
landau-zeneris tunelireba orormoian potencialSi 
 
 
zeneris tunelirebis analogis gansaxorcieleblad orormoian potencialSi 
dagvWirdeba Semdegi scenaris ganxorcieleba, roca barieri moZraobs raRac 

siCqariT simetriis mdgomareobis gavliT (ixileT 
naxazi).  
 am SemTxvevaSi wina leqciaSi mocemuli 
Sredingeris gantoleba gadaiwereba Semdegnairad: 
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sadac simartivisTvis da analizuri gamoTvlebis 
moxerxebulobisTvis potencials aviRebT Semdegi 
saxiT:  
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 realistur sistemebSi (boze-ainStainis kondensatebi) aseTi scenari SeiZleba 
ganxorcieldes harmoniuli potencialis da optikuri moZravi talRis zeddebiT. 
am 

SemTxvevaSi: V . orive am SemTxvevaSi ganxilvis formebi 
msgavsia, amitom Cven ufro martivi pirveli magaliTiT (marTkuTxovani orormoiani 
potenciali) SemovifarglebiT. 

( txxtx

 miaxloebaSi, roca v mcire sididea, Cven SegviZlia gavSaloT potenciali 
or Sesakrebad: 
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sadac pirveli Sesakrebi simetriulia x=0 wertilis mimarT, xolo meore 
antisimetriuli. aRvniSnoT, rom Cven unda amovxsnaT (1) gantoleba Semdegi 
sasazRvro pirobiT (radgan usasrulo ormo gvaqvs): 
 

( ) ( ) 0,, =Ψ=−Ψ tLtL  

da amocana ixsneba Semdeg droiT-sivrcul intervalSi:  00 ttt <<− , LxL <<− .  



 amocanas vxsniT SeSfoTebis TeoriiT, ese igi vgulisxmobT, rom pirveli 
Sesakrebi potencialis gaSlaSi (2) gacilebiT metia meoreze, ese igi talRur 
funqciebs isev viRebT simetriuli orormoiani potencialisTvis da mivyvebiT wina 
leqciaSi damuSavebul sqemas. ese igi (1) gantolebis amonaxsns veZebT Semdegi 
saxiT: 
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sadac  da , da aq  da  
simetriuli orormoiani potencialis Sesabamisi stacionaruli amoxsnebia, 
romlebic wina leqciaSi ganvixileT da naxazzec vimeorebT: 
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axla rogorc wina leqciaSi Tu CavsvamT (3)-s (1) –Si, gavamravlebT )(1 xφ -ze da 

gavaintegrebT -iT, miviRebT: x
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meores mxriv ki Tu CavsvamT (3)-s (1)-Si, gavamravlebT )(2 xφ -ze da gavaintegrebT 

-iT, miviRebT: x
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am ori gantolebis gamosayvanad gamoyenebulia Semdegi tolobebi da ganmartebebi: 
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axla Tu gavakeTebT martiv gardaqmnebs ( ) ( )   ,2/ exp  ,2/ exp 2211 t-it-i εψψεψψ →→  
miviRebT: 
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es aris krgad cnobili landau-zeneris amocana, romelic zustad ixsneba Tu 

davuSvebT, rom roca −∞→t  0   ,1 2
2

1 == ψψ . am SemTxvevaSi roca +∞→t , maSin 

Cndeba gadasvlis albaToba  

( ) (5)                                                exp 2 απβ−=p  

da +∞→t  SemTxvevaSi pp −== 1   , 2
2

2
1 ψψ . ese igi realizdeba qvemoT moyvanil 

naxazebze mocemuli situacia: 
 

 
 
Cveni mizania SevamowmoT landau-zeneris formula ramdenad gamosadegia (1) 
gantolebiT mocemuli situaciisTvis orormoiani potencialis SemTxvevaSi, 
rodesac moZravi barieri gvaqvs. ese igi unda gavakeToT ricxviTi simulaciebi 
Sredingeris gantolebaze da SevafasoT gadasvlis albaTobis formulis 
samarTlianoba. 
 amaze cotaTi ufro rTuli amocanac SeiZleba ganixilos kacma, Tu 

gavixsenebT, rom garda  da  talRuri funqciebisa kidev gvaqvs sxva 
talRuri funqciebic, romlebic ufro maRal energetikul mdgomareobebs 
Seesabameba. kerZod qvemoT moyvanilia Semdegi energetikuli doneebis Sesabamisi 

simetriuli da antisimetriuli funqciebi  da : 
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maSin mTliani talRuri funqcia unda warmovadginoT Semdegi jamis saxiT: 

)()()()()()()()(),( 44332211 xzxzxzxzzx φψφψφψφψ +++=Ψ  
sadac  maSin miviRebT Semdeg 

gantolebebs (romlebic Sesamowmebelia) 

         224223112111
−+−+−+−+ Φ−Φ=Φ+Φ=Φ−Φ=Φ+Φ= φφφφ

33411442424

43422332323

32311221212

41421211111

ww
ww

ww
               ww

ψψψαψεψ
ψψψαψεψ
ψψψαψεψ
ψψψαψεψ

++−=∂∂
+++=∂∂
++−=∂∂
+++=∂∂

zzi
zzi
zzi
zzi

 

da ganvixiloT gadasvlebi ara mxolod    1φ da    2φ mdgomareobebs Soris, aramed  

   1φ da    4φ anda    2φ da    3φ Soris magaliTad qvemoT warmodgenili naxazis 

mixedviT 

 
anda raime sxva sqemiT, imisda mixedviT ramdenia koeficientebis mniSvnelobebi. 
kerZod am sqemas Semdegi simulaciebi Seesabameba (1) gantolebisa: 
 

 
 
(1) gantolebis simulaciebisTvis gadaakeTeT MATLAB-is failebi complex.m da 
complex1.m


