
saqarTvelos teqnikuri universiteti 

xelnaweris uflebiT

lalita darCiaSvili

uranis binaruli da samkomponentiani

naerTebisa da selenidebis iSviaTmiwa 

elementebTan myari xsnarebis magnituri

Tvisebebi

doqtoris akademiuri xarisxis mosapoveblad

wardgenili disertaciis

    a v t o r e f e r a t i

Tbilisi

2011 weli



2

samuSao Sesrulebulia saqarTvelos teqnikuri universitetis

informatikisa da marTvis sistemebis fakultetis 

fizikis departamentis

myari sxeulis fizikis mimarTulebaze

samecniero xelmZRvaneli: ____________________________

recenzentebi: _______________________________________

               _______________________________________

dacva Sedgeba ------ wlis “-------“, ------------, ------------ saaTze 

saqarTvelos teqnikuri universitetis informatikisa da marTvis 

sistemebis fakultetis sadisertacio sabWos kolegiis sxdomaze, 

korpusi ---------, auditoria -----------------.

misamarTi: Tbilisi, kostavas #77

disertaciis gacnoba SeiZleba stu-s bibilioTekaSi,

xolo avtoreferatisa stu-s veb-gverdze

sadisertacio sabWos mdivani --------------------------------------------------



3

naSromis zogadi daxasiaTeba

Sesavali. atomuri teqnikis, maRaltemperaturuli qimiis, 

metalurgiisa da naxevargamtaruli eleqtronikis dargebis 

ganviTarebam ganapiroba gansakuTrebuli fizikuri da qimiuri 

Tvisebebis mqone axali masalebis Seqmnis aucilebloba. am 

TvalsazrisiT didi mniSvneloba aqvs uranisa da halkogenebis (S, 

Se, Te) naerTebis miRebasa da mravalmxriv Seswavlas. isini 

farTod gamoiyenebian atomur reaqtorebSi maRaltemperaturul 

birTvul sawvavad, agreTve Termoeleqtul masalebad, 

katalizatorebsa da kriogenul gamzom mowyobilobebSi.

Temis aqtualoba. aqtinidebi - qimiuri elementebis periodul 

sistemaSi gardamavali metalebis ukanaskneli da urTulesi 

jgufia. aqtinidebis fizikur-qimiuri Tvisebebi ZiriTadad 

ganisazRvrebian maTi nawilobriv Sevsebuli 5f orbitalebiT, 

romelTa sivrceSi ganfenilobis TvalsazrisiT, es elementebi 

imyofebian 3d da 4f gardamaval elementebs Soris sazRvarze. 

msubuqi aqtinidebi (U, Np, Pu) ganapirobeben mravali 

araCveulebrivi movlenis gamovlinebas maT naerTebSi, kerZod, 

masalis trivialuri parametrebis anomalur temperaturul 

damokidebulebas, mZime fermionebis siTxis arsebobas, giganturi 

magnitokristalografiuli anizotropiasa da magnitostriqciul 

Tvisebebs da a.S.

uranis naerTebis Tvisebebis adeqvaturi aRwera Tanamedrove 

qvanturi Teoriis warmodgenebiT dasrulebuli ar aris. 

uranisaTvis 6d, 7s da 5f orbitalebis energiebis mniSvnelobebi 

TiTqmis emTvxeva erTmaneTs. rasac mivyavarT sfd eleqtronebis

hibridizaciis warmodgenamde. Tvisebebis aRwerisaTvis 

erTeleqtroniani qvanturi ricxvebi n da l gamousadegarni 

xdebian, ixsneba rigi akrZalvebi Sidaatomur gadasvlebze. 

cnobilia, rom uranis speqtri Seicavs xazebis kolosalur 

ricxvs. es garemoeba praqtikulad SeuZlebels xdis speqtris 

interpretacias.
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uranis atomSi zeda energetikuli doneebis didi simkvrive mis 

fuZeze naerTebSi iwvevs ZiriTadad kovalentur kavSirebs. amis 

gamo azri ekargeba wertilovani muxtebis miaxloebas 

kristaluri velis TeoriaSi da a.S.

aqtiniduri masalebis fizikis da qimiis ganviTareba mWidrod 

ukavSirdeba teqnikas. SesaZlebelia axali masalebis Seqmna 

birTvuli energetikisaTvis, realuria axali striqciuli da 

magnituri masalebis miRebis perspeqtiva da sxva.

uranis binaruli da sammagi naerTebis halkogenidebisadmi 

arsebobs damoukidebeli mecnieruli interesi magnituri 

movlenebis fizikis dargSi, radganac uranis atomis nawilobriv 

Sevsebuli 5f - eleqtronuli garsi ganapirobebs fizikuri da 

gansakuTrebiT, magnituri Tvisebebis mraval Taviseburebebs, 

uranis Semcvel naerTebSi. maTSi xorcieldeba fero - da 

antiferomagnituri fazuri gardaqmnebi, SedarebiT rTuli 

struqturiT xasiaTdeba magnituri mowesrigeba da sxva.

miuxedavad mravalricxovani Teoriuli da eqsperimentuli 

saSualebebisa, romlebSic Seswavlilia uranis naerTebis 

magnetizmis problemebi, dReisaTvis arsebobs rigi gadauWreli 

sakiTxebisa, romlebic dakavSirebulia atomTaSorisi 

urTierTqmedebis sawyisi modelebis agebasTan 5f eleqtronebis 

monawileobis gaTvaliswinebiT. aRniSnulis erT-erTi ZiriTadi 

mizezia 5f eleqtronebis bunebis Seswavlis arasakmarisi done. 

Sesabamisad gaZnelebulia uranis naerTebis, kerZod uranis 

halkogenidebis magnituri da eleqtruli Tvisebebis diagnostika 

da prognozireba.

preciziuli xelsawyoTmSeneblobisa da eleqtronikaSi 

gamoyenebis maRali perspeqtiuloba ganapirobebs uranis 

naerTebis myari xsnarebis struqturisa da magnituri Tvisebebis 

kompleqsurad Seswavlis aucileblobasa da aqtualobas.

naSromis mizans warmoadgens: uranis da iSviaTmiwa 

halkogenidebis eqsperimentuli kompleqsuri kvleva magnituri da 

meqanikuri kanonzomierebebis dadgenisaTvis farTo 
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temperaturul invervalSi 4,2-500 K da magnitur velebSi 130 ke-

mde, axali masalebis miReba preziciuli xelsawyoTmSeneblobisa 

da eleqtronikisaTvis. dasaxuli miznis misaRwevad warmodgenil 

naSromSi gadaWrilia Semdegi amocanebi:

-uranis binaruli naerTebis myari xsnarebis nimuSebis 

sinTezireba da rentgenuli difraqciis meTodiT maTi 

struqturuli mdgomareobis gamokvleva; 

-uranis binaruli naerTebis myari xsnarebis magnituri 

Tvisebebis Seswavla temperaturul intervalSi;

naSromis mecnieruli siaxle mdgomareobs SemdegSi:

-pirvelad iqna miRebuli da detalurad Seswavlili 

ternaruli halkogenidebis farTo klasi, romlebic Seicaven 

uranisa da iSviaTmiwaTa elementebis ionebs.

-pirvelad Sesrulda uranis ionis dabali energetikuli 

doneebis klasifikacia monohalkogenidebsa da monopniknidebSi.

-pirvelad iqna gamoyenebuli originaluri konstruqciis 

kriostatebi dabaltemperaturuli gazomvebisaTvis.

winamdebare naSromSi warmodgenili kvlevis Sedegebs udavod 

gaaCniaT praqtikuli Rirebuleba. pirvelad iqna miRebuli da 

Seswavlili aqtinidis ionis Semcveli giganturi 

magnitostriqciis mqone masalebi, romelTac ar gaaCniaT 

histerezisi. es masalebi gamoiyenebian preciziul mamoZraveblad 

dabal temperaturebze momuSave specialur optikur 

gadamaadgilebel mowyobilobebSi.

praqtikuli Rirebuleba. miRebis teqnologiis, 

mikrostruqturis, eleqtrofizikuri da magnituri Tvisebebis 

kvlevis Sedegebi mnivSnelovania uranis fuZeze damuSavebuli 

naerTebis myari xsnarebis struqturuli maxasiaTeblebisa da 

fizikuri Tvisebebis diagnostikisa da marTvis SesaZleblobaTa 

dasadgenad. magnituri maxasiaTeblebis cvlilebaTa dadgenili 

kanonzomierebani SesaZlebelia gamoyenebuli iqnas uranis 

Semcveli gansazRvruli magnitostriqciuli masalebisa da maT 

safuZvelze preciziuli amZravebis dasamuSaveblad da 
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Sesaqmnelad. winamdebare naSromSi gadaWrili amocanebi 

mniSvnelovan wvlils Seitans aRniSnuli problemis 

gadawyvetaSi.

dasacavad gamotanilia Semdegi debulebebi:

1. sacdeli nimuSebis miReba da rentgenostruqturuli 

analizi.

2. gazomvis meTodebis srulyofisa da modernizaciis 

Sedegebi.

3. La2Se3 da LnSe3 tipis iSviaTmiwa metalebisa da selenidebis 

binaruli naerTebis magnituri Tvisebebi.

4. Ln2USe4 da La2USe5 tipis iSviaTmiwa metalebisa da uranis 

selenidebis naerTebis magnituri Tvisebebi.

5. DyxUx-1Se myari xsnarebis magnituri Tvisebebi.

naSromis aprobacia disertaciis ZiriTadi Sinaarsi moxsenebuli 

iyo informatikisa da marTvis sistemebis fakultetis fizikis 

departamentisa da myari sxeulebis fizikis kolegiis samecniero 

seminarebis sxdomaze.

disertaciis Sinaarsi da ZiriTadi Sedegebi wardgenili iyo 

2008 da 2009w. saqarTvelos teqnikuri universitetebis 76-e da 77-e 

samecniero –teqnikur konferenciebze. 2008w. q. donis-rostovSi, 

ruseTi. pirveli saerTaSoriso simpoziumi “Физика низкоразмерных

систем и поверхностей” 5-9 сентября, 2008г. fizika” 2008 w. 11-й

Международный симпозиум «Ordering in Minerals and Alloys». 2008w. q. 

donis-rostovSi, ruseTi. XI международний симпозум «Упорядочение в 

минералах и сплавах том II», 9-15 сентября, 2008г. город Ростов-на-Дону.

2008w. q. soCa d. loo ““Order, Disorder and Properties of Oxides” volume

II, 2008, 16-21 of September, 2008 Big Sochi, Russian.
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2009 baTumi-quTaisi, saqarTvelos maTematikosTa V yriloba 

Fifth Congress of Mathematicans of Georgia Abstracts of Contributed Talks, Batumi-

Qutaisi, October 9-12, 2009.

2011 w. Tbilisi, stu, saerTaSorisi konferencia, “gamoyenebiTi 

fizikis aqtualuri sakiTxebi”. 30 marti, 2011. q. Tbilisi.

publikaciebi: disertaciis ZiriTadi Sedegebi gamoqveynebulia 

Tormeti samecniero naSromSi, romelTa dasaxeleba moyvanilia 

avtoreferatis bolos.

naSromis moculoba da struqtura: disertaciis sruli 

moculoba Seadgens 138 nabeWd gverds; disertacia Sedgeba 

reziumesagan (or enaze), sarCevisagan, naxazebisagan, Sesavlisagan, 

ori Tavisgan, ilustraciis saxiT moyvanili 53 naxazi, 

daskvnebisa da gamoyenebuli literaturisagan, avtoris mier 

gamoqveynebuli samecniero naSromebisagan, romlebSic asaxulia 

disertaciis ZiriTadi Sedegebi.

naSromis Sinaarsi

SesavalSi dasabuTebulia disertaciis Temis aqtualoba, 

Camoyalibebulia naSromis mizani, misi mecnieruli siaxle da 

praqtikuli mniSvneloba, dasaxelebulia kvlevis amocanebi.

pirvel TavSi warmodgenilia uranis binaruli 

halkogenidebis struqturisa da magnituri Tvisebebis 

literaturuli mimoxilva. gaanalizebulia arsebuli mecnieruli 

informacia 4f-, 5f- gardamavali metalebisa da uranis 

halkogenidebis eleqtronuli struqturis Sesaxeb.

dawvrilebiT aris ganxiluli uranis atomis eleqtronuli

struqtura, masSi 5f, 6d da 7s Sreebs Soris eleqtronebis 

gadanawileba, agreTve d da f zonebis hibridizaciis realizacia 

sxvadasxva metalTan da halkogenebTan naerTebisa da 

Senadnobebis formirebis procesSi. kritikulad aris ganxiluli

aqtinoiduri liTonebis naerTebSi 5f- eleqtronebis 

lokalizaciis sakiTxi. aRniSnulia, rom dReisaTvis uran-
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halkogenebis naerTebSi uranis ionebis eleqtruli struqtura 

sabolood ar aris dadgenili.

ganxilulia uranis selenidebisa da halkogenidebis 

kristaluri struqturis Taviseburebebi. uranis 

halkogenidebidan mxolod monohalkogenidebis struqtura aris 

Seswavlili farTo temperaturul intervalSi da dadgenilia, 

rom maT axasiaTebT kiuris temperaturis qvemoT romboerduli 

damaxinjeba. is magnituri warmoSobisaa da Zlierad vlindeba 

struqturaSi, romelSiac feromagnituri urTierToba Warbobs 

antiferomagniturs.

dawvrilebiT aris gaanalizebuli Th3P4 tipis struqturis 

uranis selenidi U3Se4 da teluridi U3Te4. kerZod, warmodgenilia 

2D wertilovani simetriis poliedri – D2dDoqtavertikonis 

konfiguraciis analizi, uranis garemomcveli uaxloesi atomebis 

sivrculi ganawileba elementarul ujredSi.

aRniSnulia, rom U3S5 da U3Se5 naerTebs axasiaTebT 

orTorombuli struqtura. U3Se5 naerTs gaaCnia erTgvarovnebis 

koncentraciuli are 1,6-1,8 sazRvrebSi, xolo U3S5 xasiaTdeba 1,5-

1,67 areTi.

warmodgenilia uranis dihalkogenidebis struqturis 

kristalografiuli daxasiaTeba, maTi kristalografiuli 

modifikaciebis maxasiaTeblebi - mesris parametrebi, Semadgeneli 

komponentebis atomebis koordinatebi, gardamavali 3d-

metalebTan erTad formirebuli naerTebis kristalo-

geometriuli Seswavlis Sedegebi.

SedarebiTi analizis safuZvelze ganxilulia 

literaturuli monacemebi kuburi mesris damaxinjebis mqone 

uranis mravalaqtinidur naerTSi. aRniSnulia, rom maTSi 

tetragonaluri da romboedruli damaxinjebis buneba bolomde 

dadgenili ar aris. kristalogrfiuli da magnituri 

maxasiaTeblebis urTierTdamokidebulebis garkvevisaTvis metad 

mniSvnelovania atomTa Soris kritikuli manZilebis analizi

uranis naerTebSi. gudenafis cnobili mosazrebis Tanaxmad 
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atomTa Soris arsebuli kritikuli manZilis zemoT eleqtronebi 

lokalizebuli arian, xolo qvemoT - eleqtronebis qceva 

delokalizebulia. aRniSnulidan gamomdinare hilis cnobili 

koncefciiT dadgenil iqna, rom atomTa Soris manZilebis zeda

intervalSi aqtinidur liTonTaSoris naerTebSi adgili aqvs 

magnitur mowesrigebas, rac dasturdeba uranis Semcveli mravali 

naerTis magnituri Tvisebebis eqsperimentuli kvlevis SedegebiT.

warmodgenilia uranis selenidebisa da sxva halkogenidebis

magnituri Tvisebebis kvlevis Sedegebis analizi. Tanamedrove 

warmodgeniT uranis naerTebis magnituri Tvisebebis 

damokidebuleba uranis magniturad aqtiur ionebs Soris 

manZilze upiratesad ganpirobebulia 5f-eleqtronebis 

lokalizaciis bunebiT. aRniSnulis TvalsazrisiT sainteresoa V

da VI jgufebis elementebTan uranis naerTebSi dabal 

temperaturebze magnituri mowesrigebis arseboba. myarad aris 

dadgenili, rom uranis monohalkogenidebi oTaxis temperaturis 

areSi paramagnituria da dabal temperaturebze gadadian 

feromagnitur mdgomareobaSi. polikristaluri struqturis 

nimuSebis Tvisebebis Sesaxeb monacemebi xSir SemTxvevaSi 

urTierTawinaaRmdegoa, magram zogierT struqturaSi 

damajereblad iTvleba didi kristalografiuli anizotropiis 

arseboba.

mravalricxovani kvleviT dadgenilia, rom USe da UTe

naerTebSi arsebobs furomagnetizmi, rac eqsperimentulad 

dadasturda USe naerTSi dabal temperaturebze kuTri 

siTbotevadobis takahaSisa da vestrumis cnobili gamokvlevebiT.

ganxilulia uranis halkogenidebis damagnitebis 

temperaturuli da velis daZabulobaze damokidebulebebi, 

damaginitebis anizotopia, spontanuri magnituri momentis 

damokidebuleba magnituri velis daZabulobaze, histerezisis 

mTliani maryuJis forma da masTan dakavSirebuli magnituri 

maxasiaTeblebis cvlilebebi.
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arsebuli monacemebis Tanamaxd U3Se4 naerTi 35K

temperaturis zemoT paramagnituria; misi paramagnituri 

amTvisebloba ar eqvemdebareba kiuri-veisis kanons, izrdeba 

anomalurad temperaturis amaRlebisas, amasTan erTad, 

damagnitebis damokidebuleba velis daZabulobaze wrfivia. 

aRniSnuli Taviseburebebi ZiriTadad Th3P4 tipis 

struqturebisTvis aris damaxasiTebeli.

ganxilulia Th3P4 tipis struqturebSi magnitur 

mowesrigebul mdgomareobaSi gadasvlis pirobebi landaus 

fazuri gardaqmnebis Teoriis farglebSi. farTo temperaturul 

intervalSi da Zlier magnitur velebSi Sesrulebulma 

samuSaoebma gamoavlines steqiometriuli Th3P4 tipis naerTebSi 

uranis ionis oTxvalentiani mdgomareoba. dadgenilia, rom 

uranis, selenidebis da 3d -elementebis MU8X17 (M-3d elementi, X-

S, Se) naerTebSi adgili aqvs antiferomagnitur mowesrigebas. 

maTSi mowesrigebis temperaturaze maRalia magnituri 

amTvisebloba da emorCileba kiuri-veisis kanons.

struqturuli maxasiaTeblebisa da magnituri Tvisebebeis 

literaturuli monacemebis analizi gamoyenebulia sadisertacio 

naSromSi miRebuli Sedegebis ganxilvisas.

meore TavSi warmodgenilia eqsperimentuli kvlevis 

Sedegebi da maTi gansja. Seswavlilia uranis iSviaTmiwa, 

metalebTan da d-elementebTan Ln2USe4 da Ln2USe5 sammagi 

naerTebis magnituri Tvisebebis temperatura da magnituri velis 

daZabulobaze damokidebulebebi. Seswavlilia agreTve Ln2Se3 (Ln-

Er, Gd, Ho, Dy, Nd, Ce, Pr, Tb, Ib, La) tipis ormagi halkogenidebi da 

myari xsnarebi Dy Se-USe (Dy1-xUxSe).

sakvlevi nimuSebi miRebulia vakuumirebuli kvarcis 

ampulaSi maRaltemperaturuli sinTeziT n. kurnakovis saxelobis 

zogadi da araorganuli qimiis institutSi. Catarda 

rentgenofazuri analizi CuK gamosxivebaze fxvnilis meTodiT. 

rentgenogramis gaSifvrisas gaTaliswinebulia Sesworebebi 
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gamosxivebis STanTqmaze nimuSSi da retgenuli aparatis kameris 

radiusze. kristaluri mesris parametrebis gansazRvris 

cTomileba Seadgenda 0,0005Å . rentgenofazuri analizis 

safuZvelze dadginda naerTebisa da myari xsnarebis 

struqturuli mdgomareoba, ganisazRvra calkeuli fazis 

kristaluri mesris parametrebis sidideebi. Ln2Se3 naerTebisaTvis 

ganisazRvra agreTve simkvrivis mniSvnelobebi.

dawvrilebiT aris aRwerili sinTezirebuli naerTebis 

nimuSebis magnituri Tvisebebis maxasiaTeblebis gamzomi 

danadgarebi. gazomvebi Sesrulda vibraciuli magnitometris 

gamoyenebiT 4,2-300 T temperaturul intervalSi. aRwerilia 

vibrirebadi magnitometris Semadgeneli kvanZebis daniSnuleba da 

danadgaris principuli sqema. saimedo eqsperimentuli monacemebis 

miRebis uzrunvelyofisaTvis vibrirebad magnitometrze 

Sesrulda Semdegi samuSaoebi: damzadda sacdeli nimuSis 

damWeri, vibrirebadi sistema, kriostatTan erTad amgznebi 

eleqtromagnitis zemoT ganxorcielda dagraduireba 

speqtroskopulad maRali siwmindis nikelze, romlis kuTri 

damagniteba aris 55,5 ga.sm3g-1.

magnituri amTvisebloba Seswavlili iqna maRali 

mgrZnobiarobis qanqarian sasworze 77-800K temperaturul 

intervalSi. dawvrilebiT aris ganxiluli danadgaris 

principuli sqema da eqsperimentis msvlelobis marSruti. 

gansazRvruli iqna sacdeli nimuSebis magnituri amTviseblobis 

fardobiTi sidideebi. gaangariSebiT naCvenebia, rom cTomileba 

magnituri amTviseblobis SefasebaSi ar aRemateboda 5-6%.

Ln2Se3 (Ln-Ce, Pr, Nd, Gd, To, Dy, Ho da Er) tipis naerTebis kuTri 

amTviseblobis temperaturuli damokidebulebis gazomvebma 

aCvenes, rom Ce2Se3 da Nd2Se3 naerTebSi 77-300K intervalSi 

sruldeba kiuri-vyisis kanoni, xolo Pr2Se3-naerTSi - 50-300K

temperaturul intervalSi. kiuris paramagnituri temperatura 

uaryofiTia. efeqturi magnituri momenti, mikuTvnebuli 



12

iSviaTmiwa elementis ionze, axlosaa samvalentiani ionis 

magnituri momentis mniSvnelobasTan.

aRsaniSnavia, rom 4.2K temperaturis maxloblobaSi 

magnituri amTviseblobis Sebrunebuli sididis temperaturuli 

cvlileba da aseve damagnitebis velis daZabulobaze 

damokidebulebis grafiki miuTiTeben sakvlev naerTebSi 

antoferomagnetizmis arsebobaze.

nax. 1. warmodgenilia Ce2Se3, Pr2Se3 da Nd2Se3 naerTebSi kuTri 

damagnitebis cvlileba magnituri velis daZabulobis 130 ke-mde 

gazrdis pirobebSi.

nax. 1. Ln2Se3 tipis naerTebis damagnitebis damokidebuleba 

velis daZabulobaze

1-Ce2Se3, 2. –Pr2Se3, 3. –Nd2Se3

naxazidan Cans, rom 50 ke-mde daZabulobis velSi 

damagniteba ganicdis zrdas, xolo maRali daZabulobis qveS is 

sustad izrdeba da miiswrafis gajerebisaken, Sesabamisad 

sustdeba antiferomagnitizmi CaxSobamde. mZime iSviaTmiwa 

elementebis naerTebSi (Gd2Se3, Tb2Se3, Dy2Se3 da Er2Se3) magnitur 

mowesrigebas adgili ara aqvs 4,2 K-mde, maTSi T>50T intervalSi 

sruldeba kiuri-veiris kanoni, xolo paramagnitur temperaturas 

10-3,ა მ2კგ-1

H105,ამ-1
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aqvs dadebiTi mniSvneloba. naCvenebia, rom sacdel naerTebSi 

paramagnitur areSi gansazRvruli efeqturi magnituri momentis 

mniSvnelobebi naklebia amave iSviaTmiwa elementebis 

izolirebuli samvalentiani ionebis momentebze, rac 

mosalodnelia ganpirobebuli iyos eleqtronebis hibridizacia

da kristaluri velis gavleniT.

Seswavlilia uranis monoselenidis (USe) da diselenidis 

(USe2) magnituri Tvisebebi. USe-is kuTri amTviseblobis 

Sebrunebuli sididis temperaturuli damokidebuleba 

eqvemdebareba kiuri-veisis kanons 180-300KK intervalSi. amasTan 

erTad grafikze vlindeba temperaturis RerZisken mimarTuli 

Cazneqiloba. cnobili Teoriis Tanaxmad magnituri 

amTviseblobis cvlilebis aseTi xasiaTi uranis monoselenidSi 

ganpirobebulia temperaturisagan damoukidebeli ZiriTadi T 

TermiT oqtaedruli simetriis kristalur velSi. naCvenebia, rom 

dabal temperaturaze kuTri damagnitebis damokidebuleba 

magnituri velis daZabulobis sidideze USe- sTvis arawrfivia 

rogorc didi, aseve saSualo daZabulobis magnituri 

velebisaTvis. 4,2-100 K intervalSi gamovlenilia damagnitebis 

histerezisis maryuJi. dadgenilia koercituli Zalis 

temperaturaze damokidebulebis xasiaTi. miRebuli Sedegebi 

migvaniSneben, rom uranis moniselenidSi dabal temperaturebze 

Cndeba antiferomagnetizmi. aRsaniSnavia, rom USe-Si 

feromagnituri urTierqmedeba gacilebiT Zlieria 

antiferomagniturTan SedarebiT, rasac adasturebs 

feromagnituri gardaqmnis maRali temperaturis arseboba (182 K). 

damaxasiaTebelia isic, rom USe naerTSi ZiriTadi gacvliTi 

urTierTqmedeba xorcieldeba gamtarobis eleqtronebiT iribi 

urTierqmedebis meqanizmiT.

-tetragonaluri modifikaciis uranis diseleni 90K 

temperaturis zemoT paramagnituria da magnituri amTviseblobis 

temperaturuli damokidebuleba eqvemdebareba kiuri-veisis 
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kanons, efeqturi magnituri momentis mniSvneloba (2,83B)

SedarebiT maRalia, rac ganpirobebulia ZiriTadi da pirveli 

energetikuli doneebis singleturobiT. kiuris paramagnturi 

gadasvlis temperaturis dabali sidide (90K) savaraudoa, rom 

gamowveulia magnituri momentebis urTierTqmedebiT kristalur 

velTan. gamovlenilia USe2-is damagnitebis rogorc magnituri 

velis daZabulobis funqciis wrfivi xasiaTis cvalebadoba. 20 ke-

ze meti daZabulobis SemTxvevaSi damagnitebis cvlileba 

arawrfivia. USe2-Si mosalodnelia rTuli magnituri struqturis 

warmoqmna. es ukanaskneli ukavSirdeba uranis atomis ori, 

araeqvivalenturi poziciis arsebobas. arsebiTia aseve is 

garemoeba, rom uranis diselenidSi neelis wertilis mdebareoba 

mgrZnobiarea magnituri velis daZabulobis sididisadmi. igi 

icvleba 12-dan 7 K-mde, rodesac magnituri velis daZabuloba 8-

dan 15 ke-mde imatebs.

warmodgenilia Ln2USe4 da Ln2USe5 (Ln-La, Ce, Pr, Nd, Eu, Gd) tipis 

uranis da iSviaTmiwa metalebis Sereuli selenidebis magnituri 

Tvisebebis Seswavlis Sedegebi. gazomvebi Sesrulebulia 4,2-800K 

temperaturul intervalSi da 130 ke daZabulobis magnitur 

velSi. eqsperimentulma gamokvlevebma aCvenes, rom yvela 

zemoTaRniSnuli Sereuli naerTi paramagnituria; maTi kuTri 

amTviseblobis temperaturuli damokidebuleba eqvemdebareba 

kiuri-veisis kanons. gansazRvrulia yvela naerTis erTi 

molekulis Sesabamisi kiuris asimptoturi temperaturisa da 

efeqturi magnituri momentis mniSvnelobebi. gamoTqmulia 

mosazreba, rom Ln2USe4 naerTebSi kuTri magnituri amTviseblobis 

Sebrunebuli sididis temperaturuli damokidebulebis gadaxra 

wrfivad cvlilebis mdgomareobidan T<80K intervalSi 

ganpirobebulia oTxvalentiani uranis wvliliT magnitur 

momentSi. sacdel Sereul naerTebSi ori tipis magniturad 

aqtiuri atomebis arseboba ganapirobebs ori magnituri qvemesris 

arsebobas, kerZod, uranisa da iSviaTmiwa metalebis atomebisagan 

formirebul qvemesrebs. magnituri momentis eqsperimentuli 
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sidideebi miuTiTeben arsebuli qvemesris magnituri momentebis 

antiparalelur orientaciaze.

kuTri damagnitebis damokidebuleba magnituri velisagan 

aCvenebs, rom damagnitebis najerobis misaRwevad saWiroa 

magnituri velis daZabulobis maRali sidideebi (>100 ke). 100-130 

K intervalSi miRebuli eqsperimentuli Sedegebis safuZvelze 

gamoTvlili iSviaTmiwa metalis ionis magnituri momentis 

sidideebi SesabamisobaSia daSvebasTan ori antiparaleluri 

magnituri qvemesris Sesaxeb, sadac uranis ioni imyofeba U4+(5f)

energetikul mdgomareobaSi da xasiaTdeba 3H4 ZiriTadi TermiT.

Seswavlilia DyxU1-xSe sistemis myari xsnarebis magnituri 

Tvisebebi. sacdeli nimuSebis struqturaSi uranis atomebis 

Canacvlebulia disproziumis mZime atomebiT Semdegi 

TanmimdevrobiT: 10, 20,..., 90 mol. % Dy. eqsperimenti Sesrulda 4,2-

800K temperatures SualedSi. maRali Semcvelobis (0,5DySe) myari 

xsnarebi fermoagnituria. uranis ionebis dispoziumis ionebiT

Canacvlebuli Dy0,5U0,5Se, Dy0,4U0,6Se,…, USe myari xsnarebis 

magnituri amTviseblobis Sebrunebuli sididis temperaturuli 

damokidebulebis grafikze gamovlenilia Cazneqiloba 

temperaturis RerZisken, ris Sedegadac kiuri-veisis kanoni 

sruldeba temperaturis SezRudul intervalSi.[nax. 2]
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Dy-is maRali Semcvelobis myari xsnarebis kuTri magnituri

amTviseblobis temperaturuli damokidebulebaze gamovlenilia

maqsimumi. imave temperaturuli intervalSi (T<50K) kritikuli

magnituri velis grafikebze Cndeba aseve maqsimumebi. aRniSnuli

xasiaTis damokidebulebebi adastureben antiferomagnituri

mdgomareobis arsebobas sacdeli myari xsnarebis nimuSebSi. 

maTSi kuTri magnituri amTviseblobis Sebrunebuli sididis

grafikebis wrfivi ubnebisaTvis gansazRvruli iqna kiuris

asimptoturi temperatura da konkretuli Sedgenilobis myari

xsnarebis erTi molekulisaTvis Sefasebulia efeqturi

magnituri momentis mniSvnelobebi - dadgenilia, rom formulur

erTeulze gankuTvnili efeqturi magnituri momenti izrdeba

disproziumis Semcvelobis gazrdiT. [cxr. 1].

naerTi kiuris 
asimptoturi 
temperatura

kiuris temperatura Tf

neelis temperatura TN

eff�B)

USe 160 178 (Tf) 2,5

Dy0,1U0,9Se 152 150 " 3,26

Dy0,2U0,8Se 122 140 " 4,026

Dy0,3U0,7Se 107 135 '' 4,8

Dy0,4U0,6Se 105 110 '' 5,15

Dy0,5U0,5Se 15 75 7,37

Dy0,6U0,4Se 0 - 7,94

Dy0,7U0,3Se -30 - 8,79

Dy0,8U0,2Se -40 - 9,5

Dy0,9U0,1Se -47 - 10,1

DySe -50 - 10,3

naCvenebia, rom yvela myar xsnars uranis SemcvelobiT

(x>>0,5) axasiaTebs feromagnituri mowesrigeba. feromagnituri

Dy0,2U0,8Se myari xsnaris kuTri damagnitebis temperaturaze

damokidebulebis gazomvebma magnituri velis daZabulobis

sxvadasxva mniSvnelobebze gamoavlina damagnitebis

temperaturuli magnituri histerezisi. aRniSnul myar xsnarebSi
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vlindeba aseve magnitokristaluri anizotropia, rac

damaxasiaTebelia uranis mravali binaruli naerTisaTvis.

ganxilulia feromagnetikebSi temperaturuli magnituri 

histerezisis warmoSobis sakiTxi, naTlad aris daxasiaTebuli

misi tipebi: damagnitebis temperaturuli histrezisi, 

magnitostriqciis temperaturuli histerezisi, magnituri 

amTviseblobisa da SeRwevadobis, agreTve holis efeqtis 

temperaturuli histerezisi. feromagnetikis gaciveba - gaxurebis 

ciklSi damagnitebis histerezisuli tipis cvlileba fiqsirebul 

magnitur velSi SesaZlebelia ganpirobebulia struqturuli 

gardaqmnebiT heterogenur  feromagnitur masalebSi, an 

feromagnituri domenebis Seuqcevadi moZraobiT.

Dy0, U0,9Se myar xsnarSi 80-180 K intervalSi gamovlenili

iqna damagnitebis temperaturuli histerezisi. is SesaZlebelia 

dakavSirebulia magnituri domenebis sazRvrebis Seuqcevadi 

gadaadgilebis procesebTan, ramdenadac igi vlindeba iseTi 

sididis magnitur velebSi, romlebSic adgili aqvs Cveulebriv 

magnitur histereziss.

eqsperimentulad dadginda, rom myari xsnarebi USe, Dy0,1

U0,9Se, Dy0,2U0,8Se da Dy0,3U0,7Se dabal temperaturebze xasiaTdebian

maRali koercituli ZaliT. yvela aRniSnul masalaSi 

gamovlenilia temperaturuli damagnitebis histerezisi. maTSi 

teqnikuri damagniteba xorcieldeba domenebis brunviTi 

moZraobis procesSi. erTdomeniani struqturis gamo aseT 

masalebSi teqnikuri magnituri histerezisi ar vlindeba, 

radganac ara aqvs adgili domenebs Sorisi sazRvrebis 

wanacvlebas magnituri velis zemoqmedebiT.

sacdeli myari xsnarebis magnituri Tvisebebidan 

aRsaniSnavia, rom disproziumis mcire Semcvelobis nimuSebSi 6,4 

ke daZabulobis velSi gamovlinda damagnitebis temperaturuli 

histerezisi; 1,3ke-mde dabaZulobis velSi DyxU1-xSe(x>>0,5) myar

xsnarebSi mTeli temperaturul invtervalSi ar miiRweva 

najerobis mdgomareoba. ase, magaliTad Dy0,2U0,8Se myar xsnarSi 
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maRali daZabulobis (130 ke) zemoqmedebiT ar iqna miRweuli 

damagnitebis najeroba. aRniSnulis mizezia Zlieri 

magnitokristaluri anizotopia.

dadgenilia, rom 4,2 K temperaturaze Dy0,4U0,6Se myari xsnari 

viwro temperaturul intervalSi xasiaTdeba histerezisis 

maryuJiTa da narCeni kuTri damagnitebis mcire mnivSnelobiT. 

vvaraudobT, rom sacdel masalaSi inducirebulia 

feromagnetizmi feromagnituri gardaqmnis temperaturiT 25 K.

gamokvleul DyxU1-xSe myar xsnarebSi ZiriTad faqtorad 

vlindeba gacvliTi urTierTqmedeba, igi mniSvnelovnad icvleba 

disproziumis ionebiT uranis ionebis CanacvlebiT, rasac Tan 

axlavs gamtarobis eleqtronebis koncentraciis cvlileba. yvela 

aRniSnuli garemoeba ganapirobebs kiuris paramagnituri 

temperaturis cvalebadobas. efeqturi magnituri momentis 

mniSvnelobebi ganisazRvreba magnituri ionebis ZirTadi 

energetikuli mdgmoareobiTa da 5f - eleqtronebis 

koleqtivizaciis xarisxiT, romlis gavlena myar xsnarSi Dy-is 

ionebis koncentraciis amaRlebisas avlens Semcirebisken 

miswrafebas.

ZiriTadi Sedegebi da daskvnebi

1.1. pirvelad iqna sinTezirebuli uranis selenidebis 

samkomponentiani naerTebi iSviaTmiwametalebis da uranis Ln2USe4, 

Ln2USe5, naerTebi.; sinTezirebulia DyxU1-xSe myari xsnarebisa da 

Ln2Se3 tipis iSviaTmiwa liTonebis binaruli naerTebi, agreTve 

USe da USe2 naerTebi.

2. Seqmnilia temperaturul intervalSi 4,2-800K, 100 ke-mde 

daZabulobis magnitur velebSi moqmedi magnituri Tvisebebis 

gamzomi danadgari.

3. ganisazRvra yvela sinTezirebuli naerTisa da myari 

xsnaris kristaluri mesris parametrebi; Seswavlilia farTo 
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temperaturul intervalSi (4,2-800K) da magnituri velis 

sxvadasxva mniSvnelobebze (0,5-130ke) sakvlevi nimuSebis magnituri 

Tvisebebi.

4. uranis selenidebis iSviaTmiwaTa elementebTan sammagi 

naerTebis Seswavlam aCvena, rom yvela naerTi gamosakvlev 

temperaturul intervalSi paramagnetikia; maTSi magnituri 

mowesrigeba ar arsebobs 4,2K-mde; kiuri-veisis kanoni sruldeba 

farTo temperaturul intervalSi, amasTan efeqturi magnituri 

momentebi, naerTis erT molekulaze, miuTiTebs antiparaleluri 

orientaciis arsebobaze uranis atomebisa da iSviaTmiwa 

elementebis magnitur momentebs Soris.

5. dadgenilia, rom mZime iSviaTmiwa elementebis naerTebis 

kiuris paramagnitur temperaturas Qp aqvs dadebiTi mniSvnloba 

da de Jenis funqciis proporciulia, rac miuTiTebs gamokvleul 

naerTebSi iribi gacvliTi urTierTqmedebis arsebobaze 

iSviaTmiwaTa elementebis  ionebs Soris gamtarobis 

eleqtronebis saSualebiT; U-U da U-Ln tipis sxva 

urTierTqmedebebi umniSvnelod mcirea.

6. efeqturi magnituri momenti, miRebuli paramagnituri 

Tvisebebis monacemebidan, Seesabameba uranis eleqtronul 

konfiguracias 5f2, (ZiriTadi Termia 3H4).

7. Termodinamikuri koeficientebis meTodiT ganisazRvra 

kiuris feromagnituri temperatura da Termodinamikuri 

koeficientebi  da . naCvenebia, rom Termodinamikuri Teoria 

marTebulia uranis naerTebisTvisac.

8. ganisazRvra myari xsnarebis DyxU1-xSe (x=0,1; 0,2; 0,3; 0,4; ...0,9)

mesris parametris, efeqturi magnituri momentis eff da kiuris 

asimptoturi temperaturis p  koncentraciuli damokidebuleba.

9.2. feromagnitur myar xsnarebs (x0,5) aqvs histerezisis 

farTo maryuJi koercituli Zalis maRali mniSvnelobebiT. 

maRali magniturkristaluri anizotropiis arsebobis gamo, 

gajerebis miRweva ver moxerxda 130 ke magnitur velSic ki.
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3. damagnitebis temperaturuli damokidebulebis analizma 

aCvena, rom yvela feromagnituri myari xsnari xasiaTdeba 

damagnitebis temperaturuli histerezisiT (dth). (T) da (H)

damokidebulebebis erToblivi analiziT dadginda, rom dth myar 

xsnarebSi dakavSirebulia domenuri sazRvrebis wanacvlebis 

Seuqcevadi procesebTan.

10. Ln2Se3 tipis naerTebis gamokvlevis Sedegebma aCvena, rom 

maTTvis magnituri mowesrigeba ar aris 4,2K-mde. msubuqi 

iSviaTmiwa elementebis naerTebSi kiuris paramagnitur 

temperaturas aqvs uaryofiTi mniSvneloba, xolo mZime 

elementebis SemTxvevaSi ki – dadebiTi; efeqturi magnituri 

momenti pirvel SemTxvevaSi metia, meoreSi ki naklebi, vidre 

iSviaTmiwa elementebis izolirebul samvalentian ionebSi.

11. uranis Semcveli naerTebis da myari xsnarebis struqturisa 

da magnituri Tvisebebis dadgenili kanonzomierebani 

SesaZlebelia gamoyenebuli iqnas maT fuZeze axali 

funqcionaluri mowyobilobebisa da xelsawyoebis Sesaqmnelad.

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 5f.
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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.

Ln2USe5(Ln-Gd,Pr,La,Sm,Ge,Ho) type crystals of uranium compounds have been 

made in ozone oven in vacuum quartz ampoules. Ln2USe4 type compounds samples 

have been obtained by pressing synthesized powder with subsequent melting. DyxU1-

xSe solid solution samples have been prepared in vacuum quartz ampoules by 

annealing. HfU2Se2 compound synthesis was carried out in several steps . First was 

synthesized HfSe and -USe2.Then a compound of a definite consistency with 

obtained phases was melted in crucible. Finally, Ln2Se5 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 US2 and USe2 systems, but only continuous succession of 

U3S5-U3Se5 in U2S3 and U2Se3 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 HfU2Se2

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 Dy1-x 

UxSe (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 Dy1-xUxSe (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 Dy0,1U0,9Se 

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, Dy0,1U0,9Se, 

Dy0,2U0,8Se, Dy0,3U0,7Se and also HfU2Se3 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∙105 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 Dy0,2 U0,8Se 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 Dy1-xUxSe 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.
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