTannmMyeckon dpasbl Npy KOMHATHOM TeMepaType KOMNO3NTOB,
OCaXXAEHHbIX Ha HEMOABWKHYIO BOAOOXNAX4aEMYH0 NOASIOXKKY NPV BBEAEHUM
asoTa gasneHvem P = 2,8 10 Topp: (Co,,Fe;oB, )4 (SI0,) 00 5 (KpuBas 1) n
(Cog,Nb,,Ta,), (Si0,), 1.« (kpuBas 3), (Fe,.Co,.Zr, ) (SiO,);,, « (KoVBasa 5)B
NCXOOQHOM COCTOSIHMM U nocne oTxura B TedeHne 30 muH npu T = 450 °C (kpuBble
2,4)nT=400 °C (kpmBaga 6), COOTBETCTBEHHO
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Puc. 2.18. 3aB1CMMOCTM yOenbHOro 3fieKTPUYEeCKOro ConpoTUBIIEHNS OT aTOMHOMN
A0nNn MeTannim4eckon goasbl Npu KOMHATHOM TeMnepaType KOMMO3UTOB,
OoCaaeHHbIX Ha HENOABWXHYIO BO4OOXIIaX4aeMyo NoAI0XKKY Npu BBEAEHUM
a3oTa faeneHuem P = 2,610 Topp: (Co,,Fe 4B, ) (ALO,), 4. (kpuBas 1) n
(Cog,Nb,,Ta,), (AL,O,), 1.« (KpuBas 3), (Fe,.Co, Zr, ) (Al,O3), o « (KPUBasA 5)B
NCXOOQHOM COCTOSIHUM 1 nocne omxura B TedeHme 30 muH npu T = 550 °C (kpuBbie

2,4)unT =450 °C (kpnBad 6), COOTBETCTBEHHO



Puc. 2.20. 3aBMCUMOCTU yAENbHOMO 3NEKTPUYECKOro CONPOTMBIIEHNS OT aTOMHOW
A0Nn MeTannim4yeckon goasbl Npu KOMHATHOM TeMnepaType KOMMO3nUTOB

(Co, FeseB, )« (Al,05)1 00 HANBINAEMbIX HA HEMOABWXHYIO BOAOOXTaXAAEMYIO
NOAMOXKY Npu BBEAEHUN Kucrnopoaa aasnexnem P = O (kpusble 1-2), P =2,05-10°
Topp (kpuBble 3-4),P =2,8-10~ Topp (kpusble 5-6), P = 3,25:-10 Topp (kpuBble
7-8) B ncxogHom coctosHum (kpusble 1, 3, 5, 7) nnocne omxkuranpu T =450 °C B
TeyeHne 30 muH (Kpusbie 2, 4, 6, 8)
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Puc. 2.21. 3aBNCMMOCTM yOENbHOr0 311IEKTPUYECKOro CONPOTUBIIEHNA O1 aTOMHON
OONN MeTanna npu KOMHaTHOW TeMnepaType KOMMO3UTOB, OCaXKAEHHbIX Ha
HenoaBWXXHYI0 BOAOOXIaXaaeMyto NoaoXKy Npyu BBEAEHUM Kucnopoaa
naeneHvem P = 3,3-107 Topp: (Co,,Fe, B, )y (Si0.), 1 (kpvBasi 1) u
(Cog,Nb,,Ta,), (Si0,), .« (kpuBas 3), (Fe,.Co,.Zr, ), (SiO,); ..« (KpvBasa 5)B
NCXOAHOM COCTOSIHUMM U nocre omxkura B TedeHne 30 muH npu T = 450 °C (kpuBas
2) n B TedeHune 60 muH npn T = 400 °C (kpuBbie 4, 6), COOTBETCTBEHHO



