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naSromis zogadi daxasiaTeba

Sesavalli kristallebSi elleqgtronulli gadatanis mov B enebis zonuri
Teoria principSi dafuZnebulia sam ZiriTad koncefciaze: 1) denis
gadamtanebi warmoadgenen kvazi nawi Bakebs gansazRvrulli kvaziimpu-
BsiT da dispersiis kanoniT. 2) denis gadamtanTa el egtrogamtaroba
da Zvradoba ganisazRvreba maTi gabneviT kristalis idealuri mesris
strugturis dinaniur da statikur damaxinjebebze (defeqtebze). 3) de-
nis gadamtanis Tavisufal 1 ganarbenis sigrZe warmoadgens sasrull si-
dides da is bevrad aRemateba Sesabamisad kvazi nawi Bakis de-broilis
tal Ris sigrZes. am pirobebis gaTvall iswinebiT denis gadamtanTa gabne-
va SeiZlleba CaiTvalos rogorc “iSviaTi”. am debull ebebidan gamomdi-
nare, denis gadamtanTa yofaqceva kristall Si aRiwereba allbaTuri gana-
wi Bebis FungciiT kvazi impu B sebis mixedviT, romelic ganisazRvreba,
rogorc bo B cman-b B oxis kinetikuri ganto Bebis amoxsna. gadatanis Ki-
netikuri (meganikuri) koeFicientebis (Zvradoba, e Beqtrogamtaroba) ga-
mosaTvBelBad gamoiyeneba denis gadamtanebis arawonasworulli gana-
wi Bebis TFTungciisTvis kinetikuri ganto Beba-bo B cmanis ganto Beba-
romeBlic i1iTvaliswinebs denis (muxtis) matarebe B Ta urTierTgmedebas
(gabnevas) kristaluri mesris rxevebze.

ukanaskne I wHlebSi, eleqtronull 1 gadatanis mov Benebis ganokv ll e-
vebSi1 myari sxeulebis FizikaSi, Zalian FarTo gamoyeneba hpova ufro
zogadma midgomam, romelBic dafuZnebullia kubos wrTFfivi reaqciis
Teoriaze. an TeoriaSi-rome BIsac gadamwyveti mniSvne Boba aqvs wrFiv
arawonasworull TermodinamikaSi—gadatanis kinetikuri (meganikuri)
koeficientebi bunebrivad gamoisaxebian (aRiwerebian) droiTi Kkore-
Baciuri FfungciebiT. isini asaxaven sistemis reaqcias hami Btonianis
SeSToTebisas, romlis tipiur magaBliTs  warmoadgens eleg-
trogamtaroba.

anrigad, aRniSnu l idan gamomdinare naTelia, rom rogorc samecni-
ero, aseve akademiuri TvalsazrisiT did interess warmoadgens elleg-
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Teoriis ageba da gadatanis meganikuri koeFicientebis gamoTvla
naxevargamtarebsa da ionur kristallebSi dafuZnebuli kubos wrTfivi
reagciis Teoriaze.

Temis agtualloba Tanamedrove pirobebSi TfarTod gamokvBevis

sagans warmoadgens eleqtronulli da polRaronulli gadatanis mov l ene-
bis SeswavBis sakiTxi myari sxeulebisa da kondensirebull garemoTa
TizikaSi. ukanasknel wHlBebSi, rTulli molBekuBuri aRnagobis mgone
nivTierebaTa Segmnis tendencia da maTi eleqtronulli da poRaronulli
Tvisebebis Seswavla stimulls aZBlevda mravalli Teoriulli gamokv ll eve-
bis Sesrullebas avtoBokalizebulli (poBaronulli) mdgomareobebis
aRsawerad dinamiurad mouwesrigebell sistemebSi. poBaronis konce-
fcias, romelic warmoadgens martiv magaBiTs arawrfivi kvazi
nawi Bakisa, ZalBlian didi mniSvne B oba da gamoyeneba aqvs myari sxeu le-
bis (kondensirebull garemoTa) FizikaSi, da kerZod igi mWidrod aris
dakavSirebu i kvanturi dinamiuri sistemebis Teoriis Tunadementur
prob BemebTan da velis kvanturi Teoriis sakiTxebTan. eBeqtronulli
da poBaronulli movBenebis ganxiBvisa da SeswavBisas myar sxeu-
BebSi, Teoriulli gamokvBevebis Zalian didi raodenoba samecniero
BiteraturaSi miZRvnili aris eleqtronebisa da poBaronebis eleqt-
roganmtarobisa da Zvradobis gmoTv B aze naxevargamtarebsa da ionur
kristallebSi. es gamokvBevebi dafuZnebuli aris sxvadasxva Teoriul
meTodebze—grinis Ffungciis teqgnikaze, bo B cmanis kinetikuri ganto lle-
bis SeswavBaze, TviTSeTanxnebull meTodebze da sxva. Sedegebi miRe-
bulli sxvadasxva meTodebis gamoyenebiT da Sesabamisad sxvadasxva
miax B oebebze dayrdnobiT, ZireuBad gansxvavdeba erTmaneTisagan. miu-
xedavad imisa, rom e Beqtronebis da poBaronebis elleqgtrogantarobisa
da Zvradobis gamoTvBa warmoadgens erT-erT uZveles probBlemas myari
sxeu Bebis FizikaSi, is mainc rCeba erT-erT urTulles da Znell amoca-

nad Teoriullad amoxsnis TvalsazrisiT.



amgvarad, Tanamedrove pirobebSi kvBav agtuaBurs warmoadgens
sakiTxi eleqtronebis da poBaronebis elegtrogantarobis da Zvrado-
bis koreqtu i gamoTv B isa naxevargamtarebsa da ionur kristall ebSi.

myari sxeu Bebis Fizikisa da arawonasworull'i statistikuri mega-
nikis mravall 1 amocanis ganxi Bvisas Seiswavleba mcire dinamiuri gvesi-
stemis evolBucia droSi, romelic imyofeba kontagqtSi didi Tavisu-
T Hlebis ricxvis mgone, Termodinamikur wonasworobaSi myof sistema-
sTan-TermostatTan.

eleqtronulli da polaronulli gadatanis mov Benebis gamokv B eve-
bisas myar sxeu BebSi kubos wrFivi gamoZaxi Bis Teoriaze dayrdnobiT,
ZiriTad amocanas warmoadgens zusti, ganzogadoebulli kvanturi evo-
Buciuri (kinetikuri) ganto Bebebis miReba drois ormomentiani wona-
sworulli koreBaciuri FfunqciebisTvis kvazinawi Bakebis aRmweri Sesa-
bamisi dinamiuri sidideebisTvis, rodesac xdeba am ukanasknell Ta
urTierTgmedeba (gabneva) kristaBluri mesris rxevebze (fononebze), da
rodesac fononuri (bozonuri) veli ganixi Bleba rogorc Termostati.
samecniero BiteraturaSi, aseTi saxis gantolebebis misaRebad,
rogorc wesi, gamoiyeneba apriorulli hipoTeza-sawyisi koreBlaciebis
Sesustebis principi, an msgavsi debu Bebebi—-mag. SemTxveviTi Fazebis mi-
ax B oeba (SFmrodesac drois sawyisi momentisaTvis mTel i sistenmis
(qvesistema pBlus Termostati) statistikuri operatori moicema faqto-
rizebulli saxiT (nTeli sistemis statistikuri operatori ganixi lleba
rogorc qvesistemisa da Termostatis statistikur operatorTa pirda-
piri namravli). naTeli1a, rom aseTi daSvebebis Sedegad miRebuli1 gan-
zogadoebu b1, kvanturi evoluciuri ganto Bebebi wonasworulli kore-
Baciuri FunqciebisTvis ar aris zusti.

anrigad, eleqtronulli da polBaronulli gadatanis movHlenebis
koreqtu i kvanturi Teoriis asagebad da meganikuri koefFicientebis
(mag. Zvradoba, elBegqtrogamtaroba) gamosaTvBelad naxevargamtarebsa
da i1onur kristallebSi da agreTve eleqtron-fononuri sistemis kine-
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ebSi, agtua Burs warmoadgens amocana kvazinawi Bakebis dinamiuri sidi-
deebisTvis drois ormomentiani wonasworulli koreBaciuri Tun-
qciebisTvis zusti, ganzogadoebull'i, kvanturi evo Buciuri ganto I ebe-
bis miReba—sawyisi koreBaciebis Sesustebis principisa da Sfm-is gamo-
yenebis gareSe.

samuSaos mizani__da amocanebi. sadisertacio naSromis mizans

warmoadgens: myari sxeu lBebis TFizikis zogierTi kvanturi dinamiuri
sistemisTvis, romelic urTierTgmedebs Tononur (bozonur) vellTan
(e Begtron-Fononuri sistema, Frolixis polaronis mode i, akustiku-
ri polaronis modeli susti eleqtron-fononuri urTierTgmedebis
SemTxvevaSi, poBaronis Teinmanis ganzogadoebulli modeli1 (Fgm)),
mowesrigebull operatorTa Tormalizmsa da T-namravll Ta teqgnikaze
dayrdnobiT, agreTve Riuvilis superoperatorulli Fformalizmisa da
proeqciull i operatoris meTodis gamoyenebiT_zusti, ganzogadoebu i
kvanturi evolBuciuri (kinetikuri) ganto Bebebis miReba da gamokv N eva
drois ormomentiani wonasworulli koreBaciuri FfungciebisTvis Sfm-is
gamoyenebis gareSe.

- Aam mode Bebze dayrdnobiT, da am gantoBebaTa gamoyenebiT,
Tanmimdevru i, srullyofilli eleqtronulli da poBRaronulli gamta-
robisa da daballtemperaturulli dreifulli Zvradobis kvanturi Teori-
IS ageba naxevargamtarebsa da i1onur kristallebSi dafuZnebulli kubos
wrFivi gamoZaxi Bisa da SeSToTebis Teoriaze. gadatanis meganikuri
koeFicientebis (e leqtrogamtaroba, Zvradoba) ganoTvBa kvanturi dina-
miuri sistemebis zemoTmiTiTebul 1 mode BebisTvis.

sadisertacio naSronis ZiriTadi Sedegebi da mecnierulli siaxlle

warmodgeni B sadisertacio naSromSi gadawyveti B ia Semdegi amocanebi:

- mowesrigebul operatorTa FormalBizmisa da T-namravl Ta tegni-
kis daxmarebiT, sawyisi koreBaciebis Sesustebis principisa da Sfm-is
gamoyenebis gareSe, gamoyvani Bia da gamokvBeullia axalli, zusti, gan-
zogadoebu l1 kvanturi evoBuciuri (kinetikuri) ganto Bebebi gamori-

cxulli bozonuri (Fononuri) amp B itudebiT drois ormomentiani wona-



sworulli koreBaciuri da grinis FfungciebisTvis dinamiuri gvesiste-
misTvis, romeBic urTierTgmedebs bozonur TermostatTan. miRebullia
agreTve axalli, zusti kvanturi Kkinetikuri ganto Bebebi koreBlaciuri
TunqciebisTvis_Riuvi Bis superoperatorulli formalizmisa da proe-
qciull1 operatoris meTodis daxmarebiT.

- dinamiuri qvesistemis bozonur (Ffononur) TermostatTan urTi-
erTgmedebis hami B tonianis mixedviT, SeSFoTebis Teoriis meore nmia-
x B oebaSi miRebulia axalli, ganzogadoebu Bi kvanturi kinetikuri gan-
tolebebi gamoricxulli bozonuri amplitudebiT, quesistemis drois
ormomentiani wonasworulli koreBaciuri FunqciebisTvis—-rogorc mar-
koviseull i, ise aramarkoviseulli FormiT-romel Ta dagaxebiTi integra-
Bebi Seicaven cxadad gamoyofill sawyisi koreBaciebis evolRuciur
wevrebs.

- kubos wrFfivi reaqciisa da SeSfoTebis Teoriis TarglebSi,
naxevargamtarebisa da i1onuri kristallebisTvis agebullia ellegtronulli
da polBaronulli daballsixSirulli gantarobisa da daball temperatu-
rulli dreifulli Zvradobis Tanmimdevrulli, koreqtulli kvanturi
Teoria, dafuZnebuli_kvanturi disipaciuri sistemebis zemoTmiTiTe-
bulli modelebisTvis_ganzogadoebu l kvantur kinetikur ganto lebebze
koreBaciuri TungciebisTvis “deni-denze” eleqtronisa da polaro-
nisTvis, romBebic urTierTgmedeben +¥ononebTan S¥m-is ganoyenebis
gareSe.

-miRebu B ia da gamokvBeullia anaBlizuri gamosaxu Bebebi elegt-
ronisa da poBlaronis relagsaciuri maxasiaTebBebisTvis (impullsis
reBlagsaciis sixSire da sxv); gamoTvlilia wonasworulli korelaci-
uri TFTungciebis-“deni-denze”-miBevis dekrementebi da oscilirebadi
fagtorebi. napovnia elegqtrogamtarobis tenzoris (disipaciuri nawi-
Bis) anaBizuri saxe elegtron-fononuri sistemisTvis kristalis
daball i1 temperaturebisa da dabalsixSirulll gareSe elleqtrulli velle-
bis SemTxvevaSi da gamoTvlilia gadatanis meganikuri koeFicientebi

(Zvradoba, elegtrogamtaroba) kvanturi disipaciuri sistemebis aR-



niSnull mode B TaTvis; napovnia § KeT

-prob Bemis” nawi Bobrivi gada-
WO

wyveta Frolixis poBlaronis daball temperaturulli Zvradobis Teoria-
Si.

- miRebu B ia temperaturulli Sesworebebi eleqtronisa da pola-
ronis dreifull Zvradobebze, romBebic ganpirobebull ia sawyisi kore-
B aciebis evoluciuri wevrebis arsebobiT kvantur kinetikur ganto le-
bebSi wonasworulli koreBaciuri TungciebisTvis “siCgare-siCgareze”
(“itmpu B si-impu Bsze”) elegtronisa da poBRaronisTvis. dadgeni Bia, rom
es Sesworebebi warmoadgenen mcire sidideebs Sesrullebulli miax 0 o-
ebebisa da ganxi Bull'i Teoriis FargBlebSi.

sadisertacio naSronis pradgtikulli mniSvne I oba

naSromSi dasmull1 amocanebis gadawyvetam moiTxova arawonas-
worulli statistikuri meganikis zogierTi meTodis Semdgomi ganvi-
Tareba. sadisertacio naSromSi miRebulli1 ZiriTadi Teoriulli1 Sede-
gebis pragtikuli mniSvne Boba (Rirebulleba) ganisazRvreba imiT, rom
miRebu 1 zusti, ganzogadoebull1 kvanturi evoBuciuri ganto Bebebi
wonasworu i koreBaciuri FunqgciebisTvis SesaZ B ebe I ia gamoyenebu ' i
ignas gadatanis mov Benebis gansaxi Bvelad da gamosakvBlevad kubos
wrFivi reagciis Teoriis FargHlebSi, sawyisi koreBaciebis Sesustebis
principisa da Sf¥m-is daSvebebis gareSe myari sxeuBebis da kondensi-
rebull garemoTa TFizikis dinamiur qvesistemaTa sxva model TaTvis
(kvanturi disipaciuri sistemnebisTvis), romBebic urTierTgnedeben
bozonur velTan (TermostatTan). (mag. brounis kvanturi nawi Bakis
moZraobis SesaswavBad, romeBic ganixi Beba rogorc wr¥ivi, mi Bevadi
harmoniuli oscilatori, da rombBis dinanika aRiwereba kaldeira-
B egetis mikroskopu li mode Buri hami BtonianiT).

naSromSi ganviTarebu i1 formall izmi, meTodebi da miRebu B 1 Kine-
tikuri gantoBebebi martivad SesaZlBebelia ganvrcobill ignas kineti-
kuri mov Benebis SesaswavBad da gadatanis meganikuri koeFficientebis

(mag. Zvradoba, e Beqtrogamtaroba) gamosaTv e lad: e Beqtronebis urTi-



erTgmedebisas (gabnevisas) arapoBarull optikur Ffononebze, piezoelle-
qtrull Ffononebze, agreTve sxva didi radiusis mgone po BaronTa mode-
B TaTvis (mag. akustikuri po Baronis mode BisTvis-e Begtronis Fonone-
bTan ZBieri urTierTgmedebis SemTxvevaSi). gamoyvani B 1 ganzogadoebu-
01 kvanturi kinetikuri ganto Bebebi koreBaciuri FungciebisTvis kva-
nturi dinamiuri qvesistemisTvis, romeBic urTierTgmedebs fononur
vel Tan, SesaZlebelia gamoyenebull ignas normalBuri (arazegamtari)
metalebis elBegqtrowinaRobis gamosaTvBlelad elBegtronebis gabnevisas
akustikur TFfononebze. naSromSi warmodgeni Bi1 Fformall izmis daxmare-
biT Sesazlebelia temperaturulli Sesworebebis povna metall Ta eleqt-
rowinaRobisTvis (Sesworebebi bBox grunaizenis formulaSi), romlle-
bic agreTve ganpirobebulia elBeqtronebis fononebTan urTierTgmede-
bisas sawyisi koreBlaciebis gaTvall iswinebiT.

dasacavad gamotani l ia Semdeqi debu l ebebi:

1. osakas Sedegis ganzogadoeba dabalsixSirulli kuTri eleqtroga-

3K, T

mtarobisTvis da “— - -prob Bemis” nawi Bobrivi gadawyveta Frolixis
WO

po Baronis (eBeqtronis) daball temperaturulli Zvradobis TeoriaSi.

2. elegtronis daball temperaturulli statikuri Zvradobis gansxva-
vebuli (2-gJer nakBebi) mniSvneBoba "boBcmaniseull~ ZvradobasTan
SedarebiT akustikuri poBaronis mode B Si susti eleqgtron-fononuri
urTierTgmedebis SemTxvevaSi.

3. Zhieri eleqtron_fononuri urTiergmedebis SemTxvevaSi daball-
temperaturu i Zvradobis gansxvavebulli yofagceva elegqtron-fo-
nonuri bmis mudmivas rigis mixedviT poBaronis ¥Fgm_Si, pekaris
mode I Tan SedarebiT.

4. mcire sididis temperaturulli Sesworebebis arseboba e Beqtronis da
po Baronis daball temperaturull Zvradobebze ganxi Bull mode B ebSi.

naSromis aprobacia disertaciis ZiriTadi Sinaarsi moxsenebull i

iyo informatikisa da marTvis sistemebis Faku ll tetis Fizikis departa-



mentisa da myari sxeulebis Fizikis ko legiis samecniero seminarebis
sxdomebze.
disertaciis Sinaarsi da ZiriTadi Sedegebi wardgeni Bi iyo: 1986w. q.

Thi BisSi Catarebull 24-e sakavSiro TaTbirze »24-? 2?2?7777 2777 ?227?277777

P », 2?7?77, 14-17??? 19917, 1992w. g. puSCinoSi (ruseTi) Catarebul
saerTaSoriso sko BaSi_|Internationa Workshop "POLARONS and APPLICATIONS-
May 23-31, 1992, Pushchino, Russia; 1992w. . ber B inSi (germania) Catarebul
saerTaSoriso konferenciaze “The 18" IUPAP International Conference on
Statistical  Physics, Berlin, 2-8 August 1992~; sagarTveBos tegnikuri unive-
rsitetis profesor _maswavBebel Ta samecniero_tegnikur konfere-
nciaze, 16-19 noemberi, Thbi Bisi, 1993w; 1993w. g. trondhaimSi (norvegia)
Catarebull saerTaSoriso simpoziumze The Lars Onsager Symposium. Coupled
Transport Processes and Phase Transitions~, June 2-4 1993, Trondheim, Norway; 1993w. q.
FTHorenciaSi (italia) Catarebull saerTaSoriso konferenciaze "EPS9
TRENDS IN PHYSICS-~ Firenze, 14-17 September 1993; 1995w. ¢. gsiamenSi (CineTi)
Catarebull saerTaSoriso konferenciaze “The 19" UPAP International
Conference on Statisitcal Physics-, Xiamen 31 July-4 August 1995; 1998w. g. parizSi
(safFrangeTi) Catarebull saerTaSoriso konferenciaze “XXth [UPAP
INTERNATIONAL CONFERENCE ON STATISTICAL PHYSICS-~, Paris, July 20-24,
1998, UNESCO Sorbonne.

pub B ikaciebi: disertaciis ZiriTadi Sedegebi gamogveyenebullia

Cvidmet samecniero naSromSi, romell Ta dasaxe Beba moyvani Bia avto-
referatis bolos.

naSromis moculloba da strugtura disertaciis srulli mocull oba

Seadgens 157 nabeWd gverds; disertacia Sedgeba reziumesagan (Oor ena-
ze), sarcCevisagan, naxazebis nusxisagan, Sesav Bl isagan, sami Tavisagan,
i Bustraciis saxiT moyvani Bi sami naxazisgan, daskvnebisa da 125

dasaxe Bebis mgone gamoyenebu li Biteraturis siisgan, erTi danarTisa
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da avtoris nmier gamoqveynebulli samecniero naSromebisgan, rom-
B ebSiac asaxuli1a disertaciis ZiriTadi Sedegebi.
sadisertacio naSromis Sinaarsi
Sesava l Si dasabuTebu B 1a Temis agqtua B oba, Camoyall ibebu l 1a naSro-

mis miznebi da amocanebi, da gansazRvrulia kvBevis obieqtebi da
meTodebi.

pirveli Tavi ZiriTadad atarebs mimoxi BviT xasiaTs

$11 (111-1.16)_Si moyvani Bia mode Buri hami B tonianis saxe dinamiuri
sistemebisa, romBebic urTierTgmedeben bozonur TermostatTan da gan-
xi Bulia zogierTi agtualuri magaBiTi kvanturi disipaciuri da Ria
arawonasworul'i modeBuri sistemebisa Tanamedrove Fizikis sxadasxva
dargidan, romBebic gaxdnen intensiuri kvBevisa da Seswavlis sagani
ukanaskne i1 30-40 wlis ganmav B obaSi. an FarTo gamokvBevaTa speqtri
moicavda metall Ta e Beqtrogamtarobisa da zegamtarobis Teoriis, meta-
I Ta Senadnobebisa da gadacivebuli "metaBuri minebis~ eleqtronulli
Teoriis sakiTxebs; susti ca ZBieri Bokalizaciisa da ZBier arae-
rTgvarovan nivTierebaTa elBeqtrogamtarobis Teoriis sakiTxebs mou-
wesrigebel sistemaTa TFizikaSi; Bazeruli1 gamosxivebisa da zegamo-
sxivebis Teoriis aspeqtebs kvantur radioFfizikaSi; magnituri polla-
ronebis da THRugtuonebis (Fazonebis) Teoriis sakiTxebs magnitur
nivTierebebSi (garemoebSi) da sxva.

$12 (1.21-122) Si ganxiBulia dinaniurad mouwesrigebeli sistema
e Begqtron-Fononuri sistema da eleqtronis urTierTgmedeba akustikur
da polRarull optikur FfononebTan; moyvani Bia e Begtron-Fononuri sis-
temis hami B tonianis zogadi saxe (Frolix-pekaris tipis hami B toniani),
eleqtronis akustikur da polarull optikuri FfononebTan urTierTgme-
debis hami B tonianTa saxeebi da mokBed mimoxi Bulia agreTve defo-
rmaciis potenciallis meTodi.

$1.3 (131-1.3.3)_Si moyvani Bia didi radiusis mgone poBaronTa mode-
Bebi. ganxiBlullia polaronis Ffrolixisa da pekaris modelebi da

po Baronis Teinmanis erTosci Batoriani da Teinmanis ganzogadoebu-
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Bi modelebi. amave paragrafSi ganxi Bullia agreTve ukanasknel wlHle-
bSi1 ganviTarebu Bli da gamoyenebu Bi1 axali1 midgoma poBaronull'i siste-
mebis Termodinamikisa da kinetikis sakiTxebis gamokv Bevebisas _ mowe-
srigebulli operatorTa Formalizmi, T _namravll Ta meTodi da fononuri
operatorebis gamoricxvis tegnika elBegtron-fononuri sistemis maxa-
siaTebeli Tizikuri sidideebis wonasworulli da arawonasworuli
saSua B o mniSvne B obebidan. aRniSnu B i1a zogierT SemTxvevebSi am axali
midgonmis upiratesoba, kontinualluri integri-rebis meTodTan
SedarebiT, e Beqtron-Fononuri sistenis kinetikis sakiTxebis
Seswav B 1sas.

$ 14_Si ganxi Bulia Fizikuri kinetikis zogierTi principulli sa-
kiTxi dinamiuri sistemebisa, romBebic urTierTgmedeben +Fononur
(bozonur) vel Tan. mimoxi Bulia metad mniSvne Bovani da principulli
sakiTxi, K_tipis dinamiur sistemebSi (rogorc klasikuris, aseve kva-
nturisTvis), evoBluciuri (kinetikuri) ganto Bebebis gamoyvanis dros
Semok BebuB1 aRweris SesaZllebBobaze, romelic ar eyrdnoba hipo-
Tezas_sawyisi koreBaciebis Sesustebisa da SFfm-is gamoyenebis Sesa-
xeb. aRweri Bia i1s ZiriTadi sgemebi da meTodebi, romBebsac mivyavarT
bo B cmanis saxis Kinetikuri ganto Bebisa da ZiriTadi kinetikuri gan-
tolebis miRebande. ganxiBulia 1is ZiriTadi principulli xasiaTis
sirTulleebi, romBebic warmoiSvebian e Beqgtron-Fononuri sistemnisa da
poBaronTa zemoTmoyvani I modeB TaTvis dreifulli Zvradobebis gamo-
Tvhisas, gamomdinare rogorc bo B cmanis kinetikuri ganto Bebidan da
kubos wrFfivi reaqciis Teoriidan, aseve gamtarobis wrfivi da ara-
wrFivi Teoriebis zogierTi sxva meTodebis (arawonasworulli simkvri-
vis matricis meTodi, ballansis ganto Bebis meTodi) gamoyenebisas.

meore Tavi sadisertacio naSromSi originaluri xasiaTisaa

an TavSi dasmu Bia da gadawyveti Bia zogadi saxis amocana_dinami-
uri qvesistemisTvis, romeBic urTierTgmedebs bozonur (Fononur)
TermostatTan_axalli, zusti ganzogadoebulli kvanturi evoBluciuri

ganto Bebebis miReba drois ormomentiani wonasworulli korelciuri
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da grinis FunqciebisTvis sawyisi koreBaciebis Sesustebis principisa
da STm_is gamoyenebis gareSe.

$21 Si ganxiBulBia mowesrigebulli operatorTa Tormalizmi da
T namravll Ta meTodi.

$22_Si am Formalizmze dayrdnobiT gamoyvaniBia axali, zusti,
araCaketi Bi ganzogadoebu li kvanturi Kkinetikuri ganto Bebebi wonas-
worullit koreBaciuri TFTunqgciebisTvis, rogorc markoviseulli, aseve
aramarkoviseu b1 saxis, saidanac gamoricxu Bl ia bozonuri amp B itudebi.
miRebuli zusti kvanturi kinetikuri ganto Bebebis dagaxebiTi iInt-
grallebi Seicaven damatebiT wevrebs, romBebic aRweren sawyisi kore-
Baciebis evolBucias droSi, ganpirobebulls qvesistemis urTi-
erTgmedebiT bozonur TermostatTan drois sawyis momentSi. napovnia
agreTve msgavsi saxis evoBuciuri gantoleba grinis (dagvianebulli)
fungciisTvis. sadisertacio naSromis danarTSi detallurad aris aRwe-
rilli bozonuri operatorebis (ampBitudebis) gamoricxvis tegnika
drois ormomentiani wonasworulli koreBaciuri +Fungciebis evolu-
ciuri (kinetikuri) ganto 0 ebebidan.

$2.3 Si ganxi Bulia markoviseuli miaxBoeba quesistemis dinamiki-
sTvis da qvesistemis TermostatTan urTierTgmedebis hami Btonianis
mixedviT SeSFoTebis Teoriis meore miax B oebaSi gamoyvani Bia axali,
ganzogadoebi i1 markoviseu i1 kvanturi kinetikuri gantoleba drois

ormomentiani wonasworulli koreBaciuri fungciisTvis <B/A(-t)>:
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TN >é@;@a@+w oy
(G, (5-x)CE (). B A1) N, (b)e

(G (5-X)40.9). B A (D)= ‘gxgw b))

e {6, (). Bt Gy <s-xm<-t>> N, (b )@ ®
(1.8 € (33 AC O & Gragaen, (o)
WG, (s-t- mack(s),ss x&( )N, (b) e

Cen (G (st 10) G, (5), B XA ()

sadac Hg gvesistemis hami Btoniania, As Bs Ck(s), Ck'(S) —qvesistenmis

operatorebia, Neb)=[e?""M.1]? warmoadgens bozonebis Sevsebis saSu-

allo ricxvs, xolBo operatorebi C, (S,Z) daC,, (S 2)

to b obebhiT:

i—HOZ -i—HOZ
Ci, (S Z)=e" " C,(Se"

da Hs- aris bozonuri

saxis ganto Bebebia miRebuli

bisTvis.

CkH0+ (S.2) :eFHO

Termostatis hami I toniani.

_ gansazRvrullia

o}

C(9e ™ Hy = Hy +H;
anall ogiuri

agreTve sxva koreBaciuri +Funqcie-

$2.4_Si ganxi Bullia da ganviTarebu B ia meore (gansxvavebu 1) mid-

goma igive prob Bemisadni,

romelic eyrdnoba Biuvilis superoperato-

rull Formalizmsa da proeqciulli operatoris meTods. am Formali-

zmisa da meTodis daxmarebiT napovnia axall,

zusti ganzogadoebull i

kvanturi evoBuciuri (kinetikuri) ganto Bebebi wonasworulli korela-

ciuri FunqciebisTvis STm_is gamoyenebis gareSe. gamoyvani B kinetikur

ganto Bebas <AB,(-t)>_koreBaciuri FfungciisTvis aqvs Semdegi saxe:
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(AR (1) =i ([RLRA]B (- 1)) 1 ({RAq (1.b)’

@+ Mg (1)Aq (b )§ " MoQLRAJ Bs(-t)>+2‘31|t '

“({RLQM, (t-t )Ay (t.b) @+ My (1) Aq (t,b)g ™ )
Mg (£)QLRA} B, (-1 ) (5t (RLQM, (t-1)Q
' L'R'Ag] BS('t )>

sadac L ...:E[H ...]. _Hiuvilis superoperatoria, romelic Se-
S A S,

esabameba S-quesistemis Hs-hami Btonians, P-warmoadgens Termostatis
(bozonuri velis) mdgomareobebis mixedviT gasaSuallebis proeqciul
operators. P =Pda Q=1-P; xoBo ‘masuri~ Mqg(t) da integraluri

AQ(t,b) superoperatorebi gansazRvru ll 1a Semdegi to B obebiT:

M, (t) = exp[iQLQt]; A, (t,b) =:‘}1I e'e'"H e'"Q
miRebu B i1 aramarkoviseuli saxis 0zusti, ganzogadoebull1 (2)
_kinetikuri gantolebis dajaxebiTi integralli Seicavs wevrebs, ron-
Bebic aRweren sawyisi koreBaciebis evoBucias droSi. (sawyisi kore-

B aciebis evoBucia drois mixedviT aRiwereba AQ(t,b) _ integralluri

superoperatoriT da es evo Bucia moicema rogorc markoviseu B i1, aseve
aramarkoviseulli formiT).

$25_Si, iseve rogorc $23 Si, ganxi Bulia markoviseulli miaxlo-
eba qvesistemis dinamikisTvis da qvesistemis TermostatTan urTie-
rTgmedebis HBiuvi Bianis mixedviT _ SeSFoTebis Teoriis meore nia-
x B oebaSi, proeqciulli operatoris meTodis daxmarebiT_napovnia axal 1,
ganzogadoebu b1 narkoviseuli1 kvanturi kinetikuri ganto B eba wonas-

worulli koreBaciuri TungciisTvis <AB,(-t)> gamoricxulli bozo-

nuri amp B itudebiT:
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UL w(ky B (-t))+ (1+N, (b))e-iW(k)x ’

8A.C. ()i G (s, B.(-0)+5 d“ (N, (b)e ©)
Ci(s,-t-inl )gA,C(s)g B, (-t))+ (1+N (b))ewwmw

C(s-t-inl A, G/(s)g B,(-1))}.

C(g+2)=e""C(s); C/(s2Z)=e"-"C/(s)

0
(@Al (1 els )y
|
K
R

)
)

_ _ oFbm(K)
xolo [ED],,, =ED-e®"“DE.
sadac: C (S £ 2) =e"*C,(S); C.(S +Z) =e"~"C,"(S); xollo
[E,Dl.y =ED- €™ *°DE _ nebismieri Eda D_operatorebisTvis,

&'ty = ™My ; 'y = +|w(k)tbK
R(by.b.) =N, (b)d,.; R(b.bi)=(1+N,(b))d,,
R(b.be) =R(h b )=0

anrigad, sadisertacio naSromis meore TavSi miRebul 1 ZiriTadi
Sedegebi SesaZ B ebe B 1a Camovaya B ibOoT Semdegi saxiT: _ dinamiuri qvesi-
stemisTvis, romelic urTierTgmedebs bozonur vel Tan mowesrigebul
operatorTa, HRiuvilis sauperoperatorulli formallizmisa da proeg-
ciulli operatoris meTodis daxmarebiT, sawyisi koreBaciebis Sesu-
stebis proncipisa da S¥m_is gamoyenebis gareSe wonasworulli kore-
Baciuri FunqciebisTvis gamoyvani B1 axal i, ganzogadoebu B1 kvanturi
evo B uciuri (kinetikuri) ganto Bebebis dagaxebiTi integrallebi_Sei-
caven rogorc wevrebs, romBebic aRweren dagaxebiTi koreBaciebis
evolucias droSi, aseve sawyisi koreBaciebis evoBuciur wevrebs,
romBebic ganpirobebu B ia gvesistemis urTierTgmedebiT bozonur vel-
Tan drois sawyis momentsSi.

mesame TavSi ganxiBulBlia da gamokvBeulia elleqgtronulli da

poBaronull1 gadatanis wrFfivi mov Benebis sakiTxebi dinamiur siste-

mebSi_e Beqtron_fononur sistemaSi, Frolixis da akustikur poBlaro-

16



nTa mode BebSi, poBaronis Fgm Si. gamokvBeva dafuZnebullia kubos
wrFivi gamoZaxi Bisa da SeSfoTebis Teoriaze. gamoTvBilia elleg-
tronulli da polaronulli gadatanis meganikuri koeFicientebi
(daba B temperaturulli Zvradoba, eleqtrogantaroba) zemoT miTiTebull
mode BebSi_koreBaciuri FungciebisTvis miRebull ganzogadoebu l kva-
ntur kinetikur ganto Bebebze dayrdnobiT.

$3.1 Si gamokvBeullia elegtron-fononuri sistema da gamoTvili-
Bia elegtronis daball temperaturulli Zvradoba da dabalBsixSiruli
e Beqgtogantaroba susti elegqtron-Fononuri urTierTgmedebis SemTxve-
vaSi (1) da (3)_gantolebebze dayrdnobiT miRebulia miaxBoebiTi
kinetikuri gantoleba eleqtronis “siCgare_siCgareze~ wonasworulli
koreBaciuri TFfungciisTvis. napovnia am bo B cmanis tipis ganto Bebis
amonaxsni kristallis daballi temperaturebis SemTxvevaSi erTi zonisa
da relagsaciis drois miaxBoebaSi (rdm) elBegtronisTvis, da Ffono-
nebis dispersiis nebismieri izotropulli kanonis dros. dadgeni lia,
rom e Begtronis (qvesistenmis) koreBaciuri Funqciebi mii Bevian osci-
BaciebiT didi droebis asimptotur areSi, ganoTvlilia koreBaciuri
fungciebis miBevis dekrementi da oscilirebadi Tfagtori. gamoyva-
ni Blia zogadi Formulebi kuTri elegtrogantarobis disipaciuri nawi-
BisTvis izotropull SemTxvevaSi da elBeqtronis daball temperaturuli,

eleqtrulli vellis w _sixSireze damokidebulli ZvradobisTvis (a

mobility). an Formu Bebs agvs Semdegi saxe:

ael
thg—th_ &b | ]
Res > = TO}IH (b,RV,(RV{( R|cosg G° (b, R)H

A T . N IS) u
G (b,R)_ : ébr G (b _R)lf (b R) |

w2+ 4G (b, R} €2
sadac: mw) = m,(w)- Dmw)

(4)
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eth& b2 i‘

=— €2 BaiBr (b, PV, (PIV,(P) qd(b ﬁ) Q"(b ﬁ) P

2etrfa;é—2‘bhw9
— e I D D D D\~
Diw) =—SZ—L¢5Pr (b, P)V, (F)V,(P) ®)
,1' 2€bh G* (b, P) zebh o s, G P H
G (b, P &g Cn (b P (W <<ty").
"84 B+ |G 0 P H'w2+[G (b, P)sz

ag. ee leqtronis muxtia, ne leqtronebis koncentraciaa gamtarobis zo-

nasi, Vm(ﬁ)eleqtronis siCgaris mkomponentia gamtarobis zonidan,

P_eleqtronis kvaziimpullsia, da r (b,P)=e "™ /dpe ®™® naTelia,
rom Dmw)_sidide warmoadgens temperaturull Sesworebas elegtronis
my(w)-_daba B temperaturull da sixSirull Zvradobaze, romelic gamo-
wveu Bia sawyisi koreBaciebis arsebobiT eleqtronis urTierTgne-
debisas TononebTan arsebull sistemaSi. am paragrafSi moyvani ki
gamosaxu B ebebi kuTri eBeqtogamatrobisTvis da daball temperaturulli
ZvradobisTvis warmoadgenen sakmaod zogads ganxi Bulli modelis Car-
CoebSi da Sesrullebulli miax D oebebis Fargll ebSi.

$3.2_Si gamokvBeulia eleqtronis Zvradobis sakiTxi poBaronis

frolixis model Si da napovnia metad mniSvne Bovani da principulli

sakiTxis: ° prob Bemis~ nawi Bobrivi gadawyveta poBaronis daba-

bhw,
I temperaturulli, Zvradobis TeoriaSi. $31 _Si elegtron-fononuri
sistemisTvis, miRebull zogad Tormullebsa da TanaFardobebze day-
rdnobiT gamoTvBilia eleqtronis “siCgare siCgareze~ korelaciuri
fungciis miBevis dekrementi (eBegtronis impullsis relagciis six-
Sire) da oscilirebadi faqtori. ‘mcire~ siCgariT moZravi elegqtro-

nisTvis kristallis Zalian dabali temperaturebis SemTxvevaSi impu-
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Isis relagsaiciis sixSire ar aris damokidebulli TviT elegqtronis

impu B sze da warmoidgineba Semdegi saxiT:
' = . 2 ~
G (@.R)° G (9) = 3aWN,(9); (R® <<1.g = bhw, >>1) (6)

sadac: wy_ Fononebis rxevis sixSirea, a_ warmoadgens e leqtron-fFono-
nuri urTierTqgnedebis (FroMlixis) bmis mudmivas, da N,(9)=[e’- 1"
el egqtronis “siCgare-siCgareze~ koreBaciuri FungciisTvis miRebulli
bo B cmanis tipis miax BoebiTi kinetikuri ganto Beba amoxsni Bia rdm-Si
kristallis daballi temperaturebis SemTxvevaSi, da napovnia eleqtro-
gamtarobis da Zvradobis mniSvne B obebi Frolixis poBaronis mode-
1Si_rac fagtiurad warmoadgens osakas Sedegis ganzogadoebas (dru-
des formullas) daball sixSirulli ellegtrogantarobisTvis da dabal te-
mperaturull i1 ZvradobisTvis, romBebic Seicaven temperaturull Seswo-
rebebs, ganpirobebulls elleqtronis fononebTan arsebulli sawyisi kore-
BaciebiT:

—_ne® 2 od @ 28@1 a G() .
Res (W)_mwogwthg gvv 29n C%(g)%w +Gb(g) @

(a <1g >>1wg <<1),

sadac:s (W) =s , (W) =5 (W) =S ,(W); W = Wﬂ;Gb(g) =w;'G" (9) :gaNo(g); xollo

daba l temperaturulli da dabalsixSirulli ZvradobisTvis Sesabamisad

gvegneba:
gy 2@ . g
B, 9\/’\7 "2 o G@ ©
So e 4.0 za@ 6 G
DfT(W)— ogﬁ h} g\N Sn Gl‘)(g '~2+C_\62(g)

(a <1,g >>1,wg <<1).
daba l temperaturulli statikuri ZvradobisTvis (dc mobility) miRe-

bull ia Semdegi mniSvne B oba (mcire temperaturulli SesworebiT).
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e ieg'
mw, 2a

= »—E e 9;
Dm= SZQ)(Q)HQ) ) — 320€Y ©

(g >> 1,a <D.
ganoTvlilia agreTve elleqtrogantaroba da eleqtronis Zvra-

doba elBeqtrulli velis maRali W-sixSireebis SemTxvevaSi. am Sem-
TxvevaSic temperaturulli Sesworeba elegqtronis Zvradobaze warmo-
adgens Zal ian mcire sidides.

sadisertacio naSromis am paragrafSi avtoris mier miRebulli

KT
Sedegi (ix. (9) formula) warmoadgens ghv?/ -prob Bemis~ nawi Bobriv

0
gadawyvetas Ffrolixis polaronis (elBeqtronis) daball temperaturulli

Zvradobis TeoriaSi. Zvradobis miRebu i mniSvne Boba 3 jer aRemateba

“bo B cmaniseu B~ daba I temperaturul statikur Zvradobas:
e 1 , 1 - -
m, = —eY; (w=0,g>>1); da —-mamravBiT gansxvavdeba ¥xip-isa
mw, 2a 2

(Feinmani, xe Bvorsi, idingsi, pBlatcmani) da tornberg Ffeinmanis Sede-

e 3
mw, 29 2a

gisgan: My, =M, = (w=0,9 >>1); rac Seexeba TviT TFxip-isa

da tornberg_TFTeinmanis Sedegebis Tanxvedras da i_mamravls, maTi

warmoSobis buneba (Rrma mizezi) dRevandel dRemde bo B omde dadge-
nilli ar aris.

$33_Si ganxiBlulia da gamokvBeulia eleqtronis Zvradobis
yofagqceva akustikuri poBaronis model Si susti elegqtron-fononuri

urTierTgndebis dros. am SemTxvevaSi adgili aqvs eleqtronis urTi-

erTgmedebas dispersiis mgone akustikur +FfononebTan:

(Vs

_bgeris siCgarea kristallSi), da iseve rogorc poBaronis frolixis
mode B Si, elegqtronis energiisTvis gamtarobis zonaSi gvagvs dispe-
rsiis paraboBuri kanoni: T(P)=P?/2m; (meBegtronis efeqturi masaa).

am paragrafSic miRebu li1 Sedegebi e Beqtrogamtarobisa da e Beqtronis
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Zvradobis yoTfagcevis Sesaxeb eyrdnoba $31 Si gamoyvanill zogad
Tanafardobebsa da TFormullebs. napovnia eleqtronis “siCgare_siCga-
reze~ _koreBaciuri Funqciebis mi Bevis dekrementebi (e Begtronis impu-
BIsis relagsaciis sixSire) da oscilirebadi Fagtorebi. ganxiBullia
e Begtronis aradrekadi gabnevis procesebi akustikur TFononebze da
dadgeni Bia, rom ‘mcire~ siCgariT (|S <1) moZravi eleqtronisTvis, imp
Bsis relagsaciis sixSire (dro) kristalis Zalian daballi tempe-
raturebis dros ar aris damokidebulli TviT eleqtronis impullsis

mniSvne B obebze da warmoidgineba Semdegi saxiT:
Ge(9) =t (g)——64a[e“9 1 (10)

(R<<L g>>1 a<1).

~ mv_2 _
sadac: P=P/mV,: da g-= K ST : xolo a_eleqtron-fononuri
B
D*m?

urTierTgmedebis (bmis) mudmivaa: a = <1. D_deformaciis pote-

8ori®V,
nciallis mudmivaa, r_kristalis masuri simkvrive. napovnia “siCgare-
siCgareze~ koreBlaciuri TFTungciisTvis miRebulli boRcmanis tipis
miax B oebiTi kinetikuri gantoBebis amonaxsni rdm-Si kristalis da-
bali temperaturebis dros, da gamoTvlilia dabalsixSirulli kuTri
elleqgtrogantaroba da eleqtronis Zvradoba am modeB Si izotropul

SemTxvevaSi da erTi zonis miax 1 oebaSi:

né Gi@ _ €éng
RS W)= e %—\42@ 0 (1)
(@ <Lg>>Lw<< mVSZ)-
ng
mAc = limw@OM = Ac I)-nAc
ne
S
I’T},AC— mzvz %e (12)

S

21



he 1 4g a2 49 ]. .
—e749n°[32a ; a<lg>>1
nfV’ 32 [ ¢ ] ( 9>>1)

D, =

naTelia, rom temperaturulli Sesworeba elBeqtronis daball tempe-
raturull Zvradobaze, romelBic ganpirobebull ia sawyisi koreBaciebis
gaTval iswinebiT, warmoadgens Zall ian mcire sidides. miRebull1 Formu-
Bebi warmoadgenen Tanmimdevrull da koreqtull Sedegs eleqtronis
daba l temperaturulli ZvradobisTvis akustikuri poBaronis model Si
susti elleqtron_fononuri bmis SemTxvevaSi.

an paragrafSi gamoTvRilia aseve elgtrogantaroba da eleg-
tronis Zvradoba akustikuri poBaronis modelBSi eleqgtrullt velis

maRaB1 w_sixSireebis SemTxvevaSi, kristallis rogorc maRali, aseve
dabali temperaturebis dros, napovnia am sidideebis w_sixSiresa da

T temperaturaze damokidebu B eba (yofaqgceva) am parametrebis
sxvadasxva mniSvne Bobebis dros. am SemTxvevaSic temperaturulli
Sesworeba elegtronis daball temperaturull Zvradobaze warmoadgens
Zalian mcire sidides.

e Begtronis dabatemperaturulli Zvradobis gamosaTvBelad akus-
tikuri polaronis model Si susti elegtron-fononuri bmis SemTxve-
vaSi1 @<l), gamoiyeneba kinetikuri (bo B cmanis) ganto Bebis meTodi. am
ganto Bebis amoxsnisas rdm_Si eleqtronis daball temperaturulli sta-

tikuri 2ZvradobisTvis (dc-mobility) S¥m_Si miiReba mniSvne I oba

ne 1
Mhese =" —€%(g >>1a <1w =0) (13)

xo B o, Fxip-is Teoriisa (niaxBoebisa) da balBansis gantolebis meTo-
dis (tornberg-feinmanis Teoriis) gamoyenebiT napovni elBegqtronis

daba l temperaturulli statikuri Zvradobis mniSvne Boba to lia sidids:

m;ém = rT]ZFC :%xiezlg; = mzl\e/z ﬁ](g >>la <1 (14)

avtoris mier napovni daball temperaturulli statikuri Zvradobis
mniSvne Boba S¥m_Si (ix. 12 Formula). warmoadgens Tanmimdevrull da

koreqtul Sedegs akustikuri poBaronis model Si. is 2_jer nakBebia
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eleqtronis bo 0 cmaniseull~ daball temperaturull Zvradobaze da %g -

mamrav B IT gansxvavdeba Fxip-isa da tornberg-feinmanis Sedegasgan. rac

Sexeba Fxip-isa da tornberg-feinmanis Sedegebis Tanxvedras da %g

mamrav Bs_iseve, rogorc poBaronis froli-xis model Si, an modell Sic
maTi warmoSobis Rrma mizezi (buneba) jer-yerobiT dadgenili ar aris.

$34_Si ganxiBulia polaronis fgn. gamoTvHBilia da gamokvle-
ullia kontinualuri optikuri polaronis drefulli Zvradoba da misi
yofagceva am mode B Si daballi temperaturebis SemTxvevaSi. gamoyva-
ni Bia kvanturi Kinetikuri gantoBebebi poBRaronis “impullsi-_impu-
Bsze~ (‘deni_denze~). wonasworulli koreBaciuri FunqciebisTvis,
ganxi Bulia markoviseuli1 miaxBoeba poBaronis dinamikisaTvis da
didi droebis asimpatotur areSii t~t >t =max (s, ts); t, >>Db;
h=m=w, =1).(t-po Baronis dajaxebaTa maxasiaTebeBi droa, ts-aris
TermostatSi FTHRuqtuaciebis koreBlaciebis maxasiaTebel1 dro), miRe-
bullia miaxBoebiTi gamosaxulebebi koreBaciuri TFungciebisTvis.
gamoyvani Bi1a agreTve kinetikuri ganto Bebebi koreBaciuri Tungci-
ebis diagonaluri matriculli elementebisTvis. napovnia koreBaciuri
Tungciebis mi Bevis dekrementebi (poBaronis impullsis relagsaciis

sixSire) da osci lirebadi fagtorebi.

dabal i temperaturebis SemTxvevaSi (b >>1, b’ <<le - ¢e)) da didi

droebis areSi t>>|ei-ej|'l)-polaronis (P,P,(#t)). koreBaciuri fun-
qciebis sidide ZiriTadad gansazRvrulia impullsTa im mniSvne 1l O-

p? p?
<< |e1 - e0| ;

bebiT, romel TaTvisac
M e 2M o

<<1l, (sadac e,e;,€e¢€,

poBaronis agznebuli da ZiriTadi mdgomareobis energiebia,

Me_po Baronis masaa). am pirobebSi dadgenillia, rom poBRaronis

inpull sis relagsaciis sixSire G (b,P)_ ar aris damokidebuli TviT
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poBaronis Pimpullsze ("mcire~ siCgariT moZravi poBaroni) da ganisa-

zRvreba TanafardobiT:
GEZ (bR © GE(b) = 4N, (b)VM f (\/2M) (15)
(b >>1,§2/2M <))
sadac: f(2M) = f(K)|,_pms f (k) =|< 0| ™ | 0>] (16)
Ny(b) =[e’ - 1]’
napovni (dabaBsixSirulli) kuTri elegqtrogamtarobisTvis da pola-

ronis daball temperaturulli ZvradobisaTvis gvagvs Semdegi saxis

gamosaxu 0 ebebi:

1
2Ah(ZbW)  ~or
Res °F(w) = Ne’b™'M 2 G (b)

éb o, U
W w2 + riF(b) COSgE C‘Srel (b)H (17)

(W << Gyg (b) <<b™* <<1);

o _3_exp(b) M
="e nfF = neF - DnfF
W2 e WMy m-b
oF _ . &Xp(b) VM 2?1 y U
Dm™" =3e a2 f(msn 86abNo(b)«/M f(«/ZM)H (18)

w=0; G (b)<<b'<<l
sadac: N-po Baronebis koncentraciaa.

naTeBia, rom Dm® _sidide, romelic warmoadgens temperatu-

rull Sesworebas poBRaronis Dm)GF _daball temperaturull Zvradobaze,

warmoadgens mcire sidides TviT am ZvradobasTan SedarebiT.

amave $34 Si agreTve ganxiBulia da gaanallizebulia sakiTxi
po Baronis daball temperaturulli Zvradobis yofagcevis Sesaxeb elle-
gtron-Fononuri bmis a_mudmivas zRvrulli (susti da ZBieri) mniSvne-
B obebis dros. dadgenilBlia, rom 1 susti eleqtron-fononuri bmis

zRvrull SemTxvevaSi: (a<l, Mg<<l, Mc® 0), rodesac po Baronis Fgm
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gadadis poBlaronis frolixis modell Si, polaronis daball temperatu-

rulli ZvradobisTvis gvagvs:

n§™ P m):geb; DM b Dm:%eabze'b;(a <l b>>1) (19)
romeBic emTxveva daball temperaturulllt Zvradobis mniSvne l obas
poBaronis Frollixis mode lSi.

2. Zhieri elleqgtron-fononuri bmis zRvrull SemTxvevaSi: (a>>1, Mg=>>1,

Mc® 8), rodesac Fgm aRadgens pekaris Teorias, poBaronis dabal te-

mperaturu i1 Zvradobis yofagceva aRiwereba TanafardobiT:
e’ ~%exp(b)a B (@ >>1b >>1) (20)

sadisertacio naSromSi avtoris mier ganviTarebulli Fforma-
Biznmi da meTodebi, miRebuli1 ganzogadoebu Bi kvanturi Kinetikuri
ganto Bebebi wonasworulli koreBaciuri FfungciebisTvis da mesame Ta-
vis $3.1 $34 ebSi ganxi Bull mode Bebze dayrdnobiT miRebuBi Sedegebi
(gamoyvani 11 Formu B ebi: rogorc zogadi, aseve miax BoebiTi) SesaZlle-
bBobas i1iZBeva gadaugvarebel, farTozonian, erTgvarovan (poBarull)
naxevargamtarebSi, ionur da kovallentur kristallebSi elleqtronuli
da polaronulli gantarobisa da daball temperaturulli dreifulli Zvra-
dobis wrFfivi kvanturi Teoriis agebas_kvanturi dinamiuri sistemebis
sxva mode B TaTvisac, romBebic urTierTgnedeben FononebTan (e Beqtro-
nebis gabneva arapoBlarull optikur Fononebze, piezoeBeqtu i gabneva,
poBaronis fm da sxva)._elBeqtronebisTvis erTi zonis miax I oebaSi,
dispersiis rogorc zogadi, aseve paraboBuri kanonis dros da

fononebis dispersiis izotropulli kanonis SemTxvevaSi.
daskvnebi

1. sxvadasxva midgomebis-mowesrigebull operatorTa da Riuvillis
superoperatorulli formalizmisa da proeqciulli operatoris meTodis
gamoyenebiT, sawyisi koreBaciebis gaTvall iswinebiT_gamoyvani Bia axa-
i, zusti, ganzogadoebu i kvanturi evo RBuciuri (kinetikuri) ganto-
Bebebi drois ormomentiani wonasworulli koreBaciuri TFunqgcie-
bisTvis, dinaniuri qvesistemisTvis romelic urTierTgnedebs bozonur
vel Tan (TermostatTan). miRebull ganto BebaTa dagaxebiTi integrallebi
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Seicaven rogorc wevrebs, romBebic aRweren namdviBi koreBlaciebis
evo Bucias droSi, aseve sawisi korelaciebis evoluciur wevrebs,
romBebic ganpirobebu B ia qvesistemis urTierTgmedebiT bozonur Ter-
mostatTan drois sawyis momentSi.

2. SeSToTebis Teoriis meore miax B oebaSi — qvesistemis Termo-
statTan urTierTgmedebis hami B tonianis mixedviT - napovnia ganzoga-
doebulli kvanturi kinetikuri gantoBebebi gamoricxulli bozonuri
amp B 1tudebiT koreBaciuri TunqgciebisTvis, rogorc markoviseuli,
ise aramarkoviseuli saxiT, romBebic Seicaven cxadad gamoyoTil
sawyisi koreBaciebis evo Bluciur wevrebs.

3. eleqgtron-fononuri sistemisTvis, Frolixisa da akustikuri
poBaronis model TaTvis, SeSFoTebis Teoriis meore miaxl oebaSi,
susti eleqtron-Fononuri urTierTgmedebis SemTxvevaSi da erTi zonis
miax B oebaSi el eqtronisaTvis gamoyvani Bia da gamokv B eu l ia markovis
saxis kinetikuri gantoBlebebi eleqtronis siCgaris operatoris
komponentebis saSuallo mniSvne B obebis diagonaBluri matriculli elle-
mentebisaTvis, romBebic warmoadgenen bo B cmanis tipis ganto I ebebs,
saidanac gamoricxullia Fononuri ampBitudebi. Gganxi Bullia elle-
gtronis aradrekadi gabnevis procesebi Ffononebze da dadgeni Bia, rom
ganxi Bull mode BebSi adgili agqvs relagsaciur process korelaciuri
fungciebis oscilaciebiT. Nnapovnia eleqtronis impullsis (siCgaris)
relBagsaciis sixSireebis analizuri gamosaxu Bebebi kristallis daba-
Bi temperaturebis SemTxvevaSi. gamoTvBilia eleqgtronis “siCgare-
siCgareze” korelBaciuri Tunqciebis milevis dekrementebi da osci-
I irebadi Fagtorebi.

4. gamokvBeulia da dadgenilia rom elegtronis siCgaris (im-
pull sis) mcire mniSvne BobebisaTvis, siCgaris relagsaciis droebi
(sixSireebi) ganxiBull modelebSi ar aris damokidebulli1 impullsis
sidideze. mcire siCgareebiTYmoZravi e BeqtronebisTvis Zallian daballi
temperaturebis dros napovnia dabalsixSirulli eleqtrogamtarobisa
da elegtronis dreifullil Zvradobis gamosaTvlel1 Formu Bebi.

5. Frolixis polaronis mode B Si miRebu Bi gamosaxu Bebebi el eg-
tronis daball temperaturulli dreifulll Zvradobisa da dinaniuri
gantarobiTvis warmoadgens osakas mier napovni Sedegis ganzogadoebas
mcire intensivobis mgqone dabalsixSirull gareSe eleqtrull velSi,
rac fagtiurad SesaZBebelia ganxiBulli ignas, rogorc drudes for-
mula kuTri eleqtrogamntarobisTvis. napovnia agreTve statikuri
(w=0) elegtrogamtarobisa da dabaltemperaturulli dreifulli Zvra-
dobis analizuri gamosaxu Bebebi, rogorc frolixis, aseve akustikuri
po Baronis mode B ebSi.

6. rogorc gamoTvBebi gviCvenebs, elBeqtronebis gabnevisas po-
Barull optikur Tononebze, daball temperaturulli dreifulll Zvra-
dobisTvis (dcmobility w=0) miRebuli mniSvne Bloba 3-jer aRemateba
Zvradobis im mniSvne Bobas, romelBic miiReba bo B cmanis kinetikuri
ganto Bebis gamoyenebiT da amoxsniT reBlagsaciis drois miax I oebaSi.
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KgT

miRebu 01 Sedegi warmoadgens - «3 prob B emis” — nawi Bobriv gada-

WO
wyvetas FTrolixis polaronis daball temperaturulli Zvradobis Teo-
riasi.

7. eleqtronebis gabnevisas akustikur Tononebze (akustikuri
poBaronis modeli) miRebuli daball temperaturulli dreifulli Zvra-
dobis (w=0) mniSvne Boba 2-jer nakBebia Zvradobis im mniSvne I obaze,
romelic aseve miiReba bo B cmanis kinetikuri ganto Bebis amoxsnisas
re B agsaciis drois miax B oebaSi.

8 ganxi Bull mode 0 ebSi napovnia agreTve eleqtronis dreiful
Zvradobaze +temperaturulli Sesworebebi, romBebic ganpirobebull ia sa-
wyisi koreBlaciebis evoluciuri wevrebis arsebobiT gamoyvanilli
kinetikuri ganto Bebebis dagaxebiT integrallebSi da naCvenebia, rom
es Sesworebebi warmoadgenen mcire sidideebs ganxiBulll Teoriis
farg  ebSi.

9. polaronis Tgm-sTvis miRebuli1 kvanturi kinetikuri ganto-
Bebebi elegtrulli denis operatoris komponentebis (poBRaronis
impu Bsis) drois ormomentiani wonasworulli koreBaciuri Ffun-
gqciebisTvis gamoyenebullia poBaronis dreifulll Zvradobisa da
e leqtrogantarobis tenzoris gamosaTvBelad. Gganxi Bull erTzonian
izotropull SemTxvevaSi, markoviseull miax 0 oebaSi poBaronis dina-
mikisTvis, napovnia miax BoebiTi gamosaxu B ebebi koreBaciuri fungci-
ebisTvis.

10. kristalis Zalian daballi temperaturebis SemTxvevaSi gamo-
yvani Bia bo B cmanis tipis kinetikuri gantoBeba koreBaciuri Tun-
qciis diagonalluri matriculli elementisTvis, romelic Seesabameba
poBaronis ZiriTad mdgomareobas. gamokvBeullia poBaronis aradre-
kadi gabnevis procesebi Fononebze. napovnia impullsis relagsaciis
sixSiris (drois) analizuri gamosaxu leba da dadgeni Bia, rom mcire
siCgariT moZravi poBaronisTvis impullsis relagsaciis sixSire (dro)
ar aris damokidebu 1 1impullsis sidideze.

11. kubos wrFivi reagciis Teoriis gamoyenebiT miRebu N ia daball-
sixSirullt elegtrogantarobis tenzoris analizuri gamosaxulleba
e legtron-Fononuri sistemisaTvis erTzonian miaxB oebaSi da Tono-
nebis dispersiis zogadi (izotropu 1) kanonis SemTxvevaSi. gamoTvli-
Bia polRaronis daball temperaturulli dreifulli Zvradoba ¥gm-Si. am
mode B Si napovnia agreTve temperaturulli Sesworeba poBaronis drei-
full Zvradobaze, romeBic ganpirobebullia sawisi korelaciebis
evoBuciuri wevrebis arsebobiT miRebul1 kinetikuri ganto Bebebis
dajaxebiT integrallebSi, da dasabuTebulia, rom es temperaturulli
Sesworeba warmoadgens mcire sidides.

12. ganxilulia da gaanalizebulia polaronis dabal tempera-
turulli dreifulli Zvradobis yofagceva susti (a<l) da ZHieri
(a>>1) elegtron-fononuri urTierTgnedebis zRvrull SemTxvevebSi.

susti eleqtron-Fononuri urTierTgmedebis SemTxvevaSt (M, ® 0), ro-
desac poBlaronis fgm gadadis poBaronis Frolixis modelSi, polla-
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ronis daball temperaturulli dreifulli ZvradobisTvis (g>>1; w=0)
vRebu B obT 1iseTive miSvne Bobas, rogoric napovnia poBaronis fro-
Bixis modelSi. Zhieri ellegtron-Fononuri urTierTgmedebis SemTxve-

vaSi (Mg ® ¥), rodesac poBaronis fgm aRadgens po Baronis pekaris
naxevradk Basikur Teorias, daball temperaturulli dreifull1 Zvradobis

yofaqceva moicema Semdegi TanafardobiT:. my ~ge.exp(g)a Bi(h=m=w, =1,

g=b >>1, w=0); anu po Baronis daball temperaturulli Zvradoba ZHlieri
e Beqgtron-Fononuri urTierTgmedebis SemTxvevaSi (a >>1) izrdeba a -
bmis mudmivas mecamete rigis proporciullad am mudmivas didi mniSvne-
I obebis dros, maSin rodesac po Baronis pekaris TeoriaSi daball tem-
peraturulli Zvradoba izrdeba misi mexuTe rigis proporciullad-
m, ~a®°; rodesac a >>1 (A=m=w,=1 b>>Lw=0),

13. sadisertacio naSromSi Catarebuli gamokv Bevebi gviCvenebs,
rom ganviTarebull meTodebs, romBebic dafuZnebulia kinetikuri gan-
to Bebebis miRebaze wonasworu i koreBaciuri FfunqciebisTvis da maT
gamoTv B aze, gansxvavebiT sxva midgomebisgan, ar mivyavarT ganSHBadi
wevrebisagan Sedgeni Bi1 usasrullo mwkrivebis agamvis auci Bebll obas-
Tan kvazinawi Bakis (elBegtronis, po Baronis) urTierTgmedebis mixed-
viT FononebTan, kristall ze modebulli gareSe elleqtrulli velis daba-
Bi (W® 0) sixSireebis SemTxvevaSi.

naSromSi dasabuTebuli1a, rom arsebulli sawyisi korelaciebis
evolucia da koreBaciuri Tungciebis oscilaciebi drois mixedviT,
romB ebic ganpirobebu Bia kvazinawi Bakis (zogad SemTxvevaSi kvanturi
dinaniuri qvesistemis) urTierTgmedebiT Tononur (bozonur) vell Tan
drois sawyis momentSi, gavBenas ar axdenen reBagsaciur procesebze
da 1isini warmoadgenen Zvradobebze temperaturulli Sesworebebis Zi-
riTad mizezs (wyaros) ganxi Bull mode 1 ebSi.

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 e ectron-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
guantum subsystems models.

The thesis work discusses two method of approach for new, exact generalized
guantum 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 aloy 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
guantum radiophysics, subjects of magnetic polaron and fluctuon (phason) and etc in
magnetic substances (environment) and others. The second paragraph deals with
dynamically disordered system - electronphonon system and electron interaction with
acoudtical and polar optical phonons and gives general introduction of Hamiltonian of
electronphonon 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.
Thereis 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
guantum 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 bal ance equation methods).

29



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) initia 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 additiona 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 dynamica 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 lowtemperature drift mobility quantum theory, which is based on
the above mentioned models of quantum dynamica 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 eectric field are received in polaron Frohlich model. There is given partial

decision for g KeT

v problem” in Frohlich polaron low-temperature mobility theory and is
0
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 aso 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) isreceived; there is found polaron low-temperature drift
mobility meaning there. There is analyzed polaron lowtemperature mobility behavior in the
event of electron phonon interaction there and there is found mobility dependence on
coupling constant in the case of strong e ectronphonon 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 lowtemperature 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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