
�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 1

05

�¥à¬®¤¨ ¬¨ª  ¢¥¤à¥¨ï «¨â¨ï ¢ áâ¥ª«®®¡à §ë© ¯¥â ®ªá¨¤ ¢  ¤¨ï

c© �.�. � ¢à¨«îª

�¥¯à®¯¥âà®¢áª¨© £®áã¤ àáâ¢¥ë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â ¦¥«¥§®¤®à®¦®£® âà á¯®àâ ,
320010 �¥¯à®¯¥âà®¢áª, �ªà ¨ 

(�®áâã¯¨«® ¢ �¥¤ ªæ¨î 14 ¬ àâ  1995 £.)

�¢¥¤¥¨¥

�¥â ®ªá¨¤ ¢  ¤¨ï ¨¬¥¥â ®âªàëâãî ª àª áãî

ªà¨áâ ««¨ç¥áªãî áâàãªâãàã á ¤®áâ â®ç® ¡®«ìè¨¬

®¡ê¥¬®¬ ¬¥¦¤®ã§«¨© ¨ ¤¢ã ¯à ¢«¥ë¬¨ ¯à®âï-
¦¥ë¬¨ âã¥«ï¬¨ [1], çâ® ®¡ãá«®¢«¨¢ ¥â ¢®§¬®¦-
®áâì ¯à®â¥ª ¨ï ¯à¨ ª®¬ â®© â¥¬¯¥à âãà¥ à¥ ª-
æ¨¨ ¢¥¤à¥¨ï ¢ ®ªá¨¤ ¨®®¢ á ¥¡®«ìè¨¬ à ¤¨ãá®¬

(H+, Li+, Na+ ¨ ¤à.) ¨§ á®®â¢¥âáâ¢ãîé¨å à áâ¢®-
à®¢ [2]. �â¥à¥á ª á®¥¤¨¥¨ï¬ ¢¥¤à¥¨ï «¨â¨ï ¢

¯¥â ®ªá¨¤ ¢  ¤¨ï á¢ï§  á ¢®§¬®¦®áâìî ¨å ¨á-
¯®«ì§®¢ ¨ï ¢ í«¥ªâà®®¯â¨ç¥áª¨å ãáâà®©áâ¢ å [3,4] ¨
¢ ¨áâ®ç¨ª å â®ª  á «¨â¨¥¢ë¬  ®¤®¬ [5,6]. �®¥¤¨¥-
¨¥ ¢¥¤à¥¨ï LixV2O5 (0 < x < 1), á¨â¥§¨à®¢ ®¥
¯à¨ ª®¬ â®© â¥¬¯¥à âãà¥, ¨¬¥¥â ®àâ®à®¬¡¨ç¥áªãî
áâàãªâãàã, ª ª ã ¨áå®¤®£® ¯¥â ®ªá¨¤  ¢  ¤¨ï [5,6].
�à¨ ã¢¥«¨ç¥¨¨ á®¤¥à¦ ¨ï «¨â¨ï ¢ ªà¨áâ ««¨ç¥-
áª®¬ LixV2O5 ¢á«¥¤áâ¢¨¥ ¤¥ä®à¬ æ¨®®£® ¢§ ¨¬®-
¤¥©áâ¢¨ï ¬¥¦¤ã ¨¦¥ªâ¨à®¢ ë¬¨ ¬¥¦¤®ã§¥«ìë-

¬¨ ¨® ¬¨ ¯à®¨áå®¤ïâ ¯à®æ¥ááë ã¯®àï¤®ç¥¨ï ª ª ¢

«¨â¨¥¢®©, â ª ¨ ¢ ®ªá¨¤®-¢  ¤¨¥¢®© ¯®¤à¥è¥âª å

á®¥¤¨¥¨ï [7]. �¡à â¨¬®áâì à¥ ªæ¨¨ ¢¥¤à¥¨ï «¨-
â¨ï ¢ áâ¥ª«®®¡à §ë© V2O5 ¢ëè¥, ç¥¬ ¢ ªà¨áâ ««¨-
ç¥áª¨© [8]. �à¨ç¨ë à §«¨ç¨ï ¢ í«¥ªâà®¤®¬ ¯®¢¥¤¥-
¨¨ ªà¨áâ ««¨ç¥áª®£® ¨ áâ¥ª«®®¡à §®£® ¯¥â ®ªá¨-
¤  ¢  ¤¨ï ¨§ãç¥ë ¥¤®áâ â®ç® ¯®«®. �¥§ã«ìâ âë
¨áá«¥¤®¢ ¨ï á®¥¤¨¥¨© ¬¥â®¤®¬ �� á¯¥ªâà®áª®¯¨¨

ãª §ë¢ îâ   ¯®¤®¡¨¥ ¡«¨¦ ©è¥£® ®ªàã¦¥¨ï ¨®®¢

«¨â¨ï ¢ ªà¨áâ ««¨ç¥áª®¬ ¨ áâ¥ª«®®¡à §®¬ LixV2O5

(0 < x < 1). �áá«¥¤®¢ ¨ï á®¥¤¨¥¨ï ¬¥â®¤®¬

à¥â£¥®ä §®¢®£®   «¨§  ¥ ¯®§¢®«ïîâ ¯®«ãç¨âì

¥¯®áà¥¤áâ¢¥ë¬ ®¡à §®¬ ¨ä®à¬ æ¨î ® å à ªâ¥à¥

à §¬¥é¥¨ï ¨¦¥ªâ¨à®¢ ëå ¨®®¢ ¢ ¬¥¦¤®ã§«¨ïå

®ªá¨¤  ¢á«¥¤áâ¢¨¥ ¨å ¬ «®© à áá¥¨¢ îé¥© á¯®á®¡®-
áâ¨. �®íâ®¬ã ¬ â¥¬ â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ¨¥ ï¢«ï-
¥âáï ¯à ªâ¨ç¥áª¨ ®á®¢ë¬ ¬¥â®¤®¬ ¨§ãç¥¨¥ «¨â¨-
¥¢®© ¯®¤á¨áâ¥¬ë á®¥¤¨¥¨ï ¢¥¤à¥¨ï. �¥§ã«ìâ âë
¨áá«¥¤®¢ ¨ï â¥à¬®¤¨ ¬¨ç¥áª¨å á¢®©áâ¢ ªà¨áâ «-

«¨ç¥áª®£® LixV2O5 ¨ ¯®áâà®¥ ï   ¨å ®á®¢¥ ¬®¤¥«ì

à ¢®¢¥á®£® à §¬¥é¥¨ï ¬¥¦¤®ã§¥«ìëå ¨®®¢ «¨-
â¨ï ¢ á®¥¤¨¥¨¨ ¢¥¤à¥¨ï ¯à¨¢¥¤¥ë ¢ [7]. �¥«ìî
 áâ®ïé¥© à ¡®âë ï¢«ï¥âáï ¨áá«¥¤®¢ ¨¥ ®á®¡¥®-
áâ¥© â¥à¬®¤¨ ¬¨ª¨ í«¥ªâà®å¨¬¨ç¥áª®£® ¢¥¤à¥¨ï

¨®®¢ «¨â¨ï ¢ áâ¥ª«®®¡à §ë© ¯¥â ®ªá¨¤ ¢  ¤¨ï.

�¥â®¤ë ¨áá«¥¤®¢ ¨ï

�â¥ª«®®¡à §ë© ¯¥â ®ªá¨¤ ¢  ¤¨ï á¨â¥§¨à®¢ 

¯« ¢«¥¨¥¬ ®ªá¨¤  ¯à¨ 1073 K ¢ ¯¥ç¨   ¢®§¤ãå¥ á

¯®á«¥¤ãîé¥© § ª «ª®©   «®£¨ç® [9]. �¬®àä®áâì

®¡à §æ®¢ ¯®¤â¢¥à¦¤¥  ¨§¬¥à¥¨¥¬ à¥â£¥®¢áª¨å

¨ í«¥ªâà®ëå ¤¨äà ªâ®£à ¬¬. �¥à¬®¤¨ ¬¨ç¥áª¨¥
á¢®©áâ¢  LixV2O5 ¨áá«¥¤®¢ ë ¬¥â®¤®¬ ¨§¬¥à¥¨ï

��� £ «ì¢ ¨ç¥áª®£® í«¥¬¥â 

Li /Li+ ¢ à áâ¢®à¥ /LixV2O5 (1)

¢ ¨â¥à¢ «¥ â¥¬¯¥à âãà 283–323K   «®£¨ç® [7].
�®â¥æ¨ «®®¡à §ãîé ï à¥ ªæ¨ï íâ®£® í«¥¬¥â  ¨¬¥-

¥â ¢¨¤ [5,6]

LixV2O5 + δ · Li+ + δ · e− 
 Lix+δV2O5. (2)

�§¬¥à¥¨ï ¯à®¢¥¤¥ë ¢ áâ¥ª«ï®© âà¥åí«¥ªâà®¤-
®© ïç¥©ª¥. � ¡®ç¨© í«¥ªâà®¤ ¨§£®â®¢«¥ ¯à¥áá®-

¢ ¨¥¬ ¯®à®èª  ¨áá«¥¤ã¥¬®£® áâ¥ª« , â®ª®¯à®¢®-

¤ïé¥© ¤®¡ ¢ª¨ ( æ¥â¨«¥®¢®© á ¦¨) ¨ á¢ï§ãîé¥-
£®. �á¯®¬®£ â¥«ìë© í«¥ªâà®¤ ¨ í«¥ªâà®¤ áà ¢¥-

¨ï ¢ë¯®«¥ë ¨§ «¨â¨ï. � ª ç¥áâ¢¥ í«¥ªâà®«¨â 

¨á¯®«ì§®¢  1.4-¬®«ïàë© à áâ¢®à £¥ªá äâ®à àá¥ -
â  «¨â¨ï (ç¨áâ®â®© 99.8%) ¢ á¬¥á¨ à áâ¢®à¨â¥«¥©

2-¬¥â¨«â¥âà £¨¤à®äãà   ¨ â¥âà £¨¤à®äãà   á á®-

¤¥à¦ ¨¥¬ ¢« £¨ ¬¥¥¥ 8 · 10−3% [7]. �®ááâ ®¢«¥¨¥
áâ¥ª«®®¡à §®£® V2O5 ¯® à¥ ªæ¨¨ (2) ¯à®¢¥¤¥® â®-

ª®¬ ¯«®â®áâìî 0.1¬�/á¬2. �¤á í«¥¬¥â  ¨§¬¥à¥ 

¯®â¥æ¨®¬¥âà®¬ �37-1 á â®ç®áâìî ±0.1¬�. � -
ç¥¨ï í¤á áç¨â «¨ ãáâ ®¢¨¢è¨¬¨áï, ¥á«¨ ¨å ¨§¬¥-

¥¨ï ¥ ¯à¥¢ëè «¨ 0.2¬� §  1 ç ¯à¨ ¯®áâ®ï®©

(±0.5 K) â¥¬¯¥à âãà¥. �¨á¯¥àá¨ï ¢®á¯à®¨§¢®¤¨¬®áâ¨
í¤á á®áâ ¢«ï«  S2

E(T ) = 0.05¬�2 (n = 20). � -

â¥¬ â¨ç¥áª ï ®¡à ¡®âª  à¥§ã«ìâ â®¢ ¨§¬¥à¥¨© â¥¬-

¯¥à âãà®© § ¢¨á¨¬®áâ¨ í¤á ¯à®¢¥¤¥  ¯® ¬¥â®¤ã

 ¨¬¥ìè¨å ª¢ ¤à â®¢ á ¨á¯®«ì§®¢ ¨¥¬  ¯¯à®ªá¨-

¬¨àãîé¥£® ãà ¢¥¨ï ¢¨¤  E = Ē+B(T−T̄ ). �«ï ¨á-

á«¥¤®¢ ¨ï ¨§¬¥¥¨ï áâàãªâãàë áâ¥ª«  ¢ à¥§ã«ìâ â¥

¯à®â¥ª ¨ï à¥ ªæ¨¨ ¢¥¤à¥¨ï ¯à®¢¥¤¥® ¨§¬¥à¥¨¥

áà¥¤¥£® § ç¥¨ï ¬®«ì®£® ®¡ê¥¬  ª¨á«®à®¤  V ∗0 (x)

¢ LixV2O5   «®£¨ç® [9].
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� ¢¨á¨¬®áâì ∆ḠLi(x) (a) ¨ ∆S(x) (¡) ®â x ¤«ï ªà¨áâ ««¨ç¥áª®£® (1 ) ¨ áâ¥ª«®®¡à §®£® LixV2O5 (2 ) (â®çª¨ —
íªá¯¥à¨¬¥â, ªà¨¢ ï — à áç¥â).

�¥§ã«ìâ âë ¨ ¨å ®¡áã¦¤¥¨¥

�à¨ ®¡à §®¢ ¨¨ áâ¥ª«®®¡à §®£® á®¥¤¨¥¨ï ¢¥-
¤à¥¨ï ¯® à¥ ªæ¨¨ (2) áà¥¤¥¥ § ç¥¨¥ ¬®«ì®£®

®¡ê¥¬  ª¨á«®à®¤  V ∗0 (x), ®â®á¨â¥«ì ï ¯ àæ¨ «ì-
 ï ¬®«ì ï á¢®¡®¤ ï í¥à£¨ï �¨¡¡á  ∆ḠLi(x) ¨

¬®«ì ï íâà®¯¨ï ∆S(x) ¨§¬¥ïîâáï ¬®®â®® ¯à¨
ã¢¥«¨ç¥¨¨ ¯ à ¬¥âà  á®áâ ¢  x ®â 0 ¤® 1 (á¬.
à¨áã®ª), çâ® ª ç¥áâ¢¥® ®â«¨ç ¥âáï ®â å à ªâ¥-
à  ¨§¬¥¥¨ï íâ¨å ¯ à ¬¥âà®¢ ¯à¨ ã¢¥«¨ç¥¨¨ á®-
¤¥à¦ ¨ï «¨â¨ï ¢ ªà¨áâ ««¨ç¥áª®¬ LixV2O5, ¤«ï

ª®â®à®£®  ¡«î¤ îâáï ¬¨¨¬ã¬ë   ªà¨¢®© ∆S(x)
¯à¨ x ≈ 0.25, ∼ 0.5 ¨ ∼ 1, § ¬¥â®¥ ¨§¬¥¥¨¥

§ ç¥¨ï ∆ḠLi(x) ¯à¨ x ≈ 0.5 (á¬. à¨áã®ª),   â ª¦¥
ãá¨«¥¨¥ § ¢¨á¨¬®áâ¨ V ∗0 (x) ®â ¯ à ¬¥âà  á®áâ ¢  X
¯à¨ 0.2 < x < 0.3 ¨ 0.7 < x < 1 [7]. � ª®¥ ¯®¢¥¤¥¨¥

â¥à¬®¤¨ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ £®¢®à¨â ® â®¬, çâ®
¯à®æ¥ááë ã¯®àï¤®ç¥¨ï ¢ áâ¥ª«®®¡à §®¬ LixV2O5

¬¥¥¥ ¢ëà ¦¥ë ¯® áà ¢¥¨î á ªà¨áâ ««¨ç¥áª¨¬

á®¥¤¨¥¨¥¬. �®£« á® ¨áá«¥¤®¢ ¨ï¬ LixV2O5 ¬¥â®-
¤®¬ �� á¯¥ªâà®áª®¯¨¨, ¯®«ïà¨§ æ¨®®¥ ¨áª ¦¥¨¥
®ªá¨¤®-¢  ¤¨¥¢®© ¯®¤à¥è¥âª¨ ¢®ªàã£ ¬¥¦¤®ã§¥«ì-
ëå ¨®®¢ «¨â¨ï,   á«¥¤®¢ â¥«ì®, ¨ ¤¥ä®à¬ æ¨®-
®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ¨¬¨ ¢ ªà¨áâ ««¨ç¥áª®¬

¨ áâ¥ª«®®¡à §®¬ á®¥¤¨¥¨ïå ¢¥¤à¥¨ï ¯®¤®¡ë.
�à¨ç¨ë, ¯® ª®â®àë¬ ¤¥ä®à¬ æ¨®®¥ ¢§ ¨¬®¤¥©-
áâ¢¨¥ ¬¥¦¤ã ¨¦¥ªâ¨à®¢ ë¬¨ ¨® ¬¨ «¨â¨ï ¢ áâ¥-
ª«®®¡à §®¬ LixV2O5 ¥ ¯à¨¢®¤ïâ ª ã¯®àï¤®ç¥¨î

¢ «¨â¨¥¢®© ¯®¤à¥è¥âª¥,   «®£¨ç®¬ã  ¡«î¤ ¥¬®-
¬ã ¤«ï ªà¨áâ ««¨ç¥áª®£® á®¥¤¨¥¨ï, ®¡ãá«®¢«¥ë,
¯®-¢¨¤¨¬®¬ã, ®âáãâáâ¢¨¥¬ ¤ «ì¥£® ¯®àï¤ª  ¢ áâ¥-
ª«¥. �®®â®®¥ ¨§¬¥¥¨¥ ∆ḠLi(x),  ¡«î¤ ¥¬®¥

¯à¨ ã¢¥«¨ç¥¨¨ á®¤¥à¦ ¨ï «¨â¨ï ¢ áâ¥ª«®®¡à §®¬

LixV2O5 (á¬. à¨áã®ª), ¯®§¢®«ï¥â ¯à¥¤¯®«®¦¨âì, çâ®
¨¦¥ªâ¨à®¢ ë¥ ¢ ®ªá¨¤ ¨®ë «¨â¨ï à §¬¥é îâáï

¢ í¥à£¥â¨ç¥áª¨ ¥íª¢¨¢ «¥âëå ¬¥¦¤®ã§«¨ïå, ¯à¨-
ç¥¬ à á¯à¥¤¥«¥¨¥ ¬¥¦¤®ã§«¨© ¯® í¥à£¨ï¬ ®á¨â

ª¢ §¨¥¯à¥àë¢ë© å à ªâ¥à.

�¡®§ ç ï ç¥à¥§ D+
0 , D−0 ®¡é¥¥ ç¨á«® ¯®§¨æ¨©

(¬¥¦¤®ã§«¨© ¨ í«¥ªâà®ëå ãà®¢¥©), ¢ ª®â®àëå

¬®£ãâ à §¬¥áâ¨âìáï ¨¦¥ªâ¨à®¢ ë¥ ¯® à¥ ªæ¨¨ (2)
á®®â¢¥âáâ¢¥® ¨®ë «¨â¨ï ¨ í«¥ªâà®ë, g+(u) ¨

g−(u) äãªæ¨¨ à á¯à¥¤¥«¥¨ï á®®â¢¥âáâ¢¥® ¬¥¦¤®-
ã§¥«ìëå ¯®§¨æ¨© ¨ í«¥ªâà®ëå ãà®¢¥© ¢ áâ¥ª«®-
®¡à §®¬ LixV2O5 ¯® í¥à£¨ï¬,   ç¥à¥§ f+(u, t) ¨

f−(u, T ) — äãªæ¨¨ à á¯à¥¤¥«¥¨ï á®®â¢¥âáâ¢¥®

¨®®¢ «¨â¨ï ¨ í«¥ªâà®®¢ ¢ íâ¨å ¯®§¨æ¨ïå, ¬®¦®
§ ¯¨á âì á«¥¤ãîé¥¥ ¢ëà ¦¥¨¥ ¤«ï ª®æ¥âà æ¨©

¨®®¢ «¨â¨ï n+ ¨ í«¥ªâà®®¢ n−, ¨¦¥ªâ¨à®¢ ëå
¢ LixV2O5 ¯® à¥ ªæ¨¨ (2) [10],

n± =

∞∫
0

D±0 g
±(u)f±(u, T )du, (3)

¢ ª®â®à®¬ § ª¨ + ¨ − ®â®áïâáï á®®â¢¥âáâ¢¥®

ª ¨® ¬ «¨â¨ï ¨ í«¥ªâà® ¬. � á®®â¢¥âáâ¢¨¨ á ¢ë-
è¥áª § ë¬ ¤«ï äãªæ¨¨ ¯«®â®áâ¨ à á¯à¥¤¥«¥¨ï

¬¥¦¤®ã§¥«ìëå ¯®§¨æ¨© ¯® í¥à£¨ï¬ (á®®â¢¥âáâ¢ãî-
é¨¬ à §¬¥é¥¨î ¢ ¨å ¨®®¢ «¨â¨ï) ¨á¯®«ì§®¢ ®

¢ëà ¦¥¨¥

g+(u) =
2∑
i=1

dig
+
i (u), (4)

¢ ª®â®à®¬ g+
i (u) = 1/(σ

√
2π) exp[−(u − ui)2/(2σ2)] —

äãªæ¨ï ®à¬ «ì®£® à á¯à¥¤¥«¥¨ï � ãáá , ¢¢¥¤¥-
 ï ¤«ï  ¯¯à®ªá¨¬ æ¨¨ à á¯à¥¤¥«¥¨ï ¬¥¦¤®ã§¥«ì-
ëå ¯®§¨æ¨© ¢ áâ¥ª«¥ ¯® í¥à£¨ï¬, ®¡ãá«®¢«¥ë¬
¥ã¯®àï¤®ç¥®áâìî ¥£® áâàãªâãàë.
�«ï ãç¥â  ¢«¨ï¨ï ¤¥ä®à¬ æ¨®®£® ¢§ ¨¬®¤¥©-

áâ¢¨ï   í¥à£¨î à §¬¥é¥¨ï ¨¦¥ªâ¨à®¢ ëå ¢

LixV2O5 ¨®®¢ «¨â¨ï, ¢ «¨â¨¥¢®© ¯®¤à¥è¥âª¥ á®¥¤¨-
¥¨ï ¢ë¤¥«¥ë ¤¢¥ ¯®¤á¨áâ¥¬ë, á®®â¢¥âáâ¢¥® ¥
¨¬¥îé¨¥ ¨ ¨¬¥îé¨¥ ¯® á®á¥¤áâ¢ã á ¢ ª âë¬¨ ¬¥-
¦¤®ã§«¨ï¬¨ ¬¥¦¤®ã§«¨ï, § ïâë¥ à ¥¥ ¨¦¥ªâ¨à®-
¢ ë¬¨ ¨® ¬¨ «¨â¨ï. �ç¥¢¨¤®, ¯® ¬¥à¥ ã¢¥«¨ç¥-
¨ï á®¤¥à¦ ¨ï «¨â¨ï ¢ LixV2O5 ®â®á¨â¥«ì ï ¤®«ï

¬¥¦¤®ã§«¨© ¯¥à¢®£® â¨¯  d1 ã¬¥ìè ¥âáï,   ¢â®à®£®
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â¨¯  d2 — ã¢¥«¨ç¨¢ ¥âáï (d1 + d2 = 1). �à¥¤¨¥

§ ç¥¨ï í¥à£¨© à §¬¥é¥¨ï ¨®®¢ «¨â¨ï ¢ íâ¨å

¤¢ãå â¨¯ å ¬¥¦¤®ã§«¨© à §«¨ç îâáï   í¥à£¨î

¤¥ä®à¬ æ¨®®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¨å ¬¥¦¤ã á®¡®©

(u2 − u1 = ∆u¢§).

�ç¨âë¢ ï, çâ® ¨¦¥ªâ¨à®¢ ë¥ ¯® à¥ ªæ¨¨ (2)
í«¥ªâà®ë «®ª «¨§ãîâáï   ¨® å ¢  ¤¨ï, ¯®¨¦ ï
¨å áâ¥¯¥ì ®ª¨á«¥¨ï ¤® V4+, ¬®¦® ¯®«®¦¨âì ¢ ¯¥à-
¢®¬ ¯à¨¡«¨¦¥¨¨, çâ® ¨¦¥ªâ¨à®¢ ë¥ í«¥ªâà®ë
à á¯®« £ îâáï   ãà®¢ïå á ®¤¨ ª®¢®© í¥à£¨¥©, â. ¥.
g−(u) = 1.

�«ï ®¯¨á ¨ï à á¯à¥¤¥«¥¨ï í«¥ªâà®®¢,   â ª¦¥
¨®®¢ «¨â¨ï ¢ á®®â¢¥âáâ¢ãîé¨å ¯®§¨æ¨ïå ¯à¨ ãá«®-
¢¨¨, çâ® ¢ ®¤®¬ ¬¥¦¤®ã§«¨¨ ¬®¦¥â à á¯®« £ âì-
áï â®«ìª® ®¤¨ ¨®, ¨á¯®«ì§®¢ ë á®®â¢¥âáâ¢ãîé¨¥

äãªæ¨¨ à á¯à¥¤¥«¥¨ï �¥à¬¨–�¨à ª  [10]

f±(u, T ) =
[
exp

[(
u−∆Ḡ±(x)

)/
(RT )

]
+ 1
]−1

, (5)

£¤¥ ∆Ḡ+(x) ¨ ∆Ḡ−(x) — ®â®á¨â¥«ìë¥ á¢®¡®¤ë¥

í¥à£¨¨ �¨¡¡á  á®®â¢¥âáâ¢¥® ¨®®¢ «¨â¨ï ¨ í«¥ª-
âà®®¢, ¢¥¤à¥ëå ¢ LixV2O5 ¯® à¥ ªæ¨¨ (2).

�®¤áâ ¢«ïï (4) ¨ (5) ¢ (3) ¨ ¯à®¢®¤ï ¯à¥®¡à §®-
¢ ¨ï, ¯®«ãç ¥¬ ãà ¢¥¨ï, ª®â®àë¥ ï¢«ïîâáï ¥-
®¤®à®¤ë¬¨ ãà ¢¥¨ï¬¨ �à¥¤£®«ì¬  ¢â®à®£® à®¤ 

®â®á¨â¥«ì® ∆Ḡ+(x) ¨ ∆Ḡ−(x). �ç¨âë¢ ï ®ç¥¢¨¤-
ë¥ á®®â®è¥¨ï n+ = n−, n+/D+

0 = x, à¥è ¥¬

íâ¨ ¨â¥£à «ìë¥ ãà ¢¥¨ï ç¨á«¥ë¬ ¬¥â®¤®¬ ¨

®¯à¥¤¥«ï¥¬ â¥à¬®¤¨ ¬¨ç¥áª¨¥ ¯ à ¬¥âàë ∆Ḡ+(x)
¨ ∆Ḡ−(x),   â ª¦¥ ∆ḠLi(x) = ∆Ḡ+(x) + ∆Ḡ−(x),
∆S̄Li(x) = −∂(∆ḠLi(x))/∂T , ∆H̄Li(x) = ∆ḠLi(x) +
T · ∆S̄Li(x). �§ ãá«®¢¨ï ¥¨«ãçè¥£® á®¢¯ ¤¥¨ï

à áç¥âëå ¤ ëå á íªá¯¥à¨¬¥â «ìë¬¨ (à¨á. 1)
¯®«ãç¥ë á«¥¤ãîé¨¥ § ç¥¨ï ¯ à ¬¥âà®¢ ¬®¤¥«¨:
∆u¢§ = u2− u1 = 26.1ª�¦/¬®«ì, σ = 10.9ª�¦/¬®«ì.
� ª¨¬ ®¡à §®¬, § ç¥¨ï í¥à£¨¨ ¤¥ä®à¬ æ¨®®£®

¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¨¦¥ªâ¨à®¢ ë¬¨ ¨® ¬¨

«¨â¨ï ¢ áâ¥ª«®®¡à §®¬ ¨ ªà¨áâ ««¨ç¥áª®¬ (∆u¢§ =
28.5ª�¦/¬®«ì [7]) LixV2O5 ¡«¨§ª¨ ¯® ¢¥«¨ç¨¥.

� á®®â¢¥âáâ¢¨¨ á ¯à®¢¥¤¥ë¬¨ ¨áá«¥¤®¢ ¨ï¬¨

¬®¦® á¤¥« âì ¢ë¢®¤, á®£« á® ª®â®à®¬ã ¯à¨ à §-
¬¥é¥¨¨ ¢ ¬¥¦¤®ã§«¨ïå áâ¥ª«®®¡à §®£® ¯¥â ªá¨¤ 

¢  ¤¨ï ¨®®¢ «¨â¨ï, ¨¦¥ªâ¨à®¢ ëå ¯à¨ ª®¬ â-
®© â¥¬¯¥à âãà¥, § ¬¥â®£® ã¯®àï¤®ç¥¨ï ¢ «¨â¨¥-
¢®© ¯®¤á¨áâ¥¬¥ á®¥¤¨¥¨ï ¢¥¤à¥¨ï,   «®£¨ç®£®
 ¡«î¤ ¥¬®¬ã ¢ ªà¨áâ ««¨ç¥áª®¬ ®ªá¨¤¥, ¥ ¯à®¨á-
å®¤¨â, ¥á¬®âàï   â® çâ® í¥à£¨¨ ¤¥ä®à¬ æ¨®®£®
¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¨® ¬¨ «¨â¨ï ¢ áâ¥ª«®®¡à §-
®¬ ¨ ªà¨áâ ««¨ç¥áª®¬ ®ªá¨¤ å ¡«¨§ª¨ ¯® ¢¥«¨ç¨¥.
�â® ®¡êïáï¥âáï ¥ã¯®àï¤®ç¥®áâìî ®ªá¨¤®¢  -
¤¨¥¢®© ¯®¤á¨áâ¥¬ë (â¨¯  ”å®§ï¨”) áâ¥ª«®®¡à §®£®
á®¥¤¨¥¨ï.

�¯¨á®ª «¨â¥à âãàë

[1] Bachman H.G., Ahmed F.R., Barnes W.H. // Z.
Kristallogr. 1961. Bd 115. N 1. P. 110–131.

[2] Dickens P.G., Chippindale A.M., Hibble S.J. // Sol. St.
Ionics. 1989. Vol. 34. N 1. P. 79–85.

[3] � ¢à¨«îª �.�., �ã¤®¢áª¨© �.�. // �¨áì¬  ¢ ���.
1979. �. 5. �ë¯. 20. �. 1227–1230.

[4] Fujita Y.,Miyazaki K., Tatsuyama C. // Jap. J. Appl.
Phys. 1985. Vol. 24. N 8. P. 1082–1086.

[5] Dickens P.G., French S.J., Hight A.T. // Mater. Res.
Bull. 1979. Vol. 14. N 10. P. 1295–1299.

[6] Murphi D.W., Christian P.A., DiSalvo F.J.,
Waszczak J.V. // Inorgan. Chem. 1979. Vol. 18.
N 10. P. 2800–2803.

[7] � ¢à¨«îª �.�., �« å®â¨ª �.�. // �ãà. ä¨§. å¨-
¬¨¨. 1994. �. 68. ò 8. �. 1373–1376.

[8] Sakurai Y., Okada S., Yamaki J., Okada T. // J. Power.
Sourses. 1987. Vol. 20. P. 177–178.

[9] Drake C.F., Stephan J.A., Yates B. // J. Non-Cryst.
Solids. 1978. Vol. 28. P. 61–65.

[10] �¥¡®â¨ �.�. �¨§¨ç¥áª ï å¨¬¨ï â¢¥à¤®£® â¥« . �.:
�¨¬¨ï, 1982. 320 á.

�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 1


