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რეზიუმე
magnituri rezonansis (mr) kvlevebisa da gamoyenebis sfero moicavs nivTierebis Semadgenlobis dadgenas raodenobrivad, nivTierebaTa cvlis Seswavlas biologiur qsovilebSi, nivTierebebis molekuluri da kristalografiuli aRnagobis dadgenas, misi magnituri Tvisebebis Seswavlas da sxva. lanTanuri manganitebi im nivTierebaTa ricxvs miekuTvneba, romelTac gaaCniaT kolosaluri magnetowinaRobis Tviseba. gansakuTrebiT aqtualuria, Cveni azriT, aseT masalebSi relaqsaciis anizotropia. myari tanis magnetizmis Seswavlis erTerTi ZiriTadi amocana mdgomareobs relaqsaciis meqanizmebis SeswavlaSi da relaqsaciis drois gamoangariSebaSi. relaqsaciis gansxvavebuloba SenaerTebis kristalografiuli RerZebis gaswvriv sasargeblo iqneba gamoyenebiTi TvalsazrisiT. kerZod, disertaciaSi ganxiluli lokalizebuli spinebis damagnitebis komponentebis relaqsaciaTa drois kuTxuri damokidebulebebis Sesaxeb informacia saSualebas mogvcems gaviTvaliswinoT msgavsi masalebis orientacia, magaliTad, damamaxsovrebeli mowyobilobebis muSaobisas da maTi mdebareobis optimaluri SerCevisas konstruirebad mowyobilobebSi. 

speqtroskopuli dakvirvebis meTodebSi da kerZod, magnituri rezonansis speqtroskopiaSi gadamwyveti mniSvneloba aqvs speqtraluri xazis formas (siganes). rezonansuli xazi iZleva informacias nivTierebis agebulebis raodenobrivi da Tvisobrivi Semadgenlobis Sesaxeb. magnituri rezonansis umniSvnelovanesi amocana mdgomareobs majamebeli xazis formis gamoangariSebaSi. rezonansuli xazis siganisa da formis mixedviT SeiZleba vimsjeloT nivTierebaSi magnituri nawilakebis urTierTqmedebebis Sesaxeb (magaliTad, dipol-dipoluri, izotropuli gacvliTi da sxvadasxva saxis anizotropuli urTierTqmedebebi), spinuri sistemis urTierTqmedebis Sesaxeb gamosxivebis velTan, nawilakebis moZraobaze radiosixSirul velSi da paramagnetikis SigniT agznebuli spinuri sistemis difuziis Sesaxeb.

Ddisertaciis kvlevis obieqtebs warmoadgenen myari sxeulebi paramagnitur izolatorul mdgomareobebSi. kerZod, iseTebi rogoricaa 
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 - is garkveuli mniSvnelobisas, oTaxis temperaturaze iZenen kolosaluri magnetowinaRobis Tvisebebs. garda amisa, nimuSad gamoyenebulia 
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) tipis SenaerTebi. amgvari nivTierebebis erT jgufad gaerTianebis saSualebas iZleva maTi spinuri hamiltonianebis sruli an nawilobrivi msgavseba, anu faqti, rom maT spinur sistemaSi dominirebs izotropuli supergacvliTi urTierTqmedeba da TiToeuli maTganisaTvis mniSvnelovani SeiZleba iyos, simetriuli da antisimetriuli anizotropuli urTierTqmedebebi [antisimetriuli ZialoSinski - morias urTierTqmedeba (Zmu), simetriuli urTierTqmedeba kristalur velTan da sxva (kvu)]. 

Ddisertaciis mizani mdgomareobs maxsovrobis funqciaTa formalizmiT miRebuli gamosaxulebebis saSualebiT dominireba–di dipol - dipoluri da izotropul gacvliT urTierT–qmedebebTan erTad anizotropuli Zmu da kvu urTierTqmedebebis mqone masalebSi lokalizebuli eleqtronebis damagnitebis veqtoris 
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 mdgenelebis relaqsaciis droTa da eleqtronuli paramagnituri rezonansis xazis formis gamokvleva. (damokidebuleba gareSe magnituri velebis mimarTu–lebaze da sxva). 

disertaciaSi gamoyenebulia kvanturi arawonasworuli statistikuri fizikis erT - erTi mZlavri da SedarebiT martivi meTodiT - maxsovrobis funqciaTa formalizmiT (mff) miRebuli Sedegebi. es meTodi dakavSirebulia cvancigis  da moris saxelebTan. cvancigma pirvelad Semoitana statistikur meqanikaSi proeqciuli operatori, miiRo aramarkoviseuli ZiriTadi kinetikuri gantoleba statistikuri operatorisaTvis, romliTac aRwera fizikuri sistemis makroskopuli mdgomareobis evolucia da mogvca integrodiferencialuri moZraobis gantolebebis gadatanis kinetikuri birTvebis (maxsovrobis funqciis) gamosaxulebis gamoyvana yvelaze zogadi saxiT. morim Semoitana proeqciuli operatoris (superoperatoris) agebis meTodi da amiT dasabami misca arawonasworuli dinamikis aRweras misi amJamindeli saxiT. meTodis simartive imaSi mdgomareobs, rom momxmarebels ar uxdeba sakmarisad rTuli amocanis gadawyveta - arawonasworuli statistikuri operatoris (simkvrivis matricis) konstruireba.    
disertaciis ZiriTadi Sedegebi SemdegSi mdgomareobs:

1. maxsovrobis funqciis formalizmSi magnituri rezonansis Teoriis safuZvelze, raodenobrivad gamokvleulia STanTqmis xazis forma magnituri rezonansis klasikur pirobebSi myar sxeulebSi domonirebadi spinuri dipol_dipoluri urTierTqmedebebiT. miRebuli SedegebiT agebulia grafikebi. naCvenebia, rom mcire gajerebisas Teoriuli mrudebi kargad aRweren eqsperimentaluri xazebis platosmagvar formas. garda amisa, isini aratrivialuria (arc “gausiseburi” da arc “lorenciseuli”), rogorc es gamomdinareobs xazis formis aramarkoviseuli Teoriidan. advilad daikvirveba agreTve “provotoroviseuli” damokidebuleba cvladi velis 
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2. miRebulia  
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 komponentebis relaqsaciis drois kuTxuri damokidebuleba zogadi formiT (ixileT disertacia), saidanac advilad miiReba meore momentebi 
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 kristalografiuli sibrtyeebisaTvis - kuTxeebis Sesabamisi mniSvnelobebisas: 
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. warmodgenilia meore momentebi kristalis elementaruli ujredis mxolod 
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 sibrtyeebisaTvis igives Casawerad sakmarisia indeqsebis Semdegnairi Secvla: miRebuli gamosaxulebis marcxena mxares - 
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 qcevis xasiaTi emTxveva lantanidebisas. miRebuli relaqsaciis drois diapazoni (0.19 - 0.38 nwm) karg TanxmobaSia eqsperimentul SedegebTan.
3. analitikurad gamokvleulia 
[image: image41.wmf]3

05

.

0

95

.

0

MnO

Sr

La

 dopirebuli lantanuri manganitis magaliTze kristaluri velisa da ZialoSinski - morias urTierTqmedebis mqone nimuSebisaTvis damagnitebis 
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 mdgenelebis relaqsaciis droTa damokidebuleba kristalis orientaciaze gareSe mudmiv magnitur velSi. miRebuli Teoriuli gamosaxulebebis safuZvelze, rogorc wina SemTxvevaSi, grafikulad warmodgenilia 
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-s lokalizebuli spinebis damagnitebis sami komponentis relaqsaciis droebis kuTxuri damokidebuleba. Cawerilia relaqsaciis droebi 
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  kristalografiul sibrtyeebSi, Sesabamisad (
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 mniSvnelobebisaTvis). aRsaniSnavia, rom laboratoriuli koordinatTa sistemis arCeuli (saswavlo kursebisaTvis damaxasiaTebeli) wesiT mobrunebisas, 
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 RerZi icvlis mimarTulebas samive sibrtyeSi da Sesabamisad, 
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 mniSvneloba yvelgan icvleba. 
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 RerZi ki icvlis mimarTulebas mxolod or sibrtyeSi, rCeba ra uZravi kristalografiuli koordinatTa sistemis 
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 RerZi ki uZravi rCeba or sibrtyeSi da mxolod erTSi - Semobrundeba. Sesabamisad iqceva 
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 ri –erTSi. maSasadame, Tu RerZi moZraobs, relaqsaciis dro Sesabamisi indeqsiT icvleba, xolo Tu uZravia - droc ucvlelia. Ees wesi: uZravi/moZravi RerZi – ucvleli/cvalebadi relaqsaciis dro, saSualebas iZleva gavakontroloT Zalian didi gamosaxulebebi relaqsaciis droebisaTvis. 
relaqsaciis drois cvlilebis diapazoni mocemul SemTxvevaSi Seadgens 0.2 - 1.6 nwm - s, rac sididis rigiT karg TanxmobaSia eqsperimentTan. 

Resume

Sphere of investigation and application of magnetic resonance includes qualitative  determination of  the substance content, study of metabolism in biological tissues, study of its magnetic properties and etc. Substances characterized by colossal magnetoresistance include lanthanum manganite which relative magnetoresistance reaches value of 106  in the magnetic field at 57K.  This property provides its meaning in the modern solid-state physics   and its applications: important problems of microelectronics need material  with big isotropic magnetoresistance, which can functionate at the room temperature.


In our opinion, relaxation anisotropy of such materials is of higher importance. One of the main tasks of the investigation of solid magnetism is the study of mechanism of relaxation  state and calculation of the relaxation times. Distinction of relaxation along crystallographic axis of the material may be useful from application’s point of view. In particular, information on the considered in the thesis paper angular dependence of the relaxation times component of the magnetization can help to take into account orientation of such material, for example, during the work of the storage devices and selection of their optimal position  in the constructible devices. 


The decisive importance in the  methods of spectrometric control and, in particular, in the spectroscopy of magnetic resonance has the shape of spectral line.  While resonance line contains information on quantitative and qualitative composition and structure of the material. Th most important task of the magnetic resonance is the calculation of the form of obtained resonance line. Interaction of magnetic particles (for example, dipole-dipole, isotropic exchange and different anisotropic interactions), interaction of spinal system with the radiation field, movement of particles in radio-frequency field and spinal diffusion of anisotropic spinal system in paramagnetics  can be determined by means of the width and shape of resonance line. 

   The thesis paper deals with solids in  paramagnetic and insulator state, in particular, 
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), which take colossal magnetoresistance at the room temperature for certain values of 
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 were used as samples. Possibility of association of such materials in one group is provided by partial or complete conformity/congeniality of spin Hamiltonians of  such materials, as well as domination of isotropic superexchangable interaction in their spin systems, and symmetric and antisymmetric anisotropic interactions can be significant for each of them (antisymmetric interaction of Dzaloshinski –Mori – IDM, symmetric interaction with crystal field – ICF and etc.)

  
Goal of the thesis paper is as follows: investigation of relaxation times of x, y, and z components of magnetizations of localized electrons and shape of resonance line (dependence on direction of external magnetic field and etc.)  by means of expression obtained in the formalism of memory functions (FMF), in materials, where dipole-dipole and isotropic exchange interactions can exist together with anisotropic interactions of IDM  and ICF.


The results, used in the thesis paper, were obtained by means of one of the powerful and relatively simple method in nonequilibrum statistical physics - formalism of memory functions. This method  is associated with the names of Zwanzig and Mori. Zwanzig was the first who introduced  a projection  operator in to  statistical mechanics, obtained non-Markovian basic kinetic equation for statistical operator,  described the  evolution of  a macroscopic state and derived in the most general form kinetic transfer kernels (memory functions) of integro-differential equations.  Mori proceeded with the method of construction of projection  operator (superoperator) and initiated description of contemporary  imbalance  dynamics. Simplicity of the method is that the consumer does not have to solve rather difficult problem – construction of nonequilibrum statistical operator  (density matrix).

Main results of the thesis paper are as  follows:

1.Basing on the theory of magnetic resonance in the formalism of memory functions (FMF), the form of absorption line in the classic conditions of magnetic resonance in the solids for spins with dominant  dipole-dipole interaction was quantitatively studied.  By means of obtained analytical results were constructed graphic   presentation. 

It is demonstrated that at the small saturation theoretic curves perfectly circumscribe plot shaped  form of experimental curves. Moreover, they are nontrivial (neither Gauss, nor Lorenz) basing on the non-Markovian Theory of line forms.   The Provotorov dependence of 
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 amplitude of variable filed can be also easily observed (at growth of 
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2. The angular dependence of relaxation times   of 
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components of magnetization of localized spins in combinations like 
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 in general form (see in thesis paper), from which second moments for ac, ab and bc  crystallographic planes – at the relevant values of angles: 
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.  It shows second moments of elementary crystal cell only for ab plane, for similar expression for ab and bc  planes it is enough to permute indices: in the left part of obtained expression - 
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. It is stipulated by the fact that only BDM  is typical for the given pattern (interaction with crystal field and parameter 
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 is congruent with lanthanides. Obtained range for the relaxation times perfectly agrees with experimental data.

3.Angular dependence of the relaxation times 
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magnetization of electronic spins for doped lanthanum manganite on crystal orientation with respect to  the external constant magnetic field was analytically investigated.  Basing on the obtained theoretical expressions, possibilities of successful interpretation of experiment are demonstrated.  As in the previous case, relaxation time in ac, ab and bc  crystallographic plane, consequently 
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 and graphically presented angular dependence of relaxation times of three magnetization components of electronic spins 
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 were recorded.  It should be mentioned that at such selection of revolving, laboratory system of coordinates (LSC), z axis changes its values. While x axis changes its direction only in two planes, stays fixed along c axis CSC. y axis stays fixed in two planes and revolves only in one place. Relaxation times behave consequently - 
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 is changing everywhere, 
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 - in two planes, while 
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- only in one.

Thus, if axis  revolves, it changes relaxation time with relevant index,

while if axis does not revolve, the time is not changed. The rule: revolving/stationary axis – changeable/constant relaxation time gives us opportunity to control huge expressions for relaxation times.  

Given in the thesis paper data of the above mentioned anisotropy of

relaxation times will stimulate new experiments.  

 Apart of this, it should be mentioned that obtained information will be useful for  solution of problems of applied character. They will enable producer/manufacturer to consider orientation influence of similar materials, for example, of memories and for optimal selection of their arrangement in devices being designed. 
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შესავალი
magnituri rezonansi (mr) warmoadgens mecnierebis im mimarTulebas, romelSic fundamentur Teoriul da eqsperimentul kvlevas Tan axlavs gamoyenebiTi xasiaTis SesamCnevi miRwevebi. magnituri rezonansis  ganviTarebis 60 wliani periodi SeiZleba pirobiTad daiyos  monakveTebad, romlebSic miRweulma warmatebebma fundamenturi da gamoyenebiTi  fizikis ganviTarebaSi mniSvnelovani wvlili Seitanes. mr meTodi erT - erTi yvelaze nayofieri meTodia nivTierebis struqturis Seswavlis saqmeSi da iZleva srul informacias fizikuri procesebis Sesaxeb mocemul nivTierebaSi atomur doneze. garda mecnieruli faseulobisa, mr meTodebi farTod gamoiyeneba radiolokaciaSi, eqsperimentul fizikaSi, medicinaSi da a.S. 

amJamad arsebobs magnituri rezonansis  Teoriis aramarkoviseuli varianti, romelic agebulia maxsovrobis funqciaTa formalizmis (mff) safuZvelze da iTvaliswinebs spinuri sistemis maxsovrobas. magnituri rezonansis aramarkoviseuli Teoriidan SeiZleba miviRoT yvela is Sedegi, romelic miRebul iqna magnituri rezonansis ganviTarebis markoviseul etapze [1, 2, 3]. es Zalian advilia gansakuTrebiT im SemTxvevaSi, Tu spinur sistemaSi dominirebs izotropuli spinuri urTierTqmedeba, romelic komutirebs damagnitebis x, y da z mdgenelebis operatorebTan. mniSvnelovnad nayofieri aRmoCnda mff - ze agebuli magnituri rezonansis Teoria rezonansuli STanTqmis xazisa da relaqsaciaTa droebis Seswavlisas.Mmff faqtiurad warmoadgens magnituri rezonansis TeoriaSi gamoyenebuli cvancigis proeqciuli operatorebisa da moris mier SemoTavazebuli proeqciuli superoperatoris agebis meTodebis erTobliobas.
magnitur rezonansSi mff pirvelad gamoiyenes lado, memori da parkerma  (4, 5, 6(, romlebic  xsnidnen magnituri  rezonansis  xazis  formis aratrivialurobis eqsperimentul faqts myar sxeulebSi. 

magnituri rezonansis Teoriis Semdgomi ganviTareba SeiZleba davukavSiroT bloxis gantolebebis “maxsovrobiT” modificirebas. kerZod, [7, 8] naSromebSi, bloxis gantolebebis relaqsaciuri, fenomenologiuri wevrebi Secvlil iqna maxsovrobis mqone integro - diferencialuri gamosaxulebebiT maRali da dabali temperaturebisaTvis, Sesabamisad.

magnituri rezonansis aramarkoviseuli Teoria myar sxeulebSi lokalizebuli  spinuri  sistemebisaTvis dipol - dipoluri urTierTqmedebis, anizotropuli ZialoSinski - moriasa da lokalizebuli spinebis kristalur velTan urTierTqmedebis gaTvaliswinebiT ganxilul  iqna  (9, 10, 11( naSromebSi.

mocemul sadisertacio naSromSi Cven visargebleT magnituri rezonansis TeoriiT mff - Si myari tanis spinuri sistemis or SemTxvevaSi, roca  

1.   dominireben spinuri dipol - dipoluri urTierTqmedebebi,

2. dominirebs izotropuli gacvliTi urTierTqmedeba da garda amisa, mniSvnelovania anizotropuli urTierTqmedebebi [ZialoSinski - morias urTierTqmedeba (Zmu), urTierTqmedeba kristalur velTan (kvu)]. 

disertaciis pirveli Tavi moicavs xazis formisa da relaqsaciis aRweras magnitur rezonansSi. kerZod, moyvanilia momentebis wesi da  mr - is markoviseuli xazis formisa da relaqsaciis damokidebuleba meore da meoTxe momentebze.  gamoyenebulia bloxis fenomenologiuri gantolebebidan miRebuli xazis formis analitikuri gamosaxuleba, romelic kargad aRwers xazis formas siTxeebSi da im myar SenaerTebSi, romlebSic dominirebs izotropuli gacvliTi urTierTqmedeba. zogadad ki myar sxeulebSi aseTi midgoma xSirad ar iZleva karg Tanxmobas eqsperimentTan. amitom, warmodgenil iqna mff meTodi, dayrdnobili liuvilis formalizmze da cvancigis dayovnebis Teoriaze. mr Teoriis es varianti iTvaliswinebs spinuri sistemis maxsovrobas. gansakuTrebiT nayofieri aRmoCnda mff rezonansuli STanTqmis xazisa da relaqsaciis droebis Seswavlisas.

pirvel TavSi agreTve moyvanilia maxsovrobis funqciis formalizmis gamoyenebis magaliTi xazis formis maRaltemperaturul TeoriaSi. Seswavlilia 
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 aris damagnitebis ganivi mdgenelebis relaqsaciis dro). Mmff - s gamoyenebiT raodenobrivad gansazRvrulia relaqsaciis dro, romelic analitikurad aris dakavSirebuli Sesabamis urTierTqmedebasTan.

meore Tavi exeba magnituri rezonansis xazis aramarkoviseul formasa da relaqsacias dominirebadi dipol - dipoluri urTierTqmedebis SemTxvevaSi. aRwerilia spinuri dinamika maxsovrobiTa da dipol - dipoluri urTierTqmedebiT. mocemuli Tavis originalur nawilSi Seswavlilia mr STanTqmis xazis formis Taviseburebani gajerebis faqtoris gaTvaliswinebiT. aRniSnulia, rom mcire gajerebisas miRebuli Sedegebi kargad aRweren eqsperimentul monacemebs. amasTan, rezonansuli xazis forma aratrivialuria (“aragausiseburi” da “aralorenciseuli"). moyvanili monacemebi TavisTavSi Seicaven rogorc provotorovis, aseve bloxis fenomenologiuri Teoriebis monacemebs (xdeba gausis tipis rezonansuli xazis formis transformireba lorenciseulSi). gajerebis faqtoris mocemuli 
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 mniSvnelobebisaTvis miRebuli Teoriuli mrudebi Sedarebulia eqsperimentuli mrudis “platosmagvari” wveros mqone formasTan, ris Sedegadac vaskvniT, rom mff - s gamoyenebiT miRebuli gaujerebeli rezonansuli xazebi kargad aRweren eqsperimentul mrudebs.  

mesame Tavi exeba anizotropuli urTierTqmedebebis mqone SenaerTebs. kerZod, ganxilulia 
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 SemTxvevisaTvis da eleqtronuli paramagnituri rezonansis (epr) eqsperimentis Sedegebi oTaxis temperaturaze konkretuli, 
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saidanac, saZiebeli statistikuri operatorisaTvis miviRebT sabolood: 
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maSasadame, miRebulia liuvilis gantolebis formaluri amoxsna saxiT:                                                                                 
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gadatanis kinetikuri birTvia, e. w. maxsovrobis funqcia. Tu 
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amitom (1.2.19)-s nacvlad SeiZleba Caiweros:
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Tu laplasis gardaqmniT amovxsniT ukanasknels, miviRebT:
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Tu (1.2.26) - Si SevcvliT SemTxveviTi cvladebis gasaSualebul warmoebulebs 
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 romelic laplasis gardaqmnis Semdeg Rebulobs saxes:
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 aqedan gadatanis kinetikuri birTvebisaTvis sabolood miviRebT laplasis saxis gamosaxulebas ( maxsovrobis funqcias)
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 (1.2.33) SedarebiT martivia, vidre (1.2.20), magram am proceduris Sesruleba SeiZleba ar darCes saWiro imis gamo, rom 
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saidanac STanTqmis xazis formisaTvis miviRebT        
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romelTa gamoTvla ukve saSualebas iZleva davadginoT xazis forma rezonansuli xazis momentebidan.
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nax. 1. STanTqmis xazis forma gausiseburi maxsovrobis funqciis SemTxvevaSi, roca 
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nax. 2. STanTqmis xazis forma gausiseburi maxsovrobis funqciis SemTxvevaSi, roca 
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nax. 3. STanTqmis xazis forma gausiseburi maxsovrobis funqciiT, roca 
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nax. 4.  1 - eqsperimentuli xazis forma, 2 - gausis forma, 3 - xazis forma maxsovrobis funqciis formalizmiT (mff). 
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aris sigane intensivobis simaRlis naxevarze.
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1. 4. relaqsaciis dro maxsovrobiT

rogorc wina ქვეთავSi aRvniSneT, magnituri rezonansis markoviseuli Teoria nayofieri აღმოჩნდა myari sxeulis spinur sistemaSi magnituri rezonansis movlenebis Termodinamikis Seswavlisas 
[image: image479.wmf]2

T

t

>

 droSi. magram sruli spinis mdgenelebis wonasworobisaken relaqsaciis Seswavlisas aseTi midgoma uvargisia. gansakuTrebiT es exeba ganiv 
[image: image480.wmf]x

S

 da 
[image: image481.wmf]y

S

 mdgenelebs, romelTa relaqsaciis droebi 
[image: image482.wmf]x

T

 da 
[image: image483.wmf]y

T

, Sesabamisad, 
[image: image484.wmf]2

T

 - is rigisaa (rogorc SemdgomSi vnaxavT maT Soris kavSiri zogadad ganisazRvreba TanafardobiT: 
[image: image485.wmf]]

)

(

)

[(

5

,

0

1

1

1

2

-

-

-

+

=

y

x

T

T

T

). markoviseuli Teoria ki, rogorc ukve aRvniSneT, verafers gvaZlevs 
[image: image486.wmf]2

T

t

<

 droisaTvis. aramarkoviseulma Teoriam saSualeba mogvca “Cagvexeda” 
[image: image487.wmf]2

T

t

<

 drois ganmavlobaSi mimdinare procesebSi da warmoaCina 
[image: image488.wmf]x

T

, 
[image: image489.wmf]y

T

 da 
[image: image490.wmf]2

T

 drois ama Tu im urTierTqmedebiT ganpirobebuli “SigTavsi”. cxadia, yvelaferi es exeba 
[image: image491.wmf]z

S

 mdgenelis relaqsaciasac, magram xSirad (da, rogorc qvemoT vnaxavT, ara yovelTvis) 
[image: image492.wmf]z

S

 xasiaTdeba e. w. spin - meseruli relaqsaciis 
[image: image493.wmf]1

T

 droiT, romelic myar sxeulebSi Cveulebriv >>
[image: image494.wmf]2

T

 - ze. wina ქვეთავis msgavsad 
[image: image495.wmf]x

S

 - Tvis SegviZlia zustad igive gamoviyenoT. e. i. aRvniSnoT, rom myari sxeulebis spinur sistemaSi magnitorezonansuli movlenebis Termodinamikis Seswavlisas 
[image: image496.wmf]2

T

t

>

 droSi, makroskopuli mdgomareobis evolucias (1.2.19) da (1.2.23) Tanaxmad, aRwers aramarkoviseuli ZiriTadi kinetikuri gantoleba [4, 5, 6]:          

                     
[image: image497.wmf](

)

(

)

(

)

0

x

t

x

dIt

KttItdt

dt

¢¢¢

=--

ò

.                  (1.4.1)                   

es gantoleba aRwers sruli spinis ganivi mdgenelis kinetikas  - ”Caqrobis” [image: image498.wmf]2
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cxadia, rom (1.4.1) gamosaxuleba faqtiurad aris bloxis erT-erTi gantoleba, romelSic ugulebelyofilia cvladi magnituri velis gavlena, xolo relaqsaciuri wevri  
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Tavi II 
magnituri rezonansis xazis forma da relaqsa–cia dipol - dipoluri urTierTqmedebebis da aramarkoviseuli dinamikis gaTvaliswinebiT
2. 1. spinuri dinamika maxsovrobiT da dipol - dipoluri urTierTqmedebiT 
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zemoT Cven vaCveneT, rom maxsovrobis funqciis formalizmi saSualebas gvaZlevs gamovsaxoT rezonansuli xazis 
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SeiZleba vaCvenoT, rom  (2.1.1) da (2.1.2) - Si 
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3. 8. ZialoSinski - morias urTierTqmedeba
   ZialoSinski - morias antisimetriuli urTierTqmedebis hamiltoniani SeiZleba Caiweros aseTi saxiT [ixileT agreTve formula (1.1.12)]: 
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Tavi IV

lokalizebuli spinebis dinamika anizotropuli urTierTqmedebis mqone masalebSi
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4. 1. hamiltoniani
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aRwers ZialoSinski - morias antisimetriul gacvliT urTierTqmedebas [ix. agreTve (3.8.1)].
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4. 2. dinamikuri gantolebebi
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4. 4. eleqtronuli paramagnituri rezonansis pirobebSi relaqsaciis droTa xazis formis kuTxuri damokidebuleba   ZialoSinski - morias urTierTqmedebis   KMF3  da CuX42- msgavs SenaerTebSi
mivceT (4.3.5) da (4.3.6) gamosaxulebebs konkretuli gamoTvlebisaTvis xelsayreli forma. Tavdapirvelad gardavqmnaT maTi “kvadratuli fesvebi”. 
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(4.4.2) - (4.4.4) formulebi gamoxataven lks RerZebis “qcevas” kks - s mimarT. marTlac, mudmivi 
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4. 5. La0.95Sr0.05MnO3 relaqsaciis droTa da eleqtronuli paramagnituri rezonansis xazis formis kuTxuri damokidebuleba
mivceT axla (4.3.5) da (4.3.6) gamosaxulebebs mocemul SemTxvevaSi gamoTvlebisaTvis xelsayreli forma. 
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[image: image1305.wmf]y

 RerZi or sibrtyeSi rCeba uZravi da mxolod erTSi - Semobrundeba [39]. 

Uunda aRiniSnos, rom Cven zemoT faqtobrivad CamovayalibeT wesi: uZravi/moZravi RerZi – ucvleli/cvalebadi relaqsaciis dro, romelic saSualebas iZleva advilad SevamowmoT relaqsaciis droTa Zalian didi gamosaxulebebi1.

relaqsaciis dro, rogorc naxazi gviCvenebs, 
[image: image1306.wmf]3
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 - Tvis icvleba 0.2 nwm - dan 1.6 nwm - mde, rac sididis rigiT karg TanxvedraSia gazomvis SedegebTan [40, 41, 42, 43] naSromebSi.

dabolos, unda aRiniSnos eleqtronuli paramagnituri rezonansis xazis formis erTi Tavisebureba dopirebul lantanidebSi. kerZod, kvazilokalizebuli eleqtronebis gavlena rezonansuli xazis formaze [39]. gansakuTrebiT SesamCnevia igi 
[image: image1307.wmf]ac

 da 
[image: image1308.wmf]bc

 sibrtyeebSi. swored amitom, relaqsaciis droTa  eqsperimentuli monacemebi zemoT aRniSnul sibrtyeebSi SesaZlebelia iyos ramdenadme gansxvavebuli Teori–ulisagan.   

ganxiluli magaliTebis msgavsad, [44] naSromSi moyvanili Teoriis Sedegebi SeiZleba gamoyenebul iqnas spinuri anizotropiis mqone sxva nimuSebzec. 

lokalizebuli spinebis damagnitebis komponentebis kuTxuri damokidebulebis Sesaxeb informacia sasargeblo iqneba gamoyenebiTi xasiaTis amocanebis amoxsnisas, radgan igi orientaciis gavlenis gaTvaliswinebis saSualebas iZleva msgavs masalebTan muSaobisas, magaliTad, damamaxsovrebel mowyobilobebSi. amasTan, es damokidebuleba konstruirebad sistemebSi mogvcems maTi optimaluri mdebareobis arCevis saSualebas. 

1am wesze migviTiTa profesorma v. a. Aacarkinma.

4. 6. cvladi eqscentrisitetis mqone elifsuri damagniteba2
davukvirdeT epr – is dros eleqtruli spinebis relaqsaciis   
[image: image1309.wmf]x

T

 da 
[image: image1310.wmf]y

T

 droebs [45]: Tu 
[image: image1311.wmf]0

H

 veli 
[image: image1312.wmf]z

 RerZis gaswvrivaa mimarTuli, maSin 
[image: image1313.wmf]x


[image: image1314.wmf]y

 sibrtyeSi xdeba spinis ganivi komponentis brunva larmoris sixSiriT. davuSvaT, movdeT 
[image: image1315.wmf]2

p

 impulsi da vakvirdebiT 
[image: image1316.wmf]x

S

 komponentas laboratoriul koordinatTa sistemaSi. davinaxavT swrafad oscilirebad signals, romelic  
[image: image1317.wmf]x

T

 drois ganmavlobaSi qreba. xolo Tu SevxedavT 
[image: image1318.wmf]y

 RerZis gaswvriv, davinaxavT igive oscilaciebs, romelic 
[image: image1319.wmf]y

T

 drois ganmavlobaSi qreba. ismis kiTxva: rogor unda brunavdes spini, rom  
[image: image1320.wmf]x

  da 
[image: image1321.wmf]y

 RerZebis gaswvriv milevis dro iyos sxvadasxva? magaliTisTvis aviRoT me - 18 nax – ze 
[image: image1322.wmf]ac

 sibrtyis 
[image: image1323.wmf]c

 RerZi. TvalnaTliv Cans, rom 
[image: image1324.wmf]x

T

>>



 EMBED Equation.3  [image: image1325.wmf]y

T

 - ze, maSin SesaZlebelia situacia, roca 
[image: image1326.wmf]x

S

 jer kidev oscilirebs, xolo 
[image: image1327.wmf]y

S

 komponenta faqtiurad gamqralia. e. i. spinis ganivi komponenta, gaivlis ra brunviTi moZraobiT  
[image: image1328.wmf]x

 RerZs, izrdeba, xolo meoTxedi periodis Semdeg, gaivlis ra 
[image: image1329.wmf]y

 RerZs, mcirdeba da ase xdeba yoveli Semobrunebisas. maSasadame, veqtoris bolo, iwyebs ra brunvas 
[image: image1330.wmf]x


[image: image1331.wmf]y

 sibrtyeSi wrewirze, garkveuli drois Semdeg moZraobs ukve Zlier gaWimul elifsze. spinis elifsuri precesia Zlier anizotropul sistemebSi SesaZlebelia (da arsebobs kidec), magram elifsis eqscentrisitetis cvla relaqsaciis dros – ukve axali ”sityvaa” [45]. sinamdvileSi, damagnitebis veqtoris moZraoba ufro rTuli iqneba, radgan garda ganivi relaqsaciisa (
[image: image1332.wmf]x

T

 da 
[image: image1333.wmf]y

T

 droebiT) saqme gvaqvs grZiv relaqsaciasTan 
[image: image1334.wmf]z

T

 droiT. aq xarisxobrivad aRwerili procesebis raodenobrivi daxasiaTeba calke ganxilvis sagania.
  2Cveni Sedegebis amgvari fizikuri axsna SemogvTavaza profesorma v. a. Aacarkinma.  

                       შედეგები და მათი განსჯა
disertaciis ZiriTadi Sedegebi da daskvnebi SemdegSi mdgomareobs:

1. maxsovrobis funqciis formalizmSi magnituri rezonansis Teoriis safuZvelze, raodenobrivad gamokvleulia STanTqmis xazis forma magnituri rezonansis klasikur pirobebSi myar sxeulebSi dominirebadi spinuri dipol - dipoluri urTierT–qmedebebiT. 
agebulia grafikebi (ix. nax.).
[image: image1335.jpg]



mrudi E aRwers 
[image: image1336.wmf]19

F

 birTvis STanTqmis signals 
[image: image1337.wmf]2

CaF

 - Si [100] RerZis paralelurad mimarTul gareSe magnitur velSi. mrudebi 1 - 6 Seesabamebian rezonansul xazebs, romlebic (2.3.2) formuliT gamoiTvlebian S - is Semdegi mniSvnelobebisaTvis: 
[image: image1338.wmf]1

S

=0,001,
[image: image1339.wmf]2

S

=0,01, 
[image: image1340.wmf]3

S

=0,1, 
[image: image1341.wmf]4

S

=0,3, 
[image: image1342.wmf]5

S

=0,6 da 
[image: image1343.wmf]6

S

=0,9
ნaxაzze naCvenebia, rom mcire gajerebisas Teoriuli mrudebi kargad aRweren eqsperimentuli xazebis platosmagvar formas. garda amisa, isini aratrivialuria (arc “gausiseburi” da arc “lorenciseuli”), rogorc es gamomdinareobs xazis formis aramarkoviseuli Teoriidan. advilad miiReba agreTve “provotoroviseuli” damokidebuleba cvladi velis 
[image: image1344.wmf]1

w

 amplitudaze. (gausis forma transformirdeba lorencis formaSi).

2. analitikurad gamokvleulia 
[image: image1345.wmf]3
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 dopirebuli lantanuri manganitis magaliTze kristaluri velisa da ZialoSinski - morias urTierTqmedebebis mqone nimuSebisaTvis damagnitebis 
[image: image1346.wmf]x

, 
[image: image1347.wmf]y

 da 
[image: image1348.wmf]z

 mdgenelebis relaqsaciis droTa damokidebuleba kristalis orientaciaze gareSe mudmiv magnitur velSi. miRebuli Teoriuli gamosaxulebebis safuZvelze naCvenebia eqsperimentebis warmatebiTi interpretaciis SesaZlebloba.   

3. gaTvaliswinebulia kristaluri velisa da ZialoSinski - morias urTierTqmedebebis wvlilebi 
[image: image1349.wmf]1
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 relaqsaciis “siCqareebSi”. veqtorebisa da  meore rangis tenzorebis gardaqmnis wesiT miRebulia 
[image: image1350.wmf]x

, 
[image: image1351.wmf]y

 da 
[image: image1352.wmf]z

 “meore momentebisaTvis” Semdegi gamosaxulebebi: 
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[image: image1371.wmf]j

 da 
[image: image1372.wmf]J

 - gareSe mudmivi magnituri velis azimuturi da polaruli kuTxeebia. advilad miiReba meore momentebi 
[image: image1373.wmf]ac

, 
[image: image1374.wmf]ab

 da 
[image: image1375.wmf]bc

 kristalografiuli sibrtyeebisaTvis - kuTxeebis Sesabamisi mniSvnelobebisaTvis: 
[image: image1376.wmf]2

Jp
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, 
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j

=

 da 
[image: image1378.wmf]2
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, xolo (4) da (5) gamosaxulebebiT warmodgenilia meore momentebi kristalis elementaruli ujredis 
[image: image1379.wmf]ab

 sibrtyisaTvis (
[image: image1380.wmf]ac

 da 
[image: image1381.wmf]bc

 sibrtyeebisaTvis igives Casawerad movaxdineT indeqsebis aseTnairi Secvla: marcxena mxares 
[image: image1382.wmf]xy

«

, marjvniv ki a, b, c 
[image: image1383.wmf]®

 c, a, b da a, b, c 
[image: image1384.wmf]®

 c, b, a Sesabamisad, xolo 
[image: image1385.wmf]jJ

®

).

miRebulia 
[image: image1386.wmf]3

KMF

 - is msgavsi masalebis lokalizebuli eleqtronuli spinebis damagnitebis 
[image: image1387.wmf]x

, 
[image: image1388.wmf]y

 da 
[image: image1389.wmf]z

 komponentebis relaqsaciis droTa kuTxuri damokidebulebebi zemoTaRniSnuli gamosaxulebebis safuZvelze da agebulia am damokidebulebebis grafikuli gamosaxulebebi - konkretuli 
[image: image1390.wmf]3

KCuF

  ricxviTi monacemebis safuZvelze [45]. Cans relaqsaciis ganivi 
[image: image1391.wmf]y

T

 mdgenelis mudmivoba da 
[image: image1392.wmf]x

T

 da 
[image: image1393.wmf]z

T

 qcevis xasiaTi, romelic emTxveva “lantanidebisas” [39]. moyvanilia relaqsaciis drois diapazoni (0.19nwm - 0.38nwm), romelic karg TanxmobaSia eqsperimentul SedegebTan.

4. analitikurad gamokvleulia agreTve dopirebuli lantanuri manganitebis magaliTze kristaluri velisa da ZialoSinski - morias urTierTqmedebebis mqone nimuSebisaTvis damagnitebis 
[image: image1394.wmf]x

, 
[image: image1395.wmf]y

 da 
[image: image1396.wmf]z

 mdgenelebis relaqsaciis droTa damokidebuleba kristalis orientaciaze gareSe mudmiv magnitur velSi. 

miRebuli Teoriuli gamosaxulebebis safuZvelze, grafikulad warmodgenilia 
[image: image1397.wmf]3
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 konkretul SenaerTSi 
[image: image1398.wmf]Mn

 lokalizebuli spinebis damagnitebis sami komponentis relaqsaciis droTa kuTxuri damokidebulebebi [39, 44]: 

[image: image1399.wmf]
 wyvetili, wertilovani da uwyveti xazebi miuTiTeben 
[image: image1400.wmf]3
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 - is lokalizebuli spinebis damagnitebis 
[image: image1401.wmf]x

, 
[image: image1402.wmf]y

 da 
[image: image1403.wmf]z

  mdgenelebis relaqsaciis droebis kuTxur damokidebulebas, Sesabamisad. miTiTebuli 3 sibrtyidan TiToeulze, Tavsa da boloSi aRniSnulia lks - is mdebareoba kks - is mimarT  
A
amgvarad naCvenebia, rom laboratoriuli koordinatTa sistemis mobrunebisas, 
[image: image1404.wmf]z

 RerZi samive sibrtyeSi icvlis mimarTulebas da Sesabamisad, 
[image: image1405.wmf]z

T

 mniSvneloba yvelgan icvleba. 
[image: image1406.wmf]x

 RerZi ki icvlis mimarTulebas mxolod or sibrtyeSi, rCeba ra uZravi kristalografiuli koordinatTa sistemis 
[image: image1407.wmf]c

 RerZis mimarT (
[image: image1408.wmf]y

 RerZi or sibrtyeSi rCeba uZravi da mxolod erTSi Semobrundeba). Sesabamisad iqceva 
[image: image1409.wmf]x

T

 da 
[image: image1410.wmf]y

T

 relaqsaciis droebi. 

miRebulia, rom relaqsaciis drois cvlilebis diapazoni mocemul SemTxvevaSi Seadgens 0.2nwm - 1.6nwm - s, rac sididis rigiT karg TanxmobaSia eqsperimentTan. 
disertaciis Sedegebi gamoqveynebulia Semdeg SromebSi:
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დასკვნა
1. magnituri rezonansis Teoriis safuZvelze maxsovrobis funqciis formalizmSi, raodenobrivad gamokvleulia STanTqmis xazis forma magnituri rezonansis klasikur pirobebSi myar sxeulebSi. naCvenebia, rom mcire gajerebisas Teoriuli mrudebi kargad aRweren eqsperimentuli xazebis platosmagvar formas. garda amisa, isini aratrivialuria (arc “gausiseburi” da arc “lorenciseuli”), rogorc es gamomdinareobs xazis formis aramarkoviseuli Teoriidan. advilad daikvirveba agreTve “provotoroviseuli” damokidebuleba cvladi velis 
[image: image1411.wmf]1

w

 amplitudaze (
[image: image1412.wmf]1

w

-s zrdisas gausis forma transformirdeba lorencis formaSi).

2. miRebulia  
[image: image1413.wmf]3

KCuF

_is lokalizebuli spinebis damagnitebis 
[image: image1414.wmf]x

, 
[image: image1415.wmf]y

 da 
[image: image1416.wmf]z

 komponentebis relaqsaciis droTa kuTxuri damokidebuleba. am damokidebulebis grafikuli gamosaxulebidan advili dasanaxia mxolod ZialoSinski - morias urTierTqmedebis efeqti, romelic miuTiTebs 
[image: image1417.wmf]3

KCuF

 - is simartives, ganpirobebuls _ kristaluri velis urTierTqmedebisa da 
[image: image1418.wmf]2

d

 parametris ararsebobiT. grafikulad naCvenebia relaqsaciis ganivi 
[image: image1419.wmf]y

T

 mdgenelis mudmivoba da 
[image: image1420.wmf]x

T

 da 
[image: image1421.wmf]z

T

 qcevis xasiaTi, romelic emTxveva lantanidebisas. Cawerilia relaqsaciis drois diapazoni (0.19_0.38 nwm), romelic karg TanxmobaSia eqsperimentul SedegebTan.

3. analitikurad gamokvleulia 
[image: image1422.wmf]3
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 dopirebuli lantanuri manganitis magaliTze kristaluri velisa da ZialoSinski - morias urTierTqmedebis mqone nimuSebisaTvis damagnitebis 
[image: image1423.wmf]x

, 
[image: image1424.wmf]y

 da 
[image: image1425.wmf]z

 mdgenelebis relaqsaciis droTa damokidebuleba kristalis orientaciaze gareSe mudmiv magnitur velSi. miRebuli Teoriuli gamosaxulebebis safuZvelze naCvenebia eqsperimentebis warmatebiTi interpretaciis SesaZlebloba.  rogorc wina SemTxvevaSi, Cawerilia relaqsaciis droebi ac, ab da bc kristalografiul sibrtyeebSi, Sesabamisad (
[image: image1426.wmf]2
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, 
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 da 
[image: image1428.wmf]2

jp

=

 mniSvnelobebisaTvis) da grafikulad warmodgenilia 
[image: image1429.wmf]3
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[image: image1430.wmf]Mn

 lokalizebuli spinebis damagnitebis sami komponentis relaqsaciis droebis kuTxuri damokidebuleba. mniSvnelovania, rom laboratoriuli koordinatTa sistemis arCeuli (saswavlo kursebisaTvis damaxasiaTebeli) wesiT mobrunebisas, 
[image: image1431.wmf]z

 RerZi icvlis mimarTulebas samive sibrtyeSi da Sesabamisad, 
[image: image1432.wmf]z

T

 mniSvneloba yvelgan icvleba. 
[image: image1433.wmf]x

 RerZi ki icvlis mimarTulebas mxolod or sibrtyeSi, rCeba ra uZravi kristalografiuli koordinatTa sistemis 
[image: image1434.wmf]c

 RerZis mimarT. analogiurad iqceva 
[image: image1435.wmf]x

T

 - c (wyvetili xazis ori gadaRunva da erTi horizontaluri ubani). Semdegi ori horizontaluri ubani da erTi gadaRunva naxazze gviCvenebs, rom lks arCeuli wesiT mobrunebisas, 
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 RerZi or sibrtyeSi rCeba uZravi da mxolod erTSi - Semobrundeba. 

    relaqsaciis drois cvlilebis diapazoni mocemul SemTxvevaSi Seadgens 0.2 _ 1.6 nwm - s, rac sididis rigiT karg TanxmobaSia eqsperimentTan. 
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