sagarTve l Os tegnikuri universiteti

bgenbo{g@ols gxengdom

Balita darCiaSvili

uranis binarull1 da samkomponentiani
naerTebisa da se lenidebis iSviaTmiwa
e BementebTan myari xsnarebis magnituri
Tvisebebi

dogtoris akademiuri xarisxis mosapoveb lad
wardgeni 1 disertaciis

avtoreferati

Tbi B isi
2011 we k1



Lodydom dgb@gengdagmos Lods®mggeml Ggdbogn®o gboggdlodgdol
06gm@Is@ogolbs s dodmgols LoliEgdgdols gozym@g@ols

30bogol ©g3s®@odgb@ols
dgo@o Lbgyaol gobogols d0ds@mymgdsby

bodg3609M™ bgerddmgsbgero:

©9396bgbBgdo:

©oG3> Bgpgde - Vawol © : , bosmby
Lodo@mngganml @gdbogydo 9bogg@lodgdol 0bgm®ds@ogols s do@mgols

LobiGgdgdol Roz9@BgBol Lowolg@RsEom Lodkmlb gmangaools Lbmdsby,
30@39bo ---mmmmm- s OYOORMIMOS —mmmmmmmmmmme .
Jobodo®mo: mbognolo, jolGsgol Ne77

©obg@Bo300lL 2o3bmds ‘dgodangds LEY-L dodogrommgzsdo,
boam 53Bm@gx90s@obs LEAY-b ggo-2390©0 by

Loolbg@@Bocom boddml dpogsbo



naSromis zogadi daxasiaTeba

dgbogsmo.  s@HmIg@o  Bgdbogol,  Jowom@gddgasdyageo  Jodools,
dgBomy@daools o bobggo@ysd@eodgmo  gagdB@mbogol  @o®pgdols
2563000009053 obs30OMbs  goblogym@gdygmo  gobogy®o s  Jodog®o
0golgogdols  3Jmbg  obogro  dobogngdol  dgJdbol  syGo@gdermds. o9
0go@bab@olom oo db0dgbganmds oJgl y@sbols ©o dogngmagbgdols (S,
Se, Te) bogdmgdol domgdols o dMogoendb@og  dgbfogansl.  obobo
RoONME  25dM0Ygbgd05b SEMIAYA M goBm®gddo oo gd3gasd Y@y
d00mgge  bofgogor,  op@gmgy  mgddmgeadhgee  dsbogrgdew,
350> 0bsBM@gdls s 3Momygbye odbmd Jmfymdogmdgddo.

®gdol 5JHPommds. >J@Hoboggoo - Jodoygdo gergdghgools 3g@omwyge
Lob@Ggdodo  godsdsgogmo  dgHoegdol  ¢3oboligbgamo s  gOM Y glio
N39B0s.  5JBobowgdoll  gobogy®-Jodoydo  mgolgdgdo  doMomsse
2obolobmg®gdosh  domo  bofomd®og  dgglgdbyamo Sf m@boGoe gdom,
Amdgemns  bog®Egdo gobggboamdbols mgoglsb@olbom, gL gangdgb@goo
0d4mxgd0sb 3d o 4f po@Eodogog  gangdgbBgol  dm@ol Lobwgs®mby.
Loy do >J@obowgdo (U, Np, Pu 3ob5300Md 596 dAsgoe0
>Mohggegd®ogo  dJmgagbols 2odmgaobgdsl dom  bog®mgddo, 3g@dme,
dobogmoll  G@ogosgyg®o  30M0dgBMgdol  sbmdogny®@ B 9d39@s@ Y@ e
©53dM 30 oy gdols, ddodg gg@dombgdols Lomboli s@Lgdmdsl, aoasb@y®o
do260¢™3O0LGHs@MmyAsBoYmo 5b0bMG®M30sls s Fopabo@mliG®oioye
0gobgdgdl ©s .9.

9@obol bog@mgdols mgoligdgdol oegdgo@yg®o s@fgms msbsdgommgy
J356G 900 mgm@ool  Fo@dmeygbgdom  @oldymgdbymo 5@ s@ob.
9@sbolomgols 6d, 7s s 5f m@dodoegdols 9bgdaogdols 360dgbgemdgdo
0nomnddol  gdmgbggs gOMIsbgml. @sbsi dogysgo®m sfd  gangd@®mbgdols
305@0obsz00l Fomdmwy9bodgy. 0golgodgdols s g@obsmgols
9Om g0 9JBOmbosbo  J3obBydo  @oibggdbo n o s I odmgbopgys®bo
bgdosb, oblbgds  @ogo  sS3@dognggdo  Jo@osHmIP®  poslgmgdby.
3bmdogros, GmI  g@sbol  L3gJB®o  dgoegl  bobgdol  gmermbognyd
@oibgl. gl ao®gdmgds  3Ms]@oggmoe  dggdangdgaels beol  b3gd@®ols
063 gMm3M 9@ o0sb.



@560l 5@mIdo bgos 9bgMagH0 o ©mbggdol wowo LodggMogg dob
299dgbg bogmgddo 0f393L JoGomsow  3mgomgbB @  3o3doMgdl. sdol
aodem  3b@o  ggodpagds  [gd@ommgsbo  IgbRgdol  dosbenmgdsls
3O0LAsa®o ggerol mgm@osdo s ..

>JBobowydo dsbogngdol Bobogol o Jodool asbgoms®gds ddow@me
9353 d0Ggds  Bgdbogol.  dgbodengdgaros  obogno  dobogngdols  dgfdbes
d0Omggmo  gbgdagdogobomgol, @goydos  obogro  LE®oJgoyo @
dogbo@yg@do dobogrgbdols dowgdol 390l3gJBogs ©s Lbgo.

9@5bol  dobos@ymo  ©s  Loddogo  bog@mgdol  dogo 3mygbogdolsdo
>@LgomdL  admggoegdgaro  dgbogdgmo  0bGHydglo  dspbodg@o
dmgagbgdol gobogol oMy do, Mopasboi ¥Y@sbols s@Emdol bsfogrmd®og
ggbgogero S5 - gangdd@mbymo godbo aobs30Mmdgdl gobogydo s
aobloggmdgdom,  dogbodydo  mgoligdgdol  d@ogom  mogoligdy®gdgdls,
9@sboll  dgdgger  bog®mgddo. domdo  bm@Eogmegds  BgOMm - ©o
obB0ggOmIsabod o  Robydo  aodEsdbgdo,  dgoo®gdom Moo
LA YJA B0 bobosmegds dopbo@y®o Jm§gbdoggds ©s Lbgs.

dogbgrogoe  Gsgog@ogbmgsbo  mgm@ogao  ©s gJb3g@odgbdgero
Lodygoagdgdols,  Gmdamgddoiz  dgbfogmognos  g@sbols  bogdmgdols
dogbgBobdol 3@mdangdgdo, Egolsmgol o@OLgoMdL @ogo Aosnk®gano
Lbogombgdobs, Gmdggbdo3 05353'd0Mgoge0s >@®dmnsTdm@obio
9D0009Om Jdgegdbol Lofyobo dmwgegdol oggdsbmeb 5f gangd@®mbgdols
dmbsfoagmdbols gomgogolobgoom. owbodbyeol gOm-gOHmo dodomswo
dobgbos 5f gangdB@mbgdols dybgdol dglfsgmols s@slogdodolio ©mby.
Jgbododoloe  aodbgagdymos  g@sbol  bog@mgdol, 39@dme  g@sbols
3o 30 960©gd0l opbohg@o o gargdH@gmo mgolgdgdol @ospbmbogs
> 30mabmbo@gds.

30930boygeno bgeobofgmmddgbgdamdolbss > 90 9JBOmbo 3odo
odmygbgdol  dowogmo  3gOL3gdBogmmds  25bs30®Mmbgdl  g@sbols
bog@mgdol dgo@o blbodmgdol LEOYIHYOLs ©s dogbody®o mgolgdgdols
3033 gdbg@or FLfogmol syGgomgommdsls ©s oHgsmmdsb.

653O™MIol  Fobsbl  [o@Imowggbl:  g@sbol s 0dgosmdofs

dogm 30 9600gdols 9Jb3gM0dgb@gero 3md3egJbydo 3genggs dopbo@ o s
dg9dobog9®o0 3o6mbbmBog@gdgdols sy gbolomgols ROONM



$9939O5@ O e 0bgg@dgomdo 4,2-500 K s dopbo@ e ggergddo 130 39-
dg, sbogro dobogngdols dowgds 3@gbozoygmo byelsfymmddgbgdanmdbolss
s gangdB@mbogolomgol. @slsbyeo dJobbols dolow§ggee Fomdmwygbog
bodOmIdo gopod@oaos dgdpgao >dm3obgdo:

-@560l  dobsOygmo  bogdmgdols  dgs@o  blbodgdol  bodydgdols
Lobmgbodgds s  @960agbyo  oxg@dsjgool  dgmemwom  dsmo
bHO IGO0 damds@gmdols godm g gas;

-9@obol  bobos@geo  bog@mgbols  dgs@o  blbodgdol  dspbo@dy®o
0gobgdgdol dgbfogms Ggdsg@s@ydge 0b@gmgoe do;

653@™3ol 3g3609@ 9o Losbang dymdamgmdls dgdwgp do:

-do@ggaeae  ofbs  dogdgmo s @yBomg@er  Fgbfsgaromo
HIObsOgamo  Jog gmpygborgdol  Godom  jansbo, Gedmados  dgoEegob
9@obols s 0dgosmdofoms gangdgb@gdols 0mbgdl.

-3003gmo  dglOygmes  g@sbol  omboll  sdogro  9bgdag@03E00
©mbggools ganslbogogoos dmbmds jmagbogdls s dmbmabobowgddo.

-dodggmee  ofbs  edmygbgogmo  mGoyobsgygdo  jmbliG@yicool
3O0mLEASGHJO0 odoRgd3gas@ydymo yobmdggdolsmgol.

F0bodpgdoty bo80mddo Fo@dmpygbomo jgeazol dgegpgdl grsgme

2oohbosm  3MsJBogmo  woMmgdygmgds. doMggmse  0dbs  dowgdyemo @
gL sgemogo >J@obowols 0mbols ‘d99(339800 3035b@ M0
dogbo@dmlE@modiaool  dJmbg  Fsbosgngdo,  @mdgmmsi  o@  goshbosm
dob@Bgdgbobo. gl dsboangdo 2odmoygbgdosh 3G iE0boge dsdmdBoggde s
Esdog (a3 ghoBgdgdby  dmdgdegy  B3gEoomgd  m3Gogy®
2o5dos 0 gdgen dm{ymdoamdgddo.

305]B03 00 000 gd gds. dogdols ®9dbmenmaools,
dogO0bHAYIH @0, grgdHOmgobogg@o s dopboGgdo  mgolgdgsol
3322930b  Igrgpgdo  3bogdbgamgobos  gBbol ggdgby  ©edYdeggdygero
bog@mgdol  dgodo  blbodgdol  LEHOYJBOYmo  dobslbosmgdangdols s
30bogg®mo mgolgdgools @osabmlEogols s do®mgol dgbsdangdanmdsms
obowagbow. dopaboBy®o  doboslbosmgdangdol 3geomgdosms  swygbogno
3o6mbbmBog@gdobo  dgbodemgdgemos  aodmygbgdyeo  odbols  g@sbols
99933900  25bLabgOmo  dopbo@dmlE®ojioymo dsbosamgdols ©s dom
bog3ydggen by 30930boygeno 53d@53950l oliodydoggdansw S



Ygbodbgemo.  Fobodwgdomy bo'd@mddo  gowok@ogo  sdmi3obgdo
dbodgbgeomgob {geooels ‘dgo@obl >0bo'dbyano 3O mden gdols
do©oVg500° do.

dasacavad gamotani I 1a Semdegi debu l ebebi:

L Logrgaro  bodydgool  dogds @ @gbhHagbobi@gldacgmo
sbognobo.

2. 2obmdgol  dgmmegdol  LOgmygmgols s Jmeg@bobsiools
39292,9%0-

3. LaySe; wo LnSe; Gosols 0dgosmdofs dg@omgdols wo Lgangboogdols
306G o0 bogtmgdol dogbo@y@o mgoligdgdo.

4. LpUSes wo LaUSes Fodol 0dgosmdofs dgBogrgdols ©s g@sbols
Lgengbowgdols bog@mgdols dogbo@ymdo mgoligdgdo.

5. DyxUx.iSe 3go®o blibocgdols dsabo@dy®o mgoligdgdo.

6530l 530Md5308 oligABs3E00l doMomswo Jobss@lio dmbligbgdyano

04  0bxgm@Is@ogolbs s do@mgol LobEgdgdol gogymm@gdol gobogols
©09350H>dgb@Gols o dgo®o Lbgyegboli gobogzol gmangaools Lodgibog®m
Lgdobomgdol Lbemdsby.

obg@Bo300l dobss@lo s dJoGomswo dgogagdo oy gbogo oym
2008 s 20097. Logodmggenml @gdbogydo gbogg@lodgdgools 76-g o 77-9
bodgbogem —@gdbogy®d  3mbxg@mgbzogdbyg. 20087, J. ©mbol-GmlGmgdo,
@9Lgmo. 30@3geo0 LogOmsdm@olm Loddmboydo “Duznka HU3KOPA3MEPHBIX
cuctreM M TnoBepxHocTed” 5-9  centabpsa, 2008r. gobogs” 2008 §. 11-i
Mexaynapogusrit cummosuym «Ordering in Minerals and Alloys».  2008§. .
©mbol-OmbEmgdo, Ggbgmo. XI MexIyHAPOAHUN CHMIIO3YM «YIIOPANOYEHUE B
MHUHEepasax u craBax Tom [I», 9-15 centsaops, 2008r. ropox Pocros-na-/lony.

2008F. . Lmbhs . @me ““Order, Disorder and Properties of Oxides” volume
I1, 2008, 16-21 of September, 2008 Big Sochi, Russian.



2009 bdomygdo-Jymoolo, Lodo@mggaml domgds@ogmbos V. g@ogmdbs
Fifth Congress of Mathematicans of Georgia Abstracts of Contributed Talks, Batumi-
Qutaisi, October 9-12, 2009.

2011 §. mdogoolio, LRy, Log@msdm@olo 3mbygdgbios, “aodmygbgdomo
30bogol o>J@ oo bsgombgdo”. 30 ds®@Fo, 2011 J. mdognolso.
390a003530900: ©@obg@ES300lL  doGomso  dgrgagdo  yodmggybgdyeos
0m®dgBo bsdgabogdem b5dO™ITo, @mIgemms sbobgergds dmygsbognos
530MOJBIO5GHL dmenmbs.
659@mdol  Jo@Egmmds s bEAYPIGYDs:  obgdBsaool  LEgeo

JoEygemds  dgoagbl 138 bodgdko  2390©l;  olg@@oios g gds
@9bogdglogeb (m@ gbsbyg), Lo®hggologob, bobobgdoliogsb, dglbogeolapsb,

MO0 mo30L0b,  o@yglE@sizool  Lobow  dmygobogoo 53 bobobo,
©olggbgdols o  godmygbgdgmo o g@s@Ydobogsb, ogBm@ol  dog®
20dmJ39969d o Lodgsbogdm bod@mdgdolopgsb, @mdangddoi sbsbyaos
©olg@H>Gool doGomswo Bgrgy oo

naSromis Sinaarsi

gbogoem o obisdymgdygeos  @oligd®@oiool mgdol  o@ysamds,
hodmygomodgdgeos bod@mdols dobsbo, dolo dg3bog@ygeo Looberg o
3@5JBogyeo 360dgbgemmds, slsbgmgdbymos ggemggols sdmzsbgdo.

30Mggeo 053do omdmoagbognos 9@sbols d0bs® o
dog 30960 gdols LEAOYJA9@0bs ©d dogbo@y®o 0goligdgdols
@0 gOs@ YO Yo dodmboangs. gosbogobgdygmos s@Obgdygao dgibogdygemo
0bgm®dsigos  4f-, S god@sdsgoano  dgBomgdols s g@sbols
3o 303960 0L gargHOmbgmo bHOYIHYGHL gbobgd.

s gMoggdom s@ols yobbogaao g@dsbols s@mdol gangd@@mbyao
LAOYJH 9@, dsbTdo  5f, 6d s Ts dHggdl  dm@ol  gangdB®mbgdols
aosbofoangds, sa@gmgg d s f bmbgdol dod®owobsiool Ggoobsios
bbgowslbgs dgBommob s dogn3mygbgdbmab bogdmgdols ©S
‘dgbobmdgdol Bm@IoMgdols 3OMm3gLdo. g0 oL sGol gobboanyano
>JBobmoy@o g 0mmbgodols bogtmgddo 5f- 90 9JBOmbgdols
gmgomobosizool  bogombo.  os@bodbyeos, M3 Egobsmgol  9@sb-



dogm 30296980 bog@mgddo @sbols ombgdol  gargddG o LEOYJBYGS
Ladmgmme 5@ s@ols oy gboano.

aobbognyganos  g@sbols  Lgemgbowgdols  @o  dognjmygbowgdols
3O0LAS@Y®0 LEO9JBH YO0l 05301909 9d9d0. 9@5bols
dogo 3029600 gbosb  Ibmerme  dnbmdsg gmagbowgdol  LEAGYJH YOS s@ols
dglfogemomo  go@mm  {gd3g@s@ydyga  0bRgagomdo s oy gboaos,
@md oo sbobosmgdm  goydol Fgddgas@yg®ol  Jggdmm Gmddmgmoyeo
sdobobyx gds. ol dogbody®o  [o@dmdmdobos ©s damog@o  ganobogds
LEAOYJBYOSTo, OmIgeTdosz BYJOMISAboBYH0  YOMOGONMdS  ko@dMLs
5bBH0ggOmIsgbo@y@l.

s gMoggdom s@0l gosbogrobgdyamo ThiPs Godol LE®yJ@y®ols
9@sbols Lgangbowo UsSes wo @geryg@oo UsTes. 39@dm, (o®dmeygboanos
2D (go@omgsbo  Lodgp®ools  3memogodo -  Did m]@oggt@ogmbols
306803 9O5300L Sbogrobo, Y@Hsbol go®gdmdizggeo gobanmglio sGmIgdols
bog@Egmo yobofomads gargdgbdadgm gx@aedo.

5mbodbyeos,  @md  UsSs o  UsSes bogdimgdl  sbobosmgdm
0GO0mAOMId o LAOY]G Y. UsSes bogtiml aoshbos  gomygommgbgdols
30639bGG sy o@g 1,6-1,8 Lobrwg®gddo, boam UsSs bobosmwgds 1,5-
1,67 s®gmo.

Vo@dmppgbogos  gobol @odogmgmpgboegool  LHHYIHYO0L
3O0LE@MaGsRg0g0 obsbosmgds, domo 3OobEs@My@sg09ao
Jm©0503530900L dosbosbosmgdgrgdo - dgl®ols 3oMdg@B®gdo, dgdogbgeno
3M3d3mbgb@gdols >GH™dgdols 30MO0bs@goo, AR LOTURT RE NG 3d-
d9@ o gdmsb JOMSE QA Jo® oo bog®mgdols 3Oob@o@m-
39039HO0 o Igbfsgaol gwgygoo-

‘dgo®gdomo sbsgnobols booyydggenby dobbognganos
@oBgOo@B YO Yo  dmbsi3gdgdo  3ydyg®o  dgldol  odsbobyxgdols  IJmbg
9@oboll  ABogo@msdBoboy®  bog@mdo.  smbodbyeos,  @mI  domdo
AIBO@o3mbogy®o s @MIdMgE@ Yo sdobobyx gdol d¥bgds dmenmdwyg
oy 9bogno o6 sMolb. 3O0LESE@MyO B0 ©S dogbo@ydo
doboboosmgdbengdols  YOMogOMEsdmogdygegdols go@M33930Lbomgols @ ow
db0dgbgamgobos  sEMIms  dm@ol  3@oGogyero  dobdogngdol  sbogrobo
9@oboll  bogdmgddo.  augbsgoll  3bmdoao  dobsb@gdol  mobobdow



>@MIms mdol sObgdyemo gMoBogyeo dobdogrols bgdmm gergdB®mbgdo
@mgoaobydgao  5Gosh,  bome  Jggdne - gargdHoebool  Jease
e mgoe0bgoymos.  50bodbymoesb  godmdwobodyg  dogrol  (36mdogno
306398300 sy gbogr 0dbs, @MI SHMIms dm@ols dsbdogngdols by
0639035 do  o5Boboy®@  @mommbmnsdm@ols bsg@mgddo  saoeo 53l
dogbo@ @ InFgl®oggdsl, Mo WslRPY@Egds 9Y@sbol dgdi3ggeo d@sgseo
bog@mols dogbo@®o mgolgdgdol gdl3gmodgbdygmo ggerggol dgogago0m.

Fomdmeygboaos 9@sbol Lgagbowgdols s bbgs dom jmagbowgdols
dopbod o  mgolgdgdol  3gamggol  dggagdol  obsgmobo. mobsdgw®mgyg
Joddmwa 9bom 9@sbols bogtmgdols dogbo@ydo 0goligdgdols
©5dM30Egogegds  gAsbol  dopbo@d s  oJBoyd  ombgol  dm@ols
dobdognbyg 93005 glow 356300Mdgdyganos 5f-9e0 9B mbgdols
@ oeobozool 3969600, 50bodbymols mgo@lsb@obon Loobdgdgbms V
s VI wxauxgdol  gegdgbdgomsb  g@sbols  bog@mgddo  odog
(99390500 g0bg  Iopabo@y@do  ImFgldoagbol o@OLgdbmds. oo  s@ols
oA gboemo, O®MI PASbol dJmbmdsm jmagbogdo mmsboli 3 gd3g@s@®ols
5M9do 3503 bo@GYMos s sdosen  Bgd3god®mgdby  go@oosb
Q9O mdogbo@y®  dpgmds®gmdsdo.  dmmog@ob@omagdo  LE®YJ@y®ols
b0d9dgdol  mgolgdgdols  dglobgd  dmbogdgdo  bdod  dgdmbgggsdo
YOM0gOmsFobssmdwgyms, dog®od bmpogem LEAOYJB9H>Tdo
535X gM GO  0mgmgds oo  3OOLESEMyGSBoY@o  SbobmE®m3ools
>OLgomdo.

dOsgoem@doibmgobo  ggegzom  owagboenos, @md USe o UTe
bogmgddo  s@Lgdmdl  gu@dmdogbgdobdo,  @oxz  gJl3g®0dgb@ o
ossbBydes  USe  bog@mTdo  @odogr  §9d3g@s@ygodby  gymedo
Lomdm@ggomdol Gogodsdobs s 3glE®ydol 3bmdoao asdmggeggzgdom.

aobboayganos 9@5bols dogn 30 9bogdols ©5dogbo@dgdols
HI39O>HYOPEo  ©>  Ggmwol  ©dddYEmdsDY @M oy gdgdo,
53520603 9d01 5bobm@M3os,  L3MbESby®o dogbo@ydo dmdgb@ols
©5dM 30 oy gds  dogboBy®o  gganol  sdodygmmdsby,  JolBgmgbobols
doaosbo  dodyygol gm@ds o dobmsb s 3ogdodgdyammo  dogbo@y®o
doboloomgoen gdols (33en0e gdgdo.



osOlgdyao  dJmbogdgdol  wobsdsbe  UsSes  bogdmo 35K
G933905d el bgdme  35@odopbo@ydos;  dobo  3o@sdopboB®o
sdmgolgdemmds o0 9398 gdodgds  3og@o-ggobol  3obmbl, 0b@yds
Sbmdsgg@o #9339 gA0L sdo@engdolsl, >dsbomsb 9JONS©,
5352603 gd0l  sdmogdymgds  ggaol  ododygammdaby  [®g0gos.
>0bodbyano 05309099 9d9d0 dJoM00 SO ThsP4 G030l
LEOYJBYOgo0bmgol s@ol sdsbslomgdgao.

aobboangeos ThsPy4 Ao3dols LEO9JByagddo dopabo@ @
Jofgbeoagoya  Jpymds®gmdsdo  posbgmol  JoMmmdgdo  @obosyls
BobYH0 QoMo Jdbgdol mgm@ool oM gddo. Fomm  Bgd3gas @y
0bBgagoa@do s  dawog®  dogboR®  ggagddo  dgbd g gdyends
Lodydomgdds  aodmogmobgl  bEgJomdgd®ogero ThiPs Fodol bog®mgddo
9@5b0l  0mboll  mobgomgb@osbo  dpgmds@gmds.  oagboaos,  G®I
9@sbols, Lgagbogdol s 3d -gangdgb@gdol MUsX 7 (M-3d gangdgb@do, X-
S, Se) bogtmgddo osaomo 53l 5bG0ggOMIsabod @  InFgldoygdsl.
doon'do dem§ gb@oygools $9339M5G9M5by do@ognos dogbo@ydo
sdmgoligdbenmds o gdm@hoangds 3o@o-ggolol 3obmbl.

LAOYJB YO geo  dobobosmgdbengdols o dogbody®do mgolgdgdgols
0@ gOs@ YOm0 Inbs39d9d0l sbsgrobo aodmygbgdgeos Lowoligd@oiom
65dO™3do Jowgdbymo g gagdols yobboagolisl.

dgmerg  mogdo  FodImpagboamos  gdl3gmodgbBgmo 33 ggols
d9©93900  ©o  domo  goblxs.  dgbfogmognos  @sbol  0dgoomdofs,
d9Bomgdmob s d-gargdgbBgdmsb  LnpUSes ©o  LnpUSes  Loddogo
bog@mgdol dspbo@ydmo mgoligdgdol Bgddg@s@yg®s s dogbod®o ggeols
©5dodygamdaby @odmowgdymgdgdo. dgLfogaomos sydgmgg LnySes (Ln-
Er, Gd, Ho, Dy, Nd, Ce, Pr, Tb, Ib, La) @odol cm®dogo dogjmygbogdo s
dyo®o blbodgdo Dy Se-USe (Dyl-xUxSe).

bogaamggo  bodgdgoo  dowgdgaos  gogg9dodgdgmo 330 300b
5d3ygaodo oo R gd3g@s@g@ygeo bobmgbom b. 39@bsimgol Lobgarmdols
bmgoo O NONOICEN S ) Jodools 0bLE0G YA do. ho@o®s
960 39b6mR5b @0 sbogobo CuK, podmlbboggdsbg gbgbogols dgmmeom.
@963 29bma@s30l  25Foxgg@oliols  pomsmolifobgdygmmos  IglFem@gdgdo

10



20dmbboggdoll dmobmdoby bodyddo s Gg@agbymo s3s@s@ol jodg@ols
@ooyglby.  3@ob@omydo  Igldol  3oMsdgB@gdol  goblobwg@ols
GOmdoggds  Vgopgbos  £0,0005A.  @96@a96ma5b G0 Sbomobols
booyydggenby o 0bos bog@mgdolss ©S dgo®0 blbo®gdols
bHOYIHAO I deymds@gmds,  aobolobeghs  gamgggmo  gobol
3O0LBsmy®o dgbdol 3o®edg@Mgool Lowowggdo. LnySes bog@mgdolomgols
2obolobmg®s saMgmgg Lodzg®ogols d60dgbgermdgdo.

o gMoegdom oMol s{gdoamo  Lobmgbodgdygmo  bsgdmgdols
b0dyxdgdol  Fopbodydo  mgoligdgdols  dobobosmgdemgdols  asdbmdo
sboysMgdo.  aobmdggdo  dgb@dymes  god@sgogmo  dopabo@mdgB®ols
aodmygbgdom  4.2-300 T Bgd3g@s@ ey 0b@gdgogdo.  s@{g@omos
306M0@9do0 dopaboBmdgd®ols Igdowygbgeo 3356dgdol @sbodbyangds ©o
sbsys®ol 3Mmobzodygmo Lgds. Loodgom gJlisg@odgb@yamo dmbsigdgdols
doemgdols 9b@ybggerymazolbongols 306M0M gdo dopb0@™mIgBmby
dgbeOygees  dgdpgao  Lodydomgdo:  odbopws  Logwgmo  bodydols
©5dkgM0,  gooMoMgoso  LobEgds, gOomLASGMSb  gomsw  5dabbgodo
I 9JO@Mopbodol bgdeon 3obbmdE0gEes YA YOA GO
139JHOmlgm3dgmse  dowosao  Lo{dobpol  boggerby, Gmdgols  jym@o
5doaboBgds s@ol 55,5 60.15832)'1.

dogbo@ydo sdmgoligdanmds ‘dgL§ogemoao 0gbs do@ogno
da@dbmbdoos®mdol  JobJo@osh  Lolfm®dby  77-800K  39d3g@ @ 9@ e
063 g 3o Jo. s gM0em 9d0m Mol aobbognygano obsas@ols
3@0biodygmo  Lgds  @o  gJb3g@odghBol  ALgegermdols  Fo@IGYEo0.
2oblobmgdyamo 0bs Losgwgeo bodydgdbol dogbodydo sdmgolgdermdols
RoOEmdomo  bowoeggdo. aoobao@odgdom  bohggbgdos, @md  3mmdoagds
doabo@G o sdmgolgdbanmdbols dgxnolgdsdo o sgds@gdmws 5-6%.

Ln,Se; (Ln-Ce, Pr, Nd, Gd, To, Dy, Ho da Er) &o3ol bog@mgdols 3ygmeéo
sdmgolgdbenmdol  {g9d3g@s@ydygmo  sdmjoegdgegdols  25bmdggdds
ohggbgl, @md CeSes s NdSe; boghmgddo  77-300K  0b@gmgogdo
begeegds  oydo-ggolbol  3obmbo, bmenem  PrySes-bsg@mdo - 50-300K
®993905H O e 0bHg®gomdo.  goy@ol  3s@sdogboBdo  Bgd3gas@yds

9oAYIBON0D. 9989600 dogbo@ydo dmdgb@o, dog9mngbgdyeno

11



0dgosmdofs  ga0gdgb@ol  0mbbg, obgombss  LsdgoengbBosbo  ombols
dopbo@d o dmdgbdol 360dgbgemdsliomsb.

slbobodbogos,  @md 42K {gd39@s@ygdol  dobgomdamdsdo
dopbod o  s3mgoligdamdols dgomybgdygmo  Lowowol  Bgd3gas@ydyeo
(33000 gbS > sbggg 5352603 gd0ls 39800l ©05d5d@mdaby
©o3mgoEgdYmadol  yBogogo  dogmomgdgh  Loggargy  bog@mgddo
SbBHMBJOMAoxb9BH0bIol sOLgdMESDy.

bob. L. (omdmeygboaros CesSes, PraSes o NdaSe; bog@mmgddo ggmeo

5352603 gd0l 3geoagds dogboBg@o ggenols ©ododygamdbols 130 39-deog
2obGol 306H™bgddo.

t 6-10'3,o 023 y
{00 = 2
3
501
H-10°,5-9"

50 _ 100

bob. 1. LmSe; Bo3ol bogdmgdols @odspabo@gdols odmjoogdaegds

3900l ©5dodymmdsby

1-Ce,Ses, 2. —Pr,Ses, 3. —Nd,Se;

bobobosb  hobl, @md 50  39-9g  ©odsdygmdol  ggendo
5353603 90> goboeols bAsL, bomenm Jomomo ©sdsdyammdbols Jgg9d ol
bygbBoe  0obOEgds  ©o  doob{®sxzol  goxg®gdolsgghb,  dgbodsdolbow
byglBegds  5bGoxgg@mdspbodobdo  hobdmdsdwg.  ddodg  0dgosmdofs
90 9d96@ 900l bogtmgdbdo (GdaSes, TbySes, Dy,Ses o ErnSe;) dopbo@y®
Jo§gbeoagosl segogo os@s ojgb 4,2 K-dwg, domdo T>50T o0b@gdgogdo
Lo gmegds 309g@0-3ggodol 35bmbo, boam 3oM535ab0@® @ 9d39@5@Yasl

12



5Jgl  owgdomo  3bodgbgermds.  bohggbgdos, @md  Logpger  bog®mgddo
3505353603 9M oM9do 2oblobmgdmo 9539d@®o dogbodyg®o dJmdgb@ols
db0dgbgamdgdo bogagdos 53539 0dgosmdofs 92093963 9d0L
0bmeEo@gbdyeno Lodgoggb@osbo 0mbgdols dmdgb@gdby, [ONTE
Jobogrmebgmos  gob3o®mdgdymo oyml  gangdB@mbgdols dod@owobsos
©> gOobEs@y®o ggawols aogagboo.

IgbFogeromos g@sbols dmbmlgangbowols (USe) o woligergbowols
(USey)  dogbodygdo  mgolbgdgdo.  USe-olb  ggomdo  sdmgolgdemdols
‘dgo099bgd5geo Logogols $9339M5GH O Y00 ©05dM 30 oY gbs
9139909050 9ds  goy@o-ggolol  3obmbl  180-300K  0b@dg®goemdo. sdobosb
JOms©  2Mox03dg  garobwgds  BHJI3gOMsG®ol  @g@ddolggbh dods®mnyano
hobbgognmde. 3bmdogro 0 ge®ools 0obobdow dogbo@ydo
sdmgoligdbenmdols gmogmgdols sbigmo babosmo g@sbols dmbmlgergbowdo
3ob30MMdgdygaos  {gd3gas@g@ologsb  sdmygzogdgero  do@omswo T
0g®don mJBsgeageo Lodgd®ools 3@GobEogy®d ggando. bohggbgdos, I
b Bgd39Mo@Yaoby  3ymco  ©sdspboBgdol  ©sdmo@gdaagds
dogbo@g@do ggerol odsdygemdol bLopogbg USe- Logol os@of®xg0g00
OIRPYUICTE oo,  >byggy bodgoam ©5d>dgEmdols dogbo@ydo
390 gdolomgols.  4,2-100 K 0b@gdgogdo  aodmgagbognos  @sdogbo@gdols
Jolihg@gbobols  Fodyggo.  @oEygbogros  jmgdEodgmo  dogrols

®9339058xO5bg  odmgoegdaagdol  bobosmo.  dowgdymo  dgogygoo
d0g3o603bgdgb, @™ g@sboli Jmbolgagbodo odsa  {9d39Mo@ YA Ydby

hbgdo >bB0ggg@mdogbgdobdo. >@bobodbogos, OIRN! USe-do
390 IoaboB®o D009 Jdggos 3S(30e0 gd0m den0g®oo
SbB0Rg@MmIsgboB @ mnsb ‘dgo®gdom, [ON NS NG HICHEE
RQgO Mo boB®o godesddbols domomo Bgd3gas@y@ol s@lgdbmds (182 K).
sdsbolioomgdgaros  obog, @md USe bog@mdo doGomswo 45330000
YOM0gamJdgogds bmOEogmegds  asd@o@mmdol  gangB®mbgdom  0®0do
9H0090Jdggools dgdsbobdom.

a-AgA®opmbogado  dmpoxgogsiool  g@sboll  wolbgangbo 90K
®9339058 A0l bgdmm 3o@5dobo@gdos o dogbo@y@o sdmgoligdbarmdols

(99390oH YOm0 sdmgoegdgmagds  gd39dgosdgds  joygdo-ggoliols

13



3o6mbl,  9939d@d Mo Bogbodydo  dmdgbBol  dbodgbgenmds  (2,83up)
FgoMgdom  do@oos, Mo53  3ob30@Mdgdymos  doMomswo s J0Mggeno
96993900490 ©mbggool  boby G gdmdom.  jog@ol  3sBodapbdg@o
aoolgmols  {9d39@s@ 9ol adsano  Lowowg (90K)  Logo@oygoms, ™3
2odm§g99aos  dogbodydo dImdgb@gdol POmogOmJdgogdom  3BHoLESE Y@
390msb.  godmgangbognos  USer-oll ©@odopbo@gdol @mam@ i dopbody®o
390l sdodygamdol ¢9bjiool FMmgogo bosbosmol gomgdomds. 20 39-
by 9gBo  ododgamdbols  dgdmbgggedo  @odspboBgools  (3genogds
oM5{ 0505, USer-do dmbsgnmebgenos oo dogboddo L@@ g@ols
FomdmJdbs. gl 9g0b5Lgbgemo  ggogdodegds  g@sbols  sEmdols  m@o,
0M59J3085¢09bB M0 3mboigooll  s@lgdmdsl.  s@lgdomos  slggg ol
2oM9dmgods, MM PAsbol woligergbowdo bggamols §g@Gool dwgdo@gmds
da®@dbmdosdgs  dopabo@y®do  ggeoli  odsdymmdbols  Lbowowobisdo. oo
033 gds 12-ob 7 K-doog, dmoglsi dogbo@g@o ggeol ©ododyganmds 8-
ob 15 39-dg 0353 gob.

Vomdmea gboamos LnpUSes 0o LnyUSes (Ln-La, Ce, Pr, Nd, Eu, Gd) @os0ls
9@5bols s 0dgosmdofs dgGomgdol dg@gyemo Lgergbowgdols dopabody®o
0golgogdol dglfogarol dgwgpgdo. gobmdggdo dgldya gdoymmos 4,2-800K

G99390oH O 0bGgdgomdo o 130 39 @ododyemdols  dopbo@y@
gomdo.  gJu3gGodgbHhmds  yodemggargggods  obggbgl,  G™d  gggars
bgdmmombodbygano  dg@ g bog@mo  JoMsdogbo@y@dos;  domo  JPm@o
sdngobgdgrmdol  Gd3g@sGdgmo  odmgorgdygmgds 9393 goomgds
309M0-ggobols  3obmbl.  asblobmgdgmos  yggans  bsgdmols  g@mo
doagggeols  dglsdsdolo  joy@ol  sLod3Gm@ycdo  @9d3gas@ydols  ©o
989JB9®0  dogbo@dy®o  3mdgbGols  Fb0dgbgemdgdo.  asdmmJdyeos
Jobob@gds, @md LnyUSes bogdmgddo gym@o dogbo@ydo s8mgolgdanmdols
F9dGgbgdgmo boowol  (gddghoh O gmo  ©odmgoEgdgmydol poob®s
{o9g0g50 (3800 gd0ls damdsmgmbdosb T<80K  o0b®gmgoendo
3ob300Mdgdygamos  mmbgomgb@osbo  g@sbol  {gemomomn  dogbo@y®@
dmdgb®do. Logpgar Jgdgyer  bog@mgddo ™G0  Godol  dopbody@oe
B0 5SEMIgool sOLgdmds 2obo30MmMdgdl m@o dspabo@ydo Jg9dgL@ols
>OLgomdsl, 39Mdme, gYOsbols s 0dgosmdofs Ig@oggdols s@mIgdoliogsb
Bm®dodgdge  J39dgldgol.  dogbo@dy@o  ImIgbBol  9Jl3gMm0dgb@ o

14



Lboowggdo Joygmomgdgb os@OLgdbymo  Jg9dgldols dogbody®o dmdgb@dgdols
SbB03o@Mo geo @ Mm®0gb@o0oby.

3A0@0  ©a35pb0(Hgdol  @edmgoEgdgmads  opboHgco  ggmoboyob
ohggbgol,  Omd  sdopabo@Bgdol  boxg@mdol  dolow(gge  Logo@ms
30608900 g9eols wodsdymmdols doeogro Lowowggdo (>100 3g). 100-130
K 0bpghgomdo dopgdgmo  9db3gmodgbdgmo  dgegpgdol  Logudggmdy
aodemgmogro  0dgoosmdofs  IgBogol  ombols  dopgbo@y®o  dmdgbEols
Lbooggdo  dgbodsdobmdoTos ©sdggdolmsb  m@o  sbFodo®ogganeg®o
35608900 J3999L@0L  Yglobgd, Lowsi 9@sbols 0mbo 0dgmeggds UM (56
96902900392 damdo®gmodsdo s bobosmegds 3Hy do®omspo mg®doo.

IgbFogeroaos Dy Ui Se Lolggdol dgs@o blbodgdol dogbo@y®o
0golgogdo.  Logegeo  bodydgdol  LEOYIBAGsTo  g@sbols  sGmIgdols
hobo(zgan gdgaos ©ol3@mboydols ddody >GH™dgdom ‘dgdw g0
056303 gz mdom: 10, 20,.., 90 dmen. % Dy. 9Jl3g@0dgb@o gl genws 4,2-
800K 3 gd3g@o@ydgl dgogodo. domsmo dgdggermdols (20,5DySe) dys®o
blboMgdo Rg@dmogbo@yg®os. g@sbol 0mbgdol olidmboydol ombgdom
hoboigemgdgero  DyosUosSe, DyosUgeSe,..., USe  dgo@o  blbodgdols
dopbod o  s3mgoligdemdols dgomybgdygmo  Lowowol  Bgd3gas@ydyeno
©5dm 3ogdygen gdols 30553039 3odmga gbogos hobbgognmds
®933905H Aol ©g®doliggb, @0l  Dgogaswsi3 gog®o-ggolol  jobmbo

bOgegds Hgdsgas@yg®ol dgboyoge 0b@gagomdo.[bob. 2]

Hz 4.8-10] »
'TCO
3
N
(9=}
2
E
o
T K

100 200

15



Dy-ol ds@ogno d9d33gemdols dgs@o blibo®gdol gym@o dspbody®o
>dngobgdarmdol  (gddgHhoB g gmo  ©dmoEgdgm ooty yodmgmgbogos
doJLodydo. 0dogg  B9d3g@od Ao  0bdgdgoedo (T<S0K) 3004900
dopbod o ggeol aMox30390bg hbogds obggg dodLodydgdo. swbodbyao
bolosmol  sdmgoegdyemgdgdo  ssbBYMdgb  SbB0RgOMAoybod®o
Joamdo®gmbdols  sOLgdmdsl  bogegeo  dysdo  bLbs@gdols  b0dydgddo.
domdo  ggmeo  dopbo@dydo  sdmgolgdbenmdbols  dgodybgdymo  Lowowols
2009503900L (@030 9dbgdolbomgol  aoblsbmgdygao  ofbs  joyg@ols
Sbod3BmG YO0 Bgd3gAs@Yts ©o  gmbgdg@H Yo  dgoagbogrmdol  dgs®o
blbodgdols 9JOH®0 doagz9eobomgols ‘dgxnobgdgemos 9939J6 00
dopgbo@d o dmdgb@ols 360d3bgamdgdo - oy gboanos, GMI Gm@IYe Y@
9JOmgembg  aobgymgboero  9539dB®0  dspbo@dydo  dmdgbBo  0b@Egds
ol3Omboydol d9di3g9emdol aobdwom. [3ba. 1].

bog®m0 3060l 30900l B9d3go@dds T Haee (UB)
Sb0d3BAmE YO0 bggeool Bgd3gmodyds Ty
®9339053 9>
USe 160 178 (T 2,5
Dyo.1UqoSe 152 150" 3,26
Dyo,UpsSe 122 140 " 4,026
Dy3U7Se 107 135" 4,8
Dy.4Up6Se 105 11o" 5,15
DyosUgsSe 15 75 7,37
Dy cUq4Se 0 - 7,94
Dyo7Uq5Se -30 - 8,79
Dy sUq2Se -40 - 9,5
DyooUo15¢e -47 - 10,1
DySe -50 - 10,3

bohggbgdos, M3  yggers dgo®  blbodOl  g@sbol  dgdig9e0mdom
(x>>0,5) oboslboomgdl  gg@mdsgbo@ydo  dnFgbdoggds. BgO™saboG o
Dyo2UpsSe  dgodo  blbodol  jgm@o  ©sdspbo@gdol  Ggddg@s@dgdsby
©5dM 30 oY gdols  gobmdggdds  dopbo@ o  ggaol  odsdyemdols
bbgowslbgs d60dgbganmdbgdby 3odM5ge0bs 5352603 gd0ls
®993905@ O @0 dogbodyg®o 30bBgAgbobo. s@bodbyen Igs® blLbs®gddo

16



3e00bgos sbggg dogbo@mg@ol@ogy@o 5b0bem@@™300, 53
5dobolbosmgdganos @Msbol d@sgoeo dobs@ o bog®mobsmgols.

aobbogrygamos  ggOmdogbghogaodo  (gd3gOo@g@gmo  dopboGgdo
3oLBg@gbolols Fomdmdmbols Lsgombo, bomgrs s@ol @obsbosmgdyeno
dobo Bo3gdo: ©5d560F 9001 #9339 oG GO0 dol@@gbolo,
dopabodmlbE®modiools ®9339M5GH YO0 3ol g@gbolo, dogbo@ydo
sdmgolgoemmdbols s gl ggoemdol, sadgmgg  dmeol  gg9J@ob
H99396H90 g0 JobHg@gbobo. Ggomdsybyhogol poGoggds - gobyg@gool
30230 ©odopboGgdol dobHgtgbobygaro Godol 3gmomgds GoJbo@gdygar
dopboBa®  ggmBo Igbodagdganos  pobdo@mdgogmos  bEHOYIH 9@ gEo
2oMsJdbgdom  39Bgmmagby® RgOmIogboRy®  dobogrgddo,  ob
39O mMdogbodg®o mdgbgdol dgydiggowo dmd@smboon.

Dyo, UpoSe 3dgo® blboddo 80-180 K o0b@gmgoado aodmgengbogeno
06> ©5d5260@900L B gd3gAs@gdygeo JolRghgbobo. ols dglodengdganos
5353 doMgogamos  dopbody@o  mdgbgdols  Lobwgmgdol  dgydiggowo
o0 gdol  30m3gLgdmsb,  Msdwgbows  0go  geobpgds  oligmo
boowol do3bo(hgc  goagddo, Omdmaddog segomo ofsh bggamgd@og
dopboB @ 3oL gmgboll.

9JL39M0dgb@ Yo  oEobs, M3 dgs®o  blbsdgdo USe, Dyg;
UpoSe, Dyo2UpsSe o Dyo3Up7Se odogn 3gd3g@s@g®gdbbg bobosmogdosh
dowogmo  4mg@3oH Yo dogmom.  ygges  o@bodbyer  dobognsTo
aodmgangboaos  39d3g@s@ Y@ gmo  sdogbo@gdol  doLEg@gbobo. dsmTo
Hadbogado  ©odopbofgds  bmdEogmeEgds  @mdghgdol  dGHbgomo
Jmd@omdols  3GmEgbdo.  gOmemIgbosbo  LEGYJB @l asdm  slgm
dobogmgddo  Bgdboga®o  doabo@ydo  3obEgdgbolo  o@  genmobwgds,
GoEasbo  oMs  ofglb  swaomo  ©mdgbhgdl  dm@olo  Lobrmgdgdols
Fobogagosl dopbo@ o ggenol bgdmJdgogdoom.

boogao dgo®o blibodgdols dogbo@ydo 0golgdgdosb
> bobodbogos, MM oldGmboydol dzomg dgdzggemdols bodydgddo 6.4
3 ©I0dYEemdol ggmdo podmgmobes ©sd5pb0Ggd0l  (gd3ghed G gmo
dobBgdgbobo; 1,339-d0g @ododyammdols ggendo Dy Ui Se(x>>0,5) dgo
blboMgddo  dmgmo  Bgd3gOed O  0bgdgtgoedo o6  doow(gge
boxg®mdoli dpamdo®gmods. sby, dogogromsw DygaUgsSe dgo®  blbo®ddo

17



Jopomo  Eadsdammdol (130 4g) bgdmJdgogdom o6 obs  dow{gneo
535 60F 900l box g mde. >0bodbyeols dobgbos den0g@o
dogbo@m3@olBoydo sbobm@maos.

sy gbognos, Gmd 4,2 A93390589M5bg DyosUoeSe dgodo blbodo
gofOm  3gd3g@s@d @y  0bGgdgomdo  bobosmegds 3oL gmgbolols
dodygygoms s bo®hgbo gum@o sdogbo@dgbol dizomdg dbogdbganmdboo.
33505990Mdm, ™3 Lo ge dobognsdo 0b©Y(30M 9090
Q9O ™Mdoyb9BH0bdo BgOMBoybodydo yodwsdbols Bgdsg@s@y®omn 25 K.

aodmggegyer Dy, UiSe dgs®  blbomgddo dodomop  93s]@dmcse

3e00bEgds 353300 YHM0gAmJdgogds, opo dbodgbganmgbs® 033 gds
©ob3@mboydol ombgdom 9@OSbol o0mbgdol hobszgmgdom, @sbsiE mob

Ssbeogl 20d@o®mdols gangdB®mbgdols 3mbi3gbR®Msiools (3o gds. yggems
ombodbyemo  goMgdmgds 2obo30®Mmmdgdl  joyg@ol  3o@®sdopgbo@yg@o

®993905¢ M0l 3o gdomdsl.  989JB WMo dspbodydo  dmIgb@ols
dbodgbgamdgdo 3obolobrmg®gds dogbo@ydo 0mbgdols doOmo>©O

969393035900 dadmo®gmdoms S 5f - 90 9JBOmbgdols
30 9JB0g0boiools ba@olbbom, Gmdaols aogangbs dgo® blbo@do Dy-ols

0mbgdol  3mb3gbd®oEool  sdswengbolols sgangbl  dgdo@gdolggb
dJol{@oggdobs.

ZiriTadi Sedegebi da daskvnebi

LL  3odggemoe  odbs  Lobmgbodgdbyemo  g@sbol  Lgangbowgdols
15 3Md3mbgbBosbo bogdmgdo 0dgz0smdofsdgBomgdols s 9@sbols LnyUSes,
LnoUSes, bog@mgdo.; Lobmgbo®gdygaos Dy Ui Se 3go®o blbodgdols o
LnySe; Bodol 0dg00mdofs @ommbgdol dobos®ygemo bogdhmgdo, sa@9mgyg
USe o USe; bog®mmgdo.

2. dgddbognos  Bgd3g@sB @y  0bGg®goedo  4,2-800K, 100 39-3wg
5dodygamdol  dogbo@y®  ggegddo  JmJdgoo  dogboBy®o  mgoligdgdols
2odbmdo wobswas®o.

3. aobolobegds  yggaws  Lobmgbo@gdbyamo  bog@mobs s  dgs®o
blbo®ol  3@olGoydo dgb@ol  3oM5dgBMgoo; dglfsgmomos  Go®onm

18



A9939O5R O e 0bBgdgoemdo  (4,2-800K) s dopbo@ydo  ggemols
Lbgoolbibgs 360gbgammdgdby (0,5-13039) Logganggo 60dygdgdols dopbo@g@o
ngoligdgdo.

4. 9@sbol  Lgamgbogdols  0dgosmdofoms  gargdgbBgomsb  Lsddsyo
boghmgdol  Jgl{ogansd  ohggbs, ®mI  yggems bogBmo  godmbsggergs
A933905d PO 0bFgagomTo  30M5dopbg@ogos;  domTdo  dopboBy®o
dofgbdoagds o s®OLgdmdl 4,2K-3pg; 3oyg@o-ggolbols 3obmbo L@yaogds
RoOnm  39d3g@s@ Yy 0b@gagomTo, odobmob  9539]B®o  dogbody®o
dmdgb@gdo, bog®mol gOm dmagzyesbyg, Jogmomgdl SbEods®og ganeg®o
Mm@0gb@oool  o@OLgdmdsby  @@sbols  SEMIgdols s  0dgosmdofs
92093963 9001 dogbo@ @ ImdgbRgdl dm@ol.

5. owygboanos, @md  3dodg 0dgosmdofs gangdgb@gools bsg@mgdols
30900l 300535260/ Y@  Bgd3gas@ydsl Qp oJgl wogdomo db0dgbenmds
©> ©g ggbol ggbj3ool 3Om3mOE0Y@os, Go3 Jogmomgdl yodmsge gy
boghmgddo  o®odo A3 0m0 YOm0 ghmJdgegdol  s@LgdMdsby
0dgosmdofoms 98093963 9d0L 0mbgdls ‘dodols 359G >MMdols
g0 94BOmbgdols Lodygoangdom;  U-U S U-Ln  @odols Lbgo
9000900 Jdggdgdo 9dbodgbgmme 00 gs.

6.  9989JO9O0  dopbodydo  dmIgbBo, Jowgdygmo  3oMsdoaboddo
0golgogdol  IJmbozgdgdosb,  dggbsdoedgds  y@sbol g gBGmbye
306503 9@ 53050 5, (doGomspo mg®dos *Ha).

7. og®dmeobsdogyg®o  3mgR0309b@ g0l dgmmom  gobobsbmg@s
309Molb  ggamdogbo@dydo  {9d3g@s@d s s 0gMImeobsdo g®o
3098030963 gd0 a s B. bohggbgbos, @mI 0g@IMPobsdogy@o  mgm@os
doOmgdyeos Y@sbols bog@mgdolmgolsgs.

8. aobolobwgds dyo@o blbosmgdols DyU;,Se (x=0,1; 0,2; 0,3; 0,4; ...0,9)
dgb@ol 350539H@0l, 989dHaM0 opbodgmo dmdgbdHol Hige ©o gogeol
>bod3GOG a0 (gd3g@sdg@ol 8, mb3gbHOsE0Ymo ©sTmJoEgbYEgds.

92. gg@mdspbody®d  dgod  blbodgdl (x<0,5) oJgl  JobEgmgbolol
RoONM @Yo gMgO3odgeo  dogrols  domsao  db0dgbgamdgdoom.
dowogno  dogbo@y@i@olBoydo  sbobm@G®mM3ool  s@Lgdmdols  asdm,
3ox90900L doeggs gg6 dmbgdbes 130 39 dopbohgd goedog go-

19



3. 5dogbodgdol  B9d3g@s@ydgmo  ©sdmgoegdygmgdol  sbogrobds
ohggbs, @md  yggms  @gOMIspboGy®o  dgo®o  blLbs@o  bslbosmwgds
©a353b0(gd0lL  (gd3gthed @ gmo  dobiHghgbobon  (pH3I). ofT) ws> o(H)
©53dM 30 oY gdgdol gHnMdaogo sbogobom sEyobs, O™ WA dyo®
blbo@gddo o303 dodgdygaos  ©mdgbydo  Lobwg@mgdol  Fobsigangdols
V99d393500 3Om3E9Lgdmsb.

10. LnySes @odol bog®mgdol odmgyganggol dgogagdds ohggbs, @md
dommgols  dogbo@ydo  dmTgb@dopagds  o@  s@ol  42K-dog.  Ibydydo
0dgosmdofs 90 9396@ gd0ls bogtmgddo 309Gols 3005302603 @
A9939@oHasl  odgl  godymxzomo  3bodgbgermds,  bomeom  ddody
a2 3gbGHadel  gdmbggzedo  go —  ogdomo;  gBgdhado  dopbodg@o
dmdgb@o 3oMgger  dgdmbgggedo  Ig@oo, Igm@gdo o bogangdo, gomg
0dgosmdofs gergdgb@ gdol obm@odgdye Lsdgoe gbBosb 0mbgddo.

11. 94560l 993900 bog@mgdol s dyo@o blbomgdols LEOYJBYGHbs
S dogbo@ydo 0ngoligdgdols o 9b0g00 356mbbm3og@gdsbo
‘dglodan gdganos 3odmygbgdeeo 065l dom 39999 N )
396Jdombosga@o dmfymdoammdgdols s bganlsfymgdol dgbsJdbgans.

Summary

Recently intensive research has been carried out to study the electronic structure
and magnetic features of uranium compounds with rare-earth and d-metals,required in
various fields of engineering and technologies, such as: high-temperature chemistry,
metallurgy, semiconductor devices, as well as their application as special materials.In
order to determine the practical usage of uranium compounds we need to define and
elaborate the methods for making alloys which require complex research of their
fundamental physical characteristics. The solution of this problem will help to reveal
and establish control on the electrophysical features of acquired alloys. From the
viewpoint of science and practical application, the interest on uranium and torium
intermetal compounds with 3d-metals is very high, as the regulation of their physical
consistency and characteristics can enable us to make high magnetostrictive materials
as well as deepen the knowledge about the changes of energetic conditions in the

electronic shells of 4f and 5f1.
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It is also important from the practical viewpoint to research structural conditions
and magnetic features of uranium compounds within a wide tempetature range and
magnetic field of various capacities. It is noteworthy, that besides the widescale
research of the uranium binary halcogenids magnetism still there remain problems
related to 5f electrons. At present it can be explained due to the lack of research on the
nature of 5f electron localisation in uranium alloys and compounds.

The present work represents the results obtained after the study of uranium binary
and three-component compounds, as well as magnetic features of the uranium selenid
solid solutions with rare - earth metals.

Ln,USes(Ln-Gd,Pr,La,Sm,Ge,Ho) type crystals of uranium compounds have been
made in ozone oven in vacuum quartz ampoules. Ln,USe4 type compounds samples

have been obtained by pressing synthesized powder with subsequent melting. Dy,U1.

3¢ solid solution samples have been prepared in vacuum quartz ampoules by
annealing. HfU,Se, compound synthesis was carried out in several steps . First was
synthesized HfSe and [-USe,.Then a compound of a definite consistency with
obtained phases was melted in crucible. Finally, Ln,Ses selenids were obtained after
melting the initially sythesized compound in vacuum quartz ampoules.

Microstructural and X-ray-phasal methods enabled to determine the phasal
composition and structural condition of the samples of obtained substances and solid
solutions. It has been proved that wide range of USSe homogenous individual
compounds are formed in BUS, and fUSe; systems, but only continuous succession of
UsSs-UsSes in U,S3 and U,Ses systems.

Magnetic proper lies of uranium selinity triple compounds have been studied as
well as analyzed the temperature dependence of magnetization. It has been revealed
that each triple paramagnetic compound within the colligated temperature range, lacks
magnetic order up to 4,2 K. The capacity of effective magnetic moment on a jingle
mode cute of the compound indicates that magnetic moments of uranium atoms and
rare-larth elements are in antiparralel orientation to lech other.

Method of thermodynamic coefficients has been used to determine with high
precision the curie ferromagnetic temperature. On the basis of analyses of specific
magnetizing temperature and magnetic field dependence, an assumption has been
made that there exist magnetic domains within narrow boundaries of HfU,Se;

compound. It is supposed that in weaken magnetic fields magnetic domains remain
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immobile. At high temperature and magnetic field domain boundaries become mobile.
It has been resolved that the activity of domain boundaries enables us to find
anomalies in the charts of specific magnetizing temperature dependence on the field.

Properties of crystal structures and magnetic features of solid solutions of Dy«
UiSe (x=0,1,...0,9) system has been studied in a wide temperature range which is
very important from the viewpoint of in analysis the nature of interaction between
rare-earth sail ions in mixed halcogenids and uranium ions. It has been determined
that the part of the given system (K>5) are ferromagnetism, while the rest are
paramagnetic.

It has been concluded that in paramagnetic area magnetic application of DySe
samples is subdued to Curie — Weiss Law. The deviation from this law in a wide
temperature range can occur only in the vicinity of Curie ferromagnetic temperature.
It has been show, that values of affection magnetic moments determined by
measurements given date about the energetic condition and uranium ion electronic
structure in the investigated material.

In some solutions, displacement of dysprosium ions with uranium ions determines
specific application of reversed value on the chart of temperature dependence and
reveals concavity to the temperature axes, relative to which Curie-Weiss law works
only in a limited range of temperature.

It has been assumed on the basis of analyses that such deviation from Curie —
Weiss law in a wide temperature range is connected under analogy uranium
monohalcogends, with the existence of thermally independent term which is formed
under the conditions of octahedron symmetry of crystal frame.

Existing maximum on the temperature dependence of specific magnetic
susceptibiblity has been analyzed in Dy 4UxSe (x<0,5) compounds, which is
connected at the conversion temperature of T=50K into antiferromagnitic condition.
Out of the temperature dependence of reversed values of magnetic susceptibility, has
been determined the Curie asymptotic temperature. The values of effective magnetic
moments has been determined for a single molecule of each definite compound. It has
been proved that the value of effective magnetic moment of each molecule grows with
the increase of dysprosium in investigated samples. The dependence of determine
parametric of effective magnetic moment, as well as of series asymptotic temperature
on the consistency has been studied. It has been shown, that the substitutio of uranium

atoms with dysprosium and uranium monocelenide decreases Curie asymptotic
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temperature and moves to zero in the material with x=0,6 consistency. It has been
supposed, that in the above mentioned solid solutions the uranium ions are distributed
homogenety in the matrix of solvent as well as, the tend to zero of “exchange” origin
curie asymptotic temperature.

The work done mostly with basic issues of the theory about temperature dependent
magnetism. It studies in details the variety thermal magnetic hysteresis -
magnetization, magnetostriction, Galvan magnetic effect, magnetic perception or
penetration, hall effect and other temperature hysteresis’s.

The work analyses and studies hysteresis thermomagnetic hysteresis in Dy ;UgoSe
compound within 70-210K temperature range. It has been supposed, that the above
motioned types of hysteresis is connected with irreversible process of changes in
boundaries of magnetic domains.

Changes inside the domain structure of the sample causes significant changes in
magnetostrictive stress, the values of magnetostriction constant, demagnetization field
spontaneous magnetization and anisotropy.

It has been determined that, solid solutions of DySe-USe system USe, Dy 1UgoSe,
Dyo,UpgSe, Dyo3UpsSe and also HfU,Se; compound at low temperature are
characterized with high coercive strength and they can be attained to high coercivity
materials.

Domains only rotate without any shift. In spite of this, weak magnetization
hysteresis is observed. That can be explained on the bases of the well-known theory
about of small-size domains in the sample.

It has been proved by the experiment that DySe-Use (x=0,1...0,5) solid solutious
have thermal magnetic hysteresis. Magnetisation in DySe-Use (x>0,5) solid solutions
in magnetic fields up to 1-10° Almy can not reach saturation within the investigated
temperature range. High value magnetic stresses are required for the rotation and shift
of magnetic domains in Dy, UpsSe compound within 4,2-126K range. Due to this in
the field of 13 KiloOersted saturation couldn’t be reached. Such nature of
magnetisation is conditioned by strong magnetocrystalline anisotropy.

Feromagnetic interaction becomes more precise with the uncreasing concentration
of DySe in Dy;<UsSe system. Coercitivet value decreases with the decrease of
temperature and, remained magnetisation. Coercitivity also decreases with the

decrease of uranium mono selenide concentration. Relatively, the Curie temperature is
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decreased, that can be explained by the decrease of exchange interaction uranium
atoms are replase with dysprosium ions.

The influence of crystal field during the change of composition is practically
permanent, because the crystal and parametersstructure doesn’t change. The value of
effective magnetic moment depends on the basic energetic state of the magnetic ions
and on the quality of 5f-electrohs collectivization, the influence of which decreases
with the increase of dysprosium ions concentration.

The work has revealed the regularity of changes in magnetic features of uranium
and rare — earth metal compounds and solid solutions.

In a wide temperature range and 130 kilooersted magnetic strength has been
obtained and studied materials with high magnetostriction which lack hysteresis. The
obtained resulls are important for developing precise devices, special optical motive

instruments and movable mechanisms.

disertaciis ZiriTadi Sedegebi
gamoqveynebu I 1a Semdeg SromebSi

L. e, s@hosdgoeo, b, dsdobsdgoano. “yg@sbols sbogo bsg@mgdols
d5pb0@ @0 mgolgdgdo” Lodo@mggarml Ggdbogg@o gbogg@loHgHol 76-9
Lodgbogam — @gdbogydo 3mbggmgbios. J. mdogolo, 2008 §.

2. 6. 3sdobsTgogno, o, @o@hosdgogmo, “NaCl LEGgJdydol  3Jmby
bmgoghmo  0dgosmdofs  gagdgb@gdol  0b@g@IgRoggdo  dgbsgdmgdols
35360090 mgolgdgdo” bodsdmggmml  Hgdboga@o 9boggdlodg@Hol 76-9
Ladg3bogthm — Bgdbogydo 3mbggdgbios. J mdoaolo, 2008 §.

3. @, @o@hosdgomo, b dsdolsdgoeno, b, hohbosbo  “UsS;s-UsSess
gagbogmdols Jmbg Igs®o  blbomgdols dspbodyg®o  mgolgdgdo”, Loy
aobsmagdols s dg3bog@mgdol s3ogdools gu@bogr “dmoddoly’ ©ods@gds,
ndognolo, 2008, Ne12, 273-277.

4. @. s@hosdgoemo, . ©o@bLoggerodg, b, hohbosbo  “g@sbols
dobogmyg®o  Joangmpgbogdol  (US,USey)  dopbodydo  mgoligdgdo”,
L539(36090M-Bgdbogndo gy@dbogno “gbgdaos” Ne2 (50), 2009F., 113-119.

5. T. Ul. JapcaBenunze, 3.b. Yauxuanwn, JI.K. Japunamswmm, JI.JI. ['abpuunnze

«Heymnpyrue cBOHUCTBa TBOPABIX pacTBOPOB OMHAPHBIX coequHEHUH ypaHa UjzSes.

24



UsTey», Tpyasl XI-ii MeXAYHAPOAHOTO CUMIIO3HIOMA «YTOpsgoueHne B MuHepanax
u cruiaBax», ToM I, PocroB-na-Jlony. 3-5 centsaopd, 2003.

6. H.A. MamucamBunu, JI. K. lapunamBunu «MarHuTHble CBOWCTBA HOBBIX
coequHennn Uy, Tpynbl XI-i1 MexayHapOIHOrOo cUMIIO3MyMa «YTOPSIOYEHUE B
Munepanax u craBax», Tom I I, PoctoB-na-{ony.2008. 10-15/11c. 88.

7. H.A. MamucamBumny, JI. K. lapunamBuim «MarHuTHbIE CBOMCTBA HEKOTOPBIX
HMHTEepMeTTalInueckux coeaunenuit P39 co crpykrypoii NaCl”, Proceedings of the
International meeting “Order, Disorder and Properties of Oxides” volume II, 2008,
September, Rostov-on-Don-Loo. p. 87

8. 3.b. Yauxmanum, JI. K. [apumamBuin «MarHuTHbIE CBOWCTBAa CHUJIABOB
cucteMbl Dy U Se», Tpynel XI-ii MmexaynapoaHoro cumnosuyma «llopsaoxk,
Oecriopsiiok u cBoiicTBa okcuaoB» ToM I 1, 2008, c. 214.

9. @. @o®hosdgoemo, . o@bLoggerodg, b. hobboosbo, “LnUSes o
LnoUSes  @odol  0dgosmdofs  dg@omgdol  bog@mgdols  3opabo@ydo
0gobgdgdol aodmygenggs”, LR, do@mgol og3@mdsBobgdbyaro Loli@gdgdo,
Ne2(7) 2009. gg. 230-234.

10. %. hohbosbo, @. wos®hosdgogro “dspbo@ydo ggenggol dgmmegdo” 111
bofoeno, ULEY, Logsdmdigdam Lobero “@gdbogn®do 9bogg@lLodgdo”.2009.
ag- 107

11. JI. K. JapunamBmin «MarHuTHbIE CBOMCTBA COCIMHEHUHU PEIKO3EMIIbEHBIX
METAJOB € CceleHOM», Uogd. aobsmangdols ©s  dgibogdgdboms  osgoegdools
JYObo@o “dmoddols” wods@gods. 2009, Nel5(3). pg. 174-181.

12. Z. Chachkiani, L. Darchaishvili “Mathematical Modeling and Calculation
Knight Shift on Nuclei in Scandium Compounds”, Fifth Congress of Mathematicans
of Georgia Abstracts of Contributed Talks, 2009.

25



