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Ñåãíåòîåëåêòðèê ìàéå êðèñòàëûí (ÑÌÊ) íàçèê ðëàíàð òÿáÿãÿñèíäÿ áàø âåðÿí Êëàðê-Ëàãåðâîëë åôôåêòèíèí êå÷èä ìöääÿòèíèí ÑÌÊ-
éóâàúûüà âåðèëÿí ýÿðýèíëèêäÿí, ñïîíòàí ïîëéàðèçàñèéàäàí âÿ äèåëåêòðèê íöôóçëóüóíóí àíèçîòðîïèéàñûíäàí àñûëûëûüû íÿçÿðè òÿäãèã 
îëóíìóø âÿ àëàíàí íÿòèúÿëÿðèí èçàùû âåðèëìèøäèð. 

 
Ñïîíòàí ïîëéàðèçàñèéàíûí âàðëûüû ñåãíåòîåëåêòðèê ìàéå 

êðèñòàëëàðûí (ÑÌÊ) õàðèúè åëåêòðèê ñàùÿñè èëÿ ÷îõ ýöúëö 
ãàðøûëûãëû òÿñèðèíÿ ñÿáÿá îëóð. Áóíóí íÿòèúÿñèíäÿ áó íþâ 
ìàéå êðèñòàëëàðäà áàø âåðÿí åëåêòðîîïòèê åôôåêò éöêñÿê 
ñöðÿòÿ ìàëèê îëóð. ÑÌÊ-íûí íàçèê ïëàíàð òÿáÿãÿñèíäÿ 
ìèêðîñàíèéÿäÿí òåç êå÷èäëÿð àëìàã îëóð [1,2] âÿ äèñïëåé 
òåõíèêàñûíäà òÿòáèã áàõûìûíäàí áó ìàääÿëÿðèí áþéöê 
ïåðèñïåêòèâè âàð. Áó áàõûìäàí ÑÌÊ-ëàðûí çàìàí 
õàðàêòåðèñòèêàëàðûíûí ùÿì òÿúðöáè, ùÿì äÿ íÿçÿðè 
þéðÿíèëìÿñè þç àêòóàëëàüûíû èòèðìèð. 

Áó èøäÿ êîìïöòåð ìîäåëëÿøäèðèëìÿñè éîëó èëÿ íàçèê 
ÑÌÊ  éóâàúûãäà Êëàðê - Ëàãåðâîëë åôôåêòèíèí êå÷èä 
ìöääÿòèíèí ùÿì õàðèúè åëåêòðèê ñàùÿñèíäÿí, ùÿì äÿ áÿçè 
ìàääè ïàðàìåòðëÿðäÿí (ñïîíòàí ïîëéàðèçàñèéà âÿ 
äèåëåêòðèê íöôóçëóüóíóí àíèçîòðîïèéàñû) àñûëûëûüûíà 
áàõûëìûø âÿ àëûíàí  íÿòèúÿëÿðèí èçàùû âåðèëìèøäèð. 

Øÿêèë 1- äÿ ÑÌÊ éóâàúûüûí ùÿíäÿñè âåðèëìèøäèð. 
Ìîëåêóëëàðûí ëîêàë éþíÿëìÿñè   ),( trn

r
 äèðåêòîð ñàùÿñè èëÿ 

âåðèëèð. Ñîíóíúó èñÿ ôÿçàíûí âåðèëìèø íþãòÿñèíäÿ èêè 
áóúàãëà âåðèëèð: θ  ìåéë áóúàüû âÿ φ  àçèìóòàë áóúàã.     

)cos,sinsin,cos(sin θφθφθnn
rr

=                  (1) 

Ìåéë áóúàüû, ÿñàñÿí òåìïåðàòóðäàí àñûëûäûð âÿ åëåêòðèê 
ñàùÿñè îíóí ãèéìÿòèíè ÿùÿìèééÿòëè äÿðÿúÿäÿ äÿéèøìèð. 
Àçèìóòàë áóúàã èñÿ ñàùÿ îëìàäûãäà ôÿçàúà, ñàùÿ îëäóãäà 
èñÿ ùÿì äÿ çàìàíúà äÿéèøèð. Ãàëûí íöìóíÿëÿðäÿ 
ñïèðàëâàðû ãóðóëóø ìþâúóä îëóð âÿ φ  áóúàüû ùÿì ëàé 

äàõèëèíäÿ, ùÿì äÿ ëàéëàðà ïåðïåíäèêóëéàð èñòèãàìÿòäÿ 
äÿéèøèð )),(( zxφφ = . Íàçèê íöìóíÿëÿðäÿ èñÿ ñïèðàë 

ãóðóëóø à÷ûëûð âÿ áó áóúàã  éàëíûç ëàé ìöñòÿâèñèíäÿ 
äÿéèøèð: )(xφφ = . Áóíà ýþðÿ äÿ ÷îõ äà éöêñÿê îëìàéàí 

ñàùÿëÿðäÿ äèðåêòîð ñàùÿñèíèí òàïûëìàñû àçèìóòàë áóúàüûí 
),( txφ  òàïûëìàñûíà ýÿòèðèëèð. Áó èñÿ åëàñòèê, ñÿòù âÿ 

åëåêòðèê ãöââÿëÿðèí ðÿãàáÿòè èëÿ ìöÿééÿí îëóíóð.  
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Ñèñòåìèí )(xφ  òàðàçëûã êîíôèãóðàñèéàñûíû òàïìàã ö÷öí 

ëàçûì îëàí ìîìåíò áàëàíñû òÿíëèéèíè ÷ûõàðìàã ÷ÿòèí äåéèë 
[3] (íöìóíÿíèí ãàëûíëûüû ñïèðàë ãóðóëóøó àääûìûíäàí 
êè÷èêäèð Ld < ): 
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Ýþñòÿðèëÿí äèôåðåíñèàë òÿíëèéÿ óéüóí ýÿëÿí ñÿðùÿä 
øÿðòëÿðè àøàüûäàêû êèìèäèð: 

    ( ) 2/212/ 2sincos dd WW
dx
dG ±± ±= φφφ

        (3)       

  2/2/,2/0 πφπ ≤≤−≤≤ dx      

Áóðàäà àøàüûäàêû èøàðÿëÿð ãÿáóë îëóíìóøäóð:   G - 
åëàñòèê ñàáèò, Ps- ñïîíòàí ïîëéàðèçàñèéà, Å - åëåêòðèê ñàùÿ-
ñèíèí èíòåíñèâëèéè, ⊥−=∆ εεε || - äèåëåêòðèê íöôóçëóüóíóí 

àíèçîòðîïèéàñû, ⊥χ - äèåëåêòðèê ãàâðàéûúûëûüûíûí åíèíÿ 

òîïëàíàíû, mpF /85,80 =ε - åëåêòðèê ñàáèòèäèð.  
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  (3) òÿíëèéèíèí ñàü òÿðÿôèíäÿêè áèðèíúè ùÿää ÑÌÊ 
ìîëåêóëëàðûíûí  éóâàúûüûí ñÿòùè èëÿ ïîëéàð ãàðøûëûãëû òÿñèð 
èëÿ ÿëàãÿäàðäûð. Ïîëéàð ãàðøûëûãëû òÿñèð ÷àëûøûð êè, ñïîíòàí 
ïîëéàðèçàñèéà âåêòîðóíó éà ñÿòùÿ äîüðó, éà äà ÿêñèíÿ 
éþíÿëòñèí. Áó áèçèì ùÿíäÿñÿäÿ 2/)2/()2/( πφφ =−−= dd  
øÿðòèíÿ óéüóí ýÿëèð. Èêèíúè ùÿää ìîëåêóëëàðûí ñÿòùëÿ 
ãàðøûëûãëû òÿñèðèíèí äèñïåðñèîí ùèññÿñèäèð: áó ùèññÿ ñìåêòèê 
À ôàçàíûí ïëàíàð òåêñòóðóíóí àëûíìàñû ö÷öí úàâàáäåùäèð 
âÿ ìîëåêóëëàðû ñàäÿúÿ ñÿòùÿ ïàðàëåë éþíÿëòìÿéÿ 
( 2/)2/()2/( πφφ =−−= dd ) ÷àëûøûð. Óéüóí èëèøìÿ 

åíåðæèëÿðè 1W  âÿ 2W  êèìè èøàðÿ îëóíìóøäóð. “- âÿ “+ 

èøàðÿëÿðè óéüóí îëàðàã éóõàðû âÿ àøàüû ñÿòùëÿðÿ àèääèð. 
Åëåêòðîîïòèê éóâàúûãëàðäà èñòèôàäÿ îëóíàí ÑÌÊ-íûí 

⊥χθ ,,, GPs  âÿ  ε∆  ìàääè ïàðàìåòðëÿðè óéüóí îëàðàã  

10-4 Êë/ì-2, 10-11 Í, 0,4 ðàä, 10 âÿ  —3 òÿðòèáèíäÿäèð. Äèýÿð 
õàðèúè ïàðàìåòðëÿðèí ( dWW ,, 21  âÿ E )  òÿðòèáè óéüóí 

îëàðàã 10-4  Ú⋅ì-2, 10-5 Ú⋅ì-2, 5⋅10-6 ì   âÿ  106 Â/ì  
êèìèäèð. 

Áóíäàí ñîíðà èëèøìÿ åíåðæèñèíèí ïîëéàð ùèññÿñèíè  
            SPWW ⋅+= α101                           (4) 

êèìè ýþñòÿðÿúÿéèê. Áóðàäà W10 — ñïîíòàí ïîëéàðèçàñèéà èëÿ 
ÿëàãÿäàð îëìàéàí (ïåðìàíåíò) ùèññÿäèð. Ïîëéàð èëèøìÿ 
åíåðæèñèíèí èêèíúè ùèññÿñè èñÿ ñïîíòàí ïîëéàðèçàñèéà èëÿ 
ìöòÿíàñèá ãÿáóë îëóíóð. W10 ∼10-5 Ú/ì-2 âÿ  α∼0,5 Â  
ýþòöðìÿê ðåàëèñòèê ãèéìÿòëÿð âåðèð. 

Êå÷èä ïðîñåñèíèí äèíàìèêàñû, éÿíè  ),( txφ  àñûëûëûüû (2) 

òÿíëèéèíÿ îõøàð òÿíëèêëÿ òàïûëûð: 
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Ñÿðùÿä øÿðòëÿðè  ÿââÿëêè êèìè ãàëûð, φγ - ôûðëàíìà 

þçëöëöéöäöð. (5) òÿíëèéè öìóìè øÿêèëäÿ ñÿðùÿä øÿðòëÿðèíÿ 
ìàëèê ãåéðè-õÿòòè èñòèëèêêå÷èðìÿ òÿíëèéèäèð âÿ ãîâóëìà 
öñöëö èëÿ ùÿëë îëóíà áèëÿð [4]. 

Áàøëàíüûú ùÿë îëàðàã áèðèíúè ùàë (DOWN) ýþòöðöëöð 
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)( πφ х  êå÷èð (UP). Øÿêèë 2-äÿ éóâàúûüûí 

îðòàñûíäà )0(φ  àçèìóòàë áóúàüûíûí êå÷èä äèíàìèêàñû 

ýþñòÿðèëìèøäèð. Êå÷èä ìöääÿòè îëàðàã )0(φ - èí 9,0
2
⋅

π
- à 

÷àòäûüû çàìàí ìöääÿòè ýþòöðöëöð. 

 
 

 

 

 

 
Øÿêèë 3 âÿ ñïîíòàí ïîëéàðèçàñèéàíûí 2/41( smnCPs =− , 

2/82 smnCPs =− , 2/123 smnCPs =− ), øÿêèë 4-äÿ èñÿ 

äèåëåêòðèê íöôóçëóüóíóí àíèçîòðîïèéàñûíûí  (1, 2 âÿ 3 ö÷öí 
óéüóí îëàðàã 2−=∆ε ; 6−=∆ε  âÿ 10−=∆ε  
ýþòöðöëöð) ìöõòÿëèô ãèéìÿòëÿðèíäÿ êå÷èä ìöääÿòèíèí 
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åëåêòðîîïòèê éóâàúûüà âåðèëÿí ýÿðýèíëèêäÿí àñûëûëûüû 
âåðèëìèøäèð. Ýþçëÿíèëäèéè êèìè, ýÿðýèíëèê àðòäûãúà êå÷èä 
ìöääÿòè àçàëûð. Ëàêèí  1−∼ uτ  èäåàë àñûëûëûüû öìóìèééÿòëÿ 

þäÿíìèð. Õöñóñÿí äèåëåêòðèê àíèçîòðîïèéàñûíûí áþéöê, 
ñïîíòàí ïîëéàðèçàñèéàíûí èñÿ êè÷èê ãèéìÿòëÿðèíäÿ áþéöê 
ýÿðýèíëèêëÿð îáëàñòûíäà )(uτ  àñûëûëûüûíäà ùÿòòà ìîíîòîí 

àðòìà ìöøàùèäÿ îëóíóð. Áó ìÿëóì ôàêò [5] îíóíëà èçàù 
îëóíóð êè, áþéöê ýÿðýèíëèêëÿðäÿ åëåêòðèê  ñàùÿñè èëÿ 

àâàäðàòèê ãàðøûëûãëû òÿñèð  ⎟
⎠
⎞

⎜
⎝
⎛ ∆ 2

02
1 Еεε  õÿòòè ãàðøûëûãëû òÿñèðè  

( )EPs  öñòÿëÿéèð âÿ êå÷èäÿ ìàíå îëóð.  
Øÿêèë 5- äÿ âÿ 6- äà éóâàúûüà âåðèëÿí ýÿðýèíëèéèí  âÿ 

äèåëåêòðèê àíèçîòðîïèéàñûíûí ( ,21 −=∆− ε  62 −=∆− ε , 

103 −=∆− ε ) ìöõòÿëèô ãèéìÿòëÿðèíäÿ VU 5,21( =− , 

VU 52 =− , VU 103 =− ) êå÷èä ìöääÿòèíèí ñïîíòàí 

ïîëéàðèçàñèéàäàí àñûëûëûã ãðàôèêëÿðè âåðèëèð. Öìóìÿí 
ñïîíòàí ïîëéàðèçàñèéà àðòäûãúà êå÷èä ìöääÿòè àçàëûð. 
Éàëíûç  ñïîíòàí ïîëéàðèçàñèéàíûí êè÷èê ãèéìÿòëÿðèíäÿ 
äèåëåêòðèê íöôóçëóüóíóí àíèçîòðîïèéàñûíûí òÿñèðè ùèññ 
îëóíóð. 

 

 
 

Ñïîíòàí ïîëéàðèçàñèéàíûí 2/41( smnCPs =− , 
2/82 smnCPs =− , 2/123 smnCPs =− ) âÿ ýÿðýèíëèéèí 

VU 5,21( =− , VU 52 =− , VU 103 =−  ìöõòÿëèô 

ãèéìÿòëÿðèíäÿ êå÷èä  ìöääÿòèíèí  äèåëåêòðèê 
íöôóçëîóüóíóí àíèçîòðîïèéàñûíäàí  àñûëûëûüû øÿêèë 7 âÿ 8- 
äÿ ýþñòÿðèëìèøäèð. Êè÷èê ýÿðýèíëèêëÿðäÿ ìÿíôè äèåëåêòðèê  
íöôóçëóüóíóí àíèçîòðîïèéàñû àðòäûãúà êå÷èä ìöääÿòè çÿèô 
àçàëûð, îðòà âÿ ýöúëö ñàùÿëÿðäÿ èñÿ äåìÿê îëàð êè, ñàáèò 
ãàëûð, ùÿòòà áþéöê äèåëåêòðèê àíèçîòðîïèéàëàðûíäà êå÷èä 
ìöääÿòè àðòìàüà áàøëàéûð. Áó äà éóõàðûäà ãåéä îëóíäóüó 
êèìè ñòàáèëëÿøäèðèúè ðîë îéíàéàí êâàäðàòèê ãàðøûëûãëû òÿñèðèí 
ýöúëÿíìÿñè èëÿ ÿëàãÿäàðäûð. Ùÿìèí ñÿáÿáëÿðëÿ ÿëàãÿäàð 
ñïîíòàí ïîëéàðèçàñèéàíûí êè÷èê ãèéìÿòëÿðèíäÿ äÿ )( ε∆−t  

àñûëûëûüûíäà óéüóí àíîìàëèéà ìöøàùèäÿ îëóíóð (øÿêèë 7, 1 
ÿéðèñè). 
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