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Sesavali 
 

ukanaskneli ori aTeuli wlis ganmavlobaSi mravali axali masala 
iqna aRmoCenili myari sxeulis fizikaSi. am masalebs gaaCniaT adre ucnobi 
eleqtronuli da magnituri Tvisebebi, romlebic cvlian Cvens fundamentur 
warmodgenas kondensirebuli nivTierebebis Sesaxeb. axal masalaTa Soris 
sayuradReboa axali saxis intermetaluri magnituri Senadnobebi, 
maRaltemperaturuli zegamtarebi, kolosaluri magnituri winaRobis mqone 
masalebi, nanomagnetikebi da magniturad ganzavebuli naxevargamtarebi. es 
masalebi miscemen mZlavr biZgs momavlis teqnologiebis ganviTarebas, 
avlenen ra gamoyenebisaTvis  mniSvnelovan potencials da ukve imkvidreben 
sakuTar adgils teqnikis sxvadasxva sferoSi. maRaltemperaturuli 
zegamtarebi gamoiyeneba eleqtruli denis gadacemisaTvis uaRresad mcire 
danakargebiT, kolosaluri magnituri winaRobis mqone masalebi gamoiyeneba 
axali Taobis magnituri mexsierebis mowyobilobebSi, xolo ganzavebuli 
magnituri naxevargamtarebi gamocdas gadian Tanamedrove eleqtronikaSi, 
rogorc spinze dafuZnebuli eleqtronuli mowyobilobebi (spintronika). [1-
2].  

spintronika an magnitoeleqtronika kvanturi eleqtronikis dargia, 
sadac informaciis gadatanisaTvis gamoiyeneba spinuri pilarizaciis 
movlena [3]. vinaidan spinis manipulacia swrafad xdeba da ufro naklebi 
energia sWirdeba vidre muxtebs, spintronikas gaaCnia potenciuri 
upiratesoba gazardos monacemTa damuSavebis siCqare da Seamciros 
eleqtruli simZlavris moxmareba. praqtikuli TvalsazrisiT spintronika 
gulisxmobs im efeqtur inJeqcias, romelic ganapirobebs polarizaciuli 
informaciis gadacemas danakargebis gareSe da avlens advili 
manipulirebis da deteqtirebis xasiaTs. ukanaskneli gamokvlevebiT 
yuradReba eqceva iseTi masalebis miRebas, romlebic imedis momcemi arian 
spintronikuli mowyobilobebis SeqmnisaTvis. aseve did yuradRebas iqcevs 
bolo xanebSi sami-oTxi komponentisagan Sedgenili magniturad 
ganzavebuli naxevargamtarebi, Mn – minarevian GaAs-Si [4] kiuris 
temperaturaze Tc=110K feromagnetizmis gamovlenis gamo.  

zemoT ganxiluli masalebis magnituri mdgomareobis da struqturis 
Sesaswavlad metad mniSvnelovania birTvuli magnituri rezonansis meTodi, 
romelic mZlavr iaraRs warmoadgens lokaluri struqturis Sesaswavlad, 
riTac is didZal informacias iZleva atomuri masStabis doneze. cnobilia, 
rom birTvuli magnituri rezonansi gvawvdis mniSvnelovan informacias 
muxtis simkvrivis variaciis Sesaxeb zegamtarul kupratebSi [5, 6]. 
birTvuli magnituri rezonansis speqtroskopia aris aseve efeqturi 
mikroskopuli meTodi magnituri masalebis SeswavlisaTvis [7]. kerZod, 
magnitizmis Sesaxeb lokaluri informacia, romelsac birTvuli magnituri 
rezonansi iZleva, uSualo sargeblobisis momtani iqneba axali magnituri 
masalebis SeqmnisaTvis da spinebze damyarebuli eleqtronuli 
mowyobilobebisaTvis, romlebic spintronikisaTvis arian gankuTvnili. jer-
jerobiT magnitur masalebSi birTvuli magnituri rezonansis efeqtebis 
fundamenturi gagebis done arasakmarisia Tanamedrove mecnierebisa da 
teqnologiebis moTxovnebis gaTvaliswinebiT. magnitur sistemebSi 
birTvuli magnituri rezonansis sixSire umTavresad ganisazRvreba 
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lokaluri veliT, gansxvavebiT aramagnituri masalebisa, romelTa 
rezonansul sixSire ZiriTadad ganisazRvreba gareSe veliT.  

Tbilisis saxelmwifo universitetSi da el. andronikaSvilis 
saxelobis fizikis institutSi 80-ian wlebSi SemuSavebuli iyo 
originaluri meTodebi feromagnituri masalebis magnituri Tvisebebis 
SeswavlisaTvis. aqedan gamovyofT impulsur bmr speqtroskopiis meTods [8], 
[14]. es meTodebi saSualebas iZlevian Catarebul iqnas feromagnituri 
masalebis domenuri kedlebis dinamikisa da arawrfivi efeqtebis 
gamokvlevebi. zogadad birTvuli magnituri rezonansis erT-erTi 
umniSvnelovanesi gamoyeneba magnitur masalebSi (magnetikebSi) aris 
domenuri kedlebis struqturisa da dinamikis Seswavla spintronikis 
miznebisaTvis [9]. Cveni jgufis mier Tbilisis saxelmwifo universitetSi am 
ukanasknel wlebSi es mizani miRweuli iyo birTvuli spinuri eqos 
damzeris meSveobiT magnetikebSi, rodesac nimuSebze vaxdendiT damatebiTi 
dabali sixSiris da impulsuri magnituri velis zemoqmedebas. am 
gamokvlevebma SesaZlebeli gaxada axsnili yofiliyo is efeqtebi, 
romlebic Tan axlavs zenazi velebis anizotropias, aseve raodenobrivi 
Sefaseba misca lokalur magnitur araerTgvarovnebas, domenuri kedlebis 
Zvradobas da sicxade Seitana magnetikebis birTvuli magnituri rezonansis 
speqtrebis bunebis dadgenaSi.  

kargad cnobilia, rom magnetikebSi spinebi xasiaTdebian struqturaze 
damokidebuli ori ZiriTadi parametriT: birTvuli magnituri rezonansis 
sixSiriT da radiosixSiruli velis gaZlierebis faqtoriT [10]. cnobilia, 
rom am parametrebis codna Zalian xelsayrelia, gansakuTrebiT sxva 
meTodebTan erTobliobaSi, rogoric aris magnituri amTviseblobis gazomva 
da rentgenostruqturuli analizi. birTvuli magnituri rezonansis  
eqsperimentebi dabali sixSirisa da impulsuri magnituri velebis 
zemoqmedebiT Sesrulebulia rogorc sxva mecnierebis mier [11, 12], aseve 
Cvens mier [13, 14]. am eqsperimentebma sakmarisad saintereso Sedegebi 
mogvces. Cveni gazomvebi sxvadasxva masalebze domenuri kedlebis maRali 
da dabali ZvradobiT (magniturad xisti da rbili), rogorebic arian 
metaluri kobalti, naxevrad-metalebi (NiMnSb, Co2MnSi) da feritebi, 
gviCveneben, rom eqos signalis modulacia, romelic miRebulia dabali 
sixSiris velis zemoqmedebiT axloa simetriuli magnituri impulsis 
gamoyenebiT miRebul SedegebTan [15]. aRmoCnda, rom impulsur meTods aqvs 
garkveuli upiratesoba, vinaidan, misi meSveobiT damzerili birTvuli 
spinuri eqos qcevis xasiaTi e. w. rbil da xist magnetikebSi gansxvavebulia 
erTmaneTisgan, rac ganapirobebs maTi Tvisebebis iolad gansxvavebas. 
sxvadasxva tipis magnetikebis gamokvlevisaTvis gamoyenebul iqna Cvens mier 
modificirebuli bmr speqtrometri, ramac saSualeba mogvca migveRo 
mniSvnelovani raodenobrivi monacemebi domenuri kedlebis struqturasa da 
dinamikaze. 

aRsaniSnavia zogierTi axali efeqtebi, romlebic dabali sixSiris 
velebisa da impulsuri meTodebis gamoyenebiT iyo Cveni jgufis mier 
aRmoCenili. dabali sixSiris magnituri velis zemoqmedebisas axali tipis 
erTimpulsiani eqo iqna damzerili liTiumis feritSi [16-18]. am eqo 
signalis formireba axsnilia axali meqanizmiT (egreTwodebuli 
mravalimpulsiani meqanizmi). garda amisa, Cveni jgufis mier pirvelad 
magnituri impulsisa da rezonansuli radiosixSiruli velis 
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kombinirebuli zemoqmedebiT damzerili iyo damatebiTi eqos signalebi, 
romlebsac ewoda „magnituri eqoebi“ [14]. „magnituri eqos“ formirebis 
meqanizmi detalurad iqna Seswavlili. damatebiTi magnituri impulsis 
moqmedebis meTodi aris axali da perspeqtiuli mimarTuleba magnetikebis 
domenuri kedlebis dinamikis Sesaswavlad. praqtikulad es meTodi 
warmatebulad iyo gamoyenebuli zegamtarebSi grigaluri meseris dinamikis 
Sesaswavlad [19, 21].  

magnitomowesrigebuli nivTierebebis kvlevis erT – erT ZiriTad 
prioritetul mimarTulebas warmoadgens birTvuli magnituri rezonansis 
(bmr) impulsuri meTodi – e.w. birTvuli spinuri eqo, ris saSualebiTac 
SesaZlebelia gadawyvetil iqnas magnetizmis iseTi Ffundamenturi 
sakiTxebi, romlebic  dakavSirebulia  magnetikebis eleqtronul 
struqturasTan, gadamagnitebis procesebTan da am procesebis SesaZlebel 
marTvasTan, rac xels Seuwyobs mocemuli Tvisebebis mqone magnituri 
nivTierebebis Seqmnas. pirvelad birTvuli magnituri rezonansis movlena 
aRmoCenil iqna 1945 wels stanfordis universitetSi bloxis mier, 
romelmac wylis protonebze miiRo rezonansuli STanTqma. xolo harvardis 
universitetSi perselis mier damzeril iqna aseTive rezonansuli STanTqma 
parafinis protonebze. amisTvis maT 1952 wels miiRes nobelis premia. 

gasuli saukunis 70-iani wlebSi birTvuli magnituri rezonansis (bmr) da  
magnitomowesrigebuli sistemebis kvlevis fizikaSi gaCnda axali 
mimarTuleba _ arawrfivi sistemebis da birTvuli spinuri eqos kvleva. 
birTvuli spinuri eqo aRmoCenil iqna hanis mier 1950 wels. es iyo cnobili 
orimpulsiani meTodi, romlis Teoriuli interpretacia avtoris mieraa 
mocemuli. spin sistemebSi garda orimpulsiani eqos signalisa, aseve 
SesaZlebelia adgili hqondes e.w. erTimpulsiani eqos formirebas. 
erTimpulsiani eqo damzerili iqna blumis mier jer kidev 1955 w, magram 
misi formirebis meqanizmze warmodgena aRmoCnda metad rTuli 
orimpulsianTan SedarebiT da igi axlac did yuradRebas ipyrobs 
mkvlevarebSi [14]. 

winamdebare disertaciis ZiriTadi mizani mdgomareobs erTimpulsiani 
birTvuli spinuri eqos formirebis meqanizmis garkvevaSi. 

arsebobs erTimpulsiani eqos formirebis ramodenime meqanizmi: 
ararezonansuli meqanizmi [7], damaxinjebis meqanizmi [9] da nimuSis SigniT 
mimdinare arawrfiv procesebTan dakavSirebuli meqanizmi, romelic 
ganpirobebulia spin – sitemebSi sxvadasxva arawrfivi dinamikis arsebobiT 
da SeiZleba dakavSirebuli iyos birTvuli magnituri rezonansis (bmr) 
sixSiris mZlavr dinamiur wanacvlebasTan, an im movlenebTan, roca 
erTdroulad larmorisa da rabis bmr xazebis didi araerTgvarovani 
gaganierebis arsebobisas  am sistemebze amgznebi impulsis moqmedebas 
moyveba birTvul spin – sistemaSi arawrfivi dinamiuri movlenebi [6]. 

 90 – iani wlebis dasawyisSi Cvens mier feromagnitur kobaltsa da 
liTiumis feritSi SemCneuli iyo saintereso efeqti. kerZod, liTiumis 
feriti warmoadgens magnitur dieleqtriks da misi erTimpulsiani eqos 
Tvisebebi azotis temperaturaze, mkveTrad gansxvavdeba kobaltis 
erTimpulsiani eqos (eie) Tvisebebisagan, rodesac sixSiris dinamiuri 
wanacvleba bmr – Si ar arsebobs. kobaltSi eie Tvisebebi kargad aixsneba 
eqos formirebis kidura meqanizmiT (damaxinjebis meqanizmi), maSin rodesac 
liTiumis feritSi formirebuli eqo ver aixsneba am meqanizmiT. Cvens mier 
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warmodgenili iyo sruliad axali meqanizmi, romlis CarCoSic ganxilulia  
birTvuli spinuri sistemis evolucia radiosixSiruli impulsis 
moqmedebis ganmavlobaSi. 

2002 wels Cvens mier dadgenil iqna, rom spinuri eqos Tvisebebi 
liTiumis feritSi kargad aixsneba e.w. mravalimpulsiani agznebis 
meqanizmiT, romelic dakavSirebulia magnetikebSi birTvuli spin sistemis 
arawrfiv dinamikasTan. garda amisa, liTiumis feritSi Cvens mier pirvelad 
iyo aRmoCenili da Zireulad Seswavlili meoradi signalebi, rogorc 
erTimpulsiani ise orimpulsiani eqos dros. miRebuli iqna bloxis 
klasikuri da mimsis transformaciuli matricebis meTodebis gamoyenebiT 
arawrfivi gantolebebi, romlebic aRweren am sistemebSi birTvuli 
damagnitebis arawrfiv dinamikas. saintereso Sedegs warmoadgens eie sruli 
gaqrobis procesi spinuri sistemis wonasworobis dros e.i. roca T>>T1, rac 
mianiSnebs magnitur dieleqtrikebSi da kerZod liTiumis feritSi impulsis 
damaxinjebis kidura meqanizmis wvlilis ar arsebobaze (an mis sisusteze), 
gansxvavebiT ferometalebisa, sadac misi intensivoba Zalian didia. es 
faqti Cvens mier dasabuTebuli iqna Semdgomi kvlevebis Sedegad sxva 
magnetikebSic. damaxinjebis meqanizmis wvlili korelaciaSia magnetikebis 
el. gamtareblobasTan, rasac SeiZleba didi praqtikuli mniSvneloba 
hqondes. 

sazogadod, erTimpulsian da meorad eqo signalebze warmodgena metad 
mniSvnelovania ara marto Teoriuli TvalsazrisiT, aramed praqtikuli 
TvalsazrisiTac, iseT radioteqnikur mowyobilobebSi, sadac 
gamoyenebulia spinuri eqos movlenebi. feritebSi bmr gamokvlevebma aCvena, 
rom bmr meTodi sxva instrumentalur meTodebTan erTobliobaSi 
warmoadgens magnetikebis kontrolis efeqtur saSualebas. cnobilia, rom 
magnetikebSi birTvuli spinuri eqos damzeris dros, Tu spin – sistemaze 
vimoqmedebT dabalsixSiruli magnituri velebiT, adgili eqneba iseT 
modulaciur efeqtebs, romlebic dakavSirebulia zenazi velebis 
anizotropiasTan. garda amisa, SesaZlebelia domenuri kedlebis lokaluri 
araerTgvarovnebisa da Zvradobis Sefaseba da SeiZleba miRebuli iqnas 
Zvirfasi informacia domenur kedlebSi moTavsebuli birTvebis bmr 
speqtrebis identifikaciaze. bmr speqtrebis identifikaciisaTvis viyenebT 
dabalsixSiruli datumbvis meTods sustad anizotropiul manganumisa da 
liTiumis feritebSi, sadac domenur kedlebs sakmarisad didi Zvradoba 
gaaCniaT. am mizniT gamoyenebulia eqos signalis vardnis momvlebis 
modulaciis efeqti, romelic ganpirobebulia domenuri kedlebis 
oscilaciiT nimuSis gadamagnitebis dros. garda amisa dabalsixSiruli 
datumbvis meTodi, rogorc aRvniSneT, gamoyenebulia erTimpulsiani eqos 
bunebis dasadgenadac.  

magnitur sistemebze erTi radiosixSiruli impulsis moqmedebis areSi 
mcire xangrZliobisa da Zlieri magnituri velis mqone impulsebis 
zemoqmedebisa da aseve sixSiris, amplitudisa da fazis naxtomiseburi 
cvlilebiT, Cveni jgufis mier pirvelad iqna aRmoCenili sruliad axali 
tipis eqos magvari signalebi. am movlenebis meqanizmis dasadgenad jer 
klasikuri bloxis gantolebis saSualebiT da Semdeg simkvrivis matricis 
formalizmis CarCoSi  ganxiluli  gvaqvs  mravaldomenian magnetikebSi 
erTimpulsiani eqos kvantomeqanikuri mravalimpulsiani analogebi, 
romlebic warmoiqmneba rs impulsebis moqmedebis areSi efeqturi magnituri 
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velis uecari Semotrialebis dros. am axal signalebs aRmoaCnda iseTi 
Tvisebebi, romelTa saSualebiTac SesaZlebelia ganisazRvros magnetikebis 
rogorc koercetiuli Zalebi, ise magnetikebisaTvis damaxasiaTebeli sxva 
mniSvnelovani parametrebi. 

gansakuTrebiT didi yuradReba eqceva naxevradmetalur magnetikebs, 
romlebsac gaaCniaT giganturi magnitorezistuli efeqtebi da   iTvleba, 
rom isini gamoyenebuli iqnebian rogorc magnituri multifenebis 
dasamzadebeli masalebi. maT, momavali Taobis funqcionaluri 
eleqtronikis mowyobilobebis SeqmnisaTvis, gaaCniaT prioritetuli roli, 
radganac maT bazaze SesaZlebelia Seiqmnas sensorebi, axali Taobis 
swrafmoqmedi da didi maxsovrobis mqone kompiuterebi da sxva. am 
mimarTebiT Cven ukve gagvaCnia winaswari Sedegebi sxvadasxva Semadgenlobis 
mqone lanTanis manganitebze. es nimuSebi miRebulia ciurixis 
universitetidan, visTanac Cven gagvaCnia samecniero kavSirebi.  
warmodgenil samecniero disertaciaSi aRwerili kvlevebis mimarTuleba 
gardamavalia da grZeldeba amJamadac. 
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Tavi I magnitomowesrigebuli nivTierebebis domenuri struqtura 
da maTi Taviseburebebi 

 
1.1 efeqturi magnituri velebi birTvze  
 

ganvixiloT magnetikebis domenuri kedlebis zogierTi mniSvnelovani 
Taviseburebebi. magnitomowesrigebuli garemos SeswavlisaTvis saWiroa 
gamoyenebuli iqnas iseTi meTodebi, romlebsac lokalur sivrceSi 
eleqtronuli da spinuri simkvriveebis ganawilebis Sesaxeb saintereso 
informaciis mocema SeuZliaT. aseTi lokaluri maxasiaTeblebi SeiZleba 
miRebuli iqnas birTvuli magnituri rezonansis gamoyenebiT. rodesac 
laparakia fero da antiferomagnetikebSi bmr_ze upirvelesad igulisxmeba, 
rom misi saSualebiT gaizomos birTvebze eleqtronebis mier Seqmnili 
lokaluri magnituri (efeqturi) velebi, anu ufro zustad, zenazi 
urTierTqmedebis (znu) velebi. arsebobs ufro pirdapiri difraqciuli 
meTodebi (neitronuli da  rentgenuli), magram maTTan SedarebiT  bmr-s 
gaaCnia garkveuli upiratesoba, romelic radiospeqtroskopisTvisaa 
damaxasiaTebeli da didi sizustiT gamoirCeva. birTvebs, romlebsac 
gaaCniaT magnituri momenti, warmoadgenen wertilovan bunebriv zondebs, 
moTavsebuls kristalis eleqtronul sistemaSi da amitom bmr meTodiT 
SesaZlebelia miRebuli iqnas uamravi sasargeblo informacia mocemuli 
sistemis Sesaxeb. am mizniT gamoiyeneba aseve “mesbaueris” efeqtic, magram 
Zalian bevr magnituri atomebis  birTvebs, romlebiTac dainteresebulni 
arian  fizikosebi, ar gaaCniaT mesbaueris doneebi, rac zRudavs am meTodis 
SesaZleblobebs.  

rogorc cnobilia feromagnitur metalebSi d3  Sris zenazi 
urTierTqmedebis kvlevebma saSualeba misca mecnierebs, daedginaT atomis 
birTvze udidesi uaryofiTi efeqturi velebis arseboba. vatsonma da 

frimenma [22] aCvenes, rom  Fe57  birTvze didi uaryofiTi velis arseboba 
SeiZleba aixsnas, Tu gaviTvaliswinebT d3 _eleqtronebis rezultirebuli 
spinebiT ionuri ConCxis Sida s _eleqtronebis polarizaciis movlenas, ris 
Sedegadac warmoiqmneba Sida s _eleqtronebis rezultirebuli 
Seuwyvilebeli spinebis simkvrive. rezultirebuli Seuwyvilebeli spinebis 
simkvrivis warmoqmna dakavSirebulia imasTan, rom sistemaSi, romelTa 
spinebi nulisagan gansxvavebulia eleqtronebis erTi fenis radialuri 

talRuri funqciebi, sxvadasxva Sm iT, ramdenadme gansxvavdebian 

erTmaneTisagan sxvadasxva gacvliTi urTierTqmedebis gamo.  
sazogadod, birTvuli spinis I urTierTqmedeba magnituri  atomis 

arakompensirebul  d3  (an )4 f  garsis eleqtronebTan, Tu ar 
gaviTvaliswinebT sxva urTierTqmedebebs, gamartivebuli saxiT SeiZleba 
warmodgenili iqnas Semdegi hamiltonianiT 
 

                          H znu SAI


                      (1.1) 
 

sadac A_zenazi urTierTqmedebis mudmivaa, S

_atomis jamuri spini. 

iSviaTmiwaTa elementebSi atomisaTvis S

_nacvlad Semodis sruli 

moZraobis raodenobis momenti, ramdenadac Oorbitaluri kvanturi ricxvi 
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am dros mniSvnelovan sidides aRwevs (giganturi magnitoanizotropiisa da 

magnitostriqciis movlenebi) LSJ


 .  
rogorc cnobilia, antiferomagnitebi da ferimagnetikebi (an rac 

igivea feritebi) SeiZleba warmovadginoT, ramdenime qvemeseris 
erTobliobiT. am sistemebSi eleqtronuli magnituri momentebis 
mowesrigebis gamo birTvul spinsa da eleqtronul qvemesrebs Soris 
warmoiqmneba uzarmazari lokaluri velebi. aRvweroT es efeqti iseTi 
feromagnetikebisasaTvis, romlebsac gaaCniaT erTi magnituri qvemeseri. 
umartives SemTxvevaSi izotropiuli znu realizirdeba kuburi simetriis 
mqone kristalebSi. Tu SemovitanT TiToeuli qvemesrisaTvis sakuTar 

eleqtronul da birTvul damagnitebebs  )(rM 
 da m   Sesabamisad, maSin 

znu energiis simkvrivisaTvis SegviZlia davweroT Semdegi  hamiltoniani  
  

              H znu mMAr 
0)(                                   (1.2) 

 

sadac ,2
0 


 nNgAA   N _erTeulovan moculobaSi qvemesris magnitur ionTa 

ricxvia, A_zenazi urTierTqmedebis mudmivaa, xolo birTvze moqmedi znu 
efeqturi veli Semdegnairad gamosaxeba: 
 N 

            effH


MA
m

rH 




0
)(





                       (1.3) 

 
Cveulebrivad (1.3) gamosaxuleba gamosadegia nebismieri 

magnitomowesrigebuli kristalisaTvis, Tu M

_Si vigulisxmebT qvemesris 

damagnitebas. vinaidan kiuris temperaturis qvemoT feromagnetikebSi 
damagnitebis saSualo mniSvneloba aRwevs Tavis maqsimalur mniSvnelobas, 

amitom  efeqturi effH _velis myisi mniSvneloba, romelic moqmedebs 

magnituri atomis birTvze Seadgens 65 1010   ersteds. amasTan, siTburi 
moZraoba iwvevs magnituri momentebis gafantvas sxvadasxva mimarTulebiT, 
xolo gacvliTi urTierTqmedeba atomebis magnituri momentebis 
gasaSualebas. amis Sedegad, mocemul temperaturaze birTvis spini “xedavs”, 

raime effH _velis saSualo mniSvnelobas  

 

              MAH eff


0                      (1.4) 

 

amrigad bmr_is n _sixSire gamoiTvleba, rogorc larmoris precesiis 

sixSire rezultirebul statikur magnitur velSi, romelic moqmedebs 
birTvul magnitur momentze  
 

                          MAHnn 0                      (1.5)  

 
 aq H wevrSi moiazreba gareSe mudmivi magnituri veli, romelSic 
gaTvaliswinebuli unda iyos dipoluri velebic, magram maTi simciris gamo 
ugulebelyofen: 
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                    H dip. 










 





j j

jjj

j

j

r
rr

r 53

)(3 


                   (1.6)   

 
paramagnituri mdgomareobisaTvis ,HM p  sadac p  paramagnituri 

amTviseblobaa da misi mniSvneloba mcirea feromagniturTan SedarebiT. 
Sesabamisad, bmr paramagnetikebSi ganisazRvreba, rogorc  
 

                    HA pnn )1( 0                     (1.7) 

   
da amitom birTvebze lokaluri velebi iwveven rezonansul sixSireTa 
mcire gadaxras:  

10  p
n

n A 



 

garda amisa, unda gaviTvaliswinoT, rom 0A  da p  tenzorebia, Tumca maTi 

anizotropia metad mcirea. sakmarisad mcire temperaturebze lokaluri 
damagnitebis saSualo mniSvneloba, SegviZlia gamovsaxoT Semdegnairad:  
 

0MM   

 

sadac 0M _aris meseris damagniteba KT 0  miaxloebaSi, amitom  

 

                                  MAHn 0                        (1.8) 

 

  e.i. birTvze moqmedi lokaluri magnituri velis saSualo 
mniSvneloba ZiriTadad damokidebulia zenazi urTierTqmedebis mudmivaze 
da lokaluri damagnitebebis saSualo mniSvnelobaze.  
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1.2 bloxis 1800 domenuri kedeli  
 

rogorc cnobilia, nebismieri feromagnituri nimuSi Sedgeba didi 
raodenoba ubnebisagan, romlebsac domenebi ewodeba da TiToeuli maTgani 
mocemul temperaturebze damagnitebulia najerobamde. magnetikebSi, kiuris 
temperaturis qvemoT, spinebs Soris gacvliTi urTierTqmedebis arsebobis 
gamo warmoiqmneba elementaruli damagnitebebis urTierTparaleluri 
orientacia, romelic Tavis mxriv qmnis najerobamde damagnitebul iseT 
elementarul ubnebs, romlebsac domenebs uwodeben. gansazRvrul 
pirobebSi feromagnetikebis sivrculi jamuri damagniteba umniSvneloa da 
SeiZleba nulis tolic ki gaxdes.  
 domenuri struqturis warmoqmna erTdomeniani mdgomareobidan 
mravaldomenianSi gadasvlisas dakavSirebulia feromagnetikebSi sruli 
magnituri energiis  SemcirebasTan, romlis drosac domenebs Soris 
warmoiqmneba gardamavali fena. am fenaSi damagnitebebi TandaTanobiT 
icvlian TavianT mimarTulebas da maT domenur kedlebs (dk) an domenur 
sazRvrebs uwodeben. Tumca dayofis procesi ar SeiZleba gagrZeldes 
usasrulod, ramdenadac nimuSis sruli magnituri energia Sedgeba rogorc 
magnitostatikurisa, ise gacvliTi  H gac. da magnituri anizotropiis 

energiebisagan - AH . pirveli maTgani minimaluria, rodesac mezobeli 
damagnitebebi erTmaneTis paraleluria da sivrceSi erTnairadaa 
orientirebuli, xolo meore minimaluria maSin, rodesac spinebi 
ganlagebulia romelime kristalografiuli mimarTulebebis gaswvriv, 
romlebsac msubuqi damagnitebebis RerZebi ewodeba (mdR). domenis SigniT es 
orive moTxovnebi SeiZleba Sesrulebuli iyos, magram domenur sazRvrebSi 
mezobeli atomebis magnituri momentebi ver SeinarCuneben erTmaneTis 
paralelurobas da aseve  mdR-s gaswvriv ganlagebas, amitom TiToeuli 
gansaxilveli energia dk_Si aRmoCndeba gacilebiT didi, vidre es TviT 
domenSia.  

arsebiTia, rom spin sistemaSi wonasworuli mdgomareoba damyardeba 
maSin, rodesac magnitostatikuri energiis Semdgomi Semcireba sruliad 
kompensirdeba dk energiiT. am dros realizirebadi domenuri struqtura 
mniSvnelovanwilad ganisazRvreba kristalografiuli meseris simetriiT, 
nimuSis formiT, Sida meqanikuri daZabulobebiT, defeqtebiT, minarevebiT 
da sxva. mravaldomeniani  feromagnetikebis maxasiaTebeli parametrebis 
gamoTvla  sakmarisad rTul amocanas warmoadgens, magram gacilebiT iolia 
calkeuli domenuri struqturis parametrebis  gamoTvla. ramdenadac es 
ukanaskneli sakiTxi dakavSirebulia magnetikebSi bmr movlenebTan. 
SevCerdeT masze ufro dawvrilebiT.  
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nax. 1. bloxis domenur kedlebSi damagnitebebis ganlagebis diagrama. 
 

ganvixiloT erTRerZian feromagnetikebSi 0180 _iani bloxis domenuri 
kedlis magnituri struqtura, romlis sqematuri gamosaxuleba naCvenebia 

nax. 1-ze, sadac 1H  cvladi magnituri veli ganapirobebs domenuri kedlis 
wanacvlebas. bloxis kedlebi domenebs hyofen sxvadasxva mimarTulebis   
damagnitebis mqone ubnebad da vTqvaT, isini emTxvevian, rogorc  
kristalografiuli simetriis mTavar RerZs, ise msubuqi damagnitebis RerZs 
( Z RerZi). X_RerZi mivmarToT domenuri kedlis sazRvris sibrtyis mimarT 
marTobulad, raTa  lokaluri eleqtronuli damagniteba )(rM 

 bloxis 
kedelSi mxolod erTi X-cvladis funqcia iyos. marcxena domenidan, 
rodesac paraleluri orientacia gvaqvs, maSin M ↑↑ Z , xolo, marjvenaze 

gadasvlisas, roca antiparaleluri orientaciaa, maSin 0M ↓↑ Z , da 

damagnitebis M

 veqtori motrialdeba ZY  sazRvris sibrtyeSi ise, rom X = 

0 dros is mimarTulia Y _RerZis gaswvriv. ramdenadac feromagnetikebSi 
domenis sisqe D _sakmarisad aWarbebs domenis sazRvris d _sisqes, SeiZleba 
gamoviyenoT Semdegi sasazRvro pirobebi:  

 
        0)( X  da   )(X                  (1.9) 

 
sadac   aris domenebsa da domenur kedlebSi damagnitebebs Soris kuTxe. 

)(XM _damagnitebis orientaciis cvlileba, romelic ganisazRvreba 

)(X _damokidebulobis xasiaTiT, damyarebulia gacvliTi energiisa da 
magnituri anizotropiis konkurentul moqmedebaze (magnitostatikuri 
energia nimuSis zedapiridan moSorebiT SeiZleba ugulvebelvyoT).  
 gamovsaxoT )(XM _damagnitebis veqtoris komponentebi 

)(X _mobrunebis kuTxis saSualebiT:  
 



 13

    ;0)( XM X  );(sin)( 0 XMXM Y   )(cos)( 0 XMXM Z      (1.10) 

 
da CavsvaT maTi gamosaxulebebi gacvliTi energiis simkvrivisa da 
magnituri anizotropiis energiis gamosaxulebaSi, romelsac kuburi 
feromagnetikebisaTvis msubuqi damagnitebis mxolod erTi mimarTulebiT 
gaaCnia Semdegi saxe:  

       H gac.       222

2
0

2
0 ZYX MMM

M
aJ

                  (1.11) 

 

H                22

2
0

)( YX
A MM

M
KrH 


                   (1.12) 

 

sadac a _meseris mudmivaa, 0M _damagnitebis wonasworuli mniSvneloba, 

0J _gacvliTi urTierTqmedebis parametri, romelsac energiis simkvrivis 

erTeuli gaaCnia, xolo K _magnitokristaluri anizotropiis efeqturi 
mudmivaa. Tavisufali energiis minimumis sapovnelad,  (1.17) da (1.12) 
gantolebebis  energiebis jamis warmoebuli unda gavutoloT nuls, saidac 
SesaZlebelia gamoisaxos   kuTxis cvlileba Semdegnairad:  
 

                    21
21

0

)(1 
AH

aJdX
d

                      (1.13) 

 
rasac mivyavarT Semdeg gamosaxulebamde:  
 

                     sin1
ddX

d
                           (1.14) 

  

sadac  KJad 0 _aris domenuri kedlis efeqturi sisqe, romelic tipiuri  

0J  da K  mniSvnelobisaTvis Seadgens ~100Å an ~10 6 sm. (1.14) gantolebis 

amoxsna (1.9) sasazRvro pirobebis gaTvaliswinebiT iZleva Sedeg 
gamosaxulebas: 
 

                           )(sec)(sin dXhX                       (1.15)   
 

unda aRiniSnos, rom bloxis tipis domenuri kedlebi realizdeba, 
mxolod erTRerZian kristalebSi, e.i. kristalebSi romelTa simetriis 
RerZebi mesame an ufro meti rigisaa da erTi msubuqi damagnitebis RerZi 
gaaCniaT. iseT kristalSi, sadac dabali simetriaa da xasiaTdeba 
ramodenime msubuqi damagnitebis RerZiT, SeiZleba warmoiSvas iseTi 
SesaZlebloba, rodesac adgili aqvs ara marto antiparaleluri domenebis 
arsebobas, aramed urTierTmarTobuli orientaciis mqone damagnitebebis 

arsebobasac. arsebobs iseTi 0180 _iani sazRvari, romelsac neelis tipisas 
uwodeben, magaliTad msubuqsibrtyian antiferomagnetikebSi, sadac 

M

veqtoris Semobruneba XY  sibrtyeSia ganxorcielebuli da romelis 

Tvisebebic Zalian hgavs bloxis kedlebisas.                                      
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1.3 magnitomowesrigebul kristalebSi bmr ZiriTadi 
Taviseburebani  

 
gansxvavebiT dia da paramagnetikebisa, fero da antiferomagnetikebSi 

didi lokaluri velebis arsebobas mivyavarT bmr dakvirvebis zogierT 
TaviseburebebTan, romelTaganac aRsaniSnavia ori ZiriTadi maTgani.  

1. pirveli dakavSirebulia lokaluri velis statikur (grZiv) 
mdgenelTan, romelic ase gamoisaxeba:  

 

                 nH < nH  >  ZMAZ 0


                  (1.16)  

 
bmr sixSire am velSi ori sami rigiT metia, vidre amave kristalebSi, 

mxolod paramagnitur areSi, romlis magnituri velis daZabuloba 43 1010   
erstedis rigisaa  
 

                            nnn H 0                              (1.17)  

 
amasTan erTad, paramagnetikebisagan gansxvavebiT, feromagnetikebis 
rezonansul  sixSireSi  ZiriTadi wvlili miuZRvis  (1.5) formuliT 
gansazRvrul sixSireSi meore wevrs, ramdenadac gareSe mudmivi magnituri 
veli umniSvnelodD waanacvlebs bmr xazs. gareSe magnituri velidan ufro 
mcire zemoqmedebas aqvs adgili iseT nimuSebSi, sadac veli kompensirdeba 
ganmamagnitebeli velebiT.   
 2. ganvixiloT meore SemTxveva, romelic lokaluri velebis dinamiur 
(ganiv) mdgenelebTanaa dakavSirebuli. birTvuli spinebis kvantur 
rezonansuli gadasvlebi inducirdeba ara uSualod gareSe cvladi 

magnituri velis Xh _moqmedebiT (romlis sixSire   daaxloebiT tolia 

n ), aramed  Xh _veliT Seqmnili lokaluri velis nH  cvladi nawiliT (ix, 

nax. 2).  

 nH    velis cvladi mdgeneli dabal temperaturebze, Tanaxmad (1.4) 

formulisa, ganisazRvreba, rogorc  
 

  MAH 0  

 
dauSvaT, gvaqvs erTdomeniani feromagnituri nimuSi,  romlis 

damagniteba najeria msubuqi damagnitebis  RerZis gaswvriv. msubuqi 
damagnitebis RerZis arseboba SeiZleba gaviTvaliswinoT umartives 
SemTxvevaSi, Tu SemoviyvanT magnituri anizotropiis raime efeqtur  

AH _vels,  romlis mimarTulebac msubuqi damagnitebis RerZis gaswvrivaa 

mimarTuli. zustad rom vTqvaT, AH _s mimarTuleba airCeva ise, rom 
magnituri momentis energia (anu magnituri anizotropiis energia) am velSi 

AA HME


  akmayofilebdes minimumis pirobas. )(th _velis zemoqmedebis 

Sedegad eleqtronuli magnituri momenti M

 orientirdeba  

rezultirebuli )()( thHtH


  velis gaswvriv. )(th _velis simciris gamo 

motrialeba xdeba mcire kuTxiT )( 0 AHHh  . aseTive kuTxiT 
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Semotrialdeba magnitur momentTan dakavSirebuli zenazi velic )(hH n


, 

Sedegad, birTvebze warmoiqmneba zenazi velis mdgenelebi. naxaz 2-dan 
)(th _velis simciris gamo vwerT:  

 

               


 
A

Z HH
thMMM

0
00

)( br )(th            (1.18) 

 

sadac  br

AHH
M



0

0  aris magnituri amTvisebloba da  )(th << AHH 0  

velis moqmedeba dakavSirebulia damagnitebis motrialebasTan. magram 

birTvul spinze garda )(th _velisa moqmedebs   nH  marTobi lokaluri 

veli, romelic iseTive sixSiriT oscilirebs, rogorc )(th _veli. 

 
 
nax. 2. magnitur nivTierebebSi damagnitebebis ganawilebis veqtoruli 
diagrama. 
 
rogorc naxazidan Cans  
 

        0
0

)()()( Ath
HH

HtHtH
A

n
nn 


 br

 )(th         (1-19) 

 
unda aRiniSnos, rom  (1.18) _dan H(1.19) _ze gadasvla SesaZlebelia, Tu 
gaviTvaliswinebT sakmarisad mcire temperaturebs, kerZod: 
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0MM 


 

 

sadac 0M  qvemeseris damagnitebaa absolutur 0 temperaturaze, amitom 

00MAH n 


 yovel SemTxvevaSi, dabal temperaturebze mainc. amrigad 

birTvebze moqmedebs 0(A br)_jer ufro didi velebi )(th _Tan SedarebiT, 

amitom  

                  0A br

A

n

HH
H



0

   an    )(
)(

th
tH n

                (1.20)  

 

  sidides uwodeben erTdomenian feromagnetikebSi gaZlierebis  
koeficients da amitom gaZlierebis efeqti gamoixateba imaSi, rom 
birTvebze cvladi velis amplituda gamoisaxeba ara gareSe )(th _veliT, 

aramed  jer gaZlierebuli Sida lokaluri velis  cvladi )(tH n  

mdgeneliT, romelic warmoiqmneba )(th _velSi eleqtronuli damagnitebis 

rxeviT. Tu CavTvliT, rom 65 1010~ nH  erstedi, xolo 43
0 1010  AHH  

erstedi, miviRebT, rom 31010  .  
 ganvixiloT axla piriqiT, birTvuli qvemeseris moqmedeba 
eleqtronul qvemeserze, romelic SeiZleba aRiweros zenazi velis Semdegi 
gamosaxulebiT:  

                      mAH en


                                (1.21) 

 

sadac .nen HH 


 misi moqmedeba gamovlindeba imaSi, rom eleqtronuli 

spinebis sistemaSi, inducirebis Sedegad birTvuli magnituri damagnitebis 
)(tm  rxevis procesi, igive  zenazi urTierTqmedebis  meqanizmiT, aRZravs 

koherentul rxevebs. bmr signalis gadacema da registracia ZiriTadad 
ganxorcielebulia eleqtronuli damagnitebis ganivi mdgenelebiT, 
romlebic Semdegnairad gamoisaxebian:   
 
                                                             etM  )( )()( tmtH en                      (1.22)  

 

Sedegad, bmr signalebi magnetikebSi izrdeba  _jer. 
 magnitur nivTierebebSi eleqtronuli damagnitebis sidide, 
orientacia da dinamiuri maxasiaTeblebi damokidebuli xdebian atomebis 
sivrcul koordinatebze r  da erTdomenian mdgomarebaSic ki 
araerTgvarovania. aseTi tipis araerTgvarovneba warmoiqmneba garemomcveli 
paramagnituri ionebis  sxvadasxvaobiT, romelTa Sorisac ufro 
mniSvnelovania kristalografiul meserSi maTi araeqvivalentoba, 
struqturis araerTgvarovneba, nivTierebis qimiuri Semadgenloba, 
minarevebis arseboba, defeqtebi da sxva.  
 am araerTgvarovnebis arseboba ganapirobebs bmr_Si umetesi 
maxasiaTebeli parametrebis koordinatze damokidebulebas. es upirvelesad 

gamokveTilia lokaluri )(rH n  velebis grZivi mdgenelebisaTvis, romelTa 
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araerTgvarovneba nn H   gamosaxulebis Tanaxmad iwvevs birTvuli 

spinebis sakuTari sixSireebis gabnevas )(rnn   . e.i. warmoadgens 

erTdomenian mdgomareobaSi bmr xazebis araerTgvarovani gaganierebis 
erT_erT ZiriTad mizezs. am garemoebis gasaTvaliswineblad Cveulebrivad 

gadadian xolme Z _koordinatis mixedviT integrirebaze bmr n  sixSiris 

mixedviT, risTvisac SemohyavT bmr xazis formis funqcia )( ng  , romlis 

normirebis pirobaa  






 1)()( nn dg    

 

n _mniSvnelobiT magnituri momentebis SemTxveviTi gabnevisas xazis 

formis ganawileba  SeiZleba iyos gausis an lorencis tipis.  

 magnituri amTviseblobis e br  araerTgvarovnebis gamovlenas 

warmoadgens birTvebze zenazi velebis ganivi mdgenelebis araerTgvarovneba 

)( trN n
 , romelic Cveulebrivad dakavSirebulia )(r _gaZlierebis 

koeficientis mniSvnelobisa da Sesabamisad birTvebze cvladi velebis 
gabnevaze                                             
                                                                )()( 11 rHr 

                                            (1.23 
 
amasTan, isini aseve dakavSirebuli arian spinebis motrialebis kuTxis 
gabnevazec da sxva.   

                                111 )()(  rr 
                       (1.24)  

  
es garemoeba gansakuTrebiT mniSvnelovania polikristaluri 

nimuSebisaTvis, romlebic Sedgebian araswori formis sxvadasxva zomis da 
erTmaneTis mimarT nebismieri orientaciis mqone mcire zomis (mikronebi) 
monokristalebisagan. garda amisa, eqsperimentebis Catarebisas 
gaTvaliswinebuli unda  iyos metaluri nimuSis zedapirebze 
radiosixSiruli velebis mileva e.w. “skin efeqtis” gamo, ganmamagnitebeli 
velis gavlena, generatoris aRmgznebi konturis nimuSiT didi Sevsebis 
koeficientis arseboba da a.S. CamoTvlili faqtorebis maxasiaTebeli 
Taviseburebani mdgomareobs imaSi, rom Uumetesi maTgani SeiZleba  
Semcirebuli iqnas an sruliadac moispos eqsperimentuli pirobebis kargi 
SerCeviT. kerZod, Tu movaxdenT generatoris konturis Sevsebas mcire 
Sevsebis koeficientis mqone, wvrildispersiuli sferuli an sxva 
reguliaruli formis mqone marcvlebiT, gamoviyenebT Txel magnitur 
firebs, maSin yvela es faqtorebi gamoiwveven skin_efeqtis Semcirebas.  
 arsebiTad sul sxva araerTgvarovnebebi warmoiqmneba mravaldomeniani 
feromagnetikebis domenur kedlebSi, saidanac formirdeba ZiriTdad bmr 
impulsuri signalebi (spinuri eqos signalebi). ganvixiloT es movlena 
ufro detalurad.   

  zeviT aRvniSneT, rom bmr maxasiaTebeli parametrebis umetesi nawili 
ganpirobebulia nimuSSi damagnitebis gabneviT. mravaldomenian 
feromagnetikebSi damagnitebis gradienti udides mniSvnelobas Rebulobs 
domenur kedlebs Soris arsebul gardamavl fenebSi, rac warmoadgens 
CvenTvis saintereso sidideebis damatebiTi Zlieri araerTgvarovnebis 
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wyaros. ramdenadac dk_Si damagnitebis wonasworuli ganawileba emyareba 
mkacr kanonzomierebas, amitom am dros warmoqmnili araerTgvarovneba 
regularuli xasiaTisaa.  
 rogorc cnobilia, mravaldomeniani feromagnetikebis damagnitebis 

procesi, sust cvlad velSi  )( 1 nHH   domenuri kedlis Seqcevadi 

wanacvlebiT xdeba da es wanacvleba mimdinareobs )(th


 gareSe velis 

proeqciiT domenSi  AH  velis  mimarTulebaze. (1.14) _is Tanaxmad bloxis 
0180  kedlis wanacvleba X  sididiT eqvivalenturia lokaluri M


 

damagnitebis Semobrunebisa  
 

 sin





 

d
X

 

 
kuTxiT, romlis maqsimaluri mniSvneloba domenuri kedlis centrSia da 
mcirdeba kedlebis sazRvrebTan  miaxloebisas. am dros warmoqmnili 
lokaluri M  damagnitebis ganivi mdgeneli warmoadgens mxolod erTi 
cvladi X  funqcias da mcire X  wanacvlebis SemTxvevaSi mas eqneba 
Semdegi saxe:  

                              
d
XMMXM 


sin

)( 0
0


          (1.25)  

 
 davuSvaT, yvela domenuri kedeli erTnairia da aRmgznebi velis 
moqmedebiT wainacvlebs erTi mimarTulebiT da erTi da igive sididiT. am 

miaxloebaSi X  da wanacvlebis magnitur amTviseblobas dis
e  Soris 

kavSirs Semdegi saxe eqneba:  

                                            

02M
hDX

dis
e                              (1.26)   

 

sadac dis
e )()( thtM  mravaldomeniani feromagnetikis damagnitebis 

cvlilebas gansazRvravs. aqedan (1.8)-is gaTvaliswinebiT birTvze moqmedi 
zenazi velis ganivi mdgenelisaTvis vRebulobT [23]:   
 

                       )(sin
2

),( th
d

DA
tXH

dis
e

n  


                  (1.27)    

        
Tu axla gamoviyenebT (1.15), (1.20), (1.27) gamosaxulebebs SeiZleba 
ganisazRvros gaZlierebis koeficientis cvlilebis xasiaTi kedlebis 
sazRvris gaswvriv misi wancvlebiT gareSe velSi.  
 

                            







d
XhX sec)( 0                       (1.28)    

sadac 
d

DA dis
e

20


   aris maqsimaluri gaZlierebis koeficienti domenuri 

kedlis centrSi (roca 0X ).  (1.28) gamosaxulebidan Cans, rom sazRvrebis 
sisqis mixedviT gaZlierebis koeficienti araerTgvarovania. is 
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maqsimaluria domenuri kedlis centrSi da mcirdeba domenuri 
kedlebisaken. Tanac, domenur kedlebSi   mniSvnelobebi SeiZleba 
gansxvavdebodnen ramodenime rigiT. Teoriuli gamoTvlebiT domenur 
kedlebSi   gaZlierebis koeficientis mniSvneloba, rogorc ukve 

aRvniSneT, 43 1010   rigisaa. maSin, rodesac eqsperimentuli monacemebiT misi 

mniSvneloba 53 1010~   rigisa da ufro metic ki SeiZleba iyos.  
ufro mkacri analiziT, romelic damyarebulia gareSe cvlad 

magnitur velSi domenuri kedlis moZraobis gantolebis ganxilvaze, 

)( n   rezonansis pirobebSi, maqsimaluri gaZlierebis koeficientisaTvis 

vRebulobT: 

                   2122
0

22222
0

0
4)(

2

nnP

n

Mmd

M







            (1.29)  

 

sadac 
21

0 







K
J

Г
  aris domenuri kedlis Zvradoba,   122


 dm   efeqturi 

masa,  _eleqtronis giromagnituri fardoba, P _domenuri kedlis 

rezonansuli sixSire, romelic magnitur kristalebSi ganisazRvreba 
magnitostatikuri urTierTqmedebiT,  Г_ gilbertis daxSobis mudmiva. im 

SemTxvevaSi, rodesac sruldeba piroba, rom   PnmM  ,2 0  , maSin (1.29) 

gamosaxuleba daiyvaneba Semdeg martiv saxeze:  
 

d


0  

 
saidanac  gamodis, rom ganxilul miaxloebaSi bmr signalis intensivoba 
proporciulia domenuri kedlebis Zvradobisa.  

ganvixiloT axla is bmr signalebi, romlebic formirdebian 
magnitomowesrigebuli nivTierebebis domenebSi da domenur kedlebSi 
moTavsebuli birTvebidan. umetes SemTxvevaSi wanacvlebis amTvisebloba 

dis
e  SeiZleba erTi_ori rigiT mainc aWarbebdes brunvis e br  

amTviseblobas da amitom mravaldomenian feromagnetikebSi bmr signalebi 
ZiriTadad SeiZleba formirdebodes domenuri kedlebis sazRvris 
birTvebisagan, Tumca am  ukanasknels ukavia nimuSis moculobis 
umniSvnelo nawili. gareSe mudmivi magnituri velis ar arsebobis 
SemTxvevaSi Sidadomenuri birTvebisaTvis gaZlierebis koeficienti 

aRiwereba An HH  gamosaxulebiT. es imas niSnavs, rom mcire magnituri 

anizotropiis mqone sust feromagnetikebSi Sidadomenuri signalebis 
intensivoba mkveTrad gaizrdeba da gansazrvrul pirobebSi SeiZleba 
sazRvrebSi moTavsebuli birTvebiT ganpirobebuli bmr signalebis 
Sesadaric ki gaxdes. ufro rTuli situacia warmoiqmneba iseT nimuSebSi, 
sadac magnituri anizotropia mkveTradaa damokidebuli temperaturaze, 
sadac Sidadomenuri birTvebis wvlili signalis rezultirebul 
intensivobaSi sagrZnobi xdeba.  

rogorc ukve aRvniSneT, arsebobs araerTgvarovnebis ori ZiriTadi 
wyaro, romelic dakavSirebulia birTvebis ganawilebis TaviseburebebTan 
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gaZlierebis koeficientis mixedviT. gavixsenoT, rom )(rM 
 damagnitebis 

regularuli araerTgvarovneba gansazRvravs gaZlierebis koeficientis 
xasiaTs calkeulad aRebuli domenuri kedlebis SigniT, xolo 
araregularuli erTgvarovneba did rols TamaSobs domenuri struqturis 
formirebis procesSi da domenuri kedlis ganawilebaSi sibrtyeebis 
mixedviT. es ukanaskneli aixsneba im garemoebiT, rom realur 
feromagnetikebSi calkeuli sazRvrebi damagrebulni SeiZleba aRmoCndnen 
sxvadasxva saxis struqturuli araerTgvarovnebiT. esenia: 
kristalografiuli lokaluri daZabulobebi, defeqtebi, dislokaciebi, 
vakansiebi da sxva, romlebic iwveven domenuri kedlebis energiis 
cvlilebas da amuxruWeben mis moZraobas. Sedegad warmoiqmneba domenuri 
kedlis wanacvlebis araerTgvarovneba gareSe radiosixSirul velSi, es ki 
ganixileba rogorc domenuri kedlebis  _Zvradobis sxvadasxvaoba. meores 
mxriv, rogorc (1.29)-dan gamomdinareobs, domenuri kedlis Zvradoba 

uSualod damokidebulia gaZlierebis koeficientis 0 _maqsimalur 

mniSvnelobaze, amitom araerTgvarovnebaSi igulisxmeba agreTve 
gaZlierebis koeficientis gabneva, nimuSis mTel moculobaSi.  
 ganvixiloT axla bmr signalis formirebis sakiTxi. zogadad 
aramagnitur nivTierebebSi bmr signalebis intensivobebi gamoisaxeba 
Semdegi zogadi gamosaxulebiT  
 

            




 





 )()(),()( 0 nn dgtm

D
dItI              (1.30) 

 
Tu am gamosaxulebas gamoviyenebT feromagnitur nimuSian mimReb koWaSi 
inducirebuli emZ_isaTvis, SeiZleba miviRoT, rom   
 

     








 





 )()(,,)()( 0 nn dgtmdF

D
dItI            (1.31) 

 
sadac )(F  aris  _mniSvnelobis gabneva, rogorc calkeuli domenis 
sazRvrebis SigniT, aseve mTeli nimuSis moculobaSi da uwodeben 
birTvebis ganawilebis ganzogadoebul funqcias gaZlierebis koeficientis 
mixedviT da mas Semdegi saxe aqvs: 
 

                         
  02122

0

0
)0

1 ()( 







dfF 





               (1.32)  

 

(1.31) gantolebis Cawerisas igulisxmeba, rom bmr sixSiris n _gabneva da 

gaZlierebis koeficienti   statikurad erTmaneTisagan damoukideblebi 
arian da ar iTvaliswinebs gaZlierebis koeficientis damokidebulobas 
amgznebi impulsis sixSireze.  
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Tavi II erTimpulsiani eqos mravalimpulsiani analogebi 
mravaldomenian magnetikebSi 

 
2.1 meTodis aRwera 
 

magnetikebSi erTimpulsiani eqos warmoqmna dakavSirebulia sxvadasxva 
meqanizmTan da amJamad, jer kidev kamaTis sagans warmoadgens mecnierebs 
Soris. radganac magnetikebi, zogadad gansxvavdebian rogorc magnituri 
mdgomareobiT, ise magnituri struqturiT, amitom erTimpulsiani eqos 
formirebis meqanizmic Sesabamisad mravalferovani SeiZleba aRmoCndes. 
erTi romelime meqanizmi ver xsnis am eqoebis warmoqmnas. Cveni jgufis mier 
warmatebulad aris gamokvleuli da axsnili zogierT magnitur 
dieleqtrikebSi (Li-Fe), naxevarmetalebi (NiMnSb, manganatebi) da metalebSi 
(sufTa Co, Co2MnSb) erTimpulsiani eqos formirebis meqanizmebi, rodesac 
adgili aqvs spin sistemaze sxvadasxva zemoqmedebas. rogorc cnobilia, 
erTimpulsiani eqo formirdeba araerTgvarovnad gaganierebuli bmr 
speqtris agznebiT erTi, wagrZelebuli (orimpulsian meTodSi gamoyenebul 
impulsebTan SedarebiT) τ xangrZlivobis mqone radiosixSiruli 
impulsiT[21, 24]. ris Sedegadac daimzireba am sistemis gamoZaxili eqo 
signalis saxiT – egreT wodebuli erTimpulsiani eqo. radiosixSiruli 
impulsis zemoqmedebis dros mxedvelobaSia misaRebi relaqsaciuri 
procesebis [26] arsebiTi cvlileba da sixSiris dinamiuri wanacvleba (sdw), 
romelsac ganpirobebs Zlieri radiosixSiruli veli. amitom, birTvul 
spinur sistemebSi mimdinare procesebis Teoriuli analizisaTvis 
erTimpulsian meTodSi, bloxis gantolebebze dayrdnobili midgoma 
aRmoCnda arasakmarisi da aucilebeli gaxda simkvrivis matricis 
formalizmis gamoyeneba. pirvelad es midgoma gamoyenebul iqna magnetikebSi 
erTimpulsiani meTodis ganxilvisas, sixSiris dinamiuri wanacvlebis 
gareSe [26]. 

disertaciis am TavSi ganxilulia erTimpulsiani eqos Teoriuli da 
eqsperimentul kvlevebis mravalimpulsiani analogia, romlebic daimzireba 
magnetikebis birTvul spinur sistemaze moqmedi efeqturi magnituri velis 
uecari (swrafi) Semobrunebis dros. es efeqturi magnituri veli, 
radiosixSiruli impulsis modebisas, brunavs z RerZis irgvliv 
radiosixSiruli impulsis Semavsebeli rxevebis sixSiriT mbrunav 
koordinatTa sistemaSi. Semobruneba SeiZleba ganpirobebuli iyos Semdegi 
mizezebiT: radiosixSiruli impulsis sixSiris, amplitudis an fazis 
uecari cvlilebiT da magnituri impulsis zemoqmedebiT, romlebic 
gansazRvrul pirobebSi cvlian birTvebze moqmed zenazi velis pirobebs. 
Teoriuli ganxilviT dgindeba, rom efeqturi velis uecari Semobrunebis 
wvlili eqos formirebaSi mniSvnelovania. Semobrunebis xangrZlivoba unda 

akmayofilebdes pirobas: 1 f , sadac f  _ aris impulsis xangrZlivoba, 

xolo   _ sixSiris aSla. Cveni jguffis mier gamoTvlili Teoriuli 
Sedegebi korelaciaSia eqsperimentul monacemebTan, romlebic miRebulia 
liTium feritis 57Fe-is da heqsagonaluri 59Со-is birTvebidan formirebul 
eqo signalebze, azotis tempereturebze, roca sixSiris dinamiuri 
wanacvleba am sistemebSi ar daimzireba. Teoriuli interpretaciisaTvis 
ganvixiloT birTvul spin sistemaSi mimdinare procesebi, romlebic 
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warmoadgenen mravaldomenian magnetikebSi erTimpulsiani eqos warmoqmnis 
mravalimpulsian analogs. amisaTvis ganvixiloT magnituri momentis qcevis 
maxasiaTebeli moZraobis gantoleba. 

CavTvaloT, rom wonasworul mdgomareobaSi myof da zeemanis 
araerTgvarovnad gaganierebuli bmr speqtris mqone birTvul spinur 
sistemaze, romelSic sixSiris dinamiuri wanacvleba ar aris, t=0 sawyis 

momentSi modebulia  -sixSiris, SNI H   11  amplitudis (sixSirul 

erTeulebSi gamosaxuli) da 2~ T  xangrZlivobis mqone Zlieri 

radiosixSiruli impulsi. sadac I  birTvuli giromagnituli 

Tanafardobaa, 1H  radiosixSiruli velis amplituda,   gaZlierebis 
koeficienti [27]. radiosixSiruli impulsis moqmedebis dros spin-meseruli 
urTierTqmedeba ugulebelyofilia, amitom birTvuli spinuri sistema 

moZrav koordinatTa sistemaSi aRiwereba simkvrivis matriciT )(* t , 
romelic akmayofilebs liuvilis pirobas:  

 

                                        )](,[)( **
*

tH
t

ti 



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                                         (2.1) 

 
droze damoukidebeli hamiltonianiT: 
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sadac ,  jj   j   j -uri izoqromatis zeemanis sixSirea,  ,y
j

x
jj iIII   

zyx
jI ,,   j -uri izoqromatis birTvuli spinis operatorebia, da HSN-Si 

ignorirebulia sxvadasxva izoqromatebis birTvis spinebs Soris 
urTierTqmedeba. 

rogorc *H –is gamosaxulebidan gamomdinareobs, moZrav koordinatTa 
sistemaSi j -ur izoqromataze moqmedebs efeqturi veli:  

 

                                          ),(1
1ikH j

I
j





                                           (2.3)  

sadac k


 da i


  z da x  RerZebis ortebia, Sesabamisad. 
(2.1) gantolebis amoxsnas,  
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1)( 00
* Z

jj
j

Lt I
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t                               (2.4)  

 
sawyisi pirobebis gaTvaliswinebiT, aqvs Semdegi saxe:  
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sadac o   wonasworuli simkvrivis matricaa, maRali temperaturebis 

maxloblobaSi. L   wonasworuli uku (reciprokuli) temperaturaa 
(energetikul erTeulebSi). 

ganvixiloT (2.1) gantoleba, daxrili moZravi koordinatTa sistemiT, 

RerZiT z  jH


, unitaruli operatoris gamoyenebiT: 
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
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j 
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1
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(2.1) gantoleba miiRebs saxes:  
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sadac  ,)()(~ *

yy UtUt      ,~~~ *
SNzyy HHUHUH    

                   
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jjz IH ,~
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j
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    )1cos3(
2
1)( 2  jj  .  

 
ramdenadac ,SN1   ugulvebelvyoT SNH~ -Si zH~ –is mimarT arasekularuli 

wevrebi.  
(2.7) gantolebis amoxsna,  

  yyt UUt 00 )0(~/)(~    sawyisi pirobebis 

gaTvaliswinebiT, gvaZlevs: 
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eUUet
~

*
0

~

)(~  


  
 
da (2.5)-dan da (2.8)-dan miviRebT:  
 

                     yyyyyy UtHiUUtHiUUtUt )~exp()exp()(~)( 0
***


                 (2.9)  

 
birTvuli damagnitebebis ganivi mdgenelebis saSualo mniSvneloba 
 
                                     )}({})({)( 0

* tISpItSptI    ,                                    (2.10)  
 
sadac    

j
jII   da    

yyyy UtHiUIUtHiUtHiItHitI )exp()~exp()exp()exp()( ***


  . 

 
maSasadame, uSualod eqsperimentiT deteqtirdeba (2.10) formuliT 
gansazRvruli damagnitebebis ganivi mdgenelebis saSualo mniSvneloba, anu 
eqo signalis intensivoba. 
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2.2 birTvuli spinuri sistemis gamoZaxili rTul 
radiosixSirul impulsze 

 
ganvixiloT SemTxveva, roca birTvul spinur sistemaze moqmedebs 

standartul or impulsian meTodSi gamoyenebul impulsebTan SedarebiT 
ganieri, erTi raiosixSiruli impulsi da vnaxoT sistemis gamoZaxili 
efeqturi velis uecari cvlilebis Sedegad. 

davuSvaT  0t  momentSi wonasworul birTvul spinur sistemaze 

modebulia farTo radiosixSiruli impulsi xangrZlivobiT 21   , da 

romelSic 1t  momentSi xdeba efeqturi velis uecari cvlileba: 
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],0[ 1  drois monakveTSi birTvuli spinuri sistema aRiwereba 

SNZ HHH ~~ )1()1(   hamiltonianiT da )(*
1 t  simkvrivis matriciT, romelsac (2.9) 

formulis Tanaxmad aqvs saxe: 
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],[ 1   drois monakveTSi birTvulis spinuri sistema aRiwereba  
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 hamiltonianiT da )(*

2 t  simkvrivis matriciT, romalsac  
)()( 1

*
11

*
2    sawyisi pirobebis gaTvaliswinebiT aqvs saxe:  
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
.    (2.13)  

 
(2.12) da (2.13)-Si Semavali operatorebi, (2.6) da (2.8) formulebis Tanaxmad 
Rebuloben saxes:  
 
                                     

j

z
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
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      )2,1()2,1()2,1(   jj .        (2.14)  

 
Tavisufali induqcia t  drois intervalSi, spin-meseruli relaqsaciis 
ugulebelyofisas aRiwereba gantolebiT:  
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  da sawyisi pirobebiT )()( *
2

*
3   , sadac  

 
                                          

j
SN

z
jj HIH ;*

0       jj .                          (2.15)  

cxadia, rom   
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                                )(exp()()(exp()( *
0
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*
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*
3   tHitHit


             (2.16)  

 
da Tanaxmad (2.10)-sa, eqsperimentze gazomili signali aris:  
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

j
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*
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


          (2.17)   

 
(2.17)-Si gavakeToT Secvla  tt  (am SemTxvevaSi t  aiTvleba t  
momentidan, radiosixSiruli impulsis gamorTvis Semdeg) da gamoviyenoT 
aproqsimacia: 
  

                 jSNjSN I
T
ttHiItHitI )||exp()exp()exp()(
2

,             (2.18)  

 
romelic ekvivalenturia gamoTvlebis dros xSirad gamoyenebuli (ix. [28]) 
lorencis aproqsimaciis korelatorisa  
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Sedagad miviRebT: 
 

 
j

j ISp
T
ttitI })({)exp()( *

2
2

 . 

 
(2.12)-is (2.13)-Si CasmiT da Spuris Tvisebis gamoyenebiT )()( BASpABSp  , 
miviRebT: 
 

                       
j

jj ISp
T
ttitI )},({)exp()( 120
2

 ,                         (2.19)  

sadac   
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
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     (2.20) 

 
ramdenadac 

j

z
jj I ~0  (2.4)-Si Semaval erTeuls ar aqvs gavlena Sedegze), 

(2.20)-Si unda davtovoT is wevrebi, romlebic Seicaven 


jI -s. gamoTvlebis 

Sedegad miviRebT:   
 

 
j

jjjjjjj
z
j t

T
iItI }){)1exp(()( )1()2()*1()2()1()2(

2
21  , (2.21) 
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sadac 
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(2.22)-is (2.21)-Si Casma iZleva: 
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              (2.23) 

 
im SemTxvevaSi, roca efeqturi velis naxtomiseburi cvlilebis 

koeficienti ar gvaqvs, anu roca jj  )2(),1( ; jj  )2(),1( ;  jj TT 2
)2(),1(

2  , miviRebT: 
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                 (2.24)  
 
sadac 21    - impulsis xangrZlivobaa.  
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(2.23)-Si davtovoT is wevrebi, romlTa eqsponentis xarisxis 
maCvenebeli sakmarisi sizustiT nulis tolia, miviRebT 4 eqo signals:  
 432121 )( IIIItI e   ; 
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eqo signalis fazebi aRiwereba formulebiT: 
 

,)( 1
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)(

2
)()( ,,, k

jj
k

j
k
j T   parametrebi aRebulia (2.14), (2.15) da (2.22) formulebidan. 

 
(2.24) formula adrec iqna miRebulia [29] SromaSi bloxis gantolebebis 

gamoyenebiT, magram ganivi relaqsaciis 2T -is cvladi magnituri velis 
amplitudaze damokidebulebis gareSe, radiosixSiruli impulsis 
moqmedebis dros [14].  

(2.25) formuliT gamosaxulia eqo signalebis intensivobebi, romlebic 
formirdeba efeqturi velis naxtomiseburi cvlilebis dros. Cveulebriv 
SemTxvevaSi, roca ar arsebobs efeqturi velis naxtomiseburi cvlileba, 

maSin ,0421  III  xolo 3I  gadaiqceva Cveulebriv erTimpulsian eqod.    
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2.3 eqo signalis gamoCenis momentebis da amplitudebis gamoTvla 
birTvuli spinuri sistemis ararezonanzuli agznebis dros 
 

wina paragrafSi vnaxeT spinuri sistemis qceva efeqturi magnituri 
velis naxtomisebur cvlilebaze. axla ganvixiloT SemTxveva, rodesac spin 
sistemaze modebuli rezonansuli radiosixSiruli impulsi ganicdis 
sixSiris naxtomisebur cvlilebas da vnaxoT sistemis gamoZaxili aseT 
zemoqmedebaze. 

ganvixiloT izoqromatebis uwyveti ganawileba, romlebic aRiwerebian 
funqciiT: 
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2* - aris )(xg  funqciis meore momenti, romelSic 

gaTvaliswinebulia zeemanis bmr araerTgvarovani gaganiereba). SemovitanoT 
aRniSvnebi:  
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da davuSvaT, rom naxtomi )(k , rezonansuli sixSiriT j , erTnairia yvela 

izoqromatisaTvis: )()( k
j

k
j   .  

 
maSin:              

                    0
)()(

0
)(   j

kkk
j ,  00   jj . 

 
davuSvaT  

              1
||

||
0

*

0

0 






 j ,    1
||

|| )()(
0

*

)()(
0

0 







kkkk

j




. (2.27)  

 
es pirobebi Seesabamebian birTvuli spinuri sistemis ararezonansul 
agznebas. advilad SeiZleba vaCvenoT, rom pirvel miaxloebaSi 
samarTliania formulebi:  
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sadac   
                 )()(

1
)( /sin kkk  ,  )()()(

0
)( )(cos kkkk   ,                                  (2.29)  

 
Tu (2.26)-is eqo signalebis fazas CavwerT ararezonansuli miaxloebis (2.27) 
formulaSi, SeiZleba davrwmundeT, rom izoqromatebis sixSiruli 
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fazirebis da Sesabamisad moxdeba eqos oTxi signalis damzera Semdegi 
drois momentebisaTvis:  
 

1
)1(

1 cos et ,  2
)2(

2 cos et ,  eee ttt 213  ,  || 214 eee ttt                     (2.30) 
 
(26)-is eqo signalis fazebi drois am momentebisTvis ar arian 
damokidebuli j-ze da tolia:  
 

0)cos( 1
)1()1(

01   ,   0)cos( 2
)2()2(

02   ,  
0213   ,    || 214   .                    (2.31)  

 
(2.29) formulidan gamomdinareobs, rom, eqo signali et1  drois momentSi 

formirdeba radiosixSiruli impulsebis 1 da 2 frontebiT; et2  drois 

momentSi _ 2 da 3; et3  momentSi _ 1 da 3 frontebiT; xolo et4  momentSi _ 4 

(erTimpulsiani eqos mdebareoba 1  impulsidan) da 3 frontebiT.   
(2.25)-iT mocemuli eqo signalebi izoqromatebis uwyveti ganawilebis  da 
birTvuli spinuri sistemis ararezonansuli agznebis SemTxvevaSi (2.27), 
gaTvaliswinebiT (28), (30) da (31)-is, tolia:  
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sadac 

j

z
jII 0  - birTvuli spinuri sistemis sruli spinis wonasworuli 

mniSvnelobaa. 
eqo signalis amplitudebisa da maTi warmoqmnis momentebis 

miRebuli mniSvnelobebi, radiosixSiruli impulsis didi aSlis pirobebSi, 

an mcire 1j  dros, da 2T -is radiosixSirul impulsis amplitudaze 

damoukideblobis SemTxvevaSi, emTxvevian [30] SromaSi miRebul Sedegebs, 
sadac gamoyenebulia bloxis gantolebebis gamoyenebis klasikuri midgoma. 

kerZo SemTxvevaSi, roca ar arsebobs efeqturi velis 

naxtomiseburi cvlileba (2.32)-dan gamomdinareobs, rom ,0421  III  xolo 

3I  gadaiqceva Cveulebriv erTimpulsian eqod [14]:   
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sadac   
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(2.22)-Si naxtomis ugulebelyofa iZleva:  
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da (2.32)-dan miiReba [14] Sromis Sedegebi. 

cxadia,  11 et ,   22 et ,   213  et . 
 

roca sxvaoba || )2()1(    mcirea, 421 ,, III  eqos amplitudebic mcirea da 

gvaqvs erTi didi 3I  signali.  
Tu )2()1( ,  _ mcirea, maSin  [30]-is Sesabamisad vRebulobT 

||~ )2()1()2()1(
1  I ,     2)2()1(

3 ~ I , 
||~ )2()1(2)2(

2  I ,         2)2()1()1(
4 )(~  I ,. 

 
aRvniSnoT aseve (2.32) formuliT miRebuli Sedegis gansakuTrebuloba: 

|| )2()1(   -is zrdiT 421 ,, III  intensivobebi izrdebian, xolo 3I – klebulobs. 

anu rac ufro mkveTradaa gamoxatuli efeqturi velis naxtomi, miT ufro 

advili xdeba 421 ,, III  `gverdiTi~ signalebis damzera.  
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2.4 eqsperimentuli monacemebi 
 

ganvixiloT axla magnetikebSi erTimpulsiani eqos mravalimpulsiani 
analogis eqsperimentiT realizebuli Sedegebi. 

 
bmr erTimpulsiani eqos mravalimpulsiani analogiis eqsperimentuli 

kvleva gansakuTrebuli iyo Semdeg nimuSebSi: 
1. sufTa metaluri heqsagonaluri struqturis mqone kobaltis 

nimuSi 59Co. 
2. dieleqtrikuli liTium-feriti 0.15 % TuTiis SemcvelobiT da 

sufTa liTium-feriti. bmr daimzireba 57Fe izotopurad 
gamdidrebul feritis birTvebze. 

3. intermetaluri Co2MnSi Senadnobi. bmr – 59Co da 55Mn – 
birTvebze. 

4. neelis tipis domenuri kedlis mqone Mn1+σ Sb. – bmr 55Mn-
birTvebze. 

gamoyenebuli nimuSebis magnituri parametrebis sruli aRwera 
mocemulia [17]-Si. 
eqsperimentebi ganxorcielebulia universitetis bazaze arsebul 
arakoherentuli birTvuli spinuri eqos speqtrometrze. 
impulsuri magnituri veli iqmneba regulirebadi amplitudis mqone 

denis stabilizatoriT da nimuSze Semoxveuli damatebiTi 6 xviiani koWis 
saSualebiT, romelic iZleva 200 erstedamde magnitur vels, 10 
milimetriani diametris mqone nimuSis SemTxvevaSi.  

impulsuri speqtrometri modificirebul iqna radiosixSiruli 
impulsis sixSiris naxtomiseburi cvlilebisaTvis. amisaTvis ganxocielda 
Sidaimpulsuri modulacia 2 damatebiTi varikapis saSualebiT, romlebic 
damatebul iqna avtogeneratoris konturis anodur wredSi. es iZleva 
sixSiruli modulaciis saSualebas, amplituduri modulaciis umniSvnelo 
doziT (1%-ze naklebi). sixSiris deviaciis siRrme da mimRebis gatarebis 
zoli SesabamisobaSia da Seadgens 4 mghc-s. 

radiosixSiruli impulsis amplitudis naxtomiseburi 
cvlilebisaTvis, speqtrometris modulatoris sistemaze modebul iqna 
mamodulirebeli, saWiro formis maRali Zabvis impulsi.  

birTvul spinur sistemaze radiosixSiruli impulsis da impulsuri 
magnituri velis erToblivi moqmedebiT erTimpulsiani eqos paralelurad, 
formirdeba damatebiTi eqo signali, e.w. magnituri eqo [24]. romelic 
ganpirobebulia magnituri impulsiT (damatebiTi magnituri veli) da 
radiosixSiruli impulsis kideebis erToblivi zemoqmedebiT, im pirobiT, 
rom magnituri impulsis farTobi gadaaWarbebs raRac zRvrul 

mniSvnelobas m
t
m

t
m HA  , sadac mH _magnituri impulsis amplitudaa, m _ misi 

xangrZlivoba. Cvens mier gamokvleul iqna aseve mravalimpulsiani agznebis 
sxva situaciebi [14], [31]. 

magnituri eqo damzeril iqna  intermetalur Senadnob MnSb-Si 55Mn-
birTvebze, heqsagonalur kobaltSi, intermetalur feromagnetikebSi 
Co2MnSi, 59Co da sxva magnetikebSi. 

davubrundeT axla disertaciis ZiriTad Temas. nax. 3 -ze sqematurad 
moyvanilia erTimpulsiani eqos agznebis mravalimpulsiani analogi, 
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romelic miRebulia radiosixSirul impulsis moqmedebis areSi sixSiris 
da amplitudis naxtomiseburi cvlilebiT. aqve naCvenebia impulsis agznebis 
xerxi da erTimpulsiani eqoebis gamoCenis droebi. 

 
nax 3. a - rTuli radiosixSiruli impulsis forma efeqturi magnituri 
velis amplitudiT Hj(t) mbrunav koordinatTa sistemaSi; b - erTimpulsiani 
zemoqmedebis sqematuri saxe da spinuri sistemis Sesabamisi gamoZaxilebi. 

 
rTuli, erTimpulsiani agznebisas Teoriulad miRebuli eqoebis 

gamoCenis droebisa da amplitudebis gamosaxulebebis Sedareba xanis 
samimpulsiani agznebis meTodTan [32] aCvenebs, rom mbrunav koordinatTa 

sistemaSi impulsis frontebs da effH


-efeqturi velis mimarTulebis 

naxtomiseburi cvlilebis adgilmdebareobas aqvs xanis meTodis 

xarisxobrivi analogia. Tanac effH


-is mimarTulebis cvlileba moZrav 

koordinatTa sistemaSi analogiuria birTvuli damagnitebebis raime 
kuTxiT motrialebisa xanis meTodSi. did interess warmoadgens zemoT 
naCvenebi analogiebis eqsperimentaluri realizacia, maSin roca 
vanxorcielebT radiosixSiruli impulsis sixSirisa da amplitudis 
naxtomisebur cvlilebas ise, rogorc es naCvenebia nax. 3-ze. 

nax. 4-ze moyvanilia heqsagonaluri kobaltis Sesabamisi analogebis 
osciologramebi, radiosixSiruli impulsis sixSiris a da amplitudis b 
naxtomiseburi cvlilebisas. c –ze ki xanis samimpulsiani agznebis 
osciolograma, igive nivTierebaSi.  
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                                     nax. 4.  

a  59Co birTvebis eqo signali heqsagonalur kobaltSi 
radiosixSiruli impulsis sixSiris naxtomiseburi cvlilebisas _ zeda 
sxivi; mamodulirebeli impulsis Zabvis forma, romelic miewodeba sistemis 
mamodulirebel varikaps _ Sua sxivi; impulsis Zgeris signali _ qveda 
sxivi.    

b   59Co birTvebis eqo signali heqsagonalur kobaltSi 
radiosixSiruli impulsis amplitudis naxtomiseburi cvlilebisas _ zeda 
sxivi; impulsis Zabvis formebi, romelic formirdeba mamodulirebeli 
radiosixSiruli generatoris mier _ Sua sxivebi.   

c  59Co birTvebis eqos mravaljeradi signalebi heqsagonalur 
kobaltSi, romlebic formirdeba hanis samimpulsiani agznebiT.  e.w. 
stimulirebuli eqos damzeris SemTxveva fbmr=216 mghc, T =77K, τimp=12 mkwm. 
 

Sesabamisis signalebi Li-Fe-is SemTxvevaSi moyvanilia nax. 5-is (b) da 
(c)-ze, xolo (a)-ze naCvenebia Cveulebrivi erTimpulsiani eqo signalis 
oscilograma.  
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                                       nax. 5.  
а  57Fe –is birTvebis erTimpulsiani eqo liTiumis feritSi _zeda sxivi; 
radiosixSiruli impulsis forma _ Sua sxivi.  
b  spinuri sistemis gamoZaxili damatebiTi magnituri velis impulsis 
zemoqmedebisas radiosixSirul impulsTan erTobliobaSi _ zeda sxivi;                  
magnituri impulsis adgilmdebareoba _ qveda sxivi.  
c  spinuri sistemis gamoZaxili radiosixSiruli impulsis sixSiris 
naxtomiseburi cvlilebisas _ zeda sxivi; mamodulirebeli impulsis Zabvis 
forma, miwodebuli varikapze _ qveda sxivi. fbmr=71.6 mghc, T =77K, τimp=18 mkwm. 

 
 

Li-Fe sainteresoa imiT, rom is aris dieleqtrikuli feromagniti da 

effH -is naxtomiseburi cvlilebisas masSi gacilebiT naklebia gardamavali 

procesebi, sxva ferometalebTan SedarebiT, romelic Tavis mxriv 
gamoricxavs impulsis damaxinjebis rols erTimpulsiani eqos formirebaSi 
[33], [30]. aRsaniSnavia isic, rom Li-Fe-Si magnituri eqos damzera xdeba 

magnituri impulsis gacilebiT mcire zRvruli mniSvnelobebis dros: mA  
( mH ~5 erst., roca m ~1 mkwm), vidre kobaltSi. 

miRebuli eqsperimentuli monacemebis Sedarebisas Teoriuli 
daTvlebis SedegebTan, keTdeba daskvna, rom yvela SemTxvevaSi 
realizebulia erTimpulsiani meTodis analogia xanis mravalimpulsian 
meTodTan. analogiuri situaciaa Co2MnSi da MnSb-is SemTxvevaSi. 
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Tavi III ganivi relaqsaciis zegavlena erTimpulsian spinuri 
eqos milevaze magnitur nivTierebebSi 

 
3.1 mimsis transformaciuli matrica 

 
erTimpulsiani eqos formirebis meqanizmi pirobiTad klasificirdeba, 

e.w. kidura meqanizmiT, roca radiosixSiruli impulsis frontebi 
warmoadgenen spin sistemis garkveuli speqtruli simkvrivis amgzneb 
impulsebs. erTimpulsiani eqos warmoqmnis mizezi SeiZleba iyos  _ 
ararezonansuli meqanizmi [7], damaxinjebis meqanizmi [9] da nimuSis SigniT 
mimdinare arawrfiv procesebTan dakavSirebuli meqanizmi, romelic 
ganpirobebulia spin – sitemebSi sxvadasxva arawrfivi dinamikis arsebobiT 
da SeiZleba dakavSirebuli iyos bmr sixSiris mZlavr dinamiur 
wanacvlebasTan, an im movlenebTan, roca erTdroulad larmorisa da rabis 
bmr xazebis didi araerTgvarovani gaganierebis arsebobisas  am sistemebze 
amgznebi impulsis moqmedebas moyveba birTvul spin – sistemaSi arawrfivi 
dinamiuri movlenebi [6]. 

qvemoT ufro detalurad ganvixilavT erTimpulsiani eqos 
Fformirebis egreTwodebul mravalimpulsian meqanizms sistemebisaTvis, 
sadac arsebobs [6] SromaSi naxsenebi  bmr xazebis orive tipis meqanizmi. 
aseTi sistemebis magaliTia mravaldomeniani magnetikebi. iseTebi 
rogoricaa, magaliTad liTiumis feriti. adre [28] naSromSi Cvens mier 
gamokvleuli iyo am magnetikebSi erTimpulsiani eqos formirebis 
Taviseburebani. dadgenili iqna, rom misi Tvisebebi mkveTrad gansxvavdeba 
kobaltSi formirebuli erTimpulsiani eqos Tvisebebisagan, romlebic 
kidura meqanizmiTaa formirebuli. aqedan gakeTebuli iqna daskvna 
liTiumis feritSi erTimpulsiani eqos formirebis axali meqanizmis 
SesaZleblobaze. Tumca [28] naSromSi, liTiumis feritSi erTimpulsiani 
eqos formirebis meqanizmi sabolood gamovlenili ar iyo, romelic 
SemdgomSi gakeTebuli iqna [14] SromaSi da naCvenebi iyo, rom liTiumis 
feritSi erTimpulsiani eqo da misi meoradi signalebi kargad aRiwerebian 
mravalimpulsiani formirebis meqanizmiT [6]. 

[6] naSromSi gamoyenebuli statistikuri formalizmis tenzorebiT, 
Catarebuli iqna Teoriuli gamoTvlebi erTimpulsiani eqoze da mis meorad 
signalebze im SemTxvevaSi, roca  arsebobs larmorisa da rabis didi 
araerTgvarovnad gaganierebuli bmr xazebi, romlis drosac 
radiosixSiruli impulsebis gameorebis periodi T akmayofilebs Semdeg 
pirobas: 

 
                                           Т3<<Т2 <Т<Т1,                                                (3.1) 
 

sadac Т1, Т2, Т3, _ maxasiaTebeli relaqsaciuri parametrebia, e.i. 
radiosixSiruli impulsebis ciklebs win uswrebs spin – sistemaTa 
arawonasworobani da yoveli T periodis bolos spinuri sistemis dinamikis 
ganxilvisaTvis morigi erTi ciklis ganmavlobaSi sawyis pirobad 
gaTvaliswinebuli unda iyos birTvuli damagnitebis mxolod grZivi 
mdgeneli. naCvenebia, rom spin _ sistemis defazireba, romelic grovdeba n –   
jeradi impulsuri agznebisas aRdgeba mravalimpulsiani Tanmimdevrobisas 
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im droiTi intervalis ganmavlobaSi, romelic moyveba (n+1) `mTvlel” 
impulsebs. es ki ganapirobebs erTimpulsiani eqos da misi meoradi 
signalebis formirebas radiosixSiruli impulsis jeradi τ xangrZlivobis 
drois momentisaTvis, mas Semdeg, roca dasruldeba `mTvleli” impulsi. 

[14] naSromSi  naCvenebia,  rom  [6] – Si damagnitebis veqtoris 
komponentebisaTvis statikuri tenzorebis meTodiT miRebuli gamosaxuleba,  
SeiZleba miRebuli iqnas, Tu mivmarTavT [7] naSromSi gamoyenebul bloxis 
gantolebaTa sistemis klasikur meTods, sadac gaTvaliswinebula orive 
tipis araerTgvarovani gaganierebuli bmr xazebi da (3.1) piroba. magram 
ufro TvalsaCino aRmoCnda Cvens mier gamoyenebuli midgoma [33], sadac 
mimsis transformaciuli matricis meTodze [29] dayrdnobiT ganxilulia 

SemTxveva, rodesac lokaluri statikuri veli Hn mimarTulia Z


 RerZis 
gaswvriv, xolo radiosixSiruli veli mbrunav koordinatTa sistemaSi (mks)  
X


  RerZis gaswvriv. am dros efeqturi magnituri velis moduli mks – Si 
gamoisaxeba Semdegi gamosaxulebiT: 

 

                                    2
1

2
j

n
eff ωΔω

γ
1H  ,                                          (3.2) 

 

)ωω(Δ
γ
1

1nj
n

effj yzH 
   da Z


RerZs Soris kuTxe aRvniSnoT jψ -iT   (sadac 

z da y  -  erTeulovani ortebia mks - Si)  da ganisazRvreba TanafardobiT : 

                                    
j

1
j ωΔ

ωψsin             
j

j
j ωΔ

Δωψcos   

2
1

2
jj ωΔωωΔ   aris  Heff -is garSemo j–ri izoqromatis precesiis 

kuTxuri siCqare.  

ωΔω j  bmr ω  - rs , ganvixiloT izoqromatebis bmr sixSire.  
ω1 = γn ηH1, romelic aris sixSiris erTeulSi impulsis amplituda, γn  - 
birTvuli giromagnituri fardoba, η _ radiosixSiruli velis gaZlierebis 
koeficienti, Δtt _ impulsis xangrZlivoba. t – axasiaTebs impulsis 
zemoqmedebis Semdeg drois intervals da izomeba Sesabamisad impulsis 
ukana frontidan. transformaciuli matrica (R), romelic aRwers 

)m ;m ;(mm zyx


 damagnitebis veqtoris Semotrialebas  effH


_ is garSemo aqvs 

Semdegi saxe [29]:  
 


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













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ψ
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gamoviyenoT Semoklebuli Cψ,  Sψ, Cθ, Sθ  aRniSvnebi Sesabamisad cosψ,   

sinψ,  cosθ  da sinθ sidideebisaTvis, sadac   











 

j

tg

11  aris   kuTxe    effH


 da Z


 

ReZs Soris;  θ _ damagnitebis motrialebis kuTxea radiosixSiruli 



 37

impulsis moqmedebis Semdeg effH


 _ velis garSemo Δtt _ drois ganmavlobaSi:   

 effHγθ ,  sadac effH


 mocemulia (1) – iT.  

ganvixiloT jer erTimpulsini zemoqmedebis SemTxveva. davuSvaT, rom  
 

mmX xjj  ;       mmY yjj  ;       mmZ zjj   
) Z;Y;X( jjj

 , 
 

sadac m – birTvuli damagnitebis wonasworuli sididea. Tu 
radiosixSiruli impulsis zemoqmedebamde birTvuli spinuri sistema 

imyofeboda wonasworul mdgomareobaSi. maSin 1)0;;0(eq  radiosixSiruli 

impulsis zemoqmedebis Sedegad veqtori eq
  gardaiqmneba  eqR 


 )(  

veqtorad. radiosixSiruli impulsis  damTavrebis Semdeg izoqromata 

Tavisuflad precesirebs Z


 Rerzis garSemo, romelic aRiwereba matriciT  
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sadac  φ  - izoqromatis motrialebis kuTxea   Z


RerZis garSemo, 

φ tj ,   t  - radiosixSiruli impulsis bolodan aTvlili droa. Sedegad 
amisa vRebulobT:  
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es gamosaxuleba erTimpulsiani agznebis SemTxvevisaTvis emTxveva [6] 

da [7] – Si miRebul Sesabamis gamosaxulebas. ganvixiloT axla n – jeradi 
radiosixSiruli impulsis moqmedebis efeqti [6] – modelis CarCoSi, 
rodesac impulsTa TanmimdevrobaSi yoveli morigi radiosixSiruli 
impulsebis Semdeg darCeba, mxolod damagnitebis grZivi komponenta. 

advilad davrwmundebiT imaSi, rom n –jeradi impulsuri zemoqmedebisas eq
  

damagnitebas  bolo n + 1 `mTvleli” impulsis Semdeg eqneba Semdegi saxe: 
 

  eq

n

n CSC  
 22  , sadac )1 ;0 ;0(eq

  
 

maSin `mTvleli” impulsis moqmedebis Sedegi da misi Semdgomi 
Tavisufali precesia aRiwereba uSualod, ise rogorc erTimpulsiani 
zemoqmedebis SemTxvevaSi axali sawyisi pirobebis gaTvaliswinebiT:  
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es gamosaxulebebi emTxveva birTvuli damagnitebis veqtorebis ganivi 

komponentebis gamosaxulebebs, romelic miRebulia [6] SromaSi 
statistikuri tenzoris meTodiT. grZivi birTvuli damagnitebis  n – rigis 
mamravls  n – `mosamzadebeli” impulsis zemoqmedebis Semdeg gaaCnia martivi 
fizikuri arsi, igi gamoxatavs impulsTa TanmimdevrobiT agznebisas spinuri 
sistemebis maxsovrobas.  

advilia imis danaxva, rom gamosaxulebas 1n
  erTimpulsiani 

Tanmimdevrobis SemTxvevaSi eqneba Semdegi saxe:   
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                                            (3.3) 

 
sadac  X, Y, Z aris birTvuli damagnitebis komponentebi uSualod 

erTimpulsiani zemoqmedebis Semdeg. analogiurad amisa orimpulsiani 
perioduli TanmimdevrobisaTvis (3.1) pirobis gamoyenebiT, advilad SeiZleba 
miRebuli iqnas birTvuli damagnitebis komponenta  (n+1)  ormagi 
radiosixSiruli “mTvleli“ impulsis  Semdeg romelic  gamoisaxeba (3.2) – 
Ti, sadac aq ukve   X, Y, Z warmoadgens uSualod erTjeradi orimpulsiani 
zemoqmedebis Semdeg birTvuli damagnitebebis komponentebs da advilad 

miiReba Semdegi gamosaxulebebiT: eqθθ1 RRR  

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aq, ise rogorc erTimpulsiani zemoqmedebis dros, n –uri rigis 

mamravli gamoxatavs spinuri sistemis maxsovrobas masze amgznebi ormagi 
radiosixSirul impulsTa Tanmidevrobis dros, rac ganapirobebs 
orimpulsiani eqos meoradi signalebis warmoqmnas [6].  
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3.2 eqsperimentuli monacemebi 
 

SevCerdeT im eqsperimentul monacemebze, romelic miRebulia Cvens 
mier da upirvelesad moviyvanoT rezultatebi. es Sedegebi dakavSirebulia 
erTimpulsiani, orimpulsiani da meoradi eqoebis amplitudebis kvlevebTan, 
amgznebi radiosixSiruli impulsebis gameorebis T periodze 
damokidebulebis mixedviT.  

nax. 6 da 7-ze warmodgenilia liTiumis feritSi da azotis 
temperaturaze erTimpulsiani da orimpulsiani eqoebis da maTi meoradi 
signalebis oscilogramebi, radiosixSiruli impulsebis optimaluri 
gameorebis T periodis mniSvnelobis dros. xolo nax. 8 da 9 -ze naCvenebia 
Sesabamisad erTimpulsiani da orimpulsiani eqoTa intensiobis da maTi 
meoradi eqoebis intensiobis damokidebuleba radiosixSiruli impulsebis 
gameorebis T – periodze. 

 

         
    nax. 6.                          nax. 7. 

nax. 6. liTiumis feritSi erTimpulsiani eqos da misi meoradi signalebis 
oscilograma.   
nax. 7. liTiumis feritSi orimpulsiani eqos da misi meoradi signalebis 
oscilograma.  

 
 
 
gansakuTrebuli mniSvneloba eniWeba erTimpulsiani eqos 

damokidebulobis kvlevas ganmeorebis T periodis didi Seyovnebis 
SemTxvevaSi, rodesac sruldeba erTimpulsiani agznebis T>>T1, piroba, 
romlis dakvirvebasac vaxdendiT damamaxsovrebeli cifruli 
oscilografis gamoyenebiT (Tektronix 2430A).  

nax. 8 – ze naCvenebia erTimpulsiani eqos signalis sruli gaqrobis 
procesi liTium feritSi erTimpulsiani agznebis zRvarSi, romelic 
gamoricxavs  yvelanair damaxinjebis meqanizmiT eqos signalis  
intensivobis gazrdas. (eie eqo qreba T=400 wm, fgam=2.5 hc gameorebis 
periodis dros). eie eqos sruli gaqrobis procesi naTlad Cans Sesabamis 
oscilogramebze (ix. nax. 10, 11, 12). SevniSnoT, rom yvela Cvens mier 
Seswavlili magnetikebidan, mxolod liTiumis feritSi ar daimzireba 
erTimpulsiani signalis intensivobis cvlileba raime damaxinjebis 
arsebobiT (es damaxinjeba – frontis sixSiris, fazis an velis amplitudis 
cvlilebiT gamowveuli damaxinjebebi). 
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          nax. 8. liTiumis feritSi erTimpulsiani (1) da misi meoradi (2) 
eqoebis intensiobis damokidebuleba radiosixSiruli impulsebis 
gameorebis T – periodze. 

 
 
 

nax. 9 –ze naCvenebia orimpulsiani eqosa da misi meoradi eqoebis 
intensivobis damokidebuleba gameorebis periodze. rogorc grafikebidan 
Cans (1) – orimpulsiani eqo gameorebis periodis gazrdisas arsebobs 
intensivobis gazrdis tendencia, maSin rodesac misi meoradi eqoebi 
monotonurad ganicdian Semcirebas. 

rogorc cnobilia  erTimpulsiani eqos intensiuri signalebi 
erTimpulsiani agznebis dros daimzireba rogorc ferometalur 
heqsagonalur kobaltSi, ise Co2MnSi intermetalSi [27]. analogiurad Zlieri 
erTimpulsiani eqo signali daimzireboda naxevarmetalebSi:  NiMnSb da 
gacilebiT naklebi manganatebSi. 

 

 
     nax. 9. liTiumis feritSi orimpulsiani (1) da misi meoradi (2, 3) eqoebis 
intensiobis damokidebuleba radiosixSiruli impulsebis gameorebis T – 
periodze. 
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nax. 10.  Li-Fe. Fgan=100 hc 
 

 
 

nax. 11. Li-Fe. Fgan=50 hc 
 

 

 
 

nax. 12. Li-Fe. Fgan=2 hc 
 

nax. 10, 11 da 12-ze mocemulia Li-Fe-Si erTimpulsiani eqos intensivobis 
damokidebuleba rs impulsebis paketebis ganmeorebis sixSireze. rogorc 
vxedavT eqos signali mcirdeba srul gaqrobamde, roca Fgan=2 hc (nax. 12). 
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Sedarebis mizniT moviyvanoT erTimpulsiani da orimpulsiani eqos 

intensivobebis damokidebuleba impulsebis paketebis ganmeorebis T 
periodze Co da Co2MnSi nimuSebisaTvis nax. 13 da 14,  Sesabamisad. 

 

 
nax. 13. 59Co –Si orimpulsiani (2) da erTimpulsiani (1) eqos intensivobebis 
damokidebuleba ganmeorebis T periodze. 
 
 

 
 
nax. 14. Co2MnSi-Si 59Co –birTvebze orimpulsiani (2) da erTimpulsiani (1) 
eqos intensivobebis damokidebuleba ganmeorebis T periodze. 

 
am masalebSi erTimpulsiani eqos formirebas gansazRvravs 

damaxinjebis meqanizmi [27]. misi  efeqturoba dasabuTebulia erTimpulsiani 
eqos signalebis gaZlierebis efeqtiT amgznebi radiosixSiruli impulsis 
ukana frontis sixSiruli damaxinjebis dros, romelic ganxilulia 
analogiur SromebSi [30]. maSin, rodesac liTiumis feritSi aseTive 
zemoqmedeba iwvevda erTimpulsiani eqos signalis intensivobis daxSobas. 

miRebuli Sedegebidan did interess iwvevs Cvens mier ganxiluli da 
Sesaswavli magnetikebi, sadac arsebobs garkveuli korelacia maT fizikur 
Tvisebebsa da damaxinjebis meqanizmiT formirebul erTimpulsiani eqo 
signalebis intensivobebs Soris. aseTi magnetikebia feromagnituri 
metalebi (Co), sadac daimzireba metad intensiuri signalebi, susti 
intensivbisa da `cudi” _ feromagnituri naxevarmetaluri manganatebi da 
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feromagnituri dieleqtrikebi _ liTium  feritebi, sadac aRniSnuli 
signalebi ar daimzireba. amitom am sakiTxs gaaCnia gansazRvruli interesi 
erTimpulsiani eqos efeqtebis praqtikuli gamoyenebis TvalsazrisiT 
magnituri masalaTmcodneobisaTvis.  

meore sainterso moments warmoadgens liTiumis feritSi 
erTimpulsiani eqos signalis sruli daxSoba. es Sedegi TvalnaTliv 
ewinaaRmdegeba [34] SromaSi miRebul Sedegebs, sadac radiosixSiruli 
impulsis damaxinjebis gareSe rezonansuli agznebis dros glicerinSi 
damzerili eqosmagvari signali, interpretirdeba rogorc erTimpulsiani 
eqo, romelic formirebulia ararezonansuli meqanizmiT [7] da  aRwerilia 
veqtoruli modelis CarCoSi [16]. sainteresoa aRiniSnos, rom analogiuri 
damokidebuleba exosmagvar gamoZaxilze miRebuli iyo MnCl2  wyalxsnarSi 
[17]. 

damzerili Sedegebis sxvadasxvaobis SesaZlebel axsnas warmoadgens 
Cveni bmr arakoherentuli speqtrometris arasakmarisi garCevisunarianoba, 
romelic saSualebas ar iZleva damzerili yofiliyo liTiumis feritSi 
erTimpulsiani eqos signali erTimpulsiani agznebis reJimSi. SromebSi 
[16,17] erTimpulsiani eqos signalebis Sesabamisi signalebi miRebuli iqna 
koherentul bmr speqtrometrze signalebis dagrovebiT. sxva mniSvnelovani  
axsna SeiZleba iyos is, rom [16,17] SromebSi damzerili signalebi [18]-is 
Tanaxmad warmoadgens oscilirebadi Tavisufali induqciis milevis 
nawilis, romelic efeqturad gasaSualdeba nulamde. im SemTxvevaSi 
rodesac arsebobs didi araerTgvarovnad gaganierebuli bmr xazis mqone 
sistema, krZod liTium feriti, rac naCvenebia [6] – Si. es sakiTxi saWiroebs 
aseve Semdgom gamorkvevas.  

sxva saintereso problemas warmoadgens Seqcevadi da Seuqcevadi 
relaqsaciebis gavlenebis kvleva erTimpulsiani eqos signalebis 
amplitudaze. SromaSi [7] naCvenebia, rom erTimpulsiani eqos signalebis 
daxmarebiT SesaZlebelia ganisazRvros Seuqcevadi ganivi relaqsaciis dro 
T2 , MnFe2O4 tipis magnetikebSi. 

erTimpulsiani eqosaTvis am meTodiT gazomili ganivi relaqsaciis 
dro T2 sididiT ar emTxveva orimpulsiani eqos meTodiT gazomil T2 
sidides [7]. rogorc aRmoCnda erTimpulsiani eqos signalis damokidebuleba 
amgznebi radiosixSiruli impulsis xangrZlivobaze τ ganisazRvreba 
aramarto Seuqcevadi relaqsaciiT, aramed sxva erTimpulsiani eqos 
signalebis formirebis meqanizmebiTac, kerZod  bmr araerTgvarovani 
gaganierebuli xazebis arsebobiT. 

am TvalsazrisiT liTium feriti warmoadgens metad saintereso 
obieqts formirebuli erTimpulsiani eqos signalebis relaqsaciuri 
procesebis SeswavlisaTvis, ramdenadac masSi damaxinjebis meqanizms 
araviTari wvlili ar miuZRvis da erTimpulsiani eqos signalis 
formirebis procesi aRiwereba mravalimpulsiani meqanizmiT, romlis 
fizikuri arsi ganixileboda zemoT. 

nax. 15 -ze warmodgenilia liTium feritSi ZiriTadi da meoradi 
signalebis intensivobis eqsperimentuli damokidebuleba (I1

s
 , I2

s) 
radiosixSiruli impulsis xangrZliobaze.  
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nax.   15.  LiFe –Si ZiriTadi da meoradi signalebis intensivobis 
eqsperimentuli damokidebuleba (I1

s
 , I2

s) radiosixSiruli impulsis 
xangrZliobaze. 

  
xolo nax. 16 -ze liTiumis feritSi Sesabamisi damokidebuleba 

orimpulsiani eqosaTvis, rogorc ZiriTad ise meoradi signalebisaTvis, 
radiosixSirul amgzneb impulsebs Soros daSorebis mixedviT τ12. 

 

 
 
nax. 16.  LiFe –Si orimpulsiani eqosaTvis ZiriTadi da meoradi signalebis 
intensivobis eqsperimentuli damokidebuleba (I2, I1) radiosixSiruli 
impulsis xangrZliobaze. 

 
rogorc cnobilia damaxinjebis meqanizmis efeqturobis SemTxvevaSi  

oie da eie signalebis cvlileba   SesabamisobaSia maTi agznebis pirobebis 
cvlilebasTan [27] da am SemTxvevaSi adgili aqvs oie (T2) da erTimpulsiani 
eqos (sT2) signalebis ganivi relaqsaciis droebs Soris Semdeg 
Tanafardobebs :  

 
sT2 = (0,5 _ 0,8) T2 

 
liTiumis feritis SemTxvevaSi relaqsaciis droebs Soris gansxvaveba 

erTi rigiT metia ,  magaliTad  fbmr = 73,2 mghc –ze  T2 = 1200 mkwm  da  sT2 = 40 
mkwm.  

sayuradReboa, rom Li-Fe-Si erTimpulsiani eqos rs paketebis 
ganmeorebis sixSireze damokidebulebis suraTi mkveTrad gansxvavdeba igive 
nimuSis orimpulsiani eqos qcevisagan. maSin roca, kobaltis SemTxvevaSi 
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erT da or impulsiani eqos ganmeorebis sixSireze damokidebulebi avlenen 
erTnair xasiaTs. es faqti miuTiTebs Li-Fe-Si erTimpulsiani eqos sxva 
nimuSebisagan gansxvavebul formirebis meqanizmze.  

am mosazrebis damadasturebeli saintereso eqsperimentuli Sedegebi 
iqna miRebuli spinuri sistebis mravaljeradi agznebisas. es e.w 
mravaljeradi eqo signalebi formirdeba, maSin, roca spin sistemaze 
modebulia sxvadasxva xangrZlviobisa da ori aratoli radiosixSiruli 

(rs)  impulsi da sruldeba  1
2

1
1 ,   << 2/1  piroba. sadac  1  da 2  rs 

impulsebis xangrZliobebia, xolo 2/1  bmr xazis naxevarsigane. magnitur 
masalebSi birTvuli magnituri rezonansis (bmr) speqtrisa da gaZlierebis 
faqtoris didi araerTgvarovnobis gamo, birTvuli spinuri eqo 
warmoadgens ramodenime komponentis erTobliobas. magnetikebSi 
mravaljerad eqoTa struqturis arseboba Cveulebrivad efuZneba 
erTimpulsiani eqos formirebis meqanizms. rezonansuli rs impulsTa 
paketebis perioduli zemoqmedebis SemTxvevaSi, roca amgzneb impulsTa 
paketebis gameorebis sixSire iseTia, rom spin_sistema ver aswrebs 

wonasworul mdgomareobaSi mosvlas ( 1T  da 2T  relaqsaciebis droSi) yovel 
momdevno Tanmimdevrobidan e.w. mravalimpulsiani meqanizmiT formirdeba 
mravaljeradi eqo signalebi.  

am mosazrebis eqsperimentuli dasabuTebisaTvis Cvens mier 
gamokvleuli iyo mravaljeradi eqoebis struqtura liTiumis feritSi 

Fe57 _birTvebze da sufTa kobaltSi Co59 _birTvebze.  
gamokvleuli iqna ori ufro intensiuri da Zlierad gamokveTili 

struqturuli komponenti. arsebuli eqsperimentuli monacemebidan yvelaze 
didi interesi aqvs  im monacemebs, romlebic dakavSirebulia sami 
komponentis relaqsaciebis siCqaris fardobebTan: 1) ZiriTadi komponentis 

relaqsaciis siCqaresTan, 2) ( 2T ) spin_spinur relaqsaciebTan da 3) ( 1T ) 
spin_meserul relaqsaciebTan, Sesabamisad. ZiriTadi komponentis 

relaqsaciis dro ori rigiT moklea 2T _ze, xolo meore ZiriTadi 

komponentis dro  ki tolia 2T _s.    
 mravaljeradi eqo signalebis formis ricxviTi gamoTvlebidan 

cnobilia, rom ordonian spin sistemaSi isini warmoiqmnebian 
araerTgvarovnad gaganierebuli bmr xazebis ori aratoli xangrZliobis 
mqone sworkuTxa rezonansuli impulsebiT agznebis SemTxvevaSi. aq 
damatebiTi jeradi signalebis warmoqmna dakavSirebulia ararezonansuli 
spinebis jgufis fokusirebiT, drois im momentisaTvis, romelic 
damokidebulia impulsTa xangrZliobaze da es komponentebi warmoadgenen 
eqo signalebs im spinebisagan, romlebsac gaaCniaT didi aSliloba 

 >> 2/11  H , sadac n   aris aSla;  rs impulsis sixSire; 

 birTvis giromagnituri fardoba; 2/1 _gaZlierebis koeficientis 

ganawilebis naxevarsigane.   
 arsebobs garkveuli analogi  eie_sa da mravaljerad eqoebs 

Soris. aqedan gamomdinare saWiroa ganimartos eie_s formirebis meqanizmis 
realizaciis pirobebi, romlis drosac formirdeba sxvadasxva tipis 
gamoZaxilebi. 

nax. 17-ze moyvanilia LiFe nimuSSi miRebuli mravaljeradi agznebis 
eqoebis oscilograma.   
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nax. 17.  LiFe_Si ori aratoli da farTo rs impulsebis zemoqmedebiT 

miRebuli mravaljeradi eqo gamoZaxilebis signalebi   
 
rogorc vxedavT maT gaaCniaT sakmarisad rTuli struqtura da 

xasiaTdebian struqturuli komponentebis araregularuli ganawilebiT. 
magnetikebSi mravaljeradi eqoTa struqturis arseboba Cveulebrivad 
efuZneba ararezonansuli rs impulsis frontebis damaxinjebisa da 
mravalimpulsiani meqanizmis models.  frontebis    damaxinjebis modeliT    
SesaZlebelia ganisazRvros calkeuli eqos maqsimumebis warmoqmnis drois 
momentebi, Tumca am modelis farglebSi mravaljeradi eqo signalebis 
intensiobebisa da formis mkacri gamoTvla ar xerxdeboda, gamonakliss 
warmoadgenda erTimpuliani eqos signalebis warmoqmnis umartivesi 
SemTxvevebi.  

liTium feritze aratoli xangrZliobis ori ganieri rezonansuli rs 
impulsebis zemoqmedebiT   miRebuli eqo gamoZaxilebis saxe naCvenebia nax. 
18-ze. E1 aris erTimpulsiani da E2  - orimpulsiani stimulirebuli eqos  
signalebi.   

 
 

    
 
                                        a                           b 
nax. 18.  LiFe_Si (a) da Co-Si (b) ori aratoli, farTo rezonansuli 

impulsebis zemoqmedebiT miRebuli mravaljeradi eqo gamoZaxilebis 
signalebi.  

a) fbmr=71 mghc; t1 = t2 =8 mkwm; t12=22 mkwm.  
b) fbmr=217 mghc; t1 = t2 =10 mkwm; t12=16 mkwm.  
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rogorc LiFe_Si ise Co_Si bmr speqtri xasiaTdeba farTo 
rezonansuli xazebiT da  amitom C1 da C2 komponentebis struqtura ufro 
gamokveTilia, vidre sxva nimuSebSi. 

[46] SromaSi gamokvleulia FeV nimuSSi mravaljeradi eqo signalebis 
relaqsaciis siCqareebi. romlebsac Semdegi mniSvnelobebi gaaCniaT: C2 
komponentis relaqsaciis siCqarisaTvis miiRes 1 mkwm-1, spin_spinuri 
relaqsaciis siCqarisaTvis 1/T2=10-2 mkwm-1  da spin_meseruli relaqsaciis 
siCqareebisaTvis 1/T1=10-3 mkwm-1. amrigad C2 komponentis efeqturi relaqsaciis 
dro TiTqmis ori rigiT mokle iyo T2_ze, xolo C1_is relaqsaciis dro ki 
daaxloebiT T2-is toli aRmoCnda.  am efeqtis buneba dRemde auxsneli  
rCeboda.  

eqos signalis struqturis evolucia, kerZod, ori ufro Zlieri 
intensiobis mqone komponentebisaTvis (C1 da C2)  LiFe_Si da Co-Si, ori toli 
radiosixSiruli impulsebis xangrZliobaze damokidebulobis mixedviT, 
roca τ1=τ2=τ da tp=Constant naCvenebia nax. 19-ze. sadac τ1 da τ2  pirevli da 
meore rs impulsebis xangrZlivobebia, xolo tp

 – pirevli impulsis bolo 
frontsa da meore impulsis sawyis fronts Soris droiTi daSoreba. 

 

 
 

                                            a)                                           b)     
nax. 19. radiosixSiruli impulsis siganis damokidebulobis 

mixedviT mravaljeradi eqo gamoZaxilebis saxe 
  а)  LiFe,  Fbmr=71 mghc, 1=2 = (1; 1,8; 2,2; 3; 4; 6; 7;10; 14) mkwm,  tp =15 mkwm.  
  б)  Co;   Fbmr=217 mghc, 1=2 = (3; 8; 9; 10; 12; 14; 16) mkwm,  tp =22 mkwm.  

 
E1 da E2  signalebis warmoqmnis droebi cnobilia da daaxloebiT 

tolia rs impulsis  xangrZliobisa. xolo eqos fardobiTi mniSvnelobis 

damokidebulebas  2 xangrZliobaze warmovadgenT mxolod E1, E2  da  C1, C2  
komponentebisaTvis, nax. 20, 21 da 22.   
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                                              a                                                              b 

 
nax. 20. Fbmr=71 mghc, 1=1.3 mkwm, tp =20 mkwm. a) LiFe- Si eqos fardobiTi 

amplitudis damokidebuleba impulsis xangrZliobaze ;  b) LiFe_Si signalis 
droiTi warmoqmnis damokidebuleba rs impulsis droiT xangrZliobaze         

 
 

 
nax. 21.  LiFe-Si eqos fardobiTi amplitudis damokidebuleba rs impulsebis 
xangrZliobaze ( Fbmr=71 mghc,. 1=2 =,  tp =15 mkwm) 
 

 
nax. 22.  Li-Fe-Si erTimpulsiani eqo (E1)da orimpulsiani stimulirebuli eqo 
(E2) signalebis damokidebuleba rs paketebis ganmeorebis (F) sixSireze. 
 E1 - Fbmr=71mghc, tp = 8.5 mkwm;  
 E2 - Fbmr=71mghc, t1 =13 mkwm,  t2=1.2 mkwm,  t12=60 mkwm. 
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E1 - erTimpulsiani eqos qcevis xasiaTis msgavsebam E2-stimulirebul 
eqo signalis qcevasTan da aseve, E1, E2  da  C2  siCqareebis vardnis Sedarebam 
uCvena aRniSnuli komponentebis relaqsaciis siCqareebis siaxlove. Tumca 
eie relaqsaciis dro liTiumis feritSi ori rigiT moklea, vidre 
orimpulsiani eqos spin-spinuri T2-relaqsacia. es ki mianiSnebs  E1 da C2  eqo 
signalebis stimulirebuli eqos formirebis meqanizmze. vinaidan E2  aris 
orimpulsiani stimulirebuli eqos  signali.  

erTimpulsiani eqos ganivi relaqsaciis drois SesaZlo damokleba, 
orimpulsiani eqos spin_spinuri relaqsaciasTan SedarebiT dakavSirebuli 
unda iyos spinebis precesiis dakarguli koherentulobis srul aRdgenis 
SeuZleblobaze rs impulsebis damTavrebis Semdeg,  ramdenadac eie 
ararezonansul formirebis meqanizmSi adgili aqvs fazuri gaSlisa da 
Sekrebis (fazirebis) pirobebis gansxvavebulobas.  

amrigad miRebuli Sedegebis safuZvelze, im SemTxvevaSi rodesac 
gvaqvs ori erTnairi xangrZliobis rs impulsi da rs impulsebis 
daumaxinjebeli frontebi LiFe_Si C2 komponenti formirdeba  stimulirebul 
meqanizmiT.  
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Tavi IV dabalsixSiruli magnituri velis zemoqmedeba birTvul 
spinur eqoze 

 
4.1 meTodis aRwera 
 

mravaldomenian feromagnetikebSi bmr signalebis bunebaze warmodgena 
sakmarisad rTul amocanas warmoadgens. Tu romelime magnetikis bmr 
speqtrze  erTi tipis poziciisa da zenazi velis anizotropulobis gamo 
daimzireba ori piki. es pikebi ganpirobebulia im birTvebiT, romlebic 
moTavsebulni arian domenuri kedlebis centrSi an mis sazRvrebSi. magram 
iseTi nivTierebebis SemTxvevaSi, romlebic Seicaven or an met 
araekvivalentur poziciebs, aseTi identipikacia problemuri xdeba. 
rodesac zenazi velis anizotropuli wvlili mcirea, maSin spin-eqos 
signalebis identipikacia im birTvebisagan, romlebic moTavsebulni arian 
domenuri kedlebis centrSi Seesabameba damatebiTi maqsimumebi spinuri 
eqos intensivobis radiosixSiruli impulsebis simZlavreze 
damokidebulebis mrudze. aseTi gamoyofa SesaZlebelia domenuri kedlebis 
centrSi didi η gaZlierebis koeficientis gamo. 

rig SemTxvevebSi bmr signalebis identifikaciisaTvis warmatebiT 
gamoiyeneba gareSe mudmivi magnituri velis SemTxvevaSi, rac imaSi 
gamoixateba, rom rodesac es veli gadaaWarbebs nimuSis ganmamagnitebel 
vels, maSin domenuri struqtura ispoba da sistema erTdomeniani xdeba. 
garda amisa η gaZlierebis faqtoris ganawilebaze da masTan bmr signalis 
bunebaze sasargeblo informacias iZleva eqo signalis intensivobis 
radiosixSiruli impulsis velis daZabulobaze damokidebulobis codna. 
magram am SemTxvevaSi saWiroa mxedvelobaSi iqnas mi|Rebuli is garemoeba, 
rom am damokidebulebis xasiaTi zogad SemTxvevaSi ganisazRvreba ara 
marto domenur kedlebSi moTavsebuli birtvebis ganawilebis 
TaviseburebebiT, aramed rezonansuli signalebis formiTac, romlebic 
Tavis mxriv damokidebulia bmr xazis siganeze da amgznebi impulsebis 
xangrZlivobaze. 

sakmarisad saintereso Sdedegebi iqna miRebuli keinarisa da 
kempbelis mier 1980 wels damatebiTi dabalsixSiruli velis meTodis 
gamoyenebiT, romlis saSualebiTac manganumis feritSi 55Mn-is birTvebze 
bmr speqtris bunebis Seswavlis mizniT gamokvleuli iyo birTvuli spinuri 
eqos  signalis amplitudis modulaciis efeqti, susti dabalsixSiruli 
magnituri velebis (nimuSis ganmamagnitebel velTan SedarebiT) moqmedebis 
Sedegad, romelic gamowveulia nimuSis gadamagnitebis gamo domenuri 
kedlebis wanacvlebiT [24]. 

am TvalsazrisiT saintereso nimuSs warmoadgens feromagnituri 
dieleqtriki liTiumis feriti Li-Fe. am nivTierebis bmr kvlevebze didi 
interesi ganpirobebulia misi kristalografiuli da magnituri 
struqturis TaviseburebebiT da amasTan erTad, oqtaedrul kvanZebSi 
ionebis mowesrigebuli ganlagebis xasiaTiT. garda amisa Li-Fe metad 
perspeqtiuli muSa nivTierebaa radioimpulsuri signalebis 
damuSavebisaTvis iseT danadgarebSi, romlebic Seqmnilia spinuri eqos 
movlenebze. masze interesi ganpirobebulia imiTac, rom cnobil 
polikristalur nivTierebebTan SedarebiT mas gaaCnia ganivi relaqsaciis 
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drois T2-is udidesi mniSvneloba, rogorc dabal, ise oTaxis 
temperaturebze da xasiaTdeba domenuri kedlebis didi ZvradobiT. 

unda aRiniSnos, rom didi Zvradobis mqone domenuri kedlebis 
magnitur kristalebSi cvladi magnituri veli domenis SigniT praqtikulad 
ver aRwevs (analogiurad skin-efeqtis movlenisa metalebSi). amitom bmr 
signalis formireba xdeba ara domenSi arsebuli birTvebidan, aramed 
domenur kedlebTan SexebaSi myofi domenis zedapiruli fenis birTvebidan. 

rogorc cnobilia spin sistemaze erTimpulsiani radiosixSiruli 
veliT zemoqmedebisas impulsis damTavrebis Semdeg formirdeba 
Tavisufali precesiis milevis signali. garda amisa radiosixSiruli velis 
damTavrebis Semdeg impulsis ukana frontidan am impulsis τ droiTi 
xangrZlivobis daSorebiT warmoiqmneba eqo signali. rogorc zemoT 
aRvniSneT, erTimpulsiani eqos formirebis erT-erTi mosazreba 
mdgomareobs imaSi, rom misi formireba dakavSirebulia amgznebi impulsis 
sakmarisad daxril frontebTan da maT gaaCniaT impulsis Semavsebeli 
rxevebidan sakmarisad gansxvavebuli maRali speqtraluri simkvrivis 
rxevebi. amitom es rxevebi SeiZleba ganixilebodes rogorc ori 
radiosixSiruli impulsi.  

aRniSnuli erTimpulsiani eqos formirebis meqanizmis kvlevis 
saintereso eqsperimentuli Semowmebis SesaZleblobas warmoadgens 
erTimpulsiani eqos vardnis momvlebze dabalsixSiruli magnituri velebis 

zemoqmedeba 


 n
m   sixSiris rigiT, sadac n mTeli ricxvia, m  

dabalsixSiruli magnituri velis sixSire, xolo τ impulsis periodi 
(xangrZlivoba). romlis Hm velis amplituda ramodenime erstedis rigisaa. 
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nax. 23. damatebiTi dabalsixSiruli magnituri velis zemoqmedeba. a- 
sawinaaRmdego da b-sinfazur fazebSi 

 
orimpulsiani eqos SemTxvevaSi, rodesac dabalsixSiruli 

sinusoidaluri magnituri velis maqsimumebi emTxvevian radiosixSirul 
impulsebs, zemoqmedebas sinfazuri ewodeba; xolo roca erTi impulsi erT 
maqsimums emTxveva, meore ki uaxloes minimums _ sawinaaRmdego faziT 
zemoqmedeba. nax. 23. 

erTimpulsiani eqos SemTxvevaSi suraTi analogiuria, mxolod 
dabalsixSiruli magnituri velis maqsimumebi an minimumebi unda 
emTxveodnen radiosixSiruli impulsis wina da ukana fronts. 

rogorc cnobilia orimpulsiani eqos damzeris dros, nimuSze susti 
dabalsixSiruli magnituri velis sixSireze am velis zemoqmedeba iwvevs 
spinuri eqos signalis milevis momvlebis modulaciur efeqts [32]. 
feromagnetikebSi orimpulsian eqoze damatebiTi dabalsixSiruli 
magnituri velis zemoqmedeba pirvelad gamokvleul iqna [33] SromaSi, sadac 
aRniSnulia modulirebuli spin-eqos milevis momvlebis gaZlierebis 
efeqti. dabalsixSiruli mamodulirebeli velis gaZliereba 
dakavSirebulia zenazi velis anizotropiul komponentTan, romlis drosac 
dabalsixSiruli velis zemoqmedebisas xdeba domenuri kedlebis 
wanacvleba, rasac Tan sdevs domenur kedlebSi birTvebis efeqturi 
mdebareobis cvlileba. [33]. aRmoCnda, rom pirvel miaxloebaSi 
dabalsixSiruli damatebiTi magnituri velis Hm amplituda eqos 
formirebis procesSi saWiroa drois mxolod im momentSi, rodesac nimuSze 
radiosixSiruli impulsebi moqmedeben. amitom sinusoidaluri veli isea 
aproqsimirebuli TiTqos arsebobdes ori damatebiTi impulsuri magnituri 
veli, romlebic moqmedeben sinqronulad radiosixSirul I da II 
impulsebTan erTad. garda amisa, Tu damatebiTi dabalsixSiruli veli 
drois momentebSi radiosixSiruli impulsebis Tanmimdevrobas ar emTxveva, 
maSin es aris meore rigis efeqtebi, romlebis ganisazRvrebian nimuSis 
farglebSi Hm velis araerTgvarovnebiT. amrigad, roca τ12 = nT (sadac τ12 
aris or radiosixSirul impulss Soris droiTi dayovneba, T _ 
dabalsixSiruli velis periodi, xolo  n _ mTeli ricxvi) damatebiTi 

dabalsixSiruli impulsebi sinfazuria, xolo roca τ12 = (n + 
2
1 )T maSin 

damatebiTi impulsebi faziT sawinaaRmdegoni arian. aseTi ganxilvis 
safuZvelze SeiZleba daisvas sakiTxi, rom Tu radiosixSiruli impulsis 
prontebi erTimpulsiani eqos formirebaSi ori radiosixSiruli impulsis 
rols TamaSoben, maSin analogiurad orimpulsiani eqosTvisac damzerili 
unda iqnas erTimpulsiani eqos amplitudis vardnis momvlebis modulaciis 
efeqti, Tanac modulaciis maqsimumebi unda daimzirebodes τ = nT, xolo 

minimumebi τ = (n + 
2
1 )T droiT intervalSi. 

Tu erTimpulsiani eqos formireba ganxorcielebulia arakidura 
meqanizmiT, maSin ukve mniSvnelovania radiosixSiruli impulsis mTeli 
sigrZe da mosalodnelia, rom erTimpulsiani eqos vardnis momvlebis 
modulacia nakleb efeqturi unda iyos radiosixSiruli impulsis 
farglebSi dabalsixSiruli velis moqmedebis kompensaciis gamo. 
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4.2 eqsperimentuli monacemebi 
 

[23] SromaSi Li-Fe-is bmr signalis bunebis gamosarkvevad izomeboda 
radiosixSiruli velis maqsimaluri gaZlierebis koeficientis sidide η0 
[23] [35] SromebSi aRwerili meTodebiT da gakeTebul iqna daskvna, rom Li-Fe-
Si bmr signali ganpirobebulia domenuri kedlebis birTvebiT. 

aRsaniSnavia, rom bmr speqtris analogiuri interpretacia 
aRiniSneboda agreTve manganumis feritSi – MnFe2O4. cnobilia, rom 
manganumis feritSi hanis eqos speqtrs gaaCnia, Li-Fe-is msgavsad (nax. 24), 
ori mkveTrad gamoxatuli maqsimumi [36], [37]. 
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nax. 24. Li-Fe-is speqtri 

 
[36]-Si miCneulia, rom bmr speqtris dabalsixSiruli maqsimumi 

warmoiqmneba domenur kedlebSi ganlagebuli birTvebiT, maRalsixSiruli 
ki _ domenis birTvebiT. meore mxriv, [37]-Si naCvenebia, rom amgznebi 
impulsebis optimaluri simZlavreebis  pirobebSi bmr speqtris orive 
komponenti ganpirobebulia domenis birTvebiT, magram didi gacvliTi 
energiisa da mcire magnitokristaluri anizotropiis mqone feritebSi eqos 
signalebi im birTvebisagan, romlebic ganlagebulni arian domenebSi da 
domenur kedlebSi sixSiris mixedviT umniSvnelod gansxvavdebian. am 
SemTxvevaSi mcire simZlavris amgznebi impulsebis dros eqos speqtri 
ZiriTadad ganpirobebulia domenuri kedlis birTvebiT. MnFe2O4 feritSi 
Mn-is birTvebis hanis eqos speqtris bunebis kvlevisaTvis [38] SromaSi 
gamoyenebuli iyo spinuri eqos milevis momvlebis modulaciis efeqti 
mcire simZlavris dabalsixSiruli magnituri velis zemoqmedebiT. am 
SemTxvevaSi modulaciis efeqtis sidide SeiZleba yofiliyo domenur 
kedlebSi ganlagebuli birTvebis wvlilis kriteriumi eqos signalis 
sidideSi, ramdenadac mcire simZlavris dabalsixSiruli velis 
zemoqmedebiT domenSi ganlagebul birTvebze am efeqtis sidide gacilebiT 
mcirea. am meTodis upiratesoba gamoixateba amgznebi impulsebis nebismier 
simZlavreze mis efeqtianobaSi. Catarebulma kvlevebma uCvenes, rom 
manganumis feritSi radiosixSiruli impulsebis mcire simZlavreebisas 
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hanis eqos bmr speqtris dabalsixSiruli komponentis arsebobaSi ZiriTadi 
wvlili SeaqvT domenur kedlebSi ganlagebul birTvebs. 

zemoT aRniSnuli warmodgenebis SemowmebisaTvis Cvens mier 
Catarebuli iqna eqsperimentebi heqsagonalur Semkvrivebul fazaSi myofi 
59Co-is da magnituri dieleqtrikis Li-Fe-is birTvebis spinuri eqos 
signalebze, Txevadi azotis temperaturebze (T = 77K). dabalsixSiruli 
veli iqmneboda rezonansSi moyvanili damatebiTi koWas saSualebiT, 
romelic sinqronizebuli iyo impulsebis TanmimdevrobasTan. izomeboda 
spinuri eqos amplituda radiosixSiruli velis paralelurad modebuli 
dabalsixSiruli velis arsebobisas da mis gareSe.  

Li-Fe-Si 57Fe birTvebze erTimpulsiani eqo signalis intensioba 
gacilebiT sustia, vidre 59Co-is birTvebze, maSin rodesac am nivTierebebSi 
orimpulsiani eqos intensivobebi daaxloebiT erTnairia da mosalodnelia, 
rom am nivTierebebSi eqos formireba sxvadasxva meqanizmiT iyos 
ganpirobebuli. 

 

 
nax. 25. heqsagonaluri Co.  m = 120khc; fbmr=216mghc; τ1= τ2=1mkwm; τ12=5mkwm; 

Hm=4erst. T=77K 
 

nax. 25 -ze warmodgenilia heqsagonalur kobaltSi orimpulsiani eqos 
milevis momvlebi dabalsixSiruli magnituri velis zemoqmedebiT I(b) da 
mis gareSe I(a), amgzneb radiosixSirul impulsebs Soris τ12 droiT 
dayovnebaze damokidebulebiT. aqve mocemulia erTimpulsiani eqos 
analogiuri damokidebuleba dabalsixSiruli velis arsebobisas I(d) da mis 
gareSe I(c), roca dabalsixSiruli velis sixSire m  = 70 khc da misi 

periodi Tanazomadia eqos impulsebs Soris daSirebis, xolo amplituda  
Hm = 4 erst. rogorc naxazidan Cans, adgili aqvs modulaciis efeqts 
orimpulsiani eqos  milevis momvlebze analogiurad [33]-isa da aseve 
erTimpulsiani eqos SedarebiT sust modulaciis efeqts. 
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a)                                            b)                                            c) 

nax. 26. Li-Fe-is oscilogramebi. a _ velis gareSe;  
b _ sinfazuri moqmedebiT;  c _ sawinaaRmdego faziT; T=77K 

 
qveda sxivebze mocemulia ori sakontrolo impulsi da masTan 

sinqronizebuli dabalsixSiruli veli. 
 
 

 
nax. 27. Li-Fe. m = 50khc; f =74mghc; Hm = 2erst. T=77K. 

 
nax. 27 -ze warmodgenilia analogiuri damokidebulebebi Li-Fe-Si. (a) _ 

dabalsixSiruli velis zegavleniT orimpulsiani eqos milevis momvlebis 
damokidebuleba, (c) _ erTimpulsiani eqos milevis momvlebi 

dabalsixSiruli velis dros da (b) _ mis gareSe, roca m  = 50 khc da Hm = 

2 erst. rogorc naxazidan Cans erTimpulsian eqoze modulaciis efeqti ar 
arsebobs. am rezultatebis dasabuTebis mizniT dabalsixSiruli velis 
amplitudis yvela diapazonisaTvis [32] SromaSi gadaRebuli iqna eqos 
signalze sinfazuri da sawinaaRmdego fazasi zemoqmedeba, e.i. rodesac 
radiosixsirul impulsebs Soris droiTi dayovneba fiqsirebulia da 
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tolia Sesabamisad τ12 = nT da τ12 = (n + 
2
1 )T. eqsperimentuli rezultatebi 

warmodgenilia nax. 28-ze, sadac TiToeuli maTgani (1,2) da (1,3) warmoadgens 
kobaltSi Sesabamisad orimpulsiani da erTimpulsiani eqoebis fardobiTi 
intensivobis damokidebulebas dabalsixSiruli velis amplitudaze, misi 
sinfazuri da sawinaaRmdego fazaSi zemoqmedebisas. rogorc naxazidan Cans 
sinfazuri zemoqmedebisas rogorc orimpulsiani ise erTimpulsiani eqoebis 
intensivobebis cvlilebebi devs eqsperimentuli cdomilebis farglebSi da 
isini erTmaneTs emTxvevian (1). maSin, rodesac dabalsixSiruli velis 
sawinaaRmdego faziT zemoqmedebisas erTimpulsiani eqos intensivobis 
fardobiTi cvlileba (3) daaxloebiT orjer naklebia vidre orimpulsiani 
eqosi (2). 

 

 
nax. 28. Li-Fe  _ m = 50khc; f =74.2mghc; Co _ m =70khc; f = 218mghc; 

T=77K. 
 

nax. 28-ze warmodgenilia aseve Li-Fe-saTvis orimpulsiani eqos 
fardobiTi intensivobis cvlilebis damokidebuleba sinfazuri (4) da 
sawinaaRmdego faziT (5) zemoqmedebisas. xolo (6) warmoadgens 
erTimpulsiani eqos fardobiTi intensivobis cvlilebas dabalsixsiruli 
velis amplitudis, rogorc sinfazuri ise sawinaaRmdego faziT 
zemoqmedebisas, romlebic eqsperimentuli cdomilebis farglebSi 
erTmaneTs emTxvevian. Tanxvedra imaze miuTiTebs, rom Li-Fe-Si erTimpulsian 
eqoze modulaciis efeqti ar daimzireba.  

amrigad zemoT moyvanili eqsperimentuli Sedegebis safuZvelze 
SeiZleba imis dasabuTeba, rom kobaltSi erTimpulsiani eqos formirebaSi 
ZiriTadi wvlili unda miuZRvodes radiosixSiruli impulsis  kidura 
frontebs, maSin rodesac liTiumis feritSi erTimpulsiani eqos 
modulaciis efeqtis ar arseboba mianiSnebs erTimpulsiani eqos 
formirebis arakidura meqanizmze, analogiurad imisa, rac daimzireboda 
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manganumis feritSi [39] da rogorc ganxiluli gvaqvs zemoT, Li-Fe-sa da Co-
saTvis. erTimpulsian eqos formirebaze damatebiTi sasargeblo 
informaciis miReba SeiZleba, Tu spinsistemaze radiosixSiruli impulsuri 
moqmedebis droiT areSi da mis gareT vimoqmedebT damatebiT Zlieri 
impulsuri magnituri veliT. am mizniT Cvens mier garkveulad 
modificirebuli iqna bmr speqtrometri, ramac saSualeba mogvca 
gangvexorcielebina saintereso eqsperimentebi magnetikebis magnituri 
mdgomareobisa da struqturis Sesaswavlad. ganvixiloT am zemoqmedebis 
zogierTi aspeqti momdevno TavSi. 
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Tavi V damatebiTi impulsuri magnituri velis zemoqmedeba 
birTvul spinur eqoze 

 
5.1 meTodis aRwera 
 

birTvuli spinuri eqos gamokvleva magnitomowesrigebul kristalebSi 
SedarebiT dabali intensivobis damatebiTi impulsuri magnituri velebis 
modebiT iZleva zenazi velis anizotropiasTan dakavSirebuli efeqtebis 
damzeris da domenuri sazRvrebis araerTgvarovnebebis da Zvradobis 
raodenobrivi da xarisxovrivi Sefasebis saSualebas. es ki did interess 
iwvevs, rogorc sxvadasxva tipis magnitoeleqtronuli mowyobilobebis 
muSaobis optimizaciis TvalsazrisiT, ise magnetikebSi bmr 
garCevisunarianobis gazrdis mizniT. 

orimpulsian meTodSi gamokvleul iqna meore radiosixSiruli 
impulsis mimarT damatebiTi magnituri impulsis moTavsebis ori SemTxveva: 
simetriuli da arasimetriuli. (ix. nax. 29) 

 
 

nax. 29. a-simetriuli zemoqmedeba; b-arasimetriuli zemoqmedeba 
 

orive SemTxvevaSi xdeba eqo signalis intensivobis Semcireba. magram 
Semcirebis xasiaTi sxvadasxvanairia da ganisazRvreba  nivTierebis Sida 
kristalografiuli da magnituri struqturiT, rac Tavis mxriv 
sainteresos xdis am meTods, mecnieruli TvalsazrisiT. simetriuli 
ganlagebis SemTxvevaSi domenis kedlebidan warmoqmnili eqo signalis 
intensivobis Semcireba aixsneba birTvebis mimdevrobiTi agznebiT, 
romlebic safexurebrivad icvlian TavianT mdebareobebs domenur 
sazRvrebSi. arasimetriuli zemoqmedebis SemTxvevaSi adgili aqvs bmr 
lokaluri sixSireebis araerTgvarovan wanacvlebas, romelic gamowveulia 
zenazi velebis anizotropiiT. qvemoT ganvixilavT eqos intensivobis 
eqsperimentalur damokidebulebebs magnituri impulsis amplitudaze da 
xangrZlivobaze. 

eqo signalis intensivobis damokidebulebiT magnituri impulsis 
amplitudaze I(Hm) SesaZlebelia ganisazRvros magnituri velis Hm1 sidide, 
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romelic iwvevs domenuri sazRvrebis wanacvlebas misi siganis toli 
manZiliT, xolo arasimetriuli agznebis SemTxvevaSi eqos signalis 
intensiobis magnituri impulsis xangrZlivobaze damokidebulebiT 
SesaZlebelia gamoTvlil iqnes bmr sixSiris araerTgvarovani wanacvlebis 
ganawilebis simkvriveebi, romlebic gamowveulia zenazi velis 
anizotropiiT. 

magnitur nivTierebebSi saintereso gamoyeneba hpova damatebiTi 
impulsuri magnituri veliT zemoqmedebis meTodma, erTimpulsiani eqos 
formirebis meqanizmis kvlevisaTvis [40]. saqme imaSia, rom erTimpulsiani 
eqo rig magnetikebSi iqceva Cveulebrivi or impulsiani eqos msgavsad, 
maSin, roca zogierT nimuSSi aris gansxvaveba erT da or impulsian eqoebis 
qcevis xasiaTs Soris. 

am miznisaTvis Seswavlil iqna radiosixSiruli impulsebis 
frontebis damaxinjebis roli erTimpulsiani eqos formirebaSi. ris 
Sedegadac impulsis damaxinjebuli frontebi TamaSoben radiosixSiruli 
impulsebis rols, analogiurad orimpulsiani eqos formirebisa. 

erTimpulsiani eqos formirebaSi radiosixSiruli impulsis 
frontebis rolis gamosarkvevad gamoyenebul iqna damatebiTi magnituri 
impulsi, τm xangrZlivobiT da Hm amplitudiT, romlis droiTi mdebareoba 
radiosixSiruli impulsis frontebis mimarT SeiZleba vcvaloT. es meTodi 
gamoiyeneba maSin, roca saWiroa domenuri sazRvrebis wanacvleba maTi 
siganis toli manZiliT, orimpulsiani eqos eqsperimentebSi [41]. 

damatebiTi magnituri impulsis moqmedebis mTavari efeqti, 
mravaldomenian magnetikebSi, mdgomareobs domenuri sazRvrebis 
wanacvlebaSi, romelic Seqcevadia magnituri impulsis mcire amplitudebis 
SemTxvevaSi. amitom magnituri impulsis modeba erT-erT radiosixSiruli 
impulsis areSi cvlis eqo signalis formirebaSi monawile birTvebis 
mdebareobas domenuri sazRvrebis SigniT (y – mimarTuleba), mis centrTan 
mimarTebaSi, romelic Tavis mxriv amcirebs gaZlierebis faqtors 1800-iani 

bloxis sazRvrebisaTvis. es cvlileba, rogorc cnobilia η=η0sech
d
y , sadac 

η0 gaZlierebis faqtoria domenuri sazRvris centrSi, romelic Tavis mxriv 
maqsimaluria da klebulobs kedlebTan miaxlobis mixedviT. amitom, Tu 
ori radiosixSiruli impulsiT damagnitebis veqtorebis mobrunebis 
kuTxeebia α1,2 da damatebiTi magnituri impulsis gareSe arian  α1,2 = γhητ1,2 da 
SerCeulia eqsperimentalurad ise, rom iZleva eqo signalis maqsimalur 
intensivobas, damatebiTi magnituri impulsis modebis Semdeg erT-erT 
radiosixSirul impulsze ganapirobebs mobrunebis kuTxis mniSvnelovan 
cvlilebas, η-s cvlilebis gamo, rac Tavis mxriv aisaxeba eqo signalis 
intensivobis Semcirebaze. 

garda amisa, damatebiTi impulsuri magnituri velis modeba 
radiosixSirul impulsebs Soris an meore impulssa da eqos Soris iwvevs 
aseve eqo signalis Semcirebas. rac ganpirobebulia anizotropuli zenazi 
velis mqone sistemebSi birTvebis bmr sixSireebis domenur sazRvrebSi 
mdebareobis mimarT damokidebulebis gamo. es efeqti, romelic defazirebis 
saxeliTaa cnobili, aixsneba lokaluri bmr sixSireebis wanacvlebiT, rac 
arRvevs fazur koherentulobas precesirebad birTvul spinebs Soris da 
iwvevs precesirebadi spinebis refazirebis (Sekrebis) efeqturobis 
Semcirebas. 
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5.2 eqsperimentuli monacemebi 
 

magnituri impulsis moqmedebisas aRmoCnda, rom orimpulsiani eqos 
Semcireba ufro Zlieria maSin, roca magnituri impulsi srulad 
gadafaravs meore radiosixSirul impulss (simetriuli zemoqmedeba). 

Cveni jgufis mier ganxiluli problemis mimarT interesi 
mdgomareobs imaSi, rom erTimpulsiani eqos formirebis meqanizmis 
kvlevisas, Li-Fe-Si, ar gamovlinda radiosixSiruli impulsis frontebis 
damaxinjebis meqanizmis raime wvlili erTimpulsiani eqos intensivobis 
SemcirebaSi [29], [30]. naCvenebia, rom erTimpulsiani agznebis SemTxvevaSi 
sufTa Li-Fe-Si erTimpulsiani eqo TiTqmis ar daimzireba (Zalian sustia da 
ikargeba xmaurSi). kvlevebisaTvis gamoyenebuli iyo polikristaluri 
liTium feritis rgoliseburi nimuSi da misi myari narevi TuTiasTan    
Li0.5Fe2.5-xZnx04 (0X  0.25) gamdidrebuli 57Fe izotopiT (96,8%), aseve 
gamoyenebuli iyo heqsagonaluri polikristaluri kobalti, 
naxevarmetalebi NiMnSb da Co2MnSi bmr gamosakvlevad 59Co da 55Mn 
birTvebze. 

garda amisa gamoyenebuli iyo kobaltis Txeli magnituri firebi, 
romlebic damzadebuli iyo kvarcis firfitebze qimiuri metalizaciis 
wesiT, sisqiT 2.24 mkm, maTi Semdgomi gamowviT vakuumSi 5000C-ze 3-4 saaTis 
ganmavlobaSi. miRebuli iyo aseve manganatebis nimuSebi La1-xCaxMnO3 
sistemaSi, damzadebulni standartuli myarsxeulovani reaqciiT [17], X=0.1; 
X=0.2; X=0.25 da X=0.4; 72 saaTis ganmavlobaSi 12600C temperaturaze 
gamomwvari fxvnilismagvar oTxive nimuSze axdenen dawnexvas formis 
micemis mizniT. miRebul nimuSebze xdeboda gazomvebi magnitur 
amTviseblobaze specialur cvladi denis maRalmgrZnobiare xidis 
saSualebiT [18]. 

aRsaniSnavia, rom liTiumis gamokvlevebisaTvis Cvens mier 
modificirebuli iyo speqtrometris rezonansuli sistema analogiurad [24], 
romelic saSualebas iZleoda mkveTrad gazrdiliyo speqtrometris 
mgrZnobiaroba. garda amisa, Cven gvqonda saSualeba gamogveyenebina 
intensiuri magnituri impulsebi (~500 erstedi), ramac mniSvnelovnad 
gaafarTova eqsperimentuli meTodis SesaZleblobebi. Li-Fe – TuTiis (Zn) – 
umniSvnelo raodenobiT Seyvana mniSvnelovnad cvlis birTvuli spinuri 
eqos formirebas. aseT nimuSSi formirdeba ukve didi intensivobis mqone 
erTimpulsiani eqo. aRmoCnda, rom Tu movaxdenT erTimpulsiani agznebisas 
radiosixSiruli impulsis frontebis damatebiT sixSirul damaxinjebas 
[34]-is analogiurad xdeba mxolod erTimpulsiani eqos intensiobis 
Tanabari Semcireba. maSin rodesac rig magnetikebSi, rogoricaa Co, Co2, 
MnSi, NiMnSb analogiuri zemoqmedeba ganapirobebda erTimpulsiani eqo 
signalebis mniSvnelovnad gazrdas. 

moviyvanoT eqsperimentuli droiTi diagramis Sedegebi ganxiluli 
magnetikebisaTvis jer orimpulsiani eqos SemTxvevisaTvis. rogorc 
naxazebidan Cans polikristaluri da Txelfirovani Co-saTvis, rodesac 
birTvul spinur eqosTan erTad impulsuri zemoqmedebis suraTi 
xarisxobrivad mniSvnelovnad gansxvavdeba iseTi, Cvens mier ganxiluli 
nivTierebebisagan, romlebsac gaaCniaT didi Zvradobis mqone domenuri 
kedlebi da zenazi velebis mcire anizotropia. amis sailustraciod 
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SevadaroT wvrildispersiul foladSi orimpulsian eqoze magnituri 
impulsis moqmedebis droiTi diagrama nax. 30 da Txel magnitur kobaltze 
nax. 31, NiMnSb nax. 32 bmr Mn-is birTvebze, romlisTvisac gvaqvs 
analogiuri Sedegebi +0.15% Zn-is Semcveli liTiumis feriti nax. 33 da 
Co2MnSi nax. 34. naxazebis qvemoT moyvanilia bmr signalebis agznebis 
Sesabamisi optimaluri parametrebi. 

 
 

              
nax. 30. 59Co-Si orimpulsiani eqos intensivobis damatebiTi 

magnituri impulsis Hd-ze damokidebulebis droiTi diagrama. 
τ1= τ2=1 mkwm, Δτ=10 mkwm, τd=2.4 mkwm, Hd=100 erst. fbmr=216.5 mghc. 
 

                   
nax. 31. kobaltis Txel firSi orimpulsiani eqos intensivobis damatebiTi 
magnituri impulsis Hd-ze damokidebulebis droiTi diagrama. τ1=τ2=1.5 mkwm, 
Δτ=9 mkwm, τd=3 mkwm, Hd=150 erst. fbmr=218 mghc. 

 
 
 
 



 62

              
nax. 32. Co2MnSi-Si Co-is birTvebze orimpulsiani eqos intensivobis 
damatebiTi magnituri impulsis Hd-ze damokidebulebis droiTi diagrama. 
τ1=1.1 mkwm, τ2=1.4 mkwm, Δτ=10 mkwm, τd=2 mkwm, Hd=550 erst. fbmr=145.5 mghc. 

 
 

        
nax. 33. NiMnSb-Si orimpulsiani eqos intensivobis damatebiTi magnituri 
impulsis Hd-ze damokidebulebis droiTi diagrama. τ1= τ2=2 mkwm, Δτ=11 mkwm, 
τd=3 mkwm, Hd=150 erst. fbmr=300 mghc. 

 
 

        
nax. 34. Li0.5Fe1.5Zn0.14O4-Si orimpulsiani eqos intensivobis damatebiTi 
magnituri impulsis Hd-ze damokidebulebis droiTi diagrama. τ1=1 mkwm, τ2=1.4 
mkwm, Δτ=7 mkwm, τd=1.7 mkwm, Hd=30 erst. fbmr=74 mghc. 
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nax. 35. La0.7Sr0.3MnO4 manganatSi orimpulsiani eqos intensivobis damatebiTi 
magnituri impulsis Hd-ze damokidebulebis droiTi diagrama. τ1=1 mkwm, τ2=1.2 
mkwm, Δτ=8 mkwm, τd=2 mkwm, Hd=30 erst. fbmr=373 mghc. 

 
droiTi diagramis kvlevis Sedegi magnituri impulsebis 

zemoqmedebisas 55Mn birTvuli spinebis eqoze feromagnitur  
La1-xCaxMnO3 manganatebSi, roca X=0.2 – 0.25. moyvanilia nax. 36(a) da nax. 36(b) 
Sesabamisad X-sa.  

 

 
nax. 36. La1-xCaxMnO3-Si manganatSi orimpulsiani eqos intensivobis 
damatebiTi magnituri impulsis Hd-ze damokidebulebis droiTi diagrama.  
τ1= τ2=2 mkwm, Δτ=10 mkwm, τd=3 mkwm, Hd=50 erst. fbmr=368 mghc. 

 
garda amisa gamokvleuli iyo nimuSebi X=0.1 da X=0.4 SemTxvevisaTvis. 

pirvel SemTxvevaSi eqos signali gamovlenili ar iyo, xolo X=0.4 dros 
eqos signali imdenad mcire iyo, rom SeuZlebeli iyo misi raime Tvisebis 
gamokvleva. 

es manganatebi am ukanasknel wlebSi intensiuri kvlevis obieqts 
warmoadgens, ramdenadac isini xasiaTdebian kolosaluri 
magnetorezonansuli efeqtebiT manganumis magnituri spinuri mowesrigebis 
temperaturasTan miaxloebaSi. maTze aseve mravali saintereso fizikuri 
movlenebis dakvirvebaa SesaZlebeli, romlebic moicaven spinebis Sinagan 
araerTgvarovan mdgomareobas, fazur separacias, muxtovan an orbitalur 
mowesrigebas [23]. 
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nax. 37-42 –ze warmodgenilia gamosakvlevi magnetikebis eqo signalis 
intensiobis damokidebuleba magnituri Hm impulsis amplitudaze 
simetriuli da arasimetriuli moqmedebis dros. isini saSualebas iZlevian 
swrafad iyves Sefasebuli droiTi diagramebis SesaZlebeli saxe magnituri 
impulsis nebismieri amplitudis SemTxvevaSi.  

 
 

 
nax. 37. orimpulsiani eqos intensivobis damokidebuleba damatebiTi 

magnituri videoimpilsis amplitudaze, simetriuli _ ( ) da arasimetriuli 

– ( ) zemoqmedebis dros, (a) _ Co-is SemTxvevaSi, roca 1 =2 =1.6 mkwm, =10 
mkwm, d =2.4 mkwm, f bmr=216 mghc. da (b) _ Co-is Txeli firis SemTxvevaSi, roca 

1 =1.3 mkwm, 2=1.5 mkwm, =9 mkwm, d=3 mkwm, f bmr=218 mghc. 
 
 

             
nax. 38. orimpulsiani eqos intensivobis damokidebuleba damatebiTi 
magnituri videoimpilsis amplitudaze, simetriuli _ ( ) da arasimetriuli 

– ( ) zemoqmedebis dros, Co2MnSi-is SemTxvevaSi, roca 1 =2 =2 mkwm, =10 
mkwm, d =3 mkwm, f bmr=300 mghc. 
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nax. 39. orimpulsiani eqos intensivobis damokidebuleba damatebiTi 

magnituri videoimpilsis amplitudaze, simetriuli _ ( ) da arasimetriuli 

– ( ) zemoqmedebis dros, Li0.5Fe1.5Zn0.15О4 -is SemTxvevaSi, roca 1 =2 =2 mkwm, 
=10 mkwm, d =3 mkwm, f bmr=74 mghc. 

 
 

           
nax. 40. orimpulsiani eqos intensivobis damokidebuleba damatebiTi 

magnituri videoimpilsis amplitudaze, simetriuli _ ( ) da arasimetriuli 

– ( ) zemoqmedebis dros, NiMnSb -is SemTxvevaSi, roca 1 =2 =2 mkwm, =10 
mkwm, d =3 mkwm, f bmr=300 mghc. 
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nax. 41. orimpulsiani eqos intensivobis damokidebuleba damatebiTi 

magnituri videoimpilsis amplitudaze, simetriuli _ ( ) da arasimetriuli 

– ( ) zemoqmedebis dros, La0.7Sr0.3MnO3 –manganatis SemTxvevaSi, roca 1=1 mkwm, 
2=1.2 mkwm, =8 mkwm, d =2 mkwm, f bmr=373 mghc. 

 
SevafasoT miRebuli eqsperimentuli Sedegebis ufro mniSvnelovani 

Taviseburebani. rogorc cnobilia [35] mravaldomenian magnetikebSi 
damzerili bmr signalebis bunebaze warmodgena sakmarisad rTuli 
sakiTxia. magaliTad erTi tipis polarizaciisa da zenazi velis 
anizotropiis arsebobis dros, bmr speqtrze daimzireba ori piki, 
romelsac ganapirobebs domenuri kedlis centrSi da mis kedlebTan myofi 
birTvebi. 

im SemTxvevaSi, Tu ar arsebobs zenazi velis anizotropia, maSin 
domenis centrSi da domenis kedlebTan myofi birTvebis bmr signalis 
sixSireebi erTnairia, magram gaaCnia radiosixSiruli impulsebis 
sxvadasxva optimaluri simZlavreebi. 

dabolos, Tu gvaqvs iseTi nivTierebebi, romlebsac gaaCniaT ori an 
meti poziciebi bmr speqtris identifikacia rTuldeba. am dros sasargeblo 
SeiZleba aRmoCndes magnituri impulsis zemoqmedebis droiTi diagrama, 
romelic warmoadgenen bmr Cveulebrivi speqtris damatebas. magnituri 
impulsebis gavlenis droiTi diagramebi Tavisi saxiT mkveTrad 
gansxvavdebian zenazi velis didi da mcire anizotropiis poziciebisaTvis. 
es metad mosaxerxebelia bmr xazebis bunebis damatebiTi 
identifikaciisaTvis. 

miRebuli Sedegebis gamoyenebis naTel magaliTad SegviZlia 
moviyvanoT magnituri impulsis zemoqmedebis droiTi diagrama 151Eu 
birTvebis spinur eqoze evropium granatSi (Eu3Fe5O12) heliumis 
temperaturaze [36]. eqsperimentuli rezultatebis analizma uCvena, rom 
Eu3Fe5O12-Si T=1.7 ÷ 4.2K bmr speqtrebi 151Eu birTvebze, romlebic 
moTavsebulia domenur kedlebSi da daaxloebiT emTxvevian sixSireebis 
mixedviT. Tumca gansaxilveli birTvebisaTvis gaZlierebis koeficientis 

( w / 0 ~102) mniSvnelovani gansxvaveba saSualebas iZleva gamokvleuli iyos 

calcalke birTvebisaTvis es jgufebi Sesabamisad radiosixSiruli 
impulsebis mcire da didi simZlavreebis dros. 

dadgenilia, rom domenebSi da domenur kedlebSi arsebuli birTvebis 
spinuri eqos Tvisebebi, romlebic moicaven bmr sixSires 600-750 mghc 
diapazonSi ar gansxvavdeba Cveulebrivi hanis eqos Taviseburebebisagan. 
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cnobilia, rom bmr speqtris erTi romelime komponentis damzerisas 
domenur kedlebSi 575-750 mghc birTvuli spinur eqos gaaCnia rigi 
araCveulebrivi Tvisebebi (gacilebiT didi sigane, radiosixSiruli 
impulsis amplitudidan signalis warmoqmnis droiTi daSorebis mixedviT, 
amplitudaTa arastabiluroba da a.S.). am signalis zogierTi Tvisebebis 
xarisxobrivi axsnis mcdeloba xdeboda [37] naSromSi. zogierTi es Tviseba 
SeiZleba gagebuli iqnas, Tu davuSvebT, rom 151Eu birTvebi, romlebic 
ganlagebulia Eu3Fe5O12 domenur kedlebSi 575-600 mghc sixSiris diapazonSi 
gaaCnia bmr sixSiris dinamiuri wanacvlebis efeqti, ise rogorc amas 
adgili aqvs manganumis feritSi 55Mn birTvebze, romelic adreull xanebSi 
daimzireboda e.w. damatebiTi eqo signalebi analogiuri TvisebebiT [38]. 

nax. 42-ze naCvenebia damatebiTi eqo signalebis oscilogramebi, 
romelic daimzireba 151Eu birTvebze Eu3Fe5O12 evropium granatSi. magnituri 
impulsis zemoqmedebis droiTi diagramebi damatebiTi eqo signalebisaTvis 
domenur kedlebSi da domenebSi aRmoCnda mniSvnelovnad sxvadasxva [37]. 

 
nax. 42. 151Eu-Si orimpulsiani eqos intensivobis damatebiTi 

magnituri impulsis Hd-ze damokidebulebis droiTi diagrama.  

    (a) _ damatebiTi eqo, roca, 1=1.2 mkwm, 2=2.1 mkwm, =9 mkwm. Hd=3 erst, 

d=0.5 mkwm, fbmr=580 mghc, Prs =25 mvt, T=1.8 K.  
        (b) _ ZiriTadi eqo, roca Hd = 3 erst, d = 0.5 mkwm, fbmr =678 mghc, Prs =5 mlvt. 

��� 
 

amrigad gansxvavebiT sustadanizotropirebuli poziciisa (zenazi 
velis anizotropiis parametrs bmr sixSiris erTeulSi aqvs 0.7 mghc da 5.8 
mghc sidide 57Fe da 55Co-saTvis Sesabamisad), romelic arsebobs 57Fe 
birTvebze liTiumis feritSi, Sesabamisi droiTi speqtrebis tipebi 
mniSvnelovnad gansxvavdebian 55Co da151Eu Zlieranizotropiul poziciasTan 
SedarebiT, sadac droiT diagramebze minimumebi icvlebian maqsimumebiT. am 
dros droiTi diagramebi ganisazRvrebian zenazi velis anizotropiiT da 
ar icvlebian nivTierebaSi domenuri kedlebis Zvradobis gazrdiT 
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(magaliTad polikristaluri kobaltisa da Txeli magnituri kobaltis 
SemTxvevaSi) an sxva masalebSi mocemul birTvebze (mag. 55Co da 55Mn 
birTvebze Co2MnSi nimuSSi). 

saintereso gamonakliss warmoadgens evropium granati, sadac 
heliumis temperaturazev 151 Eu birTvebis droiTi diagrama gansxvavebulia 
im droiTi diagramebisagan, romlebic dakavSirebulia imave birTvebis 
yofnasTan domenebSi da domenur kedlebSi 600-750 mghc da Seesabameba 
sustad anizotropirebul pozicias. Cveni azriT adgili aqvs Eu3Fe5O12 
nimuSSi domenur kedlebSi moTavsebuli birTvebis bmr sixSiris dinamiuri 
wanacvlebis efeqts, romelic ganapirobebs damatebiTi eqo signalis 
formirebas. amas mivyavarT mikroaraerTgvarovani gaganierebis CaqrobasTan 
zenazi velis gabnevis gamo eleqtronuli spinis rxevis korelaciis 
radiusSi. (daaxloebiT domenuri kedlis sisqis manZilze) [38]. 

am movlenis gamovlenis sxva eqsperimentuli efeqts warmoadgens 
damatebiTi eqos droiTi warmoqmnis Zlieri damokidebuleba 
radiosixSiruli impulsis simZlavreze. damatebiTi eqos sigane Seadgens 3-4 
mkwm intensivobis naxevarsimaRleze da 2-3 jer metia vidre 600-750 mghc 
diapazonSi xanis meqanizmiT formirebuli eqo. garda amisa T=4.2K 
temperaturamde gazrdiT damatebiTi eqos intensivoba mcirdeba erTi rigiT 
da igi uaxlovdeba ZiriTad eqos signals. 

amrigad magnituri impulsis moqmedebis meTodma gamoavlina is, rom 
mravaldomenian magnetikebSi orimpulsiani eqos signalze magnituri 
impulsis droiTi diagramebi ganisazRvrebian magnetikebis parametrebiT da 
isini SeiZleba gamoyenebuli iqmnas rogorc xarisxobriv ise raodenobriv 
maxasiaTeblad. 
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Tavi VI eqsperimentebSi gamoyenebuli aparatura 
 

6.1 impulsuri bmr speqtrometri 
 

eqsperimentuli gazomvebi Catarebulia arakoherentul birTvuli 
spinuri eqos speqtrometrze 40-400 mghc sixSiris diapazonSi, romlis 
sruli blok sqema mocemulia nax. 43-ze. es speqtrometri saSualebas iZleva 
gamoiricxos rezonansuli xazebis gajerebis efeqti da mirebul iqnas didi 
mgrZnobiaroba stacionarul meTodTan SedarebiT. am meTodis upiratesoba 
gamoixateba imaSi, rom nimuSze miewodeba zondirebuli impulsTa 
Tanmimdevroba, xolo nimuSidan wamosuli eqo signalis registracia xdeba 
ukve mTlianad gamorTuli radiosixSiruli velis pirobebSi, rac 
gamoricxavs gajerebis efeqts da zrdis signal-xmauris Sefardebas 
stacionalur meTodTan SedarebiT. speqtrometri modificirebul iqna 
sxvadasxva dasmuli amocanis gadawyvetisaTvis. romelic akmayofilebs 
Semdeg moTxovnebs: 

 radiosixSirul impulsTa Tanmimdevroba aformirebs Cveulebriv 
hanis birTvul spinur eqos da jerad (stimulirebul) eqo signalebs. 
calkeul radiosixSirul impulsebSi ganxorcielebulia rogorc 
amplitudis, ise xangrZlivobis cvlileba. 

 radiosixSiruli impulsebis moqmedebis areSi sinqronulad 
SesaZlebelia dabalsixSiruli da impulsuri magnituri velebis 
zemoqmedeba. 

 radiosixSirul impulsebSi ganxorcielebulia Sida impulsuri 
sixSiruli modulacia, xangrZlivobis, modulaciis siRrmisa da 
sixSiris cvlilebis siswrafis regulirebiT. 

 radiosixSiruli impulsebis moqmedebis areSi ganxorcielebulia 
amplitudis naxtomiseburi cvlileba damoukidebeli wyarodan. 

 gaTvaliswinebulia sixSiris, radiosixSiruli impulsis 
amplitudis mniSvnelobisa da eqo signalis intensivobis fardobiTi 
sidideebis gazomva. 
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nax. 43. arakoherentuli impulsuri bmr speqtrometri 
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nax. 43-ze mocemulia arakoherentuli bmr speqtrometris blok-sqema. 
romelzec naCvenebia ZiriTadi blokebis da maTi urTierT SeerTebis 
principi. 

impulsTa Tanmimdevroba ganxorcielebulia (1) programatoris 
saSualebiT, romelic warmoadgens urTierT sinqronizirebul video 
impulsebisa da dabalsixSiruli generatorebisagan Semdgar sistemas. es 
programatori uSvebs (12, 18, 22, 24) oscilografebs da aseve 
sinqronizaciaSi moyavs speqtrometris TiTqmis yvela bloki: 
modulatorebi (4) da (5), impulsuri simZlavris gamaZlierebeli (9), 
videoimpulsebis generatori (20), romelic Tavis mxriv eqo signalis 
intensivobis gamzomi kalibrebuli generatoris (19) gamSvebia droiTi 
dayovnebiT. TviT es programatori gaSvebulia (sinqronizirebulia) (7) 
sinusoidaluri rxevebis generatoriT da (6) sixSiris damyofTan 
erTobliobaSi warmoadgenen gamSveb generatorebs, riTac sistemaSi 
xorcieldeba dabalsixSirul velsa da radiosixSirul impulsebs Soris 
sinqronizacia.  

programatoris mier gamomuSavebuli video impulsebis 
TanmimdevrobaSi regulirdeba impulsebs Soris droiTi dayovnebebi da 
radiosixSiruli impulsebis xangrZlivobebi. am impulsebis daniSnulebaa 
gauSvas rogorc (4), ise (5) modulatori. modulatori gamoimuSavebs mZlavr 
uaryofiT impulsebs, romelTa saSualebiTac ganxorcielebulia 
maRalsixSiruli generatoris kveba, radiosixSiruli rxevebis 
amplituduri modulaciiT. impulsebis amplitudis H1-is cvlileba xdeba 
modulatoris gamosavali kaskadis anodze Zabvis cvlilebiT. 
radiosixSiruli amgznebi generatori (3) gamoimuSavebs 40-400 mghc maRali 
sixSiris rxevebs. swored am rxevebis modulireba xdeba modulatorebis 
saSualebiT. anu xdeba miwodebuli video impulsebis `Sevseba~ am maRali 
sixSiris rxevebiT. 

amgzneb generatorSi (3) gaTvaliswinebulia Sida impulsuri 
sixSiruli modulacia varikapebis gamoyenebiT, romlebic CarTulia 
avtogeneratoris wredSi. varikapebze miewodeba rogorc mudmivi 
wanacvlebis Zabva, aseve (1) programatoridan sworkuTxa da xerxiseburi 
formis impulsebi, romlebic sinqronizirebulni arian avtogeneratoris 
amgzneb impulsebTan.  

radiosixSiruli impulsebis moqmedebis areSi amplitudis 
naxtomiseburi cvlilebis misaRebad (1) programatoridan calkeul 
impulsTa TanmimdevrobiT xdeba (5) modulatoris gaSveba, romlis 
amplituda da droiTi xangrZlivobebi (4) modulatorisagan gansxvavebiT 
damoukideblad regulirdeba. 

L4C konturi, romelSic moTavsebulia sakvlevi nimuSi, warmoadgens 
rogorc amgzneb, ise mimReb rezonators. maRalsixSiruli (2) samkapa 
cirkulatoris gavliT formirebuli spinuri eqos signalebi (15) 
atenuatoris gavliT miewodeba mimReb bloks, romelic muSaobs 
supergeterodinul sistemaze. signalebis saboloo registracia xdeba 4 
sxivian oscilografze (18). 

signalebis intensivoba ganisazRvreba maTi amplitudebisa da 
kalibrebuli impulsebis SedarebiT. kalibrebuli impulsebis misaRebad 
gamoyenebulia standartuli maRalsixSiruli generatori (19), romlis 
gamosavali signali miewodeba radiosixSirul avtogeneratorSi (3) 
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moTavsebul da mimReb konturTan induqtiurad dakavSirebul damatebiT L3 
koWas da bmr signalTan erTad daimzireba oscilografze. amiT 
standartuli generatoris skalaze aiReba anaTvali mikrovoltebSi. 
gazomvis cdomileba 2-5%. 

damatebiTi impulsuri magnituri velis moqmedebisaTvis sitemaze 
gaTvaliswinebulia rezonatorSi damatebiTi 6-7 xviiani koWa (nax.44). 

 
nax. 44. speqtrometris rezonatori. 

 
xviebis simcire ganpirobebulia impulsis damaxinjebis gamo. 

SerCeulia optomaluri raodenoba, raTa ar moxdes impulsis frontebis 
damaxinjeba gardamavali procesebis gamo. am damatebiT koWas miewodeba 
sistemasTan sinqronizaciaSi moyvanili Zlieri video impulsi, rac iZleva 
500 erstedamde magnituri vels da am impulsis moTavsebis saSualebas 
nebismier droiT daSorebaze radiosixSiruli impulsebis mimarT. 

dabalsixSiruli magnituri velis mosadebad sakvlev nimuSze, 
gamoyenebulia sxva, ufro bevri xviis mqone damatebiTi dabasixSiruli 
koWa. principuli sqema analogiuria damatebiTi magnituri impulsis 
modebisa.  aqac, analogiurad SesaZlebelia dabalsixSiruli velis 
amplitudis da sixSiris regulireba radiosixSirul impulsebTan 
mimarTebaSi. dabalsixSiruli velis sixSiris regulirebiT avtomaturad 
regulirdeba amave velis sinusoidis minimumebis da maqsimumebis fazebi 
radiosixSiruli impulsebis mimarT. nax. 23.  
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6.2 nimuSebis damzadeba da warmomavloba 
 

disertaciis ZiriTad mizans warmoadgens birTvuli spinuri eqos 
signalebis formirebis Taviseburebebis gamokvleva birTvebze gare 
zemoqmedebiTa da lokaluri velebis ganawilebis xasiaTis mixedviT. am 
amocanis gadawyvetisaTvis aucilebelia SerCeul iqnas magnetikebis iseTi 
sistemebi, romlebic gansxvavebuli iqnebian erTmaneTisagan, rogorc 
kristalografiuli struqturiT, ise magnetorezonansuli TvisebebiT da 
zenazi velebis anizotropulobiT, rac dakavSirebulia erTimpulsiani eqos 
formirebis sxvadasxva meqanizmebTan. Sedegad kvlevis obieqtebad 
gamoyenebuli iyo Semdegi nimuSebi: 

1. sufTa metaluri, wibocentrirebul kubur fazaSi 
stabilizirebuli kobalti da kobaltis fuZeze Seqmnili minareuli 
feromagnituri Senadneobebi. 

2. heqsagonaluri da mWidrod Semkvrivebuli kobalti, rkinis da 
nikelis mcire minarevebiT CoxNi0,2-0,3Fe0,15-0,25. 

3. intermetaluri Senadnobebi Co2MnSi, romelsac gaaCnia heisleris 
tipis mowesrigebuli struqtura [42]. 

4. mowesrigebuli mdgomareobis mqone liTiumis feriti Li0,5Fe2,5O4. 
5. intermetaluri Senadnobebi Mn1+dSb romlis kristalografiuli 

struqtura miekuTvneba NiAs fazas. 
6. MnFe2O4  
7. Co-is Txeli firi. 
8. Co-is sendviCi. 
9. manganatebi La1-xCaxMnO3 
CoxNi0,2-0,3Fe0,15-0,25, Co2MnSi, MnFe2O4  da LiFe –is nimuSebis sinTezi 

ganxorcielebulia moskovis saxelmwifo universitetis araorganuli qimiis 
kaTedraze, moskovis radiofizikisa, eleqtronikis da avtomatikis 
institutSi. Co-is Txeli firebi da Co-is sendviCis nimuSebi damzadebulia 
iv. javaxiSvilis Tbilisis saxelmwifo universitetSi, andronikaSvilis 
fizikis institutSi da Tbilisis politeqnikur universitetSi.  La1-xCaxMnO3 

– mowodebulia ciurixis universitetidan. 
damzadebul iqna wvrildispersiuli fxvnilebi, masiT 1 gr. isini 

Tavsdebodnen 6-7 mm diametris da 30 mm simaRlis mqone cilindruli 
formis kapsulebSi, romlis Semdegac mimdinareobda kvlevebi spinuri eqos 
speqtrometrze. 

yvela metaluri zondi ganicdida xangrZliv (300-dan 700 saaTi) 
TermodamuSavebas. Senadnobebi Tavsdeboda kvarcis ampulebSi, sadac 
iqmneboda ~ 10-4 mm.vercx.wyl.sv. vakuumi, ris Sedegadac ampulaSi SeiSveboda 
sufTa inertuli gazi He. ampulis ganrCilvis Sedegad igi Tavsdeboda 
winaswar momzadebul aseTive tipis ampulaSi. garda amisa am meore 
ampulaSi (mcire raodenobiT) Tavsdeboda Jangbadis mSTanTqmeli fxvnili. 
gamowva homogenobis SenarCunebis mizniT mimdinareobda 850-9000C 
temperaturaze 300 saaTis ganmavlobaSi. heqsagonaluri fazis 
stabilizaciisaTvis nimuSebi nela civdeboda 48 saaTis ganmavlobaSi. amis 
Semdeg nimuSebi ifqvoda specialur sanaySi wvril nawilakebad, romelTa 
zomac 0,5-0,6 mkm-s ar aRemateba skin-efeqtis siRrmes. 
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yvela gamosakvlevi nimuSi, garda liTiumis feritisa da Txeli 
firebisa, wvrildispersiuli fxvnilis saxisaa. zogierT SemTxvevaSi 
civWedvis moxsnis mizniT xdeboda nimuSebis ganmeorebiT TermodamuSaveba. 
unda RiniSnos, rom SefuTvis, mikroaraerTgvarovnobis da sxva defeqtebis 
arsebobis gamo Co-is nimuSebSi heqsagonaluri mWidros Semkvrivebuli 
fazis miReba sufTa saxiT ver xerxdeboda. yvela nimuSSi specialuri 
damuSavebis Sedegadac ki arsebobda waxnagcentrirebuli kuburi faza. 

am procedurebiT miRebuli wvrildispersiuli fxvnilebi, masiT 
daaxloebiT 1 grami, Tavsdeboda 6-7 mm diametrisa da 30 mm simaRlis mqone 
cilindruli formis kafsulaSi da Semdeg mimdinareobda kvlevebi spinuri 
eqos speqtrometrze. 
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ZiriTadi Sedegebi 

 
1. magniturad mowesrigebul nivTierebebSi (magnetikebSi) bmr 

speqtrebis identifikaciisaTvis gamoyenebulia radiosixsirul impulsebTan 
sinqronizirebuli dabalsixSiruli magnituri veli, romlis drosac 
simetriuli da arasimetriuli agznebis SemTxvevaSi adgili aqvs eqo 
signalis milevis momvlebis modulaciur efeqtebs. dadginda, rom eqo 
signalis Semcirebis efeqti Li-Fe-Si simetriuli agznebisas mniSvnelovnad 
Zlieria vidre kobaltSi, rac dakavSirebulia domenuri kedlebis 
mniSvnelovan ZvradobasTan.  

dabalsixSiruli magnituri velis zemoqmedeba sufTa heqsagonalur 
kobaltSi erTnairi xasiaTisaa rogorc or impulsian, aseve erT impulsian 
eqoze, maSin rodesac liTiumis feritSi analogiuri msgavseba ar 
daimzireba. metic, sufTa liTiumis feritze erTimpulsiani eqo ar 
daimzireba minarevis arsebobis gareSe da am SemTxvevaSic ar arsebobs eqo 
signalis milevis momvlebis modulaciis efeqti. es pirdapiri miniSnebaa 
imisa, rom kobaltSi erTimpulsiani eqos formireba ZiriTadad 
ganpirobebulia kidura meqanizmiT. anu erTimpulsian variantSi frontebi 
TamaSoben calkeuli impulsebis rols. xolo liTiumis feritis 
SemTxvevaSi erTimpulsiani eqos formireba araa ganpirobebuli kidura 
meqanizmiT da saWiroa sxva damatebiTi monacemebi problemaSi sicxadis 
Sesatanad. 

2. damatebiTi impulsuri magnituri velis zemoqmedebiT miRebulma 
eqsperimentalurma monacemeba gaaRrmaves zemoT gamoTqmuli mosazreba, rom 
unda iyos analogia erT da or impulsian eqoebze damatebiTi magnturi 
impulsiT zemoqmedebisas sistemebSi, sadac erTimpulsiani eqo formirdeba 
damaxinjebis meqanizmiT. mxolod Li-Fe-is SemTxvevaSi, roca erTimpulsiani 
eqo formirdeba sxva meqanizmiT, zemoqmedebis xasiaTi sxvanairia. kerZod 
yvela sxva nimuSebisgan gansxvavebiT Li-Fe-Si erTimpulsiani eqos 
SemTxvevaSi damatebiTi magnituri impulsis moqmedebis xasiaTi 
gansxvavebulia sxva nimuSebze analogiuri zemoqmedebis xasiaTisagan. ar 
aris gansxvaveba, damatebiT magnitur impulss vamoqmedebT radiosixSiruli 
impulsis frontebze Tu mis SigniT. 

amiT dadginda analogia or da erTimpulsian eqoebs Soris im 
nivTierebebSi, sadac erTimpulsiani eqos formireba ganpirobebulia 
frontebis damaxinjebis meqanizmiT. ris gamoc gamyarda is mosazreba, rom 
Li-Fe-Si erTimpulsiani eqos formirebis meqanizmi gansxvavebulia sxva 
magnetikebSi formirebis meqanizmisgan. 

damatebiTi impulsuri magnituri velis zemoqmedebis xasiaTi 
polikristalur Co-Si da Co-is Semcvel sxva nivTierebebSi, sadac eqo 
signali formirdeba Co-is birTvebiT (Co, Co2MnSi, Co-is Txeli firi da 
sendviCi), gansxvavebulia sxva magnetikebisagan, romlebsac aqvT zenazi 
velis mcire anizotropia da didi Zvradobis domenuri kedlebi. amiT es 
meTodi SesaZlebelia gamoyenebul iqnas magnituri nivTierebebis swrafi 
xarisxobrivi daxasiaTebisaTvis, domenuri sazRvrebis mobilurobis da 
zenazi velis anizotropulobis mixedviT. magnituri impulsis moqmedebis 
droiTi speqtrebi orimpulsian eqoze mravaldomenian magnetikebSi 
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ganpirobebulia magnetikebis Sidakristalografiuli TvisebebiT da 
SesaZlebelia gamoyenebul iqnas maTi swrafi xarisxobrivi da 
raodenobrivi SefasebisaTvis. 

3. mocemulia erTimpulsiani eqos formirebis mravalimpulsiani 
analogiis qvantur-statistikuri ganxilva, damyarebuli simkvrivis 
matricis formalizmze. ris Sedegadac keTdeba daskvna, rom erTimpulsiani 
eqo signali formirdeba mbrunav koordinatTa sistemaSi mbrunavi efeqturi 
magnituri velis naxtomiseburi cvlilebis Sedegad. aseve moyvanilia am 
procesebis damadasturebeli eqsperimentuli monacemebi, osciologramebis 
saxiT. 

im SemTxvevaSi, roca efeqturi velis naxtomiseburi cvlilebis 
koeficienti ar gvaqvs, miiReba Cveulebrivi, bloxis gantolebebiT 
miRebuli Sedegi. xolo am koeficientis gaTvaliswinebiT gvaqvs 4 eqo 

signali: 432121 )( IIIItI e   . Cveulebriv SemTxvevaSi, roca ar 

arsebobs efeqturi velis naxtomiseburi cvlileba, maSin ,0421  III  
xolo 3I  gadaiqceva Cveulebriv erTimpulsian eqod. roca efeqturi velis 

cvlileba mcirea, anu roca sxvaoba || )2()1(    mcirea, 421 ,, III  eqos 

amplitudebic mcirea da gvaqvs erTi didi 3I  signali. || )2()1(   -is zrdiT 

421 ,, III  intensivobebi izrdebian, xolo 3I – klebulobs. anu rac ufro 

mkveTradaa gamoxatuli efeqturi velis naxtomi, miT ufro advili xdeba 
421 ,, III  `gverdiTi~ signalebis damzera.  
eqsperimentulad realizebulia erTimpulsiani eqos agznebis 

mravalimpulsiani analogia, miRebuli radiosixSiruli impulsis sixSiris 
da amplitudis naxtomiseburi cvlilebiT. rTuli, erTimpulsiani 
agznebisas Teoriulad miRebuli eqoebis gamoCenis droebis da 
amplitudebis gamosaxulebebis Sedareba xanis samimpulsiani agznebis 

meTodTan, aCvenebs, rom impulsis frontebs da effH


-efeqturi velis 

mimarTulebis naxtomiseburi cvlilebis adgilmdebareobas, moZrav 
koordinatTa sistemaSi, aqvT xanis meTodis xarisxobrivi analogia. amiT 

effH


-is mimarTulebis cvlileba moZrav koordinatTa sistemaSi analogiuria 

birTvuli damagnitebebis raime kuTxiT motrialebisa xanis meTodSi.  
gadaRebulia heqsagonalur kobaltsa da Sesabamis nimuSebSi 

osciologramebi, radiosixSiruli impulsis sixSiris da amplitudis 
naxtomiseburi cvlilebisas, romlebic Sedarebul iqna xanis samimpulsiani 
agznebis osciologramasTan, igive nivTierebaSi. miRebuli eqsperimentuli 
monacemebis erTmaneTTan da Teoriuli daTvlebis SedegebTan Sedarebisas, 
keTdeba daskvna, rom yvela SemTxvevaSi realizebulia erTimpulsiani 
meTodis analogia xanis mravalimpulsian meTodTan. analogiuri msgavsebaa 
Co2MnSi da  MnSb-is speqtrebis Sedarebis SemTxvevaSic. 

4. Seswavlilia mTel rig magnetikebSi arsebuli erTimpulsiani eqos 
signalebis Tvisebebi, mravalimpulsiani da mravaljeradi agznebis reJimSi. 
ganxilulia erTimpulsiani eqos formirebis  sxvadasxva modelebis roli 
miRebuli eqsperimentuli monacemebis interpretaciis safuZvelze. 
Seswavlilia erTimpulsiani eqos da orimpulsiani signalebis 
intensivobaTa damokidebuleba radiosixSiruli impulsebis xangrZlivobaze 
da Sesabamisad maT Soris daSorebis mixedviT.  
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gamokvleulia mravaljeradi eqoebis struqtura liTiumis feritSi 

Fe57 _birTvebze da sufTa kobaltSi Co59 _birTvebze. kerZod, movaxdineT 
aratoli xangrZliobis ori ganieri rezonansuli rs impulsebis 
zemoqmedebiT   miRebuli eqo gamoZaxilebis E1 - erTimpulsiani da E2  - 
orimpulsiani stimulirebuli eqos  signalebis, C1 –ZiriTadi da C2 – 
meoradi eqo komponentebis rs paketebis ganmeorebis sixSireze 
damokidebulebebis da maTi relaqsaciis siCqareebis Seswavla. am 
monacemebis analizis Sedegad, SeiZleba gakeTdes daskvna, rom Co_Si eie 
formirdeba ararezonansuli kidura frontebis damaxinjebis meqanizmiT, 
xolo liTium feritSi mravalimpulsiani agznebis meqanizmiT. aseve, 
ganxilulia Seuqcevadi relaqsaciis roli liTiumis feritSi 
erTimpulsiani eqo–Si uzomod mokle drois mqone ganivi relaqsaciis 
signalebis interpretaciisaTvis. 
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daskvna 
 

magnitomowesrigebul kristalebSi damatebiTi dabalsixSiruli da 
impulsuri velebis zemoqmedebiT, birTvul spinur eqoze dakvirvebisas, 
SesaZlebelia damzeril iqnas iseTi efeqtebi, romlebic dakavSirebulia 
zenazi velis anizotropiasTan. SesaZlebelia movaxdinoT lokaluri 
araerTgvarovnobis da domenuri kedlebis moZraobis raodenobrivi 
Sefaseba da agreTve miviRoT sasargeblo informacia magnetikebSi bmr 
speqtrebis identifikaciisaTvis. 

gansakuTrebiT sasargeblo aRmoCnda bmr-is arastandartuli 
(impulsuri) meTodebis gamoyeneba magnitomowesrigebuli nivTierebis 
fizikaSi. gazrdili interesi magnetikebSi ganpirobebulia imiTac, rom es 
nivTierebebi SeiZleba warmatebiT iqnas gamoyenebuli iseT mowyobilobebSi, 
sadac muSa nivTierebad gamoyenebulia magnitomowesrigebuli nivTiereba da 
romelsac safuZvlad udevs birTvuli spinuri eqos (bse) movlenebi. kerZod 
isini warmogvidgebian, rogorc operaciuli maxsovrobis elementebi; maTi 
saSualebiT SesaZlebelia radiosixSiruli signalebis optimaluri 
damuSaveba; radiosixSiruli signalebis sxvadasxva droiT Seyovneba 
(rogorc Semayovnebeli xazebi), filtracia, signalebis SekumSva 
informaciis matarebeli eqo signalebis amplitudis zrdis 
gansaxorcieleblad da a.S. 

es mimarTuleba, romelic funqcionaluri eleqtronikis 
saxelwodebiTaa cnobili, gamoiyeneba mTeli rigi radioteqnikuri 
amocanebis gadasawyvetad da aRwers iseT fizikur procesebs, romlebic 
mimdinareobs e.w. ~funqcionalur garemoSi~. funqcionaluri eleqtronika 
moicavs ramdenime mimarTulebas: akustoeleqtronika, optoeleqtronika, 
spin-eqo eleqtronika, spintalRuri eleqtronika da a.S. es mimarTulebebi 
mniSvnelovnad gansxvavdebian erTmaneTisgan sxvadasxva fizikuri 
procesebis gamo. 

bmr warmadgens unikalur meTods magnitur masalebSi (magnetikebSi) 
mikroskopuli procesebis Sinagan struqturebsa da fizikur 
maxasiaTeblebze informaciis mosapoveblad. amitom igi warmoadgens metad 
mniSvnelovan meTods axali magnitoeleqtronuli mowyobilobebis 
Sesaqmnelad da maTi muSaobis principis gasagebad [6].  

magnetikebSi bmr-is gamoyenebiT SesaZlebelia gamokvleuli iqnes 
domenuri kedlebis struqtura da dinamika, riTac SeaZlebelia 
gadawyvetil iqnas domenuri kedlebis e.w. spintronikis amocanebi (Domain 
Wall Spintronics). [7] 

ukanasknel wlebSi, Cveni jgufis mier mimdinareobs am amocanis 
Seswavla da realizacia magnetikebSi birTvuli spinuri eqos dakvirvebis 
procesSi, rodesac Sesaswavl magnetikebze vmoqmedebT damatebiTi 
dabalsixSiruli da impulsuri magnituri velebiT. 

am kvlevebma Cvens jgufs saSualeba misca gamoevlina is efeqtebi, 
romlebic dakavSirebulia birTvebze zenazi velebis anizotropiasTan; 
moxda domenuri kedlebis damagnitebis lokaluri araerTgvarovnebasa da 
mobilurobis raodenobrivi Sefaseba da naTeli moefina magnetikebis  bmr 
speqtrebis bunebas. 

rogorc cnobilia magnetikebis birTvuli spinebi ramdenadme 
xasiaTdeba ori struqturul mgrZnobiare maxasiaTebliT: bmr-is sixSiriT     
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da radiosixSiruli velis gaZlierebis koeficientiT    [6]. am sidideebis 
codna metad mniSvnelovania, gansakuTrebiT maSin, rodesac xdeba maTi 
gamoyeneba sxva meTodebiT analizTan erTobliobaSi (magnituri, 
rendgenostruqturuli da sxva), rac Zalian afarToebs bmr-iT kvlevis 
meTodebis SesaZloblebebs. 

dabalsixSiruli da impulsuri magnituri velebis meTodebis 
gamoyenebam mTel rig SromebSi [27] da maT Soris Cvenma kvlevebmac [14], [28], 
mogvca mniSvnelovani da saWiro Sedegebi. garda amisa, am meTodebiT 
miRebuli Sedegebis Sedarebisas erTidaigive megnetikebSi, aRmoCnda, rom es 
orive meTodi identuria gamoyenebis TvalsazrisiT. 

Catarebulia gazomvebi mcire da didi Zvradobis mqone domenuri 
kedlebis mqone mTel rig magnetikebSi (e.w. magnetoxisti da magnetorbili), 
iseTebi rogoricaa kobalti, naxevarmetalebi (NiMnSb, Co2MnNi), feritebi 
(Li-feriti da Mn-feriti). naCvenebia, rom eqos signalis modulaciis 
speqtri, damatebiTi dabalsixSiruli velis zemoqmedebisas, msgavsia eqos 
signalis modulaciis im speqtrTan, romelic miRebuli iqna  magnituri 
impulsiT simetriuli zemoqmedebasas (pirveli radiosixSiruli impulsis 
mimarT). aRsaniSnavia, rom impulsur meTods gaaCnia imdenad didi 
upiratesoba, rom eqos signalis intensivobis cvlilebis suraTi magnituri 
impulsis droiTi mdebareobis mixedviT mkveTrad gansxvavdeba rbil da 
xist magnetikebSi. eqo signalis intensivobis es mkveTri gansxvaveba metad 
mniSvnelovania am nivTierebebis Tvisebebis raodenobrivi da xarisxobrivi 
SefasebisaTvis. 

garda amisa, ganxorcielda am meTodebis maTematikuri kvlevebi 
sxvadasxva klasis magnetikebis SemTxvevaSi. aseve miRebuli iqna metad 
saWiro raodenobrivi monacemebi domenuri kedlebis struqturaze da 
dinamikaze. Tavis mxriv, es rezultatebi metad aqtualuria DWS swrafi 
ganviTarebisaTvis, raTa Seiqmnas magnitoeleqtronikisa da qvanturi 
kompiuterebis sxvadasxva mowyobilobani. 

aRsaniSnavia aseve zogierTi axali efeqtebi, romelic pirvelad iqna 
aRmoCenili magnetikebze damatebiTi dabalsixSiruli da impulsuri 
magnituri velebiT zemoqmedebisas. liTiumis feritSi [33], [29] aRmoCenili 
iqna axali tipis erTimpulsiani eqo, romelic formirdeba SidanimuSiseuli 
warmoqmnis axali meqanizmiT, esaa e.w. mravalimpulsuri meqanizmi. 

radiosixSiruli impulsis moqmedebis areSi Tu vimoqmedebT 
magnituri impulsiT (e.w. Zeeman switching of magnetic field), warmoiqmneba 
erTimpulsian eqosTan erTad damatebiTi eqos signali, romelsac ewoda 
‘magnituri eqo” [14], [30]. magnituri eqos speqtrisa da misi generaciis 
zRvruli mniSvnelobis dadgena warmoadgens magnetikebisa da domenuri 
kedlebis dinamikis kvlevis srulad axal meTods. analogiuri meTodi 
aseve SeiZleba gamoyenebul iqnas maRaltemperaturul zegamtarebSi 
abrikosovis grigaluri meseris dinamikis Sesaswavlad. 
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