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naSromis zogadi daxasiaTeba 

Sesavali kristalebSi eleqtronuli gadatanis movlenebis zonuri 

Teoria principSi dafuZnebulia sam ZiriTad koncefciaze: 1) denis 

gadamtanebi warmoadgenen kvazi nawilakebs gansazRvruli kvaziimpu-

lsiT da dispersiis kanoniT. 2) denis gadamtanTa eleqtrogamtaroba 

da Zvradoba ganisazRvreba maTi gabneviT kristalis idealuri mesris 

struqturis dinamiur da statikur damaxinjebebze (defeqtebze). 3) de-

nis gadamtanis Tavisufali ganarbenis sigrZe warmoadgens sasrul si-

dides da is bevrad aRemateba Sesabamisad kvazi nawilakis de-broilis 

talRis sigrZes. am pirobebis gaTvaliswinebiT denis gadamtanTa gabne-

va SeiZleba CaiTvalos rogorc “iSviaTi”. am debulebebidan gamomdi-

nare, denis gadamtanTa yofaqceva kristalSi aRiwereba albaTuri gana-

wilebis funqciiT kvazi impulsebis mixedviT, romelic ganisazRvreba, 

rogorc bolcman-bloxis kinetikuri gantolebis amoxsna. gadatanis ki-

netikuri (meqanikuri) koeficientebis (Zvradoba, eleqtrogamtaroba) ga-

mosaTvlelad gamoiyeneba denis gadamtanebis arawonasworuli gana-

wilebis funqciisTvis kinetikuri gantoleba–bolcmanis gantoleba–

romelic iTvaliswinebs denis (muxtis) matarebelTa urTierTqmedebas 

(gabnevas) kristaluri mesris rxevebze. 

ukanasknel wlebSi, eleqtronuli gadatanis movlenebis gamokvle-

vebSi myari sxeulebis fizikaSi, Zalian farTo gamoyeneba hpova ufro 

zogadma midgomam, romelic dafuZnebulia kubos wrfivi reaqciis 

Teoriaze. am TeoriaSi-romelsac gadamwyveti mniSvneloba aqvs wrfiv 

arawonasworul TermodinamikaSi–gadatanis kinetikuri (meqanikuri) 

koeficientebi bunebrivad gamoisaxebian (aRiwerebian) droiTi kore-

laciuri funqciebiT. isini asaxaven sistemis reaqcias hamiltonianis 

SeSfoTebisas, romlis tipiur magaliTs warmoadgens eleq-

trogamtaroba.  

amrigad, aRniSnulidan gamomdinare naTelia, rom rogorc samecni-

ero, aseve akademiuri TvalsazrisiT did interess warmoadgens eleq-

tronuli da polaronuli gadatanis movlenebis koreqtuli kvanturi 
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Teoriis ageba da gadatanis meqanikuri koeficientebis gamoTvla 

naxevargamtarebsa da ionur kristalebSi dafuZnebuli kubos wrfivi 

reaqciis Teoriaze. 

Temis aqtualoba Tanamedrove pirobebSi farTod gamokvlevis 

sagans warmoadgens  eleqtronuli da polaronuli gadatanis movlene-

bis Seswavlis sakiTxi myari sxeulebisa da kondensirebul garemoTa 

fizikaSi. ukanasknel wlebSi, rTuli molekuluri aRnagobis mqone 

nivTierebaTa Seqmnis tendencia da maTi eleqtronuli da polaronuli 

Tvisebebis Seswavla stimuls aZlevda mravali Teoriuli gamokvleve-

bis Sesrulebas avtolokalizebuli (polaronuli) mdgomareobebis 

aRsawerad dinamiurad mouwesrigebel sistemebSi. polaronis konce-

fcias, romelic warmoadgens martiv magaliTs arawrfivi kvazi 

nawilakisa, Zalian didi mniSvneloba da gamoyeneba aqvs myari sxeule-

bis (kondensirebul garemoTa) fizikaSi, da kerZod igi mWidrod aris 

dakavSirebuli kvanturi dinamiuri sistemebis Teoriis funadementur 

problemebTan da velis kvanturi Teoriis sakiTxebTan. eleqtronuli 

da polaronuli movlenebis ganxilvisa da Seswavlisas myar sxeu-

lebSi, Teoriuli gamokvlevebis Zalian didi raodenoba samecniero 

literaturaSi miZRvnili aris eleqtronebisa da polaronebis eleqt-

rogamtarobisa da Zvradobis gamoTvlaze naxevargamtarebsa da ionur 

kristalebSi. es gamokvlevebi dafuZnebuli aris sxvadasxva Teoriul 

meTodebze–grinis funqciis teqnikaze, bolcmanis kinetikuri gantole-

bis Seswavlaze, TviTSeTanxmebul meTodebze da sxva. Sedegebi miRe-

buli sxvadasxva meTodebis gamoyenebiT da Sesabamisad sxvadasxva 

miaxloebebze dayrdnobiT, Zireulad gansxvavdeba erTmaneTisagan. miu-

xedavad imisa, rom eleqtronebis da polaronebis eleqtrogamtarobisa 

da Zvradobis gamoTvla warmoadgens erT-erT uZveles problemas myari 

sxeulebis fizikaSi, is mainc rCeba erT-erT urTules da Znel amoca-

nad Teoriulad amoxsnis TvalsazrisiT.  
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amgvarad, Tanamedrove pirobebSi kvlav aqtualurs warmoadgens 

sakiTxi eleqtronebis da polaronebis eleqtrogamtarobis da Zvrado-

bis koreqtuli gamoTvlisa naxevargamtarebsa da ionur kristalebSi. 

myari sxeulebis fizikisa da arawonasworuli statistikuri meqa-

nikis mravali amocanis ganxilvisas Seiswavleba mcire dinamiuri qvesi-

stemis evolucia droSi, romelic imyofeba kontaqtSi didi Tavisu-

flebis ricxvis mqone, Termodinamikur wonasworobaSi myof sistema-

sTan–TermostatTan. 

eleqtronuli da polaronuli gadatanis movlenebis gamokvleve-

bisas myar sxeulebSi kubos wrfivi gamoZaxilis Teoriaze dayrdnobiT, 

ZiriTad amocanas warmoadgens zusti, ganzogadoebuli kvanturi evo-

luciuri (kinetikuri) gantolebebis miReba drois ormomentiani wona-

sworuli korelaciuri funqciebisTvis kvazinawilakebis aRmweri Sesa-

bamisi dinamiuri sidideebisTvis, rodesac xdeba am ukanasknelTa 

urTierTqmedeba (gabneva) kristaluri mesris rxevebze (fononebze), da 

rodesac fononuri (bozonuri) veli ganixileba rogorc Termostati. 

samecniero literaturaSi, aseTi saxis gantolebebis misaRebad, 

rogorc wesi, gamoiyeneba aprioruli hipoTeza–sawyisi korelaciebis 

Sesustebis principi, an msgavsi debulebebi–mag. SemTxveviTi fazebis mi-

axloeba (Sfm)–rodesac drois sawyisi momentisaTvis mTeli sistemis 

(qvesistema plus Termostati) statistikuri operatori moicema faqto-

rizebuli saxiT (mTeli sistemis statistikuri operatori ganixileba 

rogorc qvesistemisa da Termostatis statistikur operatorTa pirda-

piri namravli). naTelia, rom aseTi daSvebebis Sedegad miRebuli gan-

zogadoebuli, kvanturi evoluciuri gantolebebi wonasworuli kore-

laciuri funqciebisTvis ar aris zusti.  

amrigad, eleqtronuli da polaronuli gadatanis movlenebis 

koreqtuli kvanturi Teoriis asagebad da meqanikuri koeficientebis 

(mag. Zvradoba, eleqtrogamtaroba) gamosaTvlelad naxevargamtarebsa 

da ionur kristalebSi da agreTve eleqtron-fononuri sistemis kine-

tikis sakiTxebis gamosakvlevad kubos wrfivi reaqciis Teoriis CarCo-
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ebSi, aqtualurs warmoadgens amocana kvazinawilakebis dinamiuri sidi-

deebisTvis drois ormomentiani wonasworuli korelaciuri fun-

qciebisTvis zusti, ganzogadoebuli, kvanturi evoluciuri gantolebe-

bis miReba–sawyisi korelaciebis Sesustebis principisa da Sfm-is gamo-

yenebis gareSe. 

samuSaos mizani da amocanebi. sadisertacio naSromis mizans 

warmoadgens: myari sxeulebis fizikis zogierTi kvanturi dinamiuri 

sistemisTvis, romelic urTierTqmedebs fononur (bozonur) velTan  

(eleqtron-fononuri sistema, frolixis polaronis modeli, akustiku-

ri polaronis modeli susti eleqtron-fononuri urTierTqmedebis 

SemTxvevaSi, polaronis feinmanis ganzogadoebuli modeli (fgm)),  

mowesrigebul operatorTa formalizmsa da T-namravlTa teqnikaze 

dayrdnobiT, agreTve liuvilis superoperatoruli formalizmisa da 

proeqciuli operatoris meTodis gamoyenebiT_zusti, ganzogadoebuli 

kvanturi evoluciuri (kinetikuri) gantolebebis miReba da gamokvleva 

drois ormomentiani wonasworuli korelaciuri funqciebisTvis Sfm-is 

gamoyenebis gareSe.  

− Aam modelebze dayrdnobiT, da am gantolebaTa gamoyenebiT, 

Tanmimdevruli, srulyofili eleqtronuli da polaronuli gamta-

robisa da dabaltemperaturuli dreifuli Zvradobis kvanturi Teori-

is ageba naxevargamtarebsa da ionur kristalebSi dafuZnebuli kubos 

wrfivi gamoZaxilisa da SeSfoTebis Teoriaze. gadatanis meqanikuri 

koeficientebis (eleqtrogamtaroba, Zvradoba) gamoTvla kvanturi dina-

miuri sistemebis zemoTmiTiTebuli modelebisTvis. 

sadisertacio naSromis ZiriTadi Sedegebi da mecnieruli siaxle 

warmodgenil sadisertacio naSromSi gadawyvetilia Semdegi amocanebi: 

− mowesrigebul operatorTa formalizmisa da T-namravlTa teqni-

kis daxmarebiT, sawyisi korelaciebis Sesustebis principisa da Sfm-is 

gamoyenebis gareSe, gamoyvanilia da gamokvleulia axali, zusti, gan-

zogadoebuli kvanturi evoluciuri (kinetikuri) gantolebebi gamori-

cxuli bozonuri (fononuri) amplitudebiT drois ormomentiani wona-
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sworuli korelaciuri da grinis funqciebisTvis dinamiuri qvesiste-

misTvis, romelic urTierTqmedebs bozonur TermostatTan. miRebulia 

agreTve axali, zusti kvanturi kinetikuri gantolebebi korelaciuri 

funqciebisTvis_liuvilis superoperatoruli formalizmisa da proe-

qciuli operatoris meTodis daxmarebiT.   

− dinamiuri qvesistemis bozonur (fononur) TermostatTan urTi-

erTqmedebis hamiltonianis mixedviT, SeSfoTebis Teoriis meore mia-

xloebaSi miRebulia axali, ganzogadoebuli kvanturi kinetikuri gan-

tolebebi gamoricxuli bozonuri amplitudebiT, qvesistemis drois 

ormomentiani wonasworuli korelaciuri funqciebisTvis–rogorc mar-

koviseuli, ise aramarkoviseuli formiT–romelTa dajaxebiTi integra-

lebi Seicaven cxadad gamoyofil sawyisi korelaciebis evoluciur 

wevrebs. 

− kubos wrfivi reaqciisa da SeSfoTebis Teoriis farglebSi, 

naxevargamtarebisa da ionuri kristalebisTvis agebulia eleqtronuli 

da polaronuli dabalsixSiruli gamtarobisa da dabaltemperatu-

ruli dreifuli Zvradobis Tanmimdevruli, koreqtuli kvanturi 

Teoria, dafuZnebuli_kvanturi disipaciuri sistemebis zemoTmiTiTe-

buli modelebisTvis_ganzogadoebul kvantur kinetikur gantolebebze 

korelaciuri funqciebisTvis “deni-denze” eleqtronisa da polaro-

nisTvis, romlebic urTierTqmedeben fononebTan Sfm-is gamoyenebis 

gareSe. 

− miRebulia da gamokvleulia analizuri gamosaxulebebi eleqt-

ronisa da polaronis relaqsaciuri maxasiaTeblebisTvis (impulsis 

relaqsaciis sixSire da sxv.); gamoTvlilia wonasworuli korelaci-

uri funqciebis–“deni-denze”–milevis dekrementebi da oscilirebadi 

faqtorebi. napovnia eleqtrogamtarobis tenzoris (disipaciuri nawi-

lis) analizuri saxe eleqtron-fononuri sistemisTvis kristalis 

dabali temperaturebisa da dabalsixSiruli gareSe eleqtruli vele-

bis SemTxvevaSi da gamoTvlilia gadatanis meqanikuri koeficientebi 

(Zvradoba, eleqtrogamtaroba) kvanturi disipaciuri sistemebis aR-
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niSnul modelTaTvis; napovnia “
0

3
2

Τ
h

BK
ω

-problemis” nawilobrivi gada-

wyveta frolixis polaronis dabaltemperaturuli Zvradobis Teoria-

Si. 

− miRebulia temperaturuli Sesworebebi eleqtronisa da pola-

ronis dreiful Zvradobebze, romlebic ganpirobebulia sawyisi kore-

laciebis evoluciuri wevrebis arsebobiT kvantur kinetikur gantole-

bebSi wonasworuli korelaciuri funqciebisTvis “siCqare-siCqareze” 

(“impulsi-impulsze”) eleqtronisa da polaronisTvis. dadgenilia, rom 

es Sesworebebi warmoadgenen mcire sidideebs Sesrulebuli miaxlo-

ebebisa da ganxiluli Teoriis farglebSi. 

sadisertacio naSromis praqtikuli mniSvneloba 

naSromSi dasmuli amocanebis gadawyvetam moiTxova arawonas-

woruli statistikuri meqanikis zogierTi meTodis Semdgomi ganvi-

Tareba. sadisertacio naSromSi miRebuli ZiriTadi Teoriuli Sede-

gebis praqtikuli mniSvneloba (Rirebuleba) ganisazRvreba imiT, rom 

miRebuli zusti, ganzogadoebuli kvanturi evoluciuri gantolebebi 

wonasworuli korelaciuri funqciebisTvis SesaZlebelia gamoyenebuli 

iqnas gadatanis movlenebis gansaxilvelad da gamosakvlevad_kubos 

wrfivi reaqciis Teoriis farglebSi, sawyisi korelaciebis Sesustebis 

principisa da Sfm-is daSvebebis gareSe_myari sxeulebis da kondensi-

rebul garemoTa fizikis dinamiur qvesistemaTa sxva modelTaTvis 

(kvanturi disipaciuri sistemebisTvis), romlebic urTierTqmedeben 

bozonur velTan (TermostatTan). (mag. brounis kvanturi nawilakis 

moZraobis Sesaswavlad, romelic ganixileba rogorc wrfivi, milevadi 

harmoniuli oscilatori, da romlis dinamika aRiwereba kaldeira-

legetis mikroskopuli modeluri hamiltonianiT). 

naSromSi ganviTarebuli formalizmi, meTodebi da miRebuli kine-

tikuri gantolebebi martivad SesaZlebelia ganvrcobil iqnas kineti-

kuri movlenebis Sesaswavlad da gadatanis meqanikuri koeficientebis 

(mag. Zvradoba, eleqtrogamtaroba) gamosaTvlelad: eleqtronebis urTi-
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erTqmedebisas (gabnevisas) arapolarul optikur fononebze, piezoele-

qtrul fononebze, agreTve sxva didi radiusis mqone polaronTa mode-

lTaTvis (mag. akustikuri polaronis modelisTvis-eleqtronis fonone-

bTan Zlieri urTierTqmedebis SemTxvevaSi). gamoyvanili ganzogadoebu-

li kvanturi kinetikuri gantolebebi korelaciuri funqciebisTvis kva-

nturi dinamiuri qvesistemisTvis, romelic urTierTqmedebs fononur 

velTan, SesaZlebelia gamoyenebul iqnas normaluri (arazegamtari) 

metalebis eleqtrowinaRobis gamosaTvlelad eleqtronebis gabnevisas 

akustikur fononebze.  naSromSi warmodgenili formalizmis daxmare-

biT SesaZlebelia temperaturuli Sesworebebis povna metalTa eleqt-

rowinaRobisTvis (Sesworebebi blox_grunaizenis formulaSi), romle-

bic agreTve ganpirobebulia eleqtronebis fononebTan urTierTqmede-

bisas sawyisi korelaciebis gaTvaliswinebiT.  

dasacavad gamotanilia Semdegi debulebebi: 

1.  osakas Sedegis ganzogadoeba dabalsixSiruli kuTri eleqtroga-

mtarobisTvis da “
0

3
2

Τ
h

BK
ω

-problemis” nawilobrivi gadawyveta frolixis 

polaronis (eleqtronis) dabaltemperaturuli Zvradobis TeoriaSi. 

2.  eleqtronis dabaltemperaturuli statikuri Zvradobis gansxva-

vebuli (2-jer naklebi) mniSvneloba `bolcmaniseul~ ZvradobasTan 

SedarebiT akustikuri polaronis modelSi susti eleqtron-fononuri 

urTierTqmedebis SemTxvevaSi. 

3.  Zlieri eleqtron_fononuri urTierqmedebis SemTxvevaSi dabal-

temperaturuli Zvradobis gansxvavebuli yofaqceva eleqtron-fo-

nonuri bmis mudmivas rigis mixedviT polaronis fgm_Si, pekaris 

modelTan SedarebiT. 

4.  mcire sididis temperaturuli Sesworebebis arseboba eleqtronis da 

polaronis dabaltemperaturul Zvradobebze ganxilul modelebSi. 

naSromis aprobacia disertaciis ZiriTadi Sinaarsi moxsenebuli 

iyo informatikisa da marTvis sistemebis fakultetis fizikis departa-
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mentisa da myari sxeulebis fizikis kolegiis samecniero seminarebis 

sxdomebze.  

disertaciis Sinaarsi da ZiriTadi Sedegebi wardgenili iyo: 1986w. q. 

TbilisSi Catarebul 24-e sakavSiro TaTbirze_»24-? ?????? ???? ????????? 

?? ??????  ?????? ?????????? », Tbilisi, 1986w; 1991w q. xarkovSi (ukraina) 

Catarebul sakavSiro konferenciaze «??????????? ????????  ?????????????? 

?????? », ???????, 14-17??? 1991?; 1992w. q. puSCinoSi (ruseTi) Catarebul 

saerTaSoriso skolaSi_International Workshop `POLARONS and APPLICATIONS~ 

May 23-31, 1992, Pushchino, Russia; 1992w. q. berlinSi (germania) Catarebul 

saerTaSoriso konferenciaze `The 18th IUPAP International Conference on 

Statistical Physics, Berlin, 2-8 August 1992~; saqarTvelos teqnikuri unive-

rsitetis profesor_maswavlebelTa samecniero_teqnikur konfere-

nciaze, 16-19 noemberi, Tbilisi, 1993w; 1993w. q. trondhaimSi (norvegia) 

Catarebul saerTaSoriso simpoziumze T̀he Lars Onsager Symposium. Coupled 

Transport Processes and Phase Transitions~, June 2-4 1993, Trondheim, Norway; 1993w. q. 

florenciaSi (italia) Catarebul saerTaSoriso konferenciaze `EPS9 

TRENDS IN PHYSICS~ Firenze, 14-17 September 1993; 1995w. q. qsiamenSi (CineTi) 

Catarebul saerTaSoriso konferenciaze `The 19th UPAP International 

Conference on Statisitcal Physics~, Xiamen 31 July-4 August 1995; 1998w. q. parizSi 

(safrangeTi) Catarebul saerTaSoriso konferenciaze `XXth IUPAP 

INTERNATIONAL CONFERENCE ON STATISTICAL PHYSICS~, Paris, July 20-24, 

1998, UNESCO Sorbonne. 

publikaciebi: disertaciis ZiriTadi Sedegebi gamoqveyenebulia 

Cvidmet samecniero naSromSi, romelTa dasaxeleba moyvanilia avto-

referatis bolos. 

naSromis moculoba da struqtura: disertaciis sruli moculoba 

Seadgens 157 nabeWd gverds; disertacia Sedgeba reziumesagan (or ena-

ze), sarCevisagan, naxazebis nusxisagan, Sesavlisagan, sami Tavisagan, 

ilustraciis saxiT moyvanili sami naxazisgan, daskvnebisa da 125 

dasaxelebis mqone gamoyenebuli literaturis siisgan, erTi danarTisa 
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da avtoris mier gamoqveynebuli samecniero naSromebisgan, rom-

lebSiac asaxulia disertaciis ZiriTadi Sedegebi. 

sadisertacio naSromis Sinaarsi 

SesavalSi dasabuTebulia Temis aqtualoba, Camoyalibebulia naSro-

mis miznebi da amocanebi, da gansazRvrulia kvlevis obieqtebi da 

meTodebi. 

pirveli Tavi ZiriTadad atarebs mimoxilviT xasiaTs  

$1.1 (1.1.1-1.1.6)_Si moyvanilia modeluri hamiltonianis saxe dinamiuri 

sistemebisa, romlebic urTierTqmedeben bozonur TermostatTan da gan-

xilulia zogierTi aqtualuri magaliTi kvanturi disipaciuri da Ria 

arawonasworuli modeluri sistemebisa Tanamedrove fizikis sxadasxva 

dargidan, romlebic gaxdnen intensiuri kvlevisa da Seswavlis sagani 

ukanaskneli 30-40 wlis ganmavlobaSi. am farTo gamokvlevaTa speqtri 

moicavda metalTa eleqtrogamtarobisa da zegamtarobis Teoriis, meta-

lTa Senadnobebisa da gadacivebuli `metaluri minebis~ eleqtronuli 

Teoriis sakiTxebs; susti da Zlieri lokalizaciisa da Zlier arae-

rTgvarovan nivTierebaTa eleqtrogamtarobis Teoriis sakiTxebs mou-

wesrigebel sistemaTa fizikaSi; lazeruli gamosxivebisa da zegamo-

sxivebis Teoriis aspeqtebs kvantur radiofizikaSi; magnituri pola-

ronebis da fluqtuonebis (fazonebis) Teoriis sakiTxebs magnitur 

nivTierebebSi (garemoebSi) da sxva.  

$1.2 (1.2.1-1.2.2.)_Si ganxilulia dinamiurad mouwesrigebeli sistema 

eleqtron-fononuri sistema da eleqtronis urTierTqmedeba akustikur 

da polarul optikur fononebTan; moyvanilia eleqtron-fononuri sis-

temis hamiltonianis zogadi saxe (frolix-pekaris tipis hamiltoniani), 

eleqtronis akustikur da polarul optikuri fononebTan urTierTqme-

debis hamiltonianTa saxeebi da mokled mimoxilulia agreTve defo-

rmaciis potencialis meTodi.  

$1.3 (1.3.1-1.3.3)_Si moyvanilia didi radiusis mqone polaronTa mode-

lebi. ganxilulia polaronis frolixisa da pekaris modelebi da 

polaronis feinmanis erToscilatoriani da  feinmanis ganzogadoebu-
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li modelebi. amave paragrafSi ganxilulia agreTve ukanasknel wle-

bSi ganviTarebuli da gamoyenebuli axali midgoma polaronuli siste-

mebis Termodinamikisa da kinetikis sakiTxebis gamokvlevebisas _ mowe-

srigebuli operatorTa formalizmi, T_namravlTa meTodi da fononuri 

operatorebis gamoricxvis teqnika eleqtron-fononuri sistemis maxa-

siaTebeli fizikuri sidideebis wonasworuli da arawonasworuli 

saSualo mniSvnelobebidan. aRniSnulia zogierT SemTxvevebSi am axali 

midgomis upiratesoba, kontinualuri integri-rebis meTodTan 

SedarebiT, eleqtron-fononuri sistemis kinetikis sakiTxebis 

Seswavlisas.  

$ 1.4._Si  ganxilulia fizikuri kinetikis zogierTi principuli sa-

kiTxi dinamiuri sistemebisa, romlebic urTierTqmedeben fononur 

(bozonur) velTan. mimoxilulia metad mniSvnelovani da principuli 

sakiTxi, K_tipis  dinamiur sistemebSi (rogorc klasikuris, aseve kva-

nturisTvis), evoluciuri (kinetikuri) gantolebebis gamoyvanis dros 

Semoklebuli aRweris SesaZleblobaze, romelic ar eyrdnoba hipo-

Tezas_sawyisi korelaciebis Sesustebisa da Sfm-is gamoyenebis Sesa-

xeb. aRwerilia is ZiriTadi sqemebi da meTodebi, romlebsac mivyavarT 

bolcmanis saxis kinetikuri gantolebisa da ZiriTadi kinetikuri gan-

tolebis miRebamde. ganxilulia is ZiriTadi principuli xasiaTis 

sirTuleebi, romlebic warmoiSvebian eleqtron-fononuri sistemisa da 

polaronTa zemoTmoyvanil modelTaTvis dreifuli Zvradobebis gamo-

Tvlisas, gamomdinare rogorc bolcmanis kinetikuri gantolebidan da 

kubos wrfivi reaqciis Teoriidan, aseve gamtarobis wrfivi da ara-

wrfivi Teoriebis zogierTi sxva meTodebis (arawonasworuli simkvri-

vis matricis meTodi, balansis gantolebis meTodi) gamoyenebisas.  

meore Tavi sadisertacio naSromSi originaluri xasiaTisaa.  

am TavSi dasmulia da gadawyvetilia zogadi saxis amocana_dinami-

uri qvesistemisTvis, romelic urTierTqmedebs bozonur (fononur) 

TermostatTan_axali, zusti ganzogadoebuli kvanturi evoluciuri 

gantolebebis miReba drois ormomentiani wonasworuli korelciuri 
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da grinis funqciebisTvis sawyisi korelaciebis Sesustebis principisa 

da Sfm_is gamoyenebis gareSe.  

$2.1_Si ganxilulia mowesrigebuli operatorTa formalizmi da 

T_namravlTa meTodi. 

$2.2_Si am formalizmze dayrdnobiT gamoyvanilia axali, zusti, 

araCaketili ganzogadoebuli kvanturi kinetikuri gantolebebi wonas-

woruli korelaciuri funqciebisTvis, rogorc markoviseuli, aseve 

aramarkoviseuli saxis, saidanac gamoricxulia bozonuri amplitudebi. 

miRebuli zusti kvanturi kinetikuri gantolebebis dajaxebiTi int-

gralebi Seicaven damatebiT wevrebs, romlebic aRweren sawyisi kore-

laciebis evolucias droSi, ganpirobebuls qvesistemis urTi-

erTqmedebiT bozonur TermostatTan drois sawyis momentSi. napovnia 

agreTve msgavsi saxis evoluciuri gantoleba grinis (dagvianebuli) 

funqciisTvis. sadisertacio naSromis danarTSi detalurad aris aRwe-

rili bozonuri operatorebis (amplitudebis) gamoricxvis teqnika 

drois ormomentiani wonasworuli korelaciuri funqciebis evolu-

ciuri (kinetikuri) gantolebebidan. 

$2.3_Si ganxilulia markoviseuli miaxloeba qvesistemis dinamiki-

sTvis da qvesistemis TermostatTan urTierTqmedebis hamiltonianis 

mixedviT SeSfoTebis Teoriis meore miaxloebaSi gamoyvanilia axali, 

ganzogadoebili markoviseuli kvanturi kinetikuri gantoleba drois 

ormomentiani wonasworuli korelaciuri funqciisTvis < )( tAB ss − >: 
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−
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∑ ∫
h

hs k
k

k i k t k
kH k s s k

i k t
kH k s s

i
A t d N

e e C s t i C s B A t N e

e C s t i C s B A t

β

θω ω θω

ω

ξ θ β

θ β

θ

      (1) 

 

sadac Hs_qvesistemis hamiltoniania, As, Bs Ck(s), Ck
+(s) –qvesistemis 

operatorebia, Nk(β)=[eβh ω(k)-1]-1_warmoadgens bozonebis Sevsebis saSu-

alo ricxvs, xolo operatorebi ),(
0

ZSCkH  da ),(
0

ZSCkH  _ gansazRvrulia 

tolobebiT:  

),(
0

ZSCkH =
ZH

h
i

k

ZH
h
i

o
eSCe

−
)(

0
 ),(

0
ZSC kH

+ =
ZH

h
i

k

ZH
h
i

o
eSCe

−+ )(
0

;0 ∑+= HHH s  

 da HΣ- aris bozonuri Termostatis hamiltoniani. analogiuri 

saxis gantolebebia miRebuli agreTve sxva korelaciuri funqcie-

bisTvis. 

$2.4_Si ganxilulia da ganviTarebulia meore (gansxvavebuli) mid-

goma igive problemisadmi, romelic eyrdnoba liuvilis superoperato-

rul formalizmsa da proeqciuli operatoris meTods. am formali-

zmisa da meTodis daxmarebiT napovnia axali, zusti ganzogadoebuli 

kvanturi evoluciuri (kinetikuri) gantolebebi wonasworuli korela-

ciuri funqciebisTvis Sfm_is gamoyenebis gareSe. gamoyvanil kinetikur 

gantolebas < )( tBA ss − >_korelaciuri funqciisTvis aqvs Semdegi saxe: 
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( ) [ ] ( ) { ( )

( ) ( ) } ( )

{ ( ) ( ) ( ) ( )

( ) } ( ) ( )

] ( )

1

0

1

0

,

1 ,

, 1 ,

.

−

−

∂
− = Ρ Ρ − − Ρ ℑ ×

∂

 × + ℑ Ρ − + × 

 × Ρ − ℑ + ℑ × 

× Ρ − − Ρ − ×

× Ρ −

∫

∫

s s s s s Q

t

Q Q Q i s s

i Q Q Q Q

t

Q i s s i Q

i s s

A B t i L A B t i t
t

M t t M QL A B t d

L Q M t t M t t

M t QL A B d LQM t Q

L A B

β

β τ

τ β β

τ τ τ

τ

                                                (2) 

sadac −= ][
1

, Kh
K SS HL _liuvilis superoperatoria, romelic Se-

esabameba S–qvesistemis HS–hamiltonians, P-warmoadgens Termostatis 

(bozonuri velis) mdgomareobebis mixedviT gasaSualebis proeqciul 

operators: PP =2 da PQ −= 1 ; xolo `masuri~ MQ(t) da integraluri 

),( βtQℑ  superoperatorebi gansazRvrulia Semdegi tolobebiT: 

];exp[)( iQLQttM Q =    ( ) int
0

, iLt H H
Q t d e e H e Q

β
λ λβ λ − −ℑ = ∫  

miRebuli aramarkoviseuli saxis zusti, ganzogadoebuli (2) 

_kinetikuri gantolebis dajaxebiTi integrali Seicavs wevrebs, rom-

lebic aRweren sawyisi korelaciebis evolucias droSi. (sawyisi kore-

laciebis evolucia drois mixedviT aRiwereba ),( βtQℑ  _ integraluri 

superoperatoriT da es evolucia moicema rogorc markoviseuli, aseve 

aramarkoviseuli formiT). 

$2.5_Si, iseve rogorc $2.3_Si, ganxilulia markoviseuli miaxlo-

eba qvesistemis dinamikisTvis da qvesistemis TermostatTan urTie-

rTqmedebis liuvilianis mixedviT _ SeSfoTebis Teoriis meore mia-

xloebaSi, proeqciuli operatoris meTodis daxmarebiT_napovnia axali, 

ganzogadoebuli markoviseuli kvanturi kinetikuri gantoleba wonas-

woruli korelaciuri funqciisTvis < )( tBA ss − >_gamoricxuli bozo-

nuri amplitudebiT: 
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−

×

 × − − ⋅ − hk s k sC s t i A C s B tλ

                 (3) 

      
( ) ( ) ( ) ( )

[ ]
1 1

( )
( )

;   

   , .

± ±+ +

±

± = ± =

= − m h

s si L Z i L Z
k k k k

k
k

C s Z e C s C s Z e C s

E D ED e DEβ ω
ω

xolo
                                       

sadac: );()( , SCeZSC k
ZiL

k
s±=±  );()( , SCeZSC k

ZiL
k

s +±+ =±  xolo 

DEeEDDE kh
k

0(
)(],[ ωβ

ω
±

± −=   _ nebismieri E da D _operatorebisTvis. 

( ) ( ) ( ) ( )( )
( ) ( )

( ) ( )

' , ' ' , '

' '

          ;   

, ;   , 1

                  , , 0.

i L t i L ti k t i k t
k k k k
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k k k k

e b e b e b e b

b b N b b N

b b b b

ω ω

β δ β δ

Σ Σ± ± + ± +

+ +

+ +

= =

Ρ = Ρ = +

Ρ = Ρ =

m

                                                 

amrigad, sadisertacio naSromis meore TavSi miRebuli ZiriTadi 

Sedegebi SesaZlebelia CamovayaliboT Semdegi saxiT: _ dinamiuri qvesi-

stemisTvis, romelic urTierTqmedebs bozonur velTan mowesrigebul 

operatorTa,  liuvilis sauperoperatoruli formalizmisa da proeq-

ciuli operatoris meTodis daxmarebiT, sawyisi korelaciebis Sesu-

stebis proncipisa da Sfm_is gamoyenebis gareSe wonasworuli kore-

laciuri funqciebisTvis gamoyvanili axali, ganzogadoebuli kvanturi 

evoluciuri (kinetikuri) gantolebebis dajaxebiTi integralebi_Sei-

caven rogorc wevrebs, romlebic aRweren dajaxebiTi korelaciebis 

evolucias droSi, aseve sawyisi korelaciebis evoluciur wevrebs, 

romlebic ganpirobebulia qvesistemis urTierTqmedebiT bozonur vel-

Tan drois sawyis momentSi. 

mesame TavSi ganxilulia da gamokvleulia eleqtronuli da 

polaronuli gadatanis wrfivi movlenebis sakiTxebi dinamiur  siste-

mebSi_eleqtron_fononur sistemaSi, frolixis da akustikur polaro-
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nTa modelebSi, polaronis fgm_Si. gamokvleva dafuZnebulia kubos 

wrfivi gamoZaxilisa da SeSfoTebis Teoriaze. gamoTvlilia eleq-

tronuli da polaronuli gadatanis meqanikuri koeficientebi 

(dabaltemperaturuli Zvradoba, eleqtrogamtaroba) zemoT miTiTebul 

modelebSi_korelaciuri funqciebisTvis miRebul ganzogadoebul kva-

ntur kinetikur gantolebebze dayrdnobiT. 

$3.1_Si gamokvleulia eleqtron-fononuri sistema da gamoTvli-

lia eleqtronis dabaltemperaturuli Zvradoba da dabalsixSiruli 

eleqtogamtaroba susti eleqtron-fononuri urTierTqmedebis SemTxve-

vaSi (1) da (3)_gantolebebze dayrdnobiT miRebulia miaxloebiTi 

kinetikuri gantoleba eleqtronis `siCqare_siCqareze~ wonasworuli 

korelaciuri funqciisTvis. napovnia am bolcmanis tipis gantolebis 

amonaxsni kristalis dabali temperaturebis SemTxvevaSi erTi zonisa 

da relaqsaciis drois miaxloebaSi (rdm) eleqtronisTvis, da fono-

nebis dispersiis nebismieri izotropuli kanonis dros. dadgenilia, 

rom eleqtronis (qvesistemis) korelaciuri funqciebi miilevian osci-

laciebiT didi droebis asimptotur areSi, gamoTvlilia korelaciuri 

funqciebis milevis dekrementi da oscilirebadi faqtori. gamoyva-

nilia zogadi formulebi kuTri eleqtrogamtarobis disipaciuri nawi-

lisTvis izotropul SemTxvevaSi da eleqtronis dabaltemperaturuli, 

eleqtruli velis ω_sixSireze damokidebuli ZvradobisTvis (ac 

mobility). am formulebs aqvs Semdegi saxe: 

 

2

1
2Re ( , ) ( ) ( ) cos ( , )

2

 
     = Ρ Ρ Ρ Ρ Γ Ρ ×   

∫
h r h

h
s rel

s

th
ne d V Vµν ν µ ν

β ω
β

σ ρ β β
ω

          

2 22 2

( , )( , )
cos ( , ) ,

2( , ) ( , )

Γ ΡΓ Ρ  × + Γ Ρ      + Γ Ρ + Γ Ρ     

h relrel
rel

rel rel

µν
µ

ν µ

ββ β
β

ω β ω β
                                   (4) 

sadac: )()()( 0 ωµωµωµ ∆−=  
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−<< tω  

aq: e-eleqtronis muxtia, n-eleqtronebis koncentraciaa gamtarobis zo-

naSi,  )(PV
r

µ eleqtronis siCqaris µ_komponentia gamtarobis zonidan, 

P
r
_eleqtronis kvaziimpulsia, da )()( /),( PTPT

s epdeP
sr βββρ −−=  naTelia, 

rom ∆µ(ω)_sidide warmoadgens temperaturul Sesworebas eleqtronis 

µ0(ω)-_dabaltemperaturul da sixSirul Zvradobaze, romelic gamo-

wveulia sawyisi korelaciebis arsebobiT eleqtronis urTierTqme-

debisas fononebTan arsebul sistemaSi. am paragrafSi moyvanili 

gamosaxulebebi kuTri eleqtogamatrobisTvis da dabaltemperaturuli 

ZvradobisTvis warmoadgenen sakmaod zogads ganxiluli modelis Car-

CoebSi da Sesrulebuli miaxloebebis farglebSi. 

$3.2_Si gamokvleulia eleqtronis Zvradobis sakiTxi polaronis 

frolixis modelSi da napovnia metad mniSvnelovani da principuli 

sakiTxis: `
02

3
ωβh

problemis~ nawilobrivi gadawyveta polaronis daba-

ltemperaturuli, Zvradobis TeoriaSi. $3.1_Si eleqtron-fononuri 

sistemisTvis, miRebul zogad formulebsa da Tanafardobebze day-

rdnobiT gamoTvlilia eleqtronis `siCqare_siCqareze~ korelaciuri 

funqciis milevis dekrementi (eleqtronis impulsis relaqciis six-

Sire) da oscilirebadi faqtori. `mcire~ siCqariT moZravi eleqtro-

nisTvis kristalis Zalian dabali temperaturebis SemTxvevaSi impu-
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lsis relaqsaiciis sixSire ar aris damokidebuli TviT eleqtronis 

impulsze da warmoidgineba Semdegi saxiT:  

)1,1~();(
3
2

)()
~

,( 0
2

000 >>=<<ΡΝ=Γ≡ΡΓ ωβγγαωγγ hrelrel
z          (6) 

sadac: ω0_ fononebis rxevis sixSirea, α_ warmoadgens eleqtron-fono-

nuri urTierTqmedebis (frolixis) bmis mudmivas, da  1
0 ]1[)( −−= γγ eN  

eleqtronis `siCqare-siCqareze~ korelaciuri funqciisTvis miRebuli 

bolcmanis tipis miaxloebiTi kinetikuri gantoleba amoxsnilia rdm-Si 

kristalis dabali temperaturebis SemTxvevaSi, da napovnia eleqtro-

gamtarobis da Zvradobis mniSvnelobebi frolixis polaronis mode-

lSi_rac faqtiurad warmoadgens osakas Sedegis ganzogadoebas (dru-

des formulas) dabal sixSiruli eleqtrogamtarobisTvis da dabalte-

mperaturuli ZvradobisTvis, romlebic Seicaven temperaturul Seswo-

rebebs, ganpirobebuls eleqtronis fononebTan arsebuli sawyisi kore-

laciebiT: 
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sadac: ==== ωωσωσωσωσ ~);~()~()~()~( zzyyxx )(
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dabaltemperaturuli da dabalsixSiruli ZvradobisTvis Sesabamisad 

gveqneba: 
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dabaltemperaturuli statikuri ZvradobisTvis (dc mobility) miRe-

bulia Semdegi mniSvneloba (mcire temperaturuli SesworebiT). 
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gamoTvlilia agreTve eleqtrogamtaroba da eleqtronis Zvra-

doba eleqtruli velis maRali ω~ -sixSireebis SemTxvevaSi. am Sem-

TxvevaSic temperaturuli Sesworeba eleqtronis Zvradobaze warmo-

adgens Zalian mcire sidides. 

sadisertacio naSromis am paragrafSi avtoris mier miRebuli 

Sedegi (ix. (9) formula) warmoadgens `
02

3
ωh

TK B -problemis~ nawilobriv 

gadawyvetas frolixis polaronis (eleqtronis) dabaltemperaturuli 

Zvradobis TeoriaSi. Zvradobis miRebuli mniSvneloba 3-jer aRemateba 

`bolcmaniseul~ dabaltemperaturul statikur Zvradobas: 

;
2
1

.
0

γ

αω
µ e

m
e

B =   );1,0( >>= γω  da 
γ2
1 -mamravliT gansxvavdeba fxip-isa 

(feinmani, xelvorsi, idingsi, platcmani) da tornberg_feinmanis Sede-

gisgan: ;
2
1

2
3

0

γ

αγω
µµ e

m
e

TFFXIP ==  );1,0( >>= γω  rac Seexeba TviT fxip-isa 

da tornberg_feinmanis Sedegebis Tanxvedras da 
γ2
1 _mamravls, maTi 

warmoSobis buneba (Rrma mizezi) dRevandel dRemde bolomde dadge-

nili ar aris. 

$3.3_Si ganxilulia da gamokvleulia eleqtronis Zvradobis 

yofaqceva akustikuri polaronis modelSi susti eleqtron-fononuri 

urTierTqmdebis dros. am SemTxvevaSi adgili aqvs eleqtronis urTi-

erTqmedebas dispersiis mqone akustikur fononebTan: kVk s

rr
.)( =ω  (Vs 

_bgeris siCqarea kristalSi), da iseve rogorc polaronis frolixis 

modelSi, eleqtronis energiisTvis gamtarobis zonaSi gvaqvs dispe-

rsiis paraboluri kanoni: ;2/)( 2 mPPT
rr

=  (m-eleqtronis efeqturi masaa). 

am paragrafSic miRebuli Sedegebi eleqtrogamtarobisa da eleqtronis 
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Zvradobis yofaqcevis Sesaxeb eyrdnoba $3.1_Si gamoyvanil zogad 

Tanafardobebsa da formulebs. napovnia eleqtronis `siCqare_siCqa-

reze~_korelaciuri funqciebis milevis dekrementebi (eleqtronis impu-

lsis relaqsaciis sixSire) da oscilirebadi faqtorebi. ganxilulia 

eleqtronis aradrekadi gabnevis procesebi akustikur fononebze da 

dadgenilia, rom `mcire~ siCqariT )1~( <P  moZravi eleqtronisTvis, imp-

lsis relaqsaciis sixSire (dro) kristalis Zalian dabali tempe-

raturebis dros ar aris damokidebuli TviT eleqtronis impulsis 

mniSvnelobebze da warmoidgineba Semdegi saxiT:     

[ ] 14
2

1 164)()(
−− −==Γ γαγτγ e

mVsrel
Ac

rel
Ac h

                                (10) 

             ;1~( <<Ρ   ;1>>γ   1<α  ). 

sadac: :/
~

smVPP =  da :
2

2

TK
mV

B

s=γ  xolo α_eleqtron-fononuri 

urTierTqmedebis (bmis) mudmivaa: .1
8 3

22

<=
sV

mD
hπρ

α  D_deformaciis pote-

ncialis mudmivaa, ρ_kristalis masuri simkvrive. napovnia `siCqare-

siCqareze~ korelaciuri funqciisTvis miRebuli bolcmanis tipis 

miaxloebiTi kinetikuri gantolebis amonaxsni rdm-Si kristalis da-

bali temperaturebis dros, da gamoTvlilia dabalsixSiruli kuTri 

eleqtrogamtaroba da eleqtronis Zvradoba am modelSi izotropul 

SemTxvevaSi da erTi zonis miaxloebaSi: 
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
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22 32sin

32
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Vm
e

s
Ac

h ;          )1;1( >>< γα      

naTelia, rom temperaturuli Sesworeba eleqtronis dabaltempe-

raturul Zvradobaze, romelic ganpirobebulia sawyisi korelaciebis 

gaTvaliswinebiT, warmoadgens Zalian mcire sidides. miRebuli formu-

lebi warmoadgenen Tanmimdevrul da koreqtul Sedegs eleqtronis 

dabaltemperaturuli ZvradobisTvis akustikuri polaronis modelSi 

susti eleqtron_fononuri bmis SemTxvevaSi.   

am paragrafSi gamoTvlilia aseve elqtrogamtaroba da eleq-

tronis Zvradoba akustikuri polaronis modelSi eleqtruli velis 

maRali ω_sixSireebis SemTxvevaSi, kristalis rogorc maRali, aseve 

dabali temperaturebis dros, napovnia am sidideebis ω_sixSiresa da 

Τ_temperaturaze damokidebuleba (yofaqceva) am parametrebis 

sxvadasxva mniSvnelobebis dros. am SemTxvevaSic temperaturuli 

Sesworeba eleqtronis dabaltemperaturul Zvradobaze warmoadgens 

Zalian mcire sidides. 

eleqtronis dabatemperaturuli Zvradobis gamosaTvlelad akus-

tikuri polaronis modelSi susti eleqtron-fononuri bmis SemTxve-

vaSi (α<1), gamoiyeneba kinetikuri (bolcmanis) gantolebis meTodi. am 

gantolebis amoxsnisas rdm_Si eleqtronis dabaltemperaturuli sta-

tikuri  ZvradobisTvis (dc-mobility) Sfm_Si miiReba mniSvneloba 

  ( ).0,1,1;
32

1 4
220 =<>>⋅= ωαγ

α
µ γe

Vsm
e

BAC
h                                                    (13) 

xolo, fxip-is Teoriisa (miaxloebisa) da balansis gantolebis meTo-

dis (tornberg-feinmanis Teoriis) gamoyenebiT napovni eleqtronis 

dabaltemperaturuli statikuri Zvradobis mniSvneloba tolia sidids: 

     )1,1(,~;
64

1
4
3~~

22
4 <>>=⋅== αγµµ

αγ
µµ γ

s

TF
AC

FXIP
AC Vm

e
e

h                             (14) 

avtoris mier napovni dabaltemperaturuli statikuri Zvradobis 

mniSvneloba Sfm_Si (ix. 12 formula). warmoadgens Tanmimdevrul da 

koreqtul Sedegs akustikuri polaronis modelSi. is 2_jer naklebia 
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eleqtronis `bolcmaniseul~ dabaltemperaturul Zvradobaze da γ4
3 -

mamravliT gansxvavdeba fxip-isa da tornberg-feinmanis Sedegasgan. rac 

Sexeba fxip-isa da tornberg-feinmanis  Sedegebis Tanxvedras da γ4
3 -

mamravls_iseve, rogorc polaronis froli-xis modelSi, am modelSic 

maTi warmoSobis Rrma mizezi (buneba) jer-jerobiT dadgenili ar aris.  

$3.4_Si ganxilulia polaronis fgm. gamoTvlilia da gamokvle-

ulia kontinualuri optikuri polaronis drefuli Zvradoba da misi 

yofaqceva am modelSi dabali temperaturebis SemTxvevaSi. gamoyva-

nilia kvanturi kinetikuri gantolebebi polaronis `impulsi-_impu-

lsze~ (`deni_denze~). wonasworuli korelaciuri funqciebisTvis, 

ganxilulia markoviseuli miaxloeba polaronis dinamikisaTvis da 

didi droebis asimpatotur areSi: max~ 0 =>> tt relτ (ts, tΣ); ;βτ >>rel  

).10 === ωmh (ts-polaronis dajaxebaTa maxasiaTebeli droa, tΣ-aris 

TermostatSi fluqtuaciebis korelaciebis maxasiaTebeli dro), miRe-

bulia miaxloebiTi gamosaxulebebi korelaciuri funqciebisTvis. 

gamoyvanilia agreTve kinetikuri gantolebebi korelaciuri funqci-

ebis diagonaluri matriculi elementebisTvis. napovnia korelaciuri 

funqciebis milevis dekrementebi (polaronis impulsis relaqsaciis 

sixSire) da oscilirebadi faqtorebi.  

dabali temperaturebis SemTxvevaSi ,1( >>β  )01
1 εεβ −<<−  da didi 

droebis areSi )
1−

−>> jit εε -polaronis −±
GFzz tPP )(  korelaciuri fun-

qciebis sidide ZiriTadad gansazRvrulia impulsTa im mniSvnelo-

bebiT, romelTaTvisac 01

2

2
εε −<<

GFM
P
r

; 1
2

2

<<
GFM

P
r

, (sadac 01 ,,, εεεε jl  

polaronis agznebuli da ZiriTadi mdgomareobis energiebia, 

MGF_polaronis masaa). am pirobebSi dadgenilia, rom polaronis 

impulsis relaqsaciis sixSire ),( PGF
zrel

r
βΓ _ ar aris damokidebuli TviT 
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polaronis P
r
impulsze (`mcire~ siCqariT moZravi polaroni) da ganisa-

zRvreba TanafardobiT: 

         )2()()(),( 03
2

0 MfMNGF
rel

GF
zrel βαββ =Γ≡ΡΓ

r)
                         (15) 
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napovni (dabalsixSiruli) kuTri eleqtrogamtarobisTvis da pola-

ronis dabaltemperaturuli ZvradobisaTvis gvaqvs Semdegi saxis 

gamosaxulebebi: 
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sadac: N-polaronebis koncentraciaa. 

naTelia, rom GFµ∆  _sidide, romelic warmoadgens temperatu-

rul Sesworebas polaronis GF
0µ∆ _dabaltemperaturul Zvradobaze, 

warmoadgens mcire sidides TviT am ZvradobasTan SedarebiT. 

amave $3.4_Si agreTve ganxilulia da gaanalizebulia sakiTxi 

polaronis dabaltemperaturuli Zvradobis yofaqcevis Sesaxeb ele-

qtron-fononuri bmis α_mudmivas zRvruli (susti da Zlieri) mniSvne-

lobebis dros. dadgenilia, rom: 1. susti eleqtron-fononuri bmis 

zRvrul SemTxvevaSi: (α<1, MGF<<1, MGF→0), rodesac polaronis fgm 
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gadadis polaronis frolixis modelSi, polaronis dabaltemperatu-

ruli ZvradobisTvis gvaqvs: 

;
2
3

00
β

α
µµ e

eGF =⇒   )1,1(;
3
1 2 >><=∆⇒∆ − βααβµµ βeeGF       (19) 

romelic emTxveva dabaltemperaturuli Zvradobis mniSvnelobas 

polaronis frolixis modelSi. 

2. Zlieri eleqtron-fononuri bmis zRvrul SemTxvevaSi: (α>>1, MGF>>1, 

MGF→8 ), rodesac fgm aRadgens pekaris Teorias, polaronis dabalte-

mperaturuli Zvradobis yofaqceva aRiwereba TanafardobiT: 

      ;)exp(
2
3

~ 13αβµ
eGF

oΠ   )1,1( >>>> βα                                (20)    

sadisertacio naSromSi avtoris mier ganviTarebuli forma-

lizmi da meTodebi, miRebuli ganzogadoebuli kvanturi kinetikuri 

gantolebebi wonasworuli korelaciuri funqciebisTvis da mesame Ta-

vis $3.1_$3.4_ebSi ganxilul modelebze dayrdnobiT miRebuli Sedegebi 

(gamoyvanili formulebi: rogorc zogadi, aseve miaxloebiTi) SesaZle-

blobas iZleva gadaugvarebel, farTozonian, erTgvarovan (polarul) 

naxevargamtarebSi, ionur da kovalentur kristalebSi_eleqtronuli 

da polaronuli gamtarobisa da dabaltemperaturuli dreifuli Zvra-

dobis wrfivi kvanturi Teoriis agebas_kvanturi dinamiuri sistemebis 

sxva modelTaTvisac, romlebic urTierTqmedeben fononebTan (eleqtro-

nebis gabneva arapolarul optikur fononebze, piezoeleqtuli gabneva, 

polaronis fm. da sxva)._eleqtronebisTvis erTi zonis miaxloebaSi, 

dispersiis rogorc zogadi, aseve paraboluri kanonis dros da 

fononebis dispersiis izotropuli kanonis SemTxvevaSi.  

d a s k v n e b i  
1. sxvadasxva midgomebis-mowesrigebul operatorTa da liuvilis 

superoperatoruli formalizmisa da proeqciuli operatoris meTodis 
gamoyenebiT, sawyisi korelaciebis gaTvaliswinebiT_gamoyvanilia axa-
li, zusti, ganzogadoebuli kvanturi evoluciuri (kinetikuri) ganto-
lebebi drois ormomentiani wonasworuli korelaciuri funqcie-
bisTvis, dinamiuri qvesistemisTvis romelic urTierTqmedebs bozonur 
velTan (TermostatTan). miRebul gantolebaTa dajaxebiTi integralebi 
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Seicaven rogorc wevrebs, romlebic aRweren namdvili  korelaciebis 
evolucias droSi, aseve sawyisi korelaciebis evoluciur wevrebs, 
romlebic ganpirobebulia qvesistemis urTierTqmedebiT bozonur Ter-
mostatTan drois sawyis momentSi. 

2. SeSfoTebis Teoriis meore miaxloebaSi – qvesistemis Termo-
statTan urTierTqmedebis hamiltonianis mixedviT – napovnia ganzoga-
doebuli kvanturi kinetikuri gantolebebi gamoricxuli bozonuri 
amplitudebiT korelaciuri funqciebisTvis,  rogorc markoviseuli, 
ise aramarkoviseuli saxiT,  romlebic Seicaven cxadad gamoyofil 
sawyisi korelaciebis evoluciur wevrebs.  

3. eleqtron-fononuri sistemisTvis, frolixisa da akustikuri 
polaronis modelTaTvis, SeSfoTebis Teoriis meore miaxloebaSi, 
susti eleqtron-fononuri urTierTqmedebis SemTxvevaSi da erTi zonis 
miaxloebaSi eleqtronisaTvis  gamoyvanilia da gamokvleulia markovis 
saxis kinetikuri gantolebebi eleqtronis siCqaris operatoris 
komponentebis saSualo mniSvnelobebis diagonaluri matriculi ele-
mentebisaTvis, romlebic warmoadgenen bolcmanis tipis gantolebebs,  
saidanac gamoricxulia fononuri amplitudebi. Gganxilulia ele-
qtronis aradrekadi gabnevis procesebi fononebze da dadgenilia, rom 
ganxilul modelebSi adgili aqvs relaqsaciur process korelaciuri 
funqciebis oscilaciebiT. Nnapovnia eleqtronis impulsis (siCqaris) 
relaqsaciis sixSireebis analizuri gamosaxulebebi kristalis daba-
li temperaturebis SemTxvevaSi. gamoTvlilia eleqtronis “siCqare-
siCqareze” korelaciuri funqciebis milevis dekrementebi da osci-
lirebadi faqtorebi. 

4. gamokvleulia da dadgenilia, rom eleqtronis siCqaris (im-
pulsis) mcire mniSvnelobebisaTvis, siCqaris relaqsaciis droebi 
(sixSireebi) ganxilul modelebSi ar aris damokidebuli impulsis 
sidideze.  mcire siCqareebiTYmoZravi eleqtronebisTvis Zalian dabali 
temperaturebis dros napovnia dabalsixSiruli eleqtrogamtarobisa 
da eleqtronis dreifuli Zvradobis gamosaTvleli formulebi. 

5. frolixis polaronis modelSi miRebuli gamosaxulebebi eleq-
tronis dabaltemperaturuli dreifuli Zvradobisa da dinamiuri 
gamtarobiTvis warmoadgens osakas mier napovni Sedegis ganzogadoebas 
mcire intensivobis mqone dabalsixSirul gareSe eleqtrul velSi, 
rac faqtiurad SesaZlebelia ganxiluli iqnas, rogorc drudes for-
mula kuTri eleqtrogamtarobisTvis. napovnia agreTve statikuri 
( 0)=ω  eleqtrogamtarobisa da dabaltemperaturuli dreifuli Zvra-
dobis analizuri gamosaxulebebi, rogorc frolixis, aseve akustikuri 
polaronis modelebSi. 

6. rogorc gamoTvlebi gviCvenebs, eleqtronebis gabnevisas po-
larul optikur fononebze, dabaltemperaturuli dreifuli Zvra-
dobisTvis (dcmobility; 0=ω ) miRebuli mniSvneloba 3-jer aRemateba 
Zvradobis im mniSvnelobas, romelic miiReba bolcmanis kinetikuri 
gantolebis gamoyenebiT da amoxsniT relaqsaciis drois miaxloebaSi. 
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miRebuli Sedegi warmoadgens – “
0

3
2

Τ
h

BK
ω

 problemis” – nawilobriv gada-

wyvetas frolixis polaronis dabaltemperaturuli Zvradobis Teo-
riaSi. 

7. eleqtronebis gabnevisas akustikur fononebze (akustikuri 
polaronis modeli) miRebuli dabaltemperaturuli dreifuli Zvra-
dobis ( 0)=ω  mniSvneloba 2-jer naklebia Zvradobis im mniSvnelobaze, 
romelic aseve miiReba bolcmanis kinetikuri gantolebis amoxsnisas 
relaqsaciis drois miaxloebaSi. 

8.  ganxilul modelebSi napovnia agreTve eleqtronis dreiful 
Zvradobaze  temperaturuli Sesworebebi, romlebic ganpirobebulia sa-
wyisi korelaciebis evoluciuri wevrebis arsebobiT gamoyvanili 
kinetikuri gantolebebis dajaxebiT integralebSi  da naCvenebia, rom 
es Sesworebebi warmoadgenen mcire sidideebs ganxiluli Teoriis 
farglebSi. 

9. polaronis fgm-sTvis miRebuli kvanturi kinetikuri ganto-
lebebi eleqtruli denis operatoris komponentebis (polaronis 
impulsis) drois ormomentiani wonasworuli korelaciuri fun-
qciebisTvis gamoyenebulia polaronis dreifuli Zvradobisa da 
eleqtrogamtarobis tenzoris gamosaTvlelad. Gganxilul erTzonian 
izotropul SemTxvevaSi, markoviseul miaxloebaSi polaronis dina-
mikisTvis, napovnia miaxloebiTi gamosaxulebebi korelaciuri funqci-
ebisTvis. 

10. kristalis Zalian dabali temperaturebis SemTxvevaSi gamo-
yvanilia bolcmanis tipis kinetikuri gantoleba korelaciuri fun-
qciis diagonaluri matriculi elementisTvis, romelic Seesabameba 
polaronis ZiriTad mdgomareobas. gamokvleulia polaronis aradre-
kadi gabnevis procesebi fononebze. napovnia  impulsis relaqsaciis 
sixSiris (drois) analizuri gamosaxuleba da dadgenilia, rom mcire 
siCqariT moZravi polaronisTvis impulsis relaqsaciis sixSire (dro) 
ar aris damokidebuli  impulsis sidideze. 

11. kubos wrfivi reaqciis Teoriis gamoyenebiT miRebulia dabal-
sixSiruli eleqtrogamtarobis tenzoris analizuri gamosaxuleba 
eleqtron-fononuri sistemisaTvis erTzonian miaxloebaSi da fono-
nebis dispersiis zogadi (izotropuli) kanonis SemTxvevaSi.  gamoTvli-
lia polaronis dabaltemperaturuli dreifuli Zvradoba fgm-Si. am 
modelSi napovnia agreTve temperaturuli Sesworeba polaronis drei-
ful Zvradobaze, romelic ganpirobebulia sawyisi korelaciebis 
evoluciuri wevrebis arsebobiT  miRebuli kinetikuri gantolebebis 
dajaxebiT integralebSi, da dasabuTebulia, rom es temperaturuli 
Sesworeba warmoadgens mcire sidides. 

12. ganxilulia da gaanalizebulia polaronis dabaltempera-
turuli dreifuli Zvradobis yofaqceva susti ( 1)<α  da Zlieri  
(α >>1) eleqtron-fononuri urTierTqmedebis zRvrul SemTxvevebSi. 
susti eleqtron-fononuri urTierTqmedebis SemTxvevaSi ( 0)→GFM , ro-
desac polaronis fgm gadadis polaronis frolixis modelSi, pola-
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ronis dabaltemperaturuli dreifuli ZvradobisTvis (γ >>1; ω =0) 
vRebulobT iseTive miSvnelobas, rogoric napovnia polaronis fro-
lixis modelSi. Zlieri eleqtron-fononuri urTierTqmedebis SemTxve-
vaSi ( )→ ∞GFM , rodesac polaronis fgm aRadgens polaronis pekaris 
naxevradklasikur Teorias, dabaltemperaturuli dreifuli Zvradobis 

yofaqceva moicema Semdegi TanafardobiT: ;)exp(.
2
3

~ 13αγµ eGF ( ;10 === ωmh  

;1>>= βγ  ω =0); anu polaronis dabaltemperaturuli Zvradoba Zlieri 
eleqtron-fononuri urTierTqmedebis SemTxvevaSi ( )1>>α  izrdeba α -
bmis mudmivas mecamete rigis proporciulad am mudmivas didi mniSvne-
lobebis dros, maSin rodesac polaronis pekaris TeoriaSi  dabaltem-
peraturuli Zvradoba izrdeba misi mexuTe rigis proporciulad:-

;~ 5αµΠ  rodesac ;1>>α  0( 1;= = =h m ω 0;1 =>> ωβ ). 
13. sadisertacio naSromSi Catarebuli gamokvlevebi gviCvenebs, 

rom ganviTarebul meTodebs, romlebic dafuZnebulia kinetikuri gan-
tolebebis miRebaze wonasworuli korelaciuri funqciebisTvis da maT 
gamoTvlaze, gansxvavebiT sxva midgomebisgan, ar mivyavarT ganSladi 
wevrebisagan Sedgenili usasrulo mwkrivebis ajamvis aucileblobas-
Tan kvazinawilakis (eleqtronis, polaronis) urTierTqmedebis mixed-
viT fononebTan, kristalze modebuli gareSe eleqtruli velis daba-
li ( 0)→ω  sixSireebis SemTxvevaSi. 

naSromSi dasabuTebulia, rom arsebuli sawyisi korelaciebis 
evolucia da korelaciuri funqciebis oscilaciebi drois mixedviT, 
romlebic ganpirobebulia kvazinawilakis (zogad SemTxvevaSi kvanturi 
dinamiuri qvesistemis) urTierTqmedebiT fononur (bozonur) velTan 
drois sawyis momentSi, gavlenas ar axdenen relaqsaciur procesebze 
da isini warmoadgenen Zvradobebze temperaturuli Sesworebebis Zi-
riTad mizezs (wyaros)  ganxilul modelebSi. 

 
SUMMARY 

In modern conditions a subject to research is a subject of electron and polaron 
transport phenomena study in solid states and condensed matter physics. Making electron and 
polaron mobility and electrical conductivity quantum theory and quasi-particle kinetic 
features calculation remains one of the actual problem in modern theory of electron and 
polaron.  In the latest years  a tendency of making materials of difficult molecular building 
and studying polaron features gave stimuli to implement a lot of theoretical research for 
describing autolocalized (polaron)  matter. Polaron concepts, which represents a simple 
example of nonlinear quasi-particle, has great importance and is highly used in solid states 
and condensed matter physics and especially it is closely connected to the fundamental 
problems of quantum dynamical systems theory and to the subjects of quantum theory of a 
field. In the latest period it became actual to research subjects of  electron-phonon system and 
polaron kinetic on the base of Kubo linear response theory and to build correct quantum 
theory of electron and polaron transfer phenomena and calculation of mechanical coefficients 
(mobility, electrical conductivity) in semiconductors and ionic crystals. 
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The aim of thesis work is to receive and research  new, exact  generalized quantum 
kinetic equations for time correlation functions for some quantum dynamical systems of solid 
physics, which interacts with phonon field (electron-phonon system, Frohlich and acoustical 
polaron models, polaron generalized model of Feynman) and on the base of such models 
building of consecutive, correct electron and polaron low- frequency conductivity and low-
temperature drift mobility quantum theory for non degenerated wide-band semiconductors 
and ionic crystals based on Kubo linear response and perturbation theory and calculation of 
mechanical coefficients transport (mobility, electrical conductivity) for above mentioned  
quantum subsystems models. 

The thesis work discusses two method of approach for new, exact generalized 
quantum kinetic equations for double-time equilibrium correlation functions for quantum 
dynamical systems, which interacts with boson (phonon) field (thermostat). 

The first method of approach  is based on ordered operators formalism and  
chronological and antichronological T-product method; and the second method of approach 
which is based on Liouville superoperative  formalism and projection operator method.  

The first chapter of the work generally gives a short brief. In the first paragraph of this 
chapter deals with model Hamiltonian kind of dynamical systems, which interact with  boson 
(phonon) thermostat and there are discussed some actual examples of quantum dissipative and 
open nonequilibrium modeling systems and from different fields of  modern physics, which 
became the subject of intensive research and learn in the latest 30-40 years. The spectrum of 
the wide research contained subjects of metals’  electrical conductivity and  superconductivity  
theories, subjects of metal alloy and cold “metal glasses” electronic theory; subjects of week 
and strong localization and  strong inhomogeneous substances  electrical conductivity theory 
in disordered systems physics; aspects of laser radiation and superradiation theory aspects in 
quantum radiophysics; subjects of magnetic  polaron and fluctuon (phason) and etc in 
magnetic substances  (environment) and others.  The second paragraph deals with 
dynamically disordered system - electron-phonon system and electron interaction with 
acoustical and polar optical phonons and gives general introduction of Hamiltonian of 
electron-phonon system  (Frohlich - Pekar type Hamiltonian), Hamiltonians of electron 
acoustical and polar optical phonons interaction and short brief of deformation potential 
method. The third part of the work deals with large radius polaron models. There are 
reviewed polaron  Frohlich and Pekary models and polaron Feynman oscillator and 
generalized Feynman models there. The same paragraph deals with a new approach for 
polaron systems thermodynamics and kinetic subjects, developed in latest years – ordered 
operators  formalism,  T-product method and phonon operators elimination method from 
equilibrium and nonequilibrium average value – physical quantity characteristic for electron-
phonon system. The advantage of a new method of approach in some occasions to at studying 
kinetic subjects of electron-phonon system. The fourth paragraph deals with several principal 
subjects of physical kinetics of dynamical systems, which interact with phonon (boson) field. 
There is given review of very  important and principal subject such as opportunity of  shorten 
description at evolution (kinetic) equation for  K-type dynamical systems (for classic and 
quantum as well), which is not based of a hypothesis about usage of initial correlations 
weakness and random phase approximation (RPA). There is described those basic schedules 
and methods, which lead us to Boltzmann type kinetic equation and master equation there. 
The chapter deals with such basic principal difficulties, which are  arisen at calculation  of 
drift mobilities for above mentioned models, as according to Boltzmann kinetic equation and  
Kubo linear response theory and also at using some methods of linear and nonlinear 
conductivity theories (nonequilibrium density matrix and balance equation methods). 
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The second chapter of thesis work deals with general question – to receive exact, 
generalized, quantum evolutionary equations for equilibrium correlation and Green functions 
of dynamical subsystems, which interacts with boson (phonon) thermostat. The first 
paragraph deals with ordered operators formalism  and T-product method. The second 
paragraph deals with new and exact quantum evolutional (kinetic) initial correlations 
weakness principles  equations for without random phase approximation usage and double-
time equilibrium correlation and Green retarded functions, with eliminated boson amplitudes. 
The fourth paragraph deals with new and  exact generalized quantum kinetic equations  for 
double-time equilibrium correlation and Green functions been found by using Liouville 
superoperative formalism and projection operator method. Unlike kinetic equations for 
correlation functions, received by different authors in scientific literature, integrals of 
evolutional equations presented in this work contain additional members, which describe 
initial correlations evolution in the period of time and which are caused by subsystem 
interaction with boson thermostat in initial moment of time. The third and fifth paragraphs  
discuss Markov method of approach for subsystem dynamics and accordingly by the help of 
both formalism and methods there has been found approximately quantum kinetic equations 
for correlation functions with eliminated boson amplitudes and initial correlation description 
and additional members in collission integrals. Researches and results have been conducted in 
this chapter of the work give opportunity for better and wider studying  of kinetic phenomena, 
which take place in dynamical systems and which interact with boson field. 

Subjects of electron and polaron transport phenomena quantum theories in solid states 
– in semiconductors and ionic crystals – have been  researched   in the third chapter of thesis 
work. All four paragraphs of the  same  work are dedicated to electron and polaron low-
frequency conductivity and low-temperature drift mobility quantum theory, which is based on 
the above mentioned models of quantum dynamical systems, Kubo linear response and 
perturbation theory and on quantum kinetic equations for equilibrium correlation functions 
presented in the second chapter. The first paragraph researches Markovian type kinetic 
equations for correlation functions of electron “velocity – on velocity” in relaxation time 
approximation and there has been found decrements of damping correlation functions and 
oscillation factors; for electron-phonon systems in the case of weak electron-phonon 
interaction  in one band approximation there has been received analyze image of low-
frequency electrical conductivity tensor and low-temperature drift mobility of electron in the 
case of anisotropy has been calculated there – conductivity band is of electron velocity.  The 
second and third paragraphs deals with several subjects of electronic transport phenomena in 
Frohlich and acoustical polaron models. There have been found formulas for calculating drift 
mobility and low-frequency conductivity at low-temperatures for electron in such models. 
Generalization of Osaka result for electron low-temperature mobility and low-frequency 
conductivity in electric field are  received in polaron Frohlich model. There is given partial 

decision for “
0

T3
2 ωh

BK  problem” in Frohlich polaron low-temperature mobility theory and is 

shown, that meaning of mobility given in this work excels three times those meaning of 
mobility which is received by Boltzmann kinetic equation in relaxation time approximation. 
In acoustical polaron model (at scattered electron on acoustical phonons) meaning of low-
temperature mobility is two times less than the meaning of mobility, which is also received by 
Boltzmann  equation in relaxation time approximation. The fourth paragraph of the same 
chapter deals researches several subjects of polaron kinetic in generalized Feynman model 
and kinetic equations are solved for polaron “momentum-on momentum” equilibrium 
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correlation functions; there is calculated frequency of polaron momentum relaxation 
(relaxation time) at low temperature crystal and analyze image of low-frequency electrical 
conductivity tensor (dissipative part)  is received; there is found polaron low-temperature drift 
mobility meaning there. There is analyzed polaron low-temperature mobility behavior in the 
event of electron phonon interaction there and there is found mobility dependence on 
coupling constant in the case of strong  electron-phonon interaction and different behavior of 
low-temperature mobility according to the degree of coupling constant by polaron Pekar 
model is established. The work also calculates temperature corrections on electron and 
polaron low-temperature mobilitys in the discussed models and there is shown, that these 
corrections represent small quantities within discussed theory and approaches has been used 
there. 
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