
y H H B E P 3 H T E T V H O B O M C A ^ ^ V 

n P H P O ; i p O - M A T E M A T H H K H O A K Y J I T E T 

H H C T H x y r 3a ({)H3HKy 

npHpOflHO-MSTeMaTHlKM $«KynT«T 
PaflHa 3s|erH:-iua .-H'-M nocnosa 

npHMiv.H.;9 q nl<i IQQR 

Opr. jcA ..... i LUfiRSir 

060!) i 

BHjbaHa K a m e p H h 

n E P X y P B A I X H O H H n P O P A H Y H 

€ > O H O H C K M X E H E P r a J A 

y € » H J I M - C T P y K T y P A M A 

/^H^JloMCKH p a a 

MCHTop: op JoBaH n ierpaJHHh 

HoBH Can, oKTo6ap 1996. 



^etfHU C4f, AiM. UfUf.'tllZtl/Ul <HH4UO. cuifUfM^te Ho-yttatUi, ^^ufZu 



1. VBOZl 4 

2. TEPMAJIHE BHBPAqHJE KPHCTAJIHE PEUIETKE . 5 

2.1. HeorpaHHHeHeKpHcxajiHecTpyKType 5 

2.2. ^e4)opMHcaHH KpHcxajmH ( | ) H J I M O B H 15 

3. HEPTyPBAUHOHH HPOPAWH OOHOHCKHX 

EHEPrHJAYOHJIM-CTPyKTyPAMA 27 

3.1. HepxypGaiiHJa y He;ie4)opMHcaHOM ^ujmy . . . . 28 

3.2. HeprypGauHJa y ae(|)opMHcaHOM ^ujmy 35 

4. SAKJEYMAK 38 

5. JIHTEPATYPA 39 



E Kauiepuh: IlepTypdauuoHU npopaiyn ^HOHCKMX 
enepruja y 4>iuiM-CTpyKTypaMif jtHwioMCKit pajj 4 

1 . YBOA 

HaJHemhH npeflMer aHanroa y TeopHJcKoj (J)H3Him HBpc ro r cTaH>a c y Hf lcaj iHH KpHcra j iH , 

KpHCTaime c r p y K r y p e Koje KapaKrepHuie npoc ropna xoMcrcHoc r H rpaHCjiaitHOHa HHBapHJaH-

rHocT. Me l i y rHM, r a K B c KpHcraj iHe c r p y K r y p e y npHpo jm ne nocro je H w r a ce y rexHOJiouiKHM 

npouecHMa ; io6HJajy. Peai iHe KpHcra jme c r p y K r y p e K ^ a K r e p H u i e n p H c y c r e o HCHHcroha Kao H 

rpaHHHHe noepuiHHe n a KoJHMa ce j a B j t a j y p a m H w r n ^ H S H H K H ^encmum on snana ja 3a 

npaKrHHHy npHMcny K p n c r a j i a Pea jme KpHcraj iHe c rpy ic rype c y npoc ropno HcxoMorcHC H c a 

HapyiucHOM rpancjianHOHOM cHMcrpHJoM. A K O 6 H C M O peanne KpHcra j ine c r p y K r y p e a H a i n c H -

pa i iH MeroaaMareopHJCKc ^mm.t Koje ce Kopnc re y ana j i r aH Haenannx c r p y K r y p a MHore nojane 

H e4)eKrH KapaKrepHcrHHHH 3a peajme c r p y K r y p e oc ranH 6 H „HeBHajbHBH". 

3 a m r o n a c y n p o G j i c M a r H i m p e a j m n x K p n c r a j i a 3aHHMajy 6 a m ( | ) O H O H H ? 

O O H O H H c y r j iaBHH H O C H O U H McxannsaMa K O J H npoy3poKy j y pa3J iHHHre (JJHSHHKC 

no jaBe H e( i )eKre y K p n c r a j i y . O O H O H H o ; ipe l iy jy ej iCKrpHHHC, M a r n c T H e H c ynepnpoBo ; iHe 

O C O G H H C K p H c r a j i a Kao H H>HXOBO repMo; iHHaMHHKo noHamaH>e. 

nira c y 3anpaB0 (J )OHOHH? 

ITo jaM 4)0H0Ha 03HaHaBa K B a n r no6yfteH>a j iHHeapnor ocuHj ia ropa y K B a n r n o M c x a -

HHHKoj aHaj iH3H. K a j i a j e pen o Kpnc ra j iHMa , <l)OHOHHMa Ha3HBaM0 K B a n r e ocijHjioBaH>a 

ne j i o r K p H c r a j i a a HHKaKo nojcf lHHaHHHX aroMa. T o j e 3 5 o r r o r a m r o C B E K H a r o M y 

K p H c r a j i y npHJiHKOM ocuHJ ioBa i t a r p n n y r n u a j C B H X a roMa K O J H r a OKpyxcyjy , a H caM 

yTHHc H a oKOJiHe a roMc. 3 a r o ce K p n c r a j i , y CMHCJiy H .e roBHx o c m i n a r o p c K H x K a p a K r e p n -

c r H K a , n o c M a r p a Kao c H c r e M noBe3aHHx ocnn j i a ropa , a (JJOHOH Kao KOJ icKrHBHH K s a n r 

(MexaHHHKHx, r e p M H H K H x ) no6ylieH>a y K p H c r a j i y . O O H O H H c y yBCK n p n c y r H H y peajiHOM 

K p H c r a j i y , JiaKO ce repMHHKH n o 6 y I i y j y H j aB jba j y ce H n a r c M n e p a r y p a M a 6 J I H C K H M anco -

j i y r n o j n y j i H . 

y r eopHJcKo j aHaj iH3H 4)OHOHCKor no f lCHcrcMa y K p H c r a j i y , K o p H c r e ce n e p r y p 6 a -

UHOHa aHaj iH3a, XaJ3eH6ep roBe je f l nanHHe K p e r a i t a , Mero f l F P H H O B H X 4 ) y H K U H J a , . . . , a 

eKcnepHMCHTajiHo c e Mory npoynaBarn npHMcnoM p a c e j a a a x -3paKa H HcyrpoHa H a Kpn­

craj iHMa. 

y OBOM pa^iy ce K o p n c r n n e p r y p G a n n o H H Mero ; i 3a aHaj iH3y ^ O H O H C K H X c n c K r a p a . 

y npBOM flcjiy pa j ia o n n c a n e c y repMa.TiHe BH6pauHJe Majie a M n j i n r y ^ e y n e o r p a -

HHHCHHM KpHcraj iHHM c rpyKrypaMa (H^ieaj iHH Kpnc ra j i ) H 4 ) O H O H C K H no^iCHcrcM y ; ie -

(})opMHcaHOM KpHcra j iHOM ( l ) H j i M y - peaj iHHJoj KpMcrajiHoj c r p y K r y p H . 

y a p y r o M ; i e j i y K o p H c r H ce n e p r y p 6 a n H 0 H a M e r o ^ a y aHaj iH3H r a H K o r fle4)opMHca-

H o r <})HjiMa c a o c s p r o M n a M o r y h y n p a K r H H H y n p H M c n y p e 3 y j i r a r a . 
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2. T E P M A J I H E B H B P A U H J E K P H C T A J I H E P E I I I E T K E 

2 . 1 . HeorpaHHHeHe KpHcraj rae c r p y K r y p e 

K a o p e a y j i r a r repMHHKor no6yliHBaH>a ; io j ia3H ^o oc imJ ioea i ta a roMa ( j o n a , MOJiCKy-

j i a ) y HBopoBHMa KpHc ra j iHC p e m e r K c . P a ^ H ce o BH6paimjaMa Maj ie a M i u i H r y a e ( y o w o c y 

Ha pacrojaH>e HSMchy HBopoBa), a H>HXOB Kapaicrep j e o ; ipe!)eH McIiyaroMCKHM cH j iaMa y 

K p H c r a j i y . PasMorpHhcMo r p H B p c r e K p n c r a j i a : MOJiCKyjicKC, KOBajiCHTHC H J O H C K C . 3aje ; i -

HHHKO 3a MOJicKyj icKc H KOBaj icHrHc K p H c r a j i c j e jxsi cy H3rpa f |eHH of l Hey rpa j iHHX a r o M a 

(MOJiCKyj ia) K O J H MeI iyco6HO H H r e p a r y j y CHjiaMa K p a r K o r flOMcra H H J H H H r e H 3 H r e r 6p30 

o n a a a c a pac ro ja ibCM. H o roMC ce MOJicKyj icKH H KOBa j ien rHH K p H c r a j i H G n r n o pa3J iHKy jy 

OR a roMCKHX H H . H X hcMo p a 3 M a r p a r H n a je^ iHHcrBCH naHHH. 

Moj icKy j icKC K p H c r a j i e (|)opMHpajy e j icMCHrH c a nonyHjCHHM o p G n r a M a ( n n e p r H H 

racoBH) H OHH cy j i H C J i e K r p H i m . HsMcl jy MOJiCKyjia a e j i y j y B a n ; iep Baj icoBC ( j i n n o j i - ^ H -

noj i ) CHjie, n a norcHUHJaj ina enep rHJa McIiyMOJieKyj icKe HHrepaK i iHJe onaaa c a pacrojaH>eM 

no 3aK0Hy: 

_ C 

r a e j e C 4)eHOMeHOJiouiKa K o n c r a n r a B a n a e p B a j i c o B a Hn repaKUHJa ce j a s j L a yc j te ; i 

no j iapH3anHJe MOJieKyj ia ( n w i y K O B a i t a j iHno j iHHX MOMcnara) . H a MaH>HM p a c r o j a i t H M a 

i i e j i y j y H o j iSo jne C H J I C n a j e y K y n n a no renuHJa j iHa C H c p r a j a J I c H a p ^ - I J o H C O B o r r n n a : 

( A j e , raKohe , ^JCHOMeHOJiouiKa K O H c r a n r a ) . 

K o B a j i e H r n e K p n c r a j i e H3 rpa l i y j y c j i cMeHrH H H J H c y a r o M H Mel iyco6HO Be3aHH KOBa-

j i e n r n o M Be30M ( C , S i , G e ) . E H c p r a j a Be3e K O ; I O B H X K p n c r a j i a j e O K O 10 e V u i r o j e 3a ; i B a 

p e a a Bej iHHHHe Bche n e r o K O J I MOJicKyj icKHx K p H c r a j i a E M n n p H J c K n j e ycraHOBJbCHo a a 

n o r c H u n j a j i H a e n e p r n j a MeliyMOJieKyj icKe n n r e p a K u n j e K O A KOBaj ieHrne Bese o n a ^ a CKcno-

HCHunjaj iHO c a p a c r o j a i t e M , a H.eHo oj ipef tHBai te n p e j i c r a s j B a C J I O J K C H H K B a n r n o - M e x a -

HHHKH npoGjlCM. 
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JoHCKH KpHcxajiH cy H3rpaiieHH oji joHa HSMeliy K O J H X flCJiyje KyjioHoea HHTepaKUH­

ja, cHjia flyror ^oMera. KapaKxep oee nmrepaKUHJe, Kao H nocTojaH>e ejieKTpHHHor nojba y 

JOHCKOM KpHCxajiy Koje H C M H H O B H O yTHHC Ha BH6pauHJe joHa, H H H H flHHaMHHKy anajiHsy 

KpHCTajia JOHCKHX OCTaTaKa BpjlO CJIOJKCHOM. 

y flajbCM H3JiaraH>y H3Jio»HheMo caMo TcopHJy Koja ce O J I H O C H na KOBajicHTHc H 

MOJlCKyjlCKC KpHCTajie. 

KpHCTaji j e cjioMccHH KsaHTHH CHCTCM cacTaBJbCH on joHCKor H cjiCKTpOHCKor noa-

CHCTCMa KoJH Mopy aa. ce onniuy MCToaaMa KBaHTHC McxanHKC. MetiyraM, kor T C P M H H K H X 

BH5pauHJa Majie aMUjiHTyae (y ojinocy na pacToja i te muetiy HBopoBa peuicTKc), car j iacHO 

ajiHJa6aTCKoj anpoKCHMauHJH, J O H C K H U O A C H C T C M MOXCCMO pa3MaTpaTH O ^ B O J C H O oa C J I C K -

TpoHCKor H o6pHyTO. y c j iyna jy BH6pauHJa MajiHx aMUJiHTy^a, je^inanHHe KpcTa i t a jona 

nonpHMajy O6J IHK jejinanHHa xapMOHHJCKor KpeTaH>a. To 3HaHH ce aHajiH3a KpcTaita 

CHCTCMa jona C B O A H na aHajiH3y CHCTCMa xapMonnjcKHx ocuHJ iaTopa . A K O 3aHeMapHMo 

yHyrpauiibe cjio6ofle KpcTaita J O H C K H X ocTaTaKa, naaajLc MOJicKyjia, OHiia MOJicKyjie 

M O J K C M O uocMaTpaTH Kao TanKacTc ocuHjiaTope pacnopel ieHe n o HBopoBHMa KpHCTa j ine 

peiucTKc H oKapaKTcpHcane BCKTopHMa no j io3Ka ja /^« = ft+ fa, rae je/ f B C K T O P T p a n c j i a o H -

je KpHCTajiHc peuicTKc KoJH cnaja H3a6paHH Koop^HHarHH noncTaK ca ^aTOM encMCHTap-

HOM hcjiHJOM, aFa BCKTop nojioacajayoHeHora-TorMOjieKyjia(HjiH aTOMa) y Koop;iHHaTHOM 

CHCTCMy Be3aH0M 3a cjiCMCHTapHy hcjiHJy (ft+i% oapeftyje paBHOTcacHH nojio»caj MOJiCKy-

jia). 

y3MHM0 aa cjicMCHTapHa hejiHJa HMa k pasjiHHHTHX aTOMa ca MacaMa Af«, TaKO ^a je 

a = 1 , 2 , k . KaKO MOJiCKyjiH ocuHjiyjy OKO paBHOTeacHHX nojio»caja na C B H M TCMuepery-

paMa pa3JiHHHTHM on ancojiyrae nyjie, Fna ce MeH>a TaKo mief^aiO = fna + ^na{t), rae je 

itna noMepaH>e MOJicKyjia y o;iHocy na paBHOTeacHH nojio»caj. KaKo je O B O noMcpaite, C X O ^ H O 

nojia3Hoj npcTnocTaBim, Majio, MOXCCMO H S B P U I H T H pa3Boj noTCHimjajiHe CHeprn je nocMa-

Tpanor cHCTCMa O K O nojioxcaja paBHOTe»ce na cjieaehn Hannn (xapMOHHJcKa anpoKCHMa-

UHJa): 

rae cy i, j = (x, y, z) 03HaKe 3a npojcKUHJe noMcpaita na o^roBapajyhe KoopjinnaTHc oce. 
Koe(J)HUHJeHTH pasBOJa: 

(2.2) 

(2.3) 

3az[OBOji>aBajy cjie;iehe O C O G H H C : 
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= <^fai = ^ 4 ^ - ^ - , E^^ = 0. (2.4) 

Ilpea pej iauHJa ;iHpeKTHO cj ie; iH H3 ;ie(|)HHHimje Koe<l)HUHJeHTa 4>. Jipyra pej iauHJa ca-
ap jKH npexnocTaBKy aa HHTcpaKUHJa HSMctjy MOJiCKyjia aaBHCH caMO oa H J H X O B O F MctiycoG-

Hor pacTojaH>a T p e h y pejiauHJy hcMO BepH(J)HKOBaTH T E K O U I T O hcMO H S B P I U H T H pa3Boj 
(|)yHKUHJe 

y CTcncHH pea no noMcpajHMa y OKO paBHOTOKHHX nojioacaja MOJicKyjia: 

dv , dv 

r i p B H HJiaH c a aecHe cTpane 3HaKa jeanaKocTH jeanaK j e ny j i n , j ep ce pa3Boj BpiuH O K O 

paBHOTcacHHX nojio^caja. A K O ysMCMo a a ce C B H MojicKyjin noMcpe 3a H C T H ito y aaTOM 

npaBuy, U I T O oaroBapa rpanc j iauHJH KpncTaj ia OKO uejiHHe, 6Hhe jeanaK ny j iH H Hjian n a 

jiCBOj CTpaHH. TaKO OBa jeaHaHHHa npejia3H y: 

XaMHjiTOHOBa 4)yHKUHJa KpHCTana y xapMOHHJcKoj anpoKUHMauHJH 6Hhe o6jiHKa: 

na j e j eananHHa KpcTa i ta 3 a a - T H MOJicKyji npojcKTOBana na i -Ty KoopannaTHy ocy o6JiHKa: 

A K O yBcacMO noHaepHcane KoopflHHaTC 5 ^ . = y/Mc^ftai jef lnanHHa KpeTaH>a nocTaje: 
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PeiiieH>a oee j e j iHanHHe Kpexaifca xpaacHMo y o6 j iHKy 

%.(^ = A 4 ^ = ^ ' '^^""^ (2 .8) 

H3 a e a p a s j i o r a . I l p B H , j e p ropH>a j e^ inanHHa KpeTaH>a (2 .7) n p e ^ i c x a B j L a j e ^ i n a n H H y xapMO-

HHJcKor KpexaH>a K O M C oa roeapa xapMOHHJCKH O S J I H K saBHCHOcxH ojx BpeMeHae""^ ApyxH, 

s S o r T o r a U I T O j e KpHcran n p o c T o p n o nepHo; iHHHa c x p y x x y p a n a x a K B o Mopa 6 H T H H 

peuieH>e 5 ^ . . SaMenoM p e u i e i t a (2.8) y j e f l H a i H H y K p e x a i t a (2 .7) ; io6HJaMo: 

« > ' ( ^ < ^ « . = E ^ < ^ ^ . ' (2 .9) 

r a e j e : 

D^. ce HasHBa aHHaMHHKa MaxpHua H O H E H C aaBHCH o;i BCKTopa peuiexKC n. Ona HMa 

cjie^iehe BajKHc oco6HHe: 

n p B a oco6HHa noKasyje aa j e D epMHTCKa MaxpHua H MO»ce ce flOKaaara noj iaaehH o^ 

ae( | )HHHUHJe aHHaMHHKe MaxpHue H KopHcrehH O C O G H H C B C J I H H H H C <E). / I p y r a oco6HHa 

flHpCKTHO CJlCflH H3 aCCjjHHHUHOHC pCJiaUHJC. KopHCXCliH OBC O C O G H H C H3 (2.9) ;io6HJaMO 

; i a j e 

* ripHMCHa JiHHeapHor oneparopa rpaHCJiaqHJe 7>» Ha npeflJiojKeHO pemejte (2.7) aaje: 
TmSffaii?) = e'^Sitixi a TO snaMH je 5 CBOJCTBena 4)yHKiiHJa OBOr oneparopa 
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o>\-^ CJ-^ = (2.10) 

nopel)eH.eM c a (2.9), HcaaBHCHO ofl x o r a aa J I H ce n p n aaMcnn^ca MeH>a 3HaK B C J I H H H H C 

C, HajiasHMo fla j e to(^ = <w(-^. O B O npeflcxaajba HCKaa nosHaxe KpaMepcoBe xeopcMC. 

H3 jeflHaHHHc (2.9) C J I C J I H aa cy Q,. C B O J C X B C H H BCKXopH, a C B O J C X B C H C Bpe;iHocxH 

aHHaMHHKC MaxpHue D. 

Je;iHaHHHa (2.9) j e C H C X C M on 3k jeflnanHHa no HcnosnaxHM BCJiHHHHaMa Ca., xaxo aa 

HMaMO H 3k Bpe îHocxH 3a (o 3a CBaKy jiaxy spejEiHocx xa j iacHor BCKxopa ^ KaKO ^HMa N 

flonymxcHHx Bpe;iHocxH, rae j e N 6poj ejicMCHxapHHx hcj iHJa Kpncxana, xo <w, y onmxcM 

cj iyna jy , MO»ce HMaxH 3kN Bpc;iHocxH. OBor pa3MaxpaH,a j e aa oape^iHMO flonymxcHC 

Bpej iHocxH ynecxaHocxH ocuHjioBaH>a (o 3a ;iaxo ^ H > H X MOMCCMO Hahn H H3 yo iOBa 

peuiHBocxH cHcxcMa jeflHaHHHa (2.9), ajiH Bch 3HaM0 n^i y onmxcM c j iyna jy 3a CBaKo ^ H M a 

3k pa3JIHHHXHX HaHHHa OCUHJIOBaH>a y flaJLOJ aHaJIH3H 3aBHCH0CXH (JjpCKBCHnHJe OCUH-

jiOBaH>a on xajiacnor BCKxopa HMahcMo y BH;iy cj icf lche O C O G H H C C B O J C X B C H C BCKxopHMa 

flHHaMHHKC MaxpHue K O J H HHaHc oi ipcl jy jy aMnjiHxy^ie ocuHjioBaH>a: 

[C«.(^]* = C „ . ( - ^ , 

a KaKO je aHHaMHHKa Maxpnna epMHxcKa, onaa ce H>eHH C B O J C X B C H H B C K X O P H Mory opxo-

roHajiH30BaxH. y X O M cjiynajy HcnyH>aBahe H cjie^iehe ycjiOBc: 

Meliy 3k Moryhnx ynecxanocxH 4)yHKnHJe ocnHjioBaH>a H3flB0JHheM0 npBO aicycTUVKe 

MOMc ocuMjioBaaa. Kon H ) H X je 3aBHCHocx 4)peKBeHnHJe on xanacHor BCKxopa ( ^ xaKBa aa 

je y flyroxajiacHoj anpoKCHMannJH (^^0) co cpa3MepH0^= | ^ | : 

C o63HpoM na cy, y O B O M cjiynajy, KOMnoncHxe ;iHHaMHHKe Maxpnue peajine, a xo s n a n n H 

na c y peajinn C B O J C X B C H H B C K X O P H C^ . , H 3 jeflnanHHe (2.9) Hajia3HM0 aa je 
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2 
(O 

1 m 

CyMHpaH>eM j i eee H ; jecHe cxpaHe je;iHaHHHe n o a ; io6HJaMo 

y a c B u i H y o53Hp r p e h y o c o G n n y eejiHHHHe Hspas n a flccHoj c x p a H H j e a n a K j e n y j i H , xaKO 

flaje: 

a 

y c j i y n a j y ^Ca^/Ma ^ 0 HMaMo: 

(2 .12 ) 

oh(0)^C^VM, = 0 => (0,(0) = 0 
a 

^ " 2 ( 0 ) 2 ^ ^ ^ ^ = 0 ^ (02(0) = 0 
a 

SnaHH, n o c x o j e caMO xpH ynecxaHOCTH ((JipeKBCHnHJe) s a Koje j e HcnyH>eH y c j i o B 

^Ccc^JMa ^0 H one c y aKycxHHKc, jep c y je;iHaKe n y j i H s a q = 0 . O c r a j i e 3k -3 (JjpcKBCHnHJe 

cy pa3JiHHHTe on ny j ie s a q = 0 H o f l roBapa jy c j i y n a j y ^Ca-VM^ = 0. 

a 

n o u i T o j e 

BHflHMO na MOJiCKyjiH y ejiCMCHTapHoj hejiHJH o c u H j i y j y x a K o na u c H x a p ejicHCMTapHc 

hejiHJe KpHCTajia ocxa je HcnoKpexan. T o cy oimnKe MOMe ocmvioBaiha MOJicKyjia. 

AKyCTHHKC MOfle, K O J H X J'BCK HMa XpH, CC MOPy n o 6 y f l H X n npOH3BCJI>HO MaJlOM cHep-

P H J O M , noK j e 3a n o 6 y a y 6 H J I O K O J C onxHHKe M O A C no rpeSno y j ioxcHXH ncKy MHHHMaj iHy 
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CHeprajy/iG>o, rae jea>o Bpe^jnocr (|)peKBeHUHJe(w 3aq = 0: O Q = G>(0). KOR onjHHKHX uona 

cyceflHH MOJiCKyjiH ocuHjiyjy y npoTHB-(|)a3H (caMO xajia ucHxap Mace cjicMCHTapHc hcjiHJc 

ocxaje HenoKpexan), a Koa aKycxHHKHX Mo^a O H H ociiHjiyjy y cHH-(|)a3H. Ko;i KpHcxajia ca 

npocxoM ejicMCHxapHOM hejiHJoM Mory ce jasHXH caMo xpH aKycxHHKe Mo;ie ocuHjioBaH>a 

OUUlUHKe 

(pOH^HCKe zpane 

uKycuiuHKe 

n/a 
CjiMKaZl 

C B O J C X B C H H npo6jieM ;iHHaMHHKe Maxpnqe D, O ^ H O C H O C H C X C M je^inanHHa (2.9), 

MoaccMO HanncaxH H y apyranHJCM o6jiHKy: 

(2.14) 

H 3 jeflHaHHHa (2.8) H (2.14) cjie^H ;ia cy pemeH>a jejiHaHHHe KpexaH>a (2.6) o6jiHKa: 

(2 .15) 

OJIHOCHO 

(2.16) 
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H 3 ropH>HX je^iHaHHHa c j ie^H a a C B O J C T B C H H B C K T O P H jjHHaMHHKC MaTpHue npcflCTaBjLajy 

BCKTope nojiapH3auHJe K O J H o;ipeliyjy npasau H CMcp ocuHjioBaH>a MOJiCKyjia. SaMCHOM 

pemeH>a (2.8) y XaMHjiTOHOBy (JjynKUHJy (2.5) jioGnjaMo: 

H = ^ f V i i + Y D ! / 5 , _ 5 - « 1 . ( 2 - 1 7 ) 

OBJIC ce BH^H m ce jjHJaronajiHsauHJa XaMHjiTOHOBc (|)yHKUHJe C B O ^ I H na flHJarona-

jiHsauHJy ijHHaMHHKc MarpHue. HspasHMO J I H XaMHjiTOHOBy (J)yHKiiHJy npcKo peannnx 

rcHepajincaHHX Koop^innaTa Qp(if^) n nMnyj icaPp(^) HMahcMo H>eH cjie;iehH flnjaronaji-

HH O6J IHK: 

= + % m l m . (2.18) 

KoopflnnaTc QpijT^t) cy K O J I C K T H B H C Koopj^nnaTe, U I T O snann j ia cy TepManne BH6paiinje 

KpncTajiHc pciueTKc K O J I C K T H B R H , OJIHOCHO TanacHH ( J ICHOMCH. / IpyrnM pcHHMa, renepa-

jiHcane KoopjinnaTC ce ne ojinoce na nojejiHHC, Bch na yKynne ( C B C ) MOJiCKyjic KpHCTana 

SaMCHOM r c H e p a j i n c a H H X P p ( | ^ 0 y XaMHjrroHOBy (|)yHKUHJy, o a n o c n o saMcnoM 

h d (2.19) 

floJiasHMO m cjiejieher KBaHTHOMCxannnKor o6jinKa xaMnjiTonnjana: 

„ V r a ' . 1 2 , ; ^ ^ 2 , ^ 1 (2.20) 

O B a j n3pa3 npcflCTaBJba xaMHj iTOHHJan 3kN H e s a s n c H n x K B a n T H H X jinneapHnx 

ocuHJiaTopa je;inHnHHe Mace. V T O M cjiynajy Tanacna ^ynKunja OBaKBor c n c T C M a jejinaKa 

j e n p o n s B O j i y Tanacnnx ( | )yHKUHJa C B H X o c m u i a T o p a , a e n e p r n j a 36npy H>nxoBnx c H c p r n j a . 

PeuiaBaH>e C B O J C T B C H O F npo6jieMa xaMnjiTonnjana CHCTCMa, C B O A H ce n a p e u i a B a i t e npo-

6jieMa JiHHeapnor xapMonnjcKor ocunjiaTopa Y flaitcM nsj iaraity H30CTaBHheM0 n a -

BohcHje HHjieKca p n Tanacnor BCKTopa ^ sHann, pasMaTpaMo C B O J C T B C H H npoGjicM 

xaMHJiTOHHJaHa: 

„ a ' 1 2 ^2 (2.21) 
/ 7 j T T + 
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VBoljeiteM CMCHe: I = V — • Q ao6HJaMo: 
h 

a pemeBaH>e H>eroBor CBojcTBCHor npo6jieMa ce C B O A H Ha pemaBaH>e nipeaHHrepoBc 

jeaHaHHHC 

05 

(2.22) 

(2.23) 

CBojcTBCHe BpeaHOCTH H cBojcTBCHC (JjyHKUHJc cy x a j a o6jiHKa: 

^ r t ( l ) cy EpMHTOBH nojiHHOMH H O H H aaflOBOJbaBajy cjieaehe pejiauHJe: 

1 ^^n _ 

H a ocHOBy O B H X cBOJCTasa aoGnjaMo H cjieaehe peKypcHTHC pcjiauHJe Koje aaaoBOJLaBajy 

xajiacHC (t)yHKUHJe xpn-

J ~ n , \ / n + l , ^, J n , ^ \ f n + T, (2.24) 

Ca6HpaH>eM O B H X aBcjy jeaHannHa, O^HOCHO, oay3HMaH>eM npBC oa apyre, ao6HJaMo: 

H a ocHOBy (2.24) H (2.25) ae4)HHHiiieM0 HOBC onepaxope b H b"*": 



E Kauiepuh: nepTyp6auuoHU npopanyu ipouoHCKux 
euepruja y ^ujiM-crpyicrypaMa; MUIUIOMCKU paa 14 

KoJH Ha rajiacHC 4)yHKUHJe xpn ^lejiyjy na cjieaehH naHHH: 

BnaHMo fla oneparop b aejiyjyhH Ha (|)yHKUHJy flaje (JiyHKUHJy CTaH>a V / j - i . 

o^HOCHo „npeBoaH" cHcxeM H3 eHeprercKor cTaH>a y E „ ^ i = £ „ - hw (aHHXHjiHUiy 

KOJieKTHBHo no6ylieH>e - ^ O H O H eneprnje), a oneparop b"^ „npe6anyje" CHcreM H3 CTaH>a 

En yEn+i = En + ho) (KpeHpajy (J)OHOH). YaacTonHanpHMeHa oneparopa 6 nft"*" naVn aaje: 

b''bxp„=mp„, 

anomroje: 

2 
. 1 ,f. d. 1 . ^ , 1 . , kco. d , f2. , ho),d f. f.d., 

^ • VT^^ - 3?) • Vi"(^ + a?) = -a? + ^ ) V'. - T i d ^ • ^ - ^d^)^n ^ 

npHMenoM T H X oneparopa ao6HJaMo: 

hai(b*b + ^)ip„=E„ip„ 

raeje En = (n + ^)hco. 

Caaa xaMHjiroHHJaH nocMarpanor JinneapHor xapMOHHJcKor cHcreMa MoaceMO H3pa3HTH 

npeKO oneparopa b u b ' ^ 

H^=hco{b^b+j). (2.27) 

A K O xaMHJiroHHJaH (2.20) H3pa3HM0 npcKo oneparopa KpeauHJe H aHHXHJiauHJe 

(i)OHOHa aoSnjaMo: 

H = ^fuo^mbli^bpi^ + \], (2.28) 

y3HMajyhH y o63Hp H pejiannje: 
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d 1 D / N f ^ V ^ ^ l u ( ^ M (2-29) 

KOHaHHo flo6HJaMo H3pa3 3a noMepaj MOJicKyjia y penpeaeHxauHJH apyre KBaHXHsauHJe: 

na 

Ha ocHosy npexxoaHHx pasMaxpaita cjie^H aa KpHcxaji, Kaaa cy y nnxaity xepMaJiHC 

BH6pauHJe Majie aMiuiHxyae, MOHCCMO nocMaxpaxH Kao cya aaxe sanpcMHHc y KOMC ce 

HaJia3H rac HCHHxeparyjyhHX KBasHHccxHua - 4)0H0Ha. HpH XOM MopaMo HMaxH y BHay aa 

ce 4)0H0HH Mory xpexHpaxH Kao KBasHHccxHije caMo y H H B C P S H O M npocxopy. Bpoj 4>0H0Ha 

pacxe ca yBchaftCM xcMnepaxype, jep yHyxpamita CHcprHJa 4)OHOHCKor raca, Kao H Haeaji-

Hor raca, saBHCH ( H xo npiuiHHHO aHHcapHo) caMO oa xcMnepaxype. IlocxoJH oHoaHKo 

ranoBa 4)0H0Ha, KoaHKO H pasjiHHHxm HaHHHa ocuHjioBaH.a, 3HaHH 3k, rae je k - 6poj axoMa 

y ejicMCHxapHOJ hejiHJH KpHcxaaa O a xora xpH cy X3B. aKycxHHKH a npeocxajiH 3k-3 cy 

onxHHKH (|)OHOHH, McftycoGHo cepa3aHKyjy y noHamaH>y yHecxaHocxH(y„(^ yaHMCcy Kaa 

^1 -•0. K o a aKycxHHHHx je xaj aHMcc jeanaK HyaH, a Koa onxHHKHx je paaaHHHx oa Hyae 

(cjiHKa 2.1). 

2.2. ^e({)opMHcaHH KpHCTajran <))HJIMOBH 

y OBOM noraaBjty 6Mhe (t)opMHpaH xeopHJcKH Moaea K O J H ce 6a3Hpa na ae(J)opMauHJH 

KpHcxaaHc cxpyKxype, oanocHO y HapyuieH>y cHMexpnje pacnopeaa axoMa ynyxap 4)HaMa 

(KpHcxaaHc cxpyKxype orpanHHCHc aBCMa HcorpaHHHCHHM napaaeaHHM noBpiiiHHaMa). 

^e(J)opMauHJa ce nocxH5Ke cnaxepoBaH>eM (aonHHroBaH>eM) OCHOBHC Maxpnue cxpanHM 

axoMHMa MaH aeaoBaH>eM cnoa>auiH>er npHXHCKa na rpaHHHHc noBpiuHHc. 

KaKO ce aoiiiao Ha naejy aa ce ncnnxyjy 6am oBaKBH KpncxaaHH C H C X C M H ? 

Pe3yaxaxH naynnnx paaoBa noKasajiH cy aa je KpnxHHHa xeMnepaxypa Koa cynep-

npoBoaHHX KepaMHKa 3HaxHo BHma Hero Koa aoxaa nosnaxHx cxpyKxypa. CynepnpoBoaHC 

KcpaMHKc HMajy cHXH03pHacxy cxpyKxypy H npaee ce cnaxepoBaH>eM H npecoBaH>eM. 

H J H X O B O oxKpHhe je aaao naejy aa aacKBaxnoM aHcxpH6yimjoM Maca ayjK jeaHor npaBna 

y xaHKHM (})HaMOBHMa Mory 6HXH (J)OHOHCKH cncKxpn xaKo npoMeH>eHH aa ce nocxHJKc 
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BHUia aKTHBauHOHH TCMneparypa Hero Koa HeorpaHHHCHHX H Heae<J)opMHcaHHX oarosa-

pajyhHX crpyicrypa. 

AnajiHsa he G H T H BpuicHa na KpHcrajiy npocre rerpaeaapcKc crpyirrype, acGjbHHC 

L y Z-npaBuy. Osaj KpHcraji npeacraBJta ocHOBHy MarpHuy. 3a KOHcranre pemerKe ce 

y3HMa m cy: 

KoHcranra az je Bcha oa H ay, na ce sGor rora crpaHH (cnarepoBaHH) aroMH pacnopeijyjy 

ayac ror npasua rae je naJBche MchyaroMCKO pacrojaH>e, rj. naJBcha eneprercKa noroanocr. 

Ha raj HaHHH ce MOJKC aoGnrn rpaaccHa aHcrpHGynnja Maca ayac caMo jeanor npaBna. 

y OKBHpy oBor Moaeaa 6Hhe o6pal)eH cHMcrpHHan ca5^aj cnarepoBaH>a. OnaM ce 

aaKae, aonnHryje HcroBpcMCHo ca o6e rpaHHHHc noeprnHHc a y « Z-npasua, yGancHH 

aroMH o6pa3yjy „rpo3aoBe", rj. roMnaajy ce OKO rpanHHHHX noBpmnna, a npcMa cpeaHHH 

(i)HaMa H>HX0B 6poj onaaa. HHane, npemocraBJba ce aa cy yGancHH aroMH aaKmn oa 

„aoMahHx" aroMa. 3a aroMc K O J H npnnaaajy rpaHHHHHM noBpmnnaMa npemocraBa>a ce 

aa y Z-npaBuy HHcy „3aMp3HyrH", H aa OBC noBprnnne H C npeacraBJBajy „3Ha", rj. aa cy 

KOHcranre Hcre3aH>a Q^^^+i H C a a - \e oa nyae. 

noaasHH xaMHaroHHJan (J)OHOHCKor cncreMa y anpoKCHMamiJH HajGanacHx cyceaa 

HMa cranaapaaH o6aHK: 

a,2 

aif 

Kao mro je naraameno, npnanKOM cnarepoBaH>a yGancHH aroMH ce pa3Memrajy ayJK 

Z-oce, na ce saro y roM npaBuy Maca OCHOBHC Marpnue Mopa saMCHHTH peayKOBanoM 

MacoM. PeayKOBana Maca he saBHcnrH oa HnacKca pemerKc y Z-npaBuy, aan H C H y X H 

Y-npaBuy (jep raMo HCMa HaroMHaaBaH>a): 

Mjr = M„ „ =M„ 

Hero Ba)KH H 3a KOHcranre Hcreaaita Koje, 36or npncycrBa y6aHeHHx aroMa, raKoIie 3aBHce 

(caMo) oa Hz: 

ft - ^aa/i^ft^/t^ aafi^ ' 

A K O ce nocMarpa n-rn aroM H H>eroBa aBa Haj6aH)Ka cyceaa 6Hhe: 
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ir a « i2 f a a Jl , , a a Jl 

XaMHjiTOHHJaH MOflCJia Taaa ao6HJa O6JIHK: 

(2.32) 

aft 

O H ce M O K C HanHcaxH Kao 36HP „noBpmHHCKor" /fp H „3anpeMHHCKor" Hy xaMHjiroHHJaHa 

(noBpiuHHCKH xaMHjTTOHHJaH onHcyjc KpeTaH)C axovia OKO rpaHHMHHx noepiuHHa (% = 0, N^, 

a 3anpeMHHCKH - yHyrpauiHjHx cjiojraa (J)HjiMa; 36cr oacycTBa cjiojcBa = - 1 H = A'z+i, 

oaroBapajyhH <|)OHOHCKH n(»iq5aJH cy jeanaKH nyjin): 

H = Hp-\-H^ (2.33) 

TafiHpwHv HMajy cJieache O5JIHKC: 

2 2 2 2 

2 2 

2 2 2 2 \ 

_ l ^ _ ^ a ^ V ^ l " ^ ^ _ 2 _ (2.35) 

« =1 

2 2 2 

2 2 

lloTpeSHo je HahH jeananHHe Kperafta sa (l)0H0HCKe noMcpajc. IlpH T O M C ce KopHcre 

yo6HHajeHe XaJ3eH6eproBe jeaHanHHC 3a u np: 
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^Pfnmfn^ " ^^^^mfn; (2.36) 

^^Ppfn^^y^n^ = (2.37) 

rioMohy cxaHflapflHHX KOMyrauHOHHx pejiauHJa: 

panyHajy ce oflroBapajyhH KOMyraxopH H aoGnjajy ce: 

z 

IP^,n^/n^/n^' -f^] = ih[Cp^^iu^^^_^^^^^ + U^^^^^^^^^ + Up^^^_^^^ + (-2.38b) 

H a ocHoey xora CJICAH: 

a AH4)epeHUHpaH>eM oee pcJiauMJe no epcMCHy: 

ih . 

KoM6HHauHJOM H3pa3a (2.38b) H (2.40) ao6HJa ce aH(|)epenHJajiHO-aH(l)epeHqHa jeananHHa 

o6jiHKa: 
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(2.41) 

PemeH>a jeflHaHHHe (2.41) Mory aa ce norpaace ce y o5aHKy npoH3Boaa HenoaHaxe 

4)yHKimje y Z-npaeuy H paeHHx xapMOHHJcKHX rajiaca y XY-paeHHMa: 

(2.42) 

HaJiaMccftCM oaroeapajyhHX Hseoaa H H>HxoeHM y6aimeaH>eM y jeaHaHHHy (2.41) ao6HJa 

ce aH(J)epeHUHa jeaHaHHHa 3a aMnairryae ^a^^ 3a = l,2,...J^z-l (npH T O M ce epme 

npejiasHC ^ ^ ^ C a ; my_^mypiz*nx^^z): 

(2.43) 

C C 
^a,aJi ^, a,a/« , 

3a nz=0 H nz=Nz ao6HJajy ce rpaHHHHc jeaHaHHHc, npn HCMy ce ysHMa a a cy 

(l)yHKUHJe <t>a,-i H ^ajN^+i jcaHaKc HyaH, a Xyxoee KOHCxaHTc HCTeaafta Ca,a,-\

Q,a^^+i paaaHHHTC oa Hyae: 

f 2 ? 7 (2.44a) 
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- 4C«^^ [sin'(^) + sin ( ^ ) ] + C„,«^ (O^^ _^ - ^ 

JeflHaMHHe (2.43) H (2.44 a H b) npeacraajbajy CHCTCM ofl (Nz+1) ^iH^iepeHUHHX jeaHaHHHa. 

riocxynaK o;ipeIiHBaH>a ^JOSBOJBCHHX 4>OHOHCKHX cTaH>a na ocHOBy OBor cHcrcMa xoMore-

HHx jcflHaHHHa je BCOMa cjio»eH. fla 6H ce npo6jieM ySjiajKHo spuiH ce npejia3 na KOHTH-

nyajiHe BapHa6jie H pa3B0J oflroBapajyhnx BCjiHHHHa y TajjiopoB pcfl. Taaa: 

y HCTOM UHjLy ce cnpoBO^H H anpoKCHMaimja MajiHX TajiacHHX BCKTopa (k:-*0), na je: 

sin ( ^ ) + sin (-y^)«-^; k =k^+k . 

y TajjiopoB pea pa3BHJajy ce BCJIHHHHC: 

HaKOH npCJiaCKa na KOHTHHyyM, 3aMeH0M anCKpCTHHX BCJIHHHHa KOHTHHyaUHHM H 

y6auHBaH>eM pasBHJeHHx y pea BCJiHHHHa, aH(J)epaHUHa jeanannHa (2.43) npeaasH y ancjje-

pcHUHJajiHy jeananHHy apyror peaa: 

dz^ C„(Z) dz dz \2 ^^^^^2 aKJ 

(2.45) 

Beh je peneHo aa ce Maca OCHOBHC MaTpHue Mopa saMCHHTH peayKOBanoM MacoM: 

1 _ 1 .n(z) 

rae cy: 

/^M - Maca OCHOBHC MaTpMue, 
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He - Maca cnaTcpoBaHHX aroMa, 

n(z) - 6poj cnaxepoeaHHx aroMa Ha Mccry Z. 

IIouiTo y6aHCHH aTOMH o6pa3yjy „rpo3aoBe" MOJKC ce anpoKCHMHpaxH napa6ojiHHHa 

fle(l)opMauHJa pacnopeaa aroMCKHx Maca, a, c o63HpoM na cHMcrpHHaH cjiynaj cnaxepoBa-

H.a, 6Hhe: 

M{z)=A+B(z-^f. 

Koe4)HUHJeHTHy4 wB oapetiyjy ce noMohy rpaHHHHHx ycjioBa. Ha rpannuaMa peayKOBana 

Maca je HaJMaH>a, a y uenrpy 4)HjiMa nocxajc jeanaKa MacH MaxpHue: 

Ha ocHOBy OBHX ycjioBa ao6HJajy ce spcflHocxH s a ^ IAB, na 3aBHCHocx peayKOBane Mace 

ay»c Z-oce HMa O5JIHK: 

¥ m . . . . - 1 L , 2 (2.46) 
M ( z ) = / ^ . - - ^ l + ^ ) 

CnaxepoBaftc OCHOBHC Maxpnne npoy3poKyje H npoMeny KOHCxanxc pemexKC 

Hcxo BaacH H 3a KOHCxanxe Hcxe3aH>a. Y CKjiaay ca npexnocxaBjbCHOM napaSojiHHHOM 

ae(t)opMauHJoM Maca, H 3a Koncxanxe peuicxKc npexnocxaBJba ce napa6ojiHHHa saBHCHocx 

y Z-npaBuy: 

a{z) = C + D(z- h^f. (2.47) 

Ha ocHOBy rpaHHHHHx ycjiOBa: 

fl(0) = fl(L)=^; fl(^) = fl,, 

oapeliyjy ce Heno3HaxH KOC^JHUHJCHXH CHD: 
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H H>HX0BHM yBpuixaeaFWM y pejiauHJy (2.47) ao6HJa ce: 

(2.48) 

C H J I C Koje acjiyjy HSMcliy axoMa epjio 6p30 onaaajy ca McliyaTOMCKHM pacTojaH.eM. 

T o ayroMarcKH Ba«H H aa KOHcxaHxe HCTe3aH.a Koje onaaajy ca noeehaffcCM KOHcxaHTe 

peuiexKC Ha cjieaehH nanHH: 

rae je p cxenen ca KOJHM MeliyaxoMCKH noxenuHJajiH onaaajy ca pacxojaftCM. H a ocHoey 

pcjiaimje (2.48) cjiean: 

C„(z) = ^ [ 1 - - \ f \ - ' - C„[l - M ( f - \ A ' 

rae je Ca KOHCxanxa Hcxe3aH>a 3a HccnaxepoeaHy Maxpnuy. 3a BcaHKc BpeanocxH/j, Hspas 

y sarpaan ca aecne cxpane HacHXHxexa Mo»ce ce anpoKCHMHpaxH pasBojcM y pea H 

3aap»f aBaftCM na npBa aBa naana: 

4 ( n - l ) . 2 l>2.-p . ^ 4 ( n - l ) 1.2 

TaKO ce 3a KOHCxanxe Hcxe3aH>a ao6HJa: 

Paan oaaKuiaBaHja aaa>e anaanse KopHcxnhe ce ycpeaftCHc Bpeanocxn 3a KOHcxanxe 

peuiexKc H KOHcxaHxe Hcxe3aH>a. ycpeaH>aBaH>e ce BpuiH no ae6a>HHH (|)HaMa L H xo na 

caeaehH HaHHH: 

3a ycpeaH>eHe BpeanocxH (HHxerpauHJOM) ce ao6HJajy caeaehn o6pacuH: 
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^^ = « ^ ^ ' ^ = ^ « ( 1 + / ^ ) (2.50) 

6M ce peuiHJia ae(l)epeHUHJajiHa jeanaHMHa (2.45) K O P H C T H ce CJieaeha cMena: 

H a ocHOBy Tora: 

d _ d ^ d _ _ \ d^ _ d d _ 1 / 

y6auHBaH>eM O B H X HSBoaa y jcflHanHHy (2.45) flo6HJa ce cjieaeha H>eHa <|)opMa: 

1 / ^ . ( z ) 1 1 d<^^{z) dCJ^z) «V 2 (2.52) 

z 

/HH^epCHUHJajiHa jeananHHa Koja onncyje KpeTaH>e JinneapHor xapMOHHJcKor OCUH-

jiaTopa je EpMHT-Be5epoBa jeaHaHHHa. HoaHaTO je aa ce jeaHoaHMeH3HOHH HH 3 aTOMa 

nocMaTpa Kao C H C T C M Besannx ocimnaTopa K O J H ce noMohy oapeftene yHHTapne TpaHC(|)op-

MauHJe CBoan na C H C T C M HesaBHCHHx ocimnaTopa. Y nocMaTpanoM 4)HJiMy, ay»c Z-npaBua, 

aTOMM TaKoIie npeacTaBjbajy CHCTCM Besannx aHHcapHHx xapMOHHJcKHx ocuHJiaTopa 

3aTo je noTpe6HO C B C C T H jeaHaHnny (2.52) na EpMHT-Be6epoBy jeaHanHHy. Y M C C T O % H 

Q(2^) y 3 H M a j y ce H>HXOBe cpeaHie B p e a n o c T H ( 2 . 5 0 ) az^af^d ; 

Q(2)-*Ca(2)^r=*"~^^ = 0 M y jeananHHy (2.52) cTaBa.a ce Hspas 3a aHCTpH6yuHJy Mace 

(2.46). HaKOH cpeI)HBaH.a ce aoGnja: 

o , , 2 , 2 2 . , 2 , 2 - 1 2 

o " + - V + = 0 ^^-^^^ 

raeje: /?„ = 1 + 

la (2. 

raamaBa ce 3a jeaHHHuy H yBoae caeaeha o6eae»aBaH>a: 

^ a 6 H ce jeananHHa (2.53) cBeaa na EpMHT-Be6epoBy, H3pa3 K O J H MHOMCH ^ npo-
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H J H X O B O M ynoTpe6oM ao6HJa ce TpaaccHa EpMHT-BeSepoea jeaHanHHa : 

d\ (2-54) 

J\2i 6 H noMcpaJH aroMa 6 H J I H KonanHH, r j . aa ce KpHcran H C 6 H „pacnao", npH 

npoH3BOJbHoj aeSjBHHH 4)HJiMa L noTpe6Ho je aa je saaoBOJtcH caeaehH ycaoB: 

<2 = 2 y + l ; 5 = 0,1,2,... (2.55) 

OBaj ycaoB ce 4)H3HHKH Moace npoiyMaHHTH Kao ycaoB 4)H3HHK0-xeMHJCKe (KpHCiaao-

rpa^cKe) cTa6HaH0CTH Kpnciaaa, a MaieMaiHHKH Kao ycaoB KOHBepreHicwje peuicHia. H a 

ocHOBy H>era ce ao6HJa H3pa3 3a Moryhe ocnnaaTopHe 4)peKBeHnHJe CHCicMa: 

U) 
_ , . a-CiTs+Vj,. ^ \ / T l ^^^^f^m T , (2.56) 

B n a H ce aa cy (JJOHOHCKC 4)peKBeHUHJe aHCKpeiHC H aa saBHce oa C B H X peacBaHiHHX 

napaMeiapa cncicMa ( L , n,p,^m^fis, % ) . T o je cneKiap ao3Boa.eHHx 4)peKBeHnHJa O C U H -

aoBaH>a aioMa ayJK Z-npaBua. MHHHMaane BpeanociH O B H X 4)peKBeHimja ao6HJajy ce 3a 

q=0H3as=0: 

min 2 d r (2.57) 

C o63HpoM aa jeL=A'zflz, a na ocHoey o6pa3aua (2.50) H Hspasa 3a Q, caeaH: 

ITpHJiHKOM CBol)eH.a jeflHaMHHe (2.52) Ha jeflHaMHHy (2.54) HHcy KOpHiuTCHe rpaHHHHc jeflaHHHHC 
(2.38). AKO ce pa^H H ca rpaHHHHHM jeflnanHHaMa floSnjajy ce peayjiTaiH KOJH npoTHBypene raiHHM 
(CKcnepHMeHTajiHO noTBplieHHM) peayjixarHMa y jiHCKpexHOj aHajiH3H. nomro ce anajiHaoM 6e3 
ynoTpe6e rpaHHHHHX jeaaHaHHHa aoSHJa c;iaraH.e peayjirara KOHTHHyajiHe H aHCKpcTHe anajiHae, 
jeflHHH H3.na3 je aa ce rpaHHHHc jeflnaHHHe HC KopHcxe. To ce MOXCC npoxyMannxH XHMe fla ce rySe 
paajiHKe H3Me^y je^xnanHHa npH npcjiaay na KOHxnnyyM H ycpejiH>aBaH>HMa 
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^^z Pm f*m 

rae cy: 

H Nz - 6poj caojcBa y K P H C T B J I H O J CTpyKTypn. 

C a a ce MOMce HspanyHaTH npHapy^cHa (aKTHaaiiHOHa) TCMnepaTypa 3a (JioHOHe 

noMohy o6paciia: 

. min 

ac — T r r ~ 
Kg 

rae je ks BoauMaHosa KOHCTam-a. AKTHBauHona TCMnepaTypa, T J . MHHHMaana TCMnepa­

Typa 3a CKCHTauHJy (i)OHOHa, aoGnhe ce sa a = z, jep je y Z-npaBuy KOHCTairra pemcTKc 

HaJBcha, na je Czz « Cxx, Cyy. Tada je: 

h 2gVG \ f c ^ (2.58) 

36or HcaocTaTKa noaaraKa sa XyKOBe KOHCTaHTc HCTcsaita sa nocMaTpane CTpyKTy-

pe, ysHMaMo: 

^z 

rae je Vz Gpsnna SByKa y npaBny Z-oce. Bpsnny SByKa Vz H KOHCTaHTy peuicTKc az npone-

H>yjeMO Ha caeaehn HaHHH: 

V, = - l o ' c m v^e(l,5) (2.59) 

a^ = a^- 10 ^ cm a^ = 
» 1,2 3a KepaMHKe 

0,3 - 0,5 3a Merajie 

H a ocHOBy O B H X noaaraKa ao6HJa ce KOHanan Hspas sa aKTHBaunony TCMneparypy: 
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T rẑ  - AJgVG^ . 10^2 V, (2.60) 

Koa (l)OHOHCKHx no6yIieH>a, y caynajy MoacKyacKHx H KOBajicHTHHx KpHcrajia Haj6o-

jbe oaroeapajy JIcHapa-UoHcoBH noTCHUHJajiH Koa KOJHX je p =12. Haaaite, y caynajy 

caa6or aonnnra, Mo«e ce yaern n =3. Anaansa je HaepuieHa aa Ba-La-Cu-O jeaHH>eH>a aa 

Kojeje/>,„ = (0,83)~\a o6jaBa>eHHM noaauHMaA'z^ 100, Tac'=''iOK. 

Ha ocHOBy oBor npHKaaa cnpoBcacHc anaanae cneKxpaanor noHamaH>a <|)peKBeHiiHJa 

CHCTCMa, MOKC ce aaKo naBccxH aaKa^ynaK aa aKTHBauHona xeMnepaxypa onaaa ca ae6a>H-

HOM (|)HaMa. ynopeI)HBaH>eM ca oaroBapajyhnM BpeanocxHMa aa Heae4)opMHcaHe ̂ vumo-

Bc MOJKC ce aaKa>yHHXH aa ce cnaxepoBaH>eM (J)HaMa nocxnace BHiua aKXHBauHOHa 

xeMnepaxypa 
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3. r i E P T y P B A I ^ I O H H n P O P A H V H O O H O H C K H X E H E P n U A 
y O H J I M - C T P y K T y P A M A 

M H hcMO H aajte ocxaxH y oKBHpy onHcanor Moaejia y nperxoaHoj rjiaBH, r j . pa3Ma-

xpaMO HCKy aHHsoTponny rerpaeflapcKy crpyinypy ca KOHCTanraMa pemence a» fly H a^. 
ysMHMo m y aaxoj crpyKxypH no ejicMCHTapHoj hcjiHJH nocxoJH jeana ejiCMCHrapHa 

CKcmiTannja XaMHjixoHHJaH oeor cHcxcMa, yaex y anpoKCHMauHJH Haj6jiH»cHx cyceaa 

HMa cjieaehH H3raea 3a naeajiBH xpancjiaxopHH nenpOMCHjbHBH Kpncxaji: 

n sn 

+ y ^« (^«;«+A + K;n-)i ) ^ n - k 
sn s s s 

n±ky = (n^ny±l/i^); n±X^ = (n^n^n^±l) 

y jeaHaHHHH (3.1) A ~ SeVje cHepraja eKcuHxaimje (no6yl)eH>a) 3a jeaan H3oaoBaHH 

MoacKya, M ~ O.SeVuR ~ 0.1 eV cy MaxpHHHH eacMCHXH oncpaxopa sa annoa-annoa 
HHxepaKUHJy, a Bose-onepaxopHfi"^ nB cxBapajy H aKHXRUHmy (noHHmxaBajy) cKcnHxa-

nHJe. 

M H hcMo pasMaxpaxH xanaK ̂ vum ca rpaHHHHHM noBpmHHaMa HopMaanHM naz-ocy. 

IlpexnocxaBHheMo aa je ^WIM ae(|)opMHcaH caMO y z npaBuy. y z y paBHHMa Kpncxaa je 

6ecKOHaHHo xpancaaxopno HHBapHJanxaH. 3a HHacKC ce ysHMajy BpeaHOCXH 

0,1, 2,... Â ,̂ rae jeTV̂  ~ 100. 

OcHOBHH una. OBor paaa je aa 4)opMyaHme oaroBapajyhy anaaHXHHKy Mcxoay 3a 

anaansy xanKHx ^naMoea K O J H cy aec^opMHcann no ueaoj acGjtHHH. OcHOBHa naeja OBC 

Mcxoae je cxpyKxypna ae4)opManHJa Kao nepxyp6auHJa. OHHraeano je aa je OBaKae npn-

cxyn npHMCHJbHB jeaHHO sa caa6o ae(t)opMHcaHe (JjHaMOBc. Jane ae(J)opMHcaHe cxpyKxype 

ce HC Mory aHaaH3HpaxH OBHM nyxcM, aan ca apyre cxpane ocxaje oxBopeno nnxaftc aa 

a n ce jaKo ae<j)opMHcaHe cxpyKxype Mory pasMaxpaxH Kao Kpncxaan. One cy caHHHHJe 

xcHHHM KpHcxaaHMa HUH aMop<|)HHM MaxepHJaaHMa. 
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3.1. nepTyp6aivija y HeAe4>opMHcaHOM ^rnjiMy 

Ha ocHOBy HHH>eHHue aa je (J)HJIM ae(l)opMHcaH caMO y Z-npaauy, BCJiHHHHe A , Af H 
R nocxajy aaBHCHe oa HHaeKca n^. npernocxaBMheMO cjieaehe aaBHCHocxH: 

A A + e(nj 

K^^n-,n^^^n^±l,n^=My + <^yinz) 

« 1 ; 
Af. 

« 1 ; « 1; 5 = x^^z 

(3.2) 

y3HMajyhH y o63Hp cHMeTpHHHe oco6HHe Af H i ? : 

^nnn+\;nnn = K n n •,n n n+1 = + ^zinz+'^) 
X y z ' X y z x y z^ x y z (3.3) 

Ha ocHOBy nenocTojajta cjiojeBan^ = - 1 H/I ^ = A'z-l-l, MoaceMo nHcara: 

^nj,0;n^^^,-l-Kn^N^;nn^N+l " « 

oaaKjie caeaH: 

^nnO;nn,-l ~ ^nnN\nnN +\ ^ 
X y ' X y' X y z' X y z 

(3.4) 

«(0) = aiN^+1) = 0; yS(0) = 1) = 0 (3.5) 

YaHMajyhH y oGanp (3.2) - (3.4), XaMHjiTOHHJaH 3a xaHKM caa6o ae(J)opMHcaHM (|)MJIM 

ce MOMce HanMcaxM y o6aMKy: 

(3.6) 
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rae cy: 

H,=H,'+H," 

"A 

«A 

^ 1 = y y A ^ « « « ^ « n « + 
W " A -

N-1 

"A "̂ =1 

- \-y-r-J^y\ (3.7) 
"A 

«A "z=l 

^ « n « A Jt +1/J + ^« /« ) + 

Hint - Hint + ^m/' 

Hint = " 0^"" 0 + <^z)Bnn A^^n « N ] + 

"A 

+ 2 { [ 2«,(0) + 2«/0) + a , ( l ) ] „ 0 + 

X y z X y z 

+ Ely3.(OA'«,oA +1^ 0 + 5« - 1 ^ ,0) + ^(ow^n oA«-Hi,o 
X y X y, X y x y x, y 

+ 
n n 
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N-1 

+ E E 1 + 2 a / n J + a/n,+1) + a,(n,) ]B ^ ^ A n n + 

N-l 

« rt n =1 
X y z 

Pyi^z) ^nnn A /, + ^« /. - 1 / . ) + 

/̂ zv z " A ^ "A ^~ 

(3.8) 

H3 HaBeacHHX 4)opMyjia ce Moace sanasHTH aa cy Majie ae(|)opMauHJe e, a H/S yKjbyHCHe y 
//yjf a oeaj aeo XaMHjiTOHHJaHa//y he ce TperapaTH Kao nepTyp6aimja. 

Ha ocHOBy npaBHjia nepTyp6aLiH0He Tcopnje MH hcMO npBO peinHra CBOJCTBCHH 

npoGjicM XaMHjiTOHHJaHa//o- JeanoHecraHHa Tajiacna 4)yHKijHJa he 6HTO yacTa y o5jiHKy: 

" A " y z 

'^nnn 
X y z 

= 1 (3.9) 

npHMCHjyjyhH onepaTop EBn - [Bn,Ho ] na (|)yHKimjy (3.9), ao6HJa ce cjieaehn 
CHCTCM flH(J)epeHUHJajiHHX jeananHHa Koje ae^UHUuiy Koe(|)HLiHJeHTey4: 

- ^ ( A « + 1 0 + ^ n « - 1 0 ) - ^ z A « 1=0 
X y X y x y 

{n^ = 0} 

[E-iA + 2M, + 2My + 2M,)]A„„„ -R^n^inn + ^ « - i „ „ ) -
X y z X y z x y z 

- ^(\n^+ln^ + \n^-l n) " ^zi^nn+l + \ n n - l ) = « (3.10) 

{l<n^<N^-l} 
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{n=NA 

y3HMajyhH y o63Hp aa je CHcreM TpaHCJiaropHo HenpoMeHjbHB y XY paeHHMa, 
noxpaacHheMO pemeH>e cHcxeMa (3.10) y cjieaeheM o6jiHKy: 

(3.11) 
X y z 

HaKOH 3aMeHe (3.11) y (3.10) aoGnjaMo HOBH cncreM aH(J)epeHUHJajiHHx jeananHHa, caaa 
noA„^: 

A, + (p-X)A^ 

A^_^ + (p-X)Aj^ 

= 0 

= 0: 

= 0 

(3.12) 

raeje 

P=R;^[A + 2(M^ + My + + 2(R^cosajc^ + Rycosa^y) -E] (^-l^) 

H 

_ (3.14) 

CcKyjiapna jeananHHa CHCxcMa (3.12) je: 

p-X 1 0 0 
1 /9 1 0 
0 1 p 1 

0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

1 p 1 0 
0 1/9 1 
0 0 1 p-X 

= 0 (3.15) 
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AerepMHHaHTa (3.15) MOJKC JiaKO m ce H3pa3H npcKO He6HmeBjbeBHX nojiHHOMa apyre 
BpcTc: 

p 1 0 0 
1 p 1 0 
0 1 p 1 

0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

1 p 1 0 
0 0 p 1 
0 0 1 p 

sin ( / i+l)g . 
sin^ ' 

p = 2 cos ^ 

(3.16) 

Be3a muc^yX H r je: 

(3.17) 

H3JeflHaHaBaH>eM (3.17) ca HyjioM flo6HJa ce cjie;ieha xpaHcueHacHTHa jeflHaiHHa 
Koja ;ie4)HHMiiie Bpe^iHocxH napaMerpa ^ Kao H Bpe;iH0CTH napaMerpa p. Y HHrepBany 
[0^] jeananHHa (3.17) HMa A^^+i pemeH.a 3a ̂  pa3JiHHHTHx oa nyjie Koja hcMo o6ejieacHTH 
Iv3;v^ = 1,2,3,...,A^^+1. 

nomro jep -* Pv^ = 2 cos , noMohy (3.13) eneprnja CKcoHraimje ce MOMCC H3pa3H-

rHKao: 

\  =  A + 2 ( M ^ + M y + M ^ )  +  2( i^ cos ajc^ + Ry cos a^y - cos ajc^), (3.18) 

r;ieje 

^z = :^ ; v, = i,2,3,...,;v,+i. 
(3.19) 

Koe(J)HUHJeHTH^„^ ^ An^ Mory jej^HocraBHo aa ce o^ipcflc H3 jcflHaHHHa (3.12). HopMajra-

30BaHo peiiieH>e je o6jiHKa: 

^"z " (~ 1)"^^ sin (n^+1) ajc^ - sin n ^ ^ J ; 

A^̂  = V2[N^y(N^+l) (1-2cosajc^ + A^) + 1 - A V ^ • 

(3.20) 

y carjiacHOCTH ca je;iHaHHHaMa (3.9) H (3.20) oproHopMHpaHa rajiacHa iJ)yHKUHJa 
(3.9) nocMarpanor cncrcMa je: 
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t ^ W " = 2 ^ : « n ^ n I « > (3.21) 

. k k k .k i(nak +nak) 

H3pa3H (3.18) H (3.21) fle(})HHHiiiy eHeprajy H xajiacHy (|)yHKUHJy CTaH>a y nyjiroj 
anpoKCHMaimJH, ;iaKJie 3a HenepTyp5oBaHH CHCTCM (onncan ca Ho ). CxanjiapiiHOM npo-
ueaypoM, npHMCHHhcMo TcopHJy BpeMCHCKH He3aBHCHHx nepTyp6auHJa H o^apeflHXH npsy 

nonpaBKy na (Hyjrry) eneprajy (KopHCxehni/jn^), 

^E^<%kkjHi„,\%kk> = 2 [ (A^,+l) ( l -2AcosaA + A ' ) + 1 - X^] :J"mtmkk> = COSfl^^ + A j + 1 - y'^^ ^ 

2{[e(«z) + 2â (A ẑ) + 2^y(n,) + a^(n^) + a^(n^+l) + (3.22) 
«̂  = o 

+ Tfi^in^) cos fl/^ + ^^(n^) cos a^/Cy ] [ sin (n^+1) - A sin n ^ ^ J -

- ap^{n^[ sin n̂ fl̂ ^̂  - A sin (n^-\)ajc^} [ sin (n2+ 1)«A ~ ^in njujc^ . 

IlepxypGauoHe nonpasKc BHUICF pejia ce Mory xaKotje, oapejiHXH na cxannap^iaH 

HaHHH, aJIH H>HXOB CKCnjIHUHXHH O6J1HK OBjOlC HChc 6HXH flaX. YMCCXO xora MH hCMO 
flHCKyxoBaxH H3pa3 (3.18), KOJH fle(i)HHHme CKcuHxaimoHc enepraje nyjixor pe^a y ^vumy. 

OBaj H3pa3 ce pa3JiHKyje oa oaroBapajyher H3pa3a 3a Haeajiny cxpyKxypy, a pasjiHKa 
nocxoJH y cynpoxHOM npefl3HaKy Hjiana KOJH je nponopimonajiaH/^z. 

IIpexnocxaBJbajyhH jia je % = Oy = Oz = a, CJICAH aa j e = Af̂  = = Af H 

Rx = Ry = Rz= - \R\ KopHcxehH anpoKCHMaimjy MajiHX xajiacHHX BCKXopa H3 (3.18) 
flo6HJaMo: 

= A + 6A/ - 21/? I + |i? I V (sin ^0 - cos ^6) (3-23) 

rae je 6 a3HMyxHH yrao y ^ - npocxopy. 

O^roBapajyha enepraja 3a Hj^eajine Kpncxajie je aaxa noMohy: 

= A + 6M- 6\R\ \R\a\^. (3-24) 

OBO je y HayHHo-cxpyHHoj jiHxepaxypH, no3Hax M3pa3. JXo H>era ce jiaKo aojia3H, aKo 

ce Ha HCXH HaHHH Kao mxo je ypaheno ca/f^, peiiiH CBOJCXBCHH npo6jieM xaMHjixoHHJaHa 
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nopeIieH.eM (3.23) H (3.24) MOJKC ce 3ana3HTH aa je eKcuHxauHOHH ren y JiaeajiHoj 
cxpyKTypH MaH>H ojy oflroBapajyher y 4)HJiMy. BnanaJHHJa pa3JiHKa JICMCH y MHH>eHHUH ;ia 

e(t)eKXHBHa CKCUHxauHona Maca y (JiHJiMy 3aBHCH ojx yrjia 6, xj: 

( 1 

2\R\a\sin^e- cos^e) 

(3.25) 

Ha ocHOBy xora eKCUHxauHona e(|)eKXHBHa Maca y (|)HJiMy 3aBHCH oa npaaua npocxHpaH>a 
3a V4<^<3V4 e4)eKXHBHa Maca je no3HXHBHa H 35or xora CKCiiHxauHJe HMajy nosHXHBHy 
flHcnep3HJy. 3a npasau npocxHpaH>a KOJH jieacH y Hnxepsany 0<6<^A H 3V4<0<jr CKCUH-

xauHJe HMajy neraxHBHy e(J)eKXHBHy Macy H neraxHBHy flHcnep3HJy. EKCUHxauHJe HC Mory 
aa Hacxajy 2a0 = V4ii3a0 = 3V4 jep je H.HXOBa e(|)eKXHBHa Maca xa^a 6ecK0HaHHa (cji. 3.1). 

1 

0 n/4 I n/2 ' 371/4 n e 

2 R a ' 

CjiMKaS.l 

y HMnyjTCHOM ^- npocxopy nocxoje, ;iaKjie, ^BC noao6jiacxH: necxHHHa (m*>0) H 

anxHHccxHHHa (m*<0). O B C JIBC no;io6jiacxH noacjbCHe cy 6ecK0HaHH0 HCKOM 

6ecHecxHHH0M 30H0M 3a0 = V4 H ^ = 3V4 (raem* -> ±oo), OBO SHannaa ce y nocMaxpanoM 

CHcxcMy Mory jaenxH HcxoBpcMCHo H cKCUHxauHJe H aHXHCKcuHxauHJe, ajiH ca pa-

3JIHHHXHM npaBUHMa npocxHpaH>a KOJH ce HHKa;i HC npcKJianajy, O;IHOCHO y OBOM cHcxeMy 
HC MOMce flohH ao „cyaapa" HCCXHUC H aHXHHecxHue. 
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3.2. nepTyp6ai^a y Ae(l)opMHcaHOM ^wmy 

/ la 6H HJiycTpoeajiH MoryhHOCTH oniurer npncryna, MH hcMo paaMorpnrH raHKH 
MOJiCKyjicKH ({)HjiM KOJH jc aciJjopMHcaH Hup. HOMohy cnojbauiifcer npnrHCKa. Ilpemocra-
BHhcMO fla npHTHcaK flCJiyje Ha rpaHHHHc noepiuHHe (|)HjiMa ca jejinaKHM epej^nocrHMa 
Ha o6e noBpiuHHc. Ha ocHoey rora, KOHcranra peiuerKc je CHMcrpHHHo fle(|)opMHcaHa 
H nocraje ^>'HKUHJa HH^CKca n^. Paean cHMerpnje 3a je cpeanna (|)njiMa. 36or rora ce 
Moace Kopncrnrn napaGojinnnn O6JIHK ^ynKunje: 

rjie cy P n 2 neo^ipelieHH Koe4)HimjeHrH a je nanapan 6poj. 

NPHMCFFCCHH npnrncaK najenuie Mcita (cMaityje) Koncranre pemerKc H3Meliy rpa-
HHHHHX cjiojeea. 3aro Moace aa ce y3Me: 

a,(0) = a^{N-\) = (l-Tj) a,; 0<7<1 (3.27) 

rflc je % Koncranra peuierKC Hefle(J)opMHcanor ^wma. 

AKO npernocraBHMo j a ce Koncranra pemerKc cpeaiter cjioja ne Mcita ca npnm-
CKOM: 

JiaKO o^ipeljyjeMO (J)yHKiiHJy (3.26): 

<^M = a ^ [ l - r ! ( l - ^ ^ f ] . (3.29) 

Pannje je peneno ;ia j c M MarpnHHH ejicMcnr oneparopa ^innoji-flnnoji nnrepaKunje. 

36or rora MoaccMO y3erH: 

K 
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nopeIieH>eM (3.30) ca (3.2) flo6HJaMo: 

a,(n,) = 3M^(1 - j ^ , f • (3.31) 

^,a 6H nojeaHocTaBHjiH H3paHyHaBaH>e npexnocraEHMo m cy ae(|)opMauHJe KOHcraH-

Tc pemeTKC H Oy saneMapjbHBO Majie: 

ITpoMCHa MaTpHMHHx ejicMCHaxa R ce xaKolie sancMapyje, nomro cy OHH MaftH no 

Epe^HocTH o;i Af 6ap sa jcijan pe^i EejiHHHHC. 36or xora: 

y3.(«z)=/S/n ,)=^z(«z)«0 (3.33) 

Mo»ce ce sanasHXH aa npHXHcaK HC MOMCC m MeH>a A, na npcMa TOMC CJICAH: 

e(nj = 0 (3.34) 

Eneprnja CKcuHrauHJe nacrajia npHMCftCHHM npHTHCKOM Moace ce HapaHynaxH H3 

(3.22) H HaKOH saMCHa (3.31) - (3.34) ;io6HJaMo: 

dE = ^^^\[(N+1) (1-2X COS aX + r) + l - AV^ X (3-35) 
(A^^-1)^ ' ^ 

x ^ m . - l - 2nf + (N,-3- 2nf] [ sin (n,+ \)ajc, - X sin n^^.f. 

Oea (l)opMyjia ce Moace noje^anocTaEHTH jep je A = A/^ » 1. SaneMapHEaftCM MajiHx 
HJianoEa EHiuer peaa y (3.35) flo6HJaMo anpoKCHMaxHEHo: 

5 5 ) , (3.36) 

rae cy: 
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S , = 1{NI - AN, + 5)V s i n > 
it=0 

52 = 8 ( A ^ , - 2 ) 2 n . s i n V / : 

= S^w^ sin n/ijc,. 

N 

.•.2„ . (3.37) 

C y M e y jeaHaHHHaMa (3.36) ce Mory HapanyHaTH jiaKO, ajiH ersaKTHH H3pa3H c y eeoMa 

KOMiuiHKOBaHH. Y s H M a j y h H y o53Hp aa peajiHH ( J ) H J I M O B H Mory ; i a 6yfly A(2< 1000, M O ^ C C M O 

m nojejiHocTasHMo O B C H3pa3e 

HaKOH 3aMeHe (3.38) y (3.36), KOHaHHO flo6HJaMo: 

dE = ItjM,. (3.39) 

3a n p o u e n y npoMcne BpejiHocTH cHeprnje (3.39) MO»ce ce y s e r a » 0.1 eV H 

T] = 0.1 ( H a J H H x e c r a i t e cpe;iH>Hx B p e ; i H o c T H 3a r p a H H H H e K O H C T a n x e p e m e x K e 

%(0) = az(Nz-1) = (9/io) j e Baacehe, r j . ona ce no;i npHXHCKOM CKpahyje 3a flecer npoue-

H a r a ) m x o ; I O B O ; I H ; I O : 

dE = 0.02eV. (3.40) 

E n e p r n J H dE o;iroBapa ejieKxpoMarneiHO 3paHeH>e xajiacne jiymmQ O K O 60.000 nm m x o j e 

y o n c e r y aajicKor HH(|)paupBeHor spaneifca. 

M o r y h a npHMena nocjieaifcHX ao6HJeHHX pe3yjixaxa ce cacxoJH y cjie;ieheM. MoMce 

ce c a c n r y p H o i u h y OHCKHBaxH m he <|)HJIM HjiyMHHHcaxH flo6HJeHy e n e p r n j y dE naKOH 

npecxaHKa aejioBaita n p n x n c K a . A K O ce n p n x n c a K caonuixasa nepHoannno c a B P C M C H O M , 

(J)HJiM nocxaje nepHo;iHHHH cMHxep HHcJjpaupBeHor 3paHeH>a, x j . M O J K C ; i a nocjiyacn Kao 

xpaHC(j)opMaxop MexaHHHKe eHeprnje y ejieKxpoMarnexny K O J H pa;iH y nepHOflHHHOM 

pe^cHMy. 
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4 .3AKJbyHAK 

HaJBajKHHJH peayjixaxH npoee^ieHHX anajiHsa KOJH cy y OBOM pa^ty npeacHTHpaHH 

Mory ce cyMnpara y cjieaehcM BH^iy. 

1) OopMyjiHcan je onuixH aHajiHXHHKH MCTOJI anajiHse ;ie4)opMHcaHor xaHKor 4)HjiMa. 
Oaaj UQTOjy je aacHOBan na npernocraBUH aa ce ^le^opMaimje Mory TpCTHparH Kao 

nepxypGauHJe, y cjiynajy cjia6or HapymeH>a Tpancjiaimone CHMcrpHJe KpncTajiHor 

4)HjiMa. 

2) JlpHMCHa OBor MCToaa 3a npopanyn cneprHJa CKcimraimja y ranKOM (J)HjiMy noKasyje 
aa OBC cKCUHTaiiHJe Mory aa MeH>ajy snaK e(I)eKTHBHe Mace H saBHce oa npaBua 

npocTHpaH>a. 

y HMnyjicHOM Ic- npocxopy nocxoje, aaKjie, jx^t nojio6jiacxH: necxHHHa (Af*>0) H 
anxHHecxHHHa (m*<0). OBC J B C noflo6jiacxH no;ieji>eHe cy 6ecK0HaHH0 HCKOM 

GecHccxHHHOM 30H0M 33 0 = V4 H 0 = 3V4 {Tjyt m* -*• ± 00), OBO 3HaHH fla ce y nocMa-
xpanoM CHCxcMy Mory jasHXH HCXOBPCMCHO H cKcuHxaimje H aHXHCKcimxauHJe, ajm 
ca pasjiHHHXHM npaBUHMa npocxHpaH>a KOJH ce HHKa;i HC npeKjianajy, O^HOCHO y 

OBOM cHcxcMy He Mo»ce mhn ao „cyaapa" HCCXHUC H aHXHHecxHue. 

3) Kao cneuHJajian cjiynaj, anajinsHpan je yxHuaj cnojbauiH>er npnxHCKa na cncKxap 
CKCUHxauHJa. IIoKasaHO je aa. ^HJIM MOMCC aa „pa;iH" Kao nepHoannHH xpaHc4)opMa-

xop MexaHHHKc y ejicKXpoMarnexHy eneprajy aKo ce npHXHcaK caonuixaBa H npcKnaa 
nepHojiHHHo. EjicKxpoMaraexHH xajiacH, ZIOGHJCHH Ha osaj Hannn ce Hajiase y HH-

(jjpaupBCHOM no;ipyHJy. 
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