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YBOfl

<JDHJiM-crpyKTypa je
nocjieflH>HX roflHHa, jep ce HcnocraBujio fla jc COMO y ouaKBHM crpyKTypaMa Moryhe
ocTBapHTH BHCOKOTCMneparypcKy cyncpnpOBOflHocr (MacHBHH KpHcrajin HHcy
noroflHH sa OBy nojasy). LJnjb OBOF pafla je fla ce Hcmrrajy repMOflHHaMHMKe oco6nHe
<})HJiM-CTpyKTypa. OjuiM-crpyKType, TJ. <J)HJIMOBH, cy KpHcrajiM ca flee napajiejme
rpaHMMHe noBpuiHHe, KOHaiHe, MaJie jje6;bHHe (naK H flo pefla HCKO^HKO
MeljyaTOMCKHX pacTojauba).
OCHOBHO TCpMOflHHaMHHKo noHauiaH>e CHcreMa oflpet>yjy (pononu - KBBHTH eneprHJe
ocuHJiosaita HBopoBa KpHcrajiHe peiuerKe. <!»OHOHH cy noroflHH H HeonxoflHH aa
McnHTHBaFbc, jep cy OHM yacK npHcyrnH y KpHcrany Kao nqncHcreM eneicrpOHa,
eKCHTOHa, warHOHa... McnHTHsatteM cneKTapa H craH>a <J)OHOHa y Kpncrany, TC

aaicoHa nwcnepsHJc, Moryhe jc oApeflHTH noHamaftc

HMHe TpH
y npBOM Hejiy naxa je anaJiH3a C|)OHOHCKHX cneKTapa H cran>a y HfleajiHOM KpHcrany
(xoMoreH H TpaHCJiauHOHo HHBapHJaHxaH CHCTCM) H noHaiuaite oflroBapajyhnx
TCpMOflHHaMHMKHx BC/iHMHHa. Haico aHaj]H3a HueajiHHX KpHcrana HHJC
TCMB oBor pafla, HeonxoflHo je HMaxH oee peay^Tare pa^H nopet)ea>a H
paajTHKa y ojjHOcy Ha noHauiaibc HCHfleanHHX KpHcrajia.
y flpyroM norjiaajby o6pat>enH cy C|)OHOHCKH cneKxpM H craiba 33 (J)HjiMOBe, Hajnpe aa
H^eaJiHc (napyiueHa TpaHcnauHOHa HHBapHJaHTHocr), a HOTOM H 3a HeHflcajiHe, TJ.
«e(|)OpMHcaHc 4>miMOBe (napymeHa TpancjiauHOHa HHBapHJaHTHocr H cHMerpHJa
pacnopefla aTOMa).
Tpehe nor^aujbc 6aBH cc Hajia^ca>cM KapaicrcpHCTHKa
TepMOflHHaMHMKHX BenHMHHa (yHyrpatUH a eHcprHJa, cnet(H({>MqHa Toruiora,
cneprHJa H cHTponwja cHTCMa) 33 noMenyre (^HJIMOBC H yonaBaifaeM
rpaHHua CHcreMa H Hapymeita pacnopc^a aroMa noMohy AonHpaH>a.
y 3aKji>yMKy jc flar pe3HMc HaJBaacHHJHX pesyjirara flofiHjeHHX y OBOM pa#y.



1. OOHOHH y KpHCTaJlHMa
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1. &OHOHU y

<!>OHOHH cy KBa3HMecTHU,c 6o3OHCKor Tuna, na cc
HMIiyJICHMa MO2KC M3pa3HTH'.

pacnoACJie

(»;(*))= U^M,!
je 6= kBT .

FIOUITO JC (J)OHOHCKH CHCTCM TpOCTpyKO

i hak/0 .* e ^ ' -1

PeuiaBaH,CM cyMC floGHJa cc:

= V2 - V$ - v)\o

jc TD -JJeCajeea TCMriepaTypa.
yHyrpaiiiH>e cncprHJe no TCMncpaTypH

-.
y

/ V

cneuHc{)HMHy Tonnory:

OBO je T3. Ky6nn SBKOH CHCUHC^HMHC TOCJIOTC
CnoGoflHa eHcprwja panyna cc nowohy H3pasa:

l-c
-*<»;(*)/ff

Ha HHCKHM TCMnepaTypaMa).

PcuiauaH>eM cyMC (npenacKOM Ha HHTcrpan) flo6HJa cc:

p — _
ri r

J

KyCna 33BHCHOCT jc Hcror THna Kao H y H3pa3y 3a cneu,H(}>imHy ToonoTy.



2. Oraita w cneKTpw <})oiioi-ia y (|)HJiMOBMMa



2. CraH>a H cnexxpH (J)OHOHa y (J)HJiMOBHMa

y HfleariHHM crpyicrypaMa HHJC Moryhc RoGwm BHcoKOTeMiiepaTypcKy
cyiiepnpoBoflHocr. EKcncpHMCHTa/iHo jc flOKaaaHo fla jc y crpyKxypaMa KOJC caflpacc
oflroBapajyhe npHMece HJIH cy orpaHHqeHe y npocropy oaa nojasa Moryha. TaKBc
crpyirrype cy HeHfleajine, a HCHfleajinocr ce orjie^a y Heoflp3KaH>y TpancJiauHOHe
HHBapHJaHTHOCTH H nocTojaiby rpaHHMHHx ycnooa. OmiM je HeH^eajiHa crpytcTypa,
Kojy KapaicrepHUiy KonaMHa fleGJBHHa (pefla HCKOJIHKO aroMCKHx cjiojeBa), ca
napajiejine rpamiHHe tiOBpuiHHe (SccKOHaMHHx flHMeH3HJa).

, Kao HCHfleajiHe crpyKType, MoaceMo nofleJiHTH Ha flfle KaTeropHJe:
(puAMoeu cy xoMoreHH KpHcranHH CHCTCMH KOJH ce paajiHKyjy

KpHcranHnx crpyicrypa npocropHHM orpanHHeiteM
napaneJiHHM noBpiiiHHaMa) KOJC napyuiaBa TpaHCJiaunoHy HHBapHJaHTHOcr.
-HeudeajiHU (fcuAMOQii, nopefl rope HaBeflCHHx oco6HHa, HMajy HexoMorcH
pacnopefl y KpHcrannqj pemcun, KOJH je nocjieflMqa flonnpatba crpaHHM
aTOMMMa.

2.1

ce raHKH 4)HJiM "McrprHyr" H3 Hsorporme, Ky0He,
KpHcrajine crpyirrype ca KoncraHTaMa peiiieTKe ax = ay = ax = a. <£HJIM HMa
flcGjbHHy y Z - npasuy, «OK cy XY - paBHH 6ecKOHa*iHe ( nocMaTpana crpyKTypa
noceflyje ABC 6ecKOHaMH6 rpaHHMHc nospuiuHe napa^eJiHe XY - paBHHMa H TO aa
2T = 0 H Z-L).

n-l

cji. 2.1 UleMaiucKu upuxaa (puAM-ciupyxuiype
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2. CiuaHta u cueKiupu (fjoHona y (p

riourro cc 4>opMHpajy XaJ3CH6cproBC 3a u M p:

_ 1 . rr
~ ujJ,mx,my,mz > n

> **

H HCKOpHcrc KOMyranHOHc

cc CHCTCM
aa nx - 0

_
.,

^ f 1
\fp,fnx,nty,tnx > n I

Koa ce nocjie osHaMaaaiba M CMCHC m -> w, ^-> a CBO^H Ha:

Ua.nx-\.ny$ Ua,nx,ny+llO

Ua.nx,ny-l,Q ,nx,n,Q + Ua.nx,n.l ~ Ua,nx,n,o) ~

3a 1 < nz < Nx - 1 , Ha HCTH Hamm, ;to6Hja cc:

U

,nx ,ny ,nz

~
a,nx,ny,nz

ace:

• 2

Ua,nx,tiy,Nz-\.

o6/iHKy
ce y

<I>ypHJe-pa3Bqj, cawo fly« jc H y no pauHHM TanacwMa):
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2,CtuaH>a u cuexiupu <fx>noHa y

jc ^4 - aMTinHTyfla; 6 H ^+ - oiicpaTopn anHXH^aunje H KpcauHjc 4>OHOHa.
FIoMohy one CMCHC j(o6HJa cc CHCI-CM oa AT, +1 XOMOFCHMX a/ireSapcKHx jcflHaliHHa no

= 0

(2.1)

= 0

• 2
2

YCJIOB sa HCTpHUHJajiHa pciucfta jc ^a HCTCpMHHaHTa CHcrcMa Syfle jeMHOKa

Df

p
1
0

0
0
0

1
p
1

0
0
0

0
1
p

0
0
0

0

0

1

0
0
0

... o

... o

... o

... 1
-» 0
... o

0

0

0

p
1
0

0

0

0

1
p
1

0
0

0

0
1
p

= 0
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2.Ciuan,a u cuexiupu tponona y (p

Qua ACTcpMHHaHTa npcjjcraBjba jcflan o# o6jinica HeSHtneBJbcBHX ncwiHHOMa
Bpcre H MOJKC ce HanHcaTH y o6/iHKy:

r«cje:^=2cas£,z; ^=1,2,3,...,^ + !. (2.2)
HCTepMHuanTy ca HyaoM,

*Vx /V,+2

3aMCHOM y (2.2) M pcmaBan>eM no co flo6Hja ce;

** « I 9 (tK.. . -y
= 2/2™ '— * ' —

HaKOH H-JMCHC HHfleKca {tz = Nz + 2-vz ; (pz = 1,2,3,...,^ +1), KonaMaH Hspaa 3a
4)OHOHCKC <})pCKBCHUHJC JCI

(2.3)

(2.3) iipewd'aajta 3aKOH ^Hcncp3njc <{}OHOHa y nflcajiHHM 4>MJiMOBHMa.
oBor H3paaa y noroflHH xaMH^TOHHJaH H HanaacetbeM pemcH»a CHcrcMa (2.1)

ce:

r rt-t a,k\ a,k
a,k \

r\ -t\
*) = (-l}

e ({)OHOHCKC noMcpajc.
ty>K Z- npasua y o6;iHKy crojehnx Tanaca,

(J)yHKUHJe OMpe()yjy POHOHCKO KpeTaH>e nyac A: H y npasua y
o6;iHKy paBHHX Tajiaca.
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2. Ctuatba u cueKutpu ffjonona y

ynopetjyjyhH floCtojcHc pcsyjrraxe ca oflroBapajyhnM HfleajiHHM 6ecKonaMHHM
CTpyicrypaMa MCMKC ce saKJbyHHTH cjieflehe:

a) MexaHHHKc BHSpauHJc y HfleanHoj CecKOHainoj cxpyKTypH cy paBHH TanacH y
CBHM cwepoBHMa, a MexaHHHKe BHGpauHJc y TaHKOM c})MJiMy cy cnoj crqjehHX
raJiaca y Z - npaouy H paBHHX ranaca y XY- paBHHMa.

r

6) AMiuwTy^a noMaKa y c|)HjiMOBHMa jc cc IO4 I— \NX * IO3 - IO4) nyra aeha

Hero aMiuTHTy^a noMaKa y H^canHHM SecKOHa^HMM crpyKTypaMa.
B) TpH aKycxH4KC cj)peKBCHUHJe y MacHBHHM crpyKTypaMa reace ayjiH Ka^a
&->0. C Apyrc crpaHc, MHHHMajiHc (J)pcKBCHUHJe y TaHKOM c{)HJiMy flare cy
H3paaoM:

n

To C|)OHOHH y xaHKHM (JtmiMOBHMa nocc^yjy CPOHOHCKH rcn ftfoaifnin

fla jc aKTHBauHOHa TCMncparypa

2h n

cc fla aKTHBauHOHa rewnepaTypa oiiana ca noBehaiteM fle6^>HHe 4>nnMa ,
TJ. ca nopacroM Nz. 3a HsyseTHO TaHKc <J)HJiMOBe aKTHBattfiOHa TCMneparypa je
penaTHBHo BHcoKa. Ha ocHOBy OBC MKiteHHue, BHiua cynepnpoBOflHa KPHTHMHU
TCMnepaxypa y c^miMOBHMa Morjia 6n 6HTH o6jauiH3CHa nnp. THMC fla ce flo Tac

(})MJIM nonauia Kao "3aMp3Hyra" crpyKrypa H cee flOK ce HC nocTHrne Ta
TCMncpaxypa y <})HjiMy nwcy npHcyTHH peanHn (JJOHOHH. Hcnofl OBC rewnepaTypc
ejieKTpoHH (aKO cy npHcyTHH) ce Mory KpexaTH 6e3 xpeH>a.
riocTojaH,e (})OHOHCKor rena H oflroBapajyhe aKXHsaunoHc xeMnepaxype sa
no6y^HBaH>e (})OHOHa o6jauiHjaBa nojasy fla TOHKH <})HJIMOBH HMajy

xcMnepaxypy, ncro MacHBue (Hflcajme, 5ecKOHavme) crpyKxypc.

14



2.Ciuan>a u cueKiupu

2.2

,lJe(jK>pMaHHJy (})nnMa MHHC UTOMH y6aMCHH flyx Z-npaBina. AonHpaH»e ce
ca o6c rpaHHMHe noBpiiiHHC aroMHMa jiaKUiHM OH OHHX KOJH «IHHC ocHOBHy crpytcrypy
<J)HJiMa. BpenHocTH KOHcraHTH pcuicTKC ofla6paHor (|)nnMa cy;

ax = a =a H ax =3&, iia jc yGaicHHM aTOMHMa cncpreTCKH noro^HMJe fla ce
cMcuirajy ^yjK Z-npanua. Taico ^o6MjaMo AMCTpM6yi(HJy Maca JIJOK caMO jeflHor
npasqa. 36or xora jc noxpcCno Macy OCHOBHC MaxpHqe aaMCHHTH pe^yKOBanoM

MacoM, Koja aaBHCH caMO OA HHflCKca PCUICTKC y Z-npaBLjy: Mn H MZ = Mn . Hero

• XaMMJiTOHHJanH KOHcraHTe caMO ofl nz: n

4>OHOHCKor cHCTCMa oiiHcaHor a, y anpoKCHMauHJH HajGjiHJKMx cycc^a HMa

-a,n

BCKTOP /t cnaja Haj6flH>Ke cyceHC y erpyKTypn.
AKO ce y3My flBa Haj6jiHxa cycc^a, OH npejiasH y:

Ouaj xaMMjiTOHHJaH cc MOXC paaJiojKMTM na noupuiHHCKM H aanpcMHHCKw flco, KOJH
onwcyjy rpaHHMHC («z =0,NZ) u yHyrpamH»c CJIOJCBC (wz = \,2,...,NX -1),
pCCnCKTHBHO.

a,nx,ny

/
\a,nx,n,Q ~ Uastx+l,u

.tix ,ny ,0 Ua,nXlny~\.,Qf +\a,nx,nv,0

_ }2 I Y
W«,n.r,«,,0 Ua,nx,n,lf +\a,nx.nfl} +

a,nx,ny,Nz

~ U a,nx,ny+\.Nz +Ua,tix,ny,!Vz
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2.Cu4an>a u cu.eK.utpu tpoHona y

w -1 V *'-7'-z' . * v V r
rtV-?Z- ,, + 4 Z- 2- <-aa.»,

*" a n n n •*'•*« ~<*,"xi"y"t ''z

(M/\M - M

+

+ 1 « -M + w

iJ3CH6cprouc j

I
w

Mfl — — , „ , • ^J19-Tfl** .m «. -fFl v '*~ ' • "A • _f ' A

sa M M

H npHMCHc KOMyrauHOHe

ce CHCTCM flHcj)epcHUMJajiHo-«H4)cpCHUHHX jcuHaMMHa 3a ^OHOHCKC noivicpajc

f ^

mz

+ //« , 4- tJ — 9/7 1 4-T^ I'l'/J ... . t . 1 ,,- T^ '-''ft t*j IM I *•» i*l*/l .._ H_ »„ / i^

c,
,rnXtmy,mx /

+-

+-

[0, A^], je mz<0 H mx>Nz.
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2, Cutaiba u cuetaupu tfooHona y

PcaieH>c ropibcr CHcroMa Tpa>KM cc y

>**

SaMCHOM y j

3a

(2.4) M npcJiacKOM mz — > nz «o6nja cc flH(|>cpcHUHa

n =

a,nx

4C.aa,nz .akx

~2
-of =

2M«
(2-5)

2M« 2M.

K.oa ca oui
nH(})cpCHUHHX jc^H

MHHH CHCTCM
Te flue rpaHH^iHc jcflHaMHue cy:

afe.

± i
-sin •sin

(b)

6n cc oflpcflHo (})OHOHCKH cucKTap upuiH cc iipcjiaa na

17



2.CutaH*a u cueKiupu (ftortoHa y (fr

ce H anpoKCHMauHJa MOJIHX Tanaca (k -> 0):

- - ,2 ,2

a y Tajjiopob pefl pasBHJajy cc BCJIHMMHC:

(2.5) nocrajc flncJ>cpcHHHJajiHa jcflHaMHHa Apyror pefla:

M(Z)1 d0a(z) dCa(z)

Ca(z) dz dz

36or ^onHpatba 4)H/iMa jiaKuiHM aTOMMMa noTpc6no je y jeflHa^HHy yHCTH

Macy My* Z-iipamja M KOpuroBane BpeflHOcrw 3a KOHcraHTy pemcTKe ax H KOHcrairry

Hcre3aH>a Ca(z). YSauHBaibeM OBHX KopeKUHJa (cHMcrpHMHa n
ja cc EpMHT-BcSepoua

=1

_a 1C

~ 2a\ o)

q- ak

cy: //^-Maca y6aueHnx aroMa; pM- Maca axoMa OCHOBHC MaTpmjc; a,C - ycpcflH3ene
BpCflHOCTH riOfle6jbHHH CPHJlMa L.

YCJIOB sa KOHBcpreHUHJy pcuic>ba je:

18



2. CiuaHrct u cueKiupu (fjoHona y <f>UAMoeUMti

Ms H>era CJICAH TpajKCHH saitoH nHcncp3HJe <J)OHoHa:

(2.6)1+ 1 +

ce ;<a HH je^Ha OA 4)peKi3eHUHJa «?_, HC TCJKH HyjiH Kafla &-»0, IUTO 3H3MH
Macena AC<J>opMauHJa HC flonyuixa nojasy aKycTHMKnx rpana.
PeuicH>e EpMHT-Be6epoBe jeflHaMHHC je noaHaTor (oci;miaTopHor)

HaljeHHX peuieH>a y rpaHHMHMX jeflHanHae (a) H (6), no6HJa ce

V I \1
(2.7)
*• '

Koja MOpa SHTH saflODoaeHa 3a cae Bpe^HocrH ^ (na H sa q = 0)- Ooaj ycjiou HaMehe
orpaHHqeH>a na rjiaeHH KBaimw 6poj 5. rioTpaiKHheMo 3a Kojy naJMaiby BpennocT
OBor 6poja (.%) je ropitH ycjioe sa^oBOJbeH
fla CH cc ojtpeAHO npar eHeprnje npHcyrHnx 4)OHOHa pajje cc HyMcpHMKe ana^Hse 3a
HaJHH»ce flosBOJbCHO CTaH>c 5 = SQ. rioKasajio ce fla je^HaMMHa (2.7) HMa BHIIIC pemeFf>a,
ariH Aa HaJHwaca DpeflHocr KsaHTHor Spoja SQ HC MOXCC GHTH Man.a OA 0.5. nourro je J
ueo 6poj cneflH fla je 50 = I. AKO ce saMCHe DpCAHoci'M 5^ = 1 H ^ ^ O y (2.6) Moxe ce
H3paMyH3TH CHCprCTCKH TCH (^)OHOHa, OflHOCHO HaJHUXC C^pCKBeHI^HJC CHCTCMa;

C o63MpoM na osaj pesyjiTaT (co^ # 0) jacHO je fla ce OBfle pa^H o
THna.

rena y saKony flHcnep3HJe oflpe^yje MHHHManHy eHeprHJy norpe6Hy 3a
Jy (J)OHOHa.To 3H3MH fla nocroJH oApe^cHa aKTHBaqHOHa TCMneparypa

T -'

KOJC y cHcreMy 4>OHOHa HCMB, crpyKxypa Kao fla je "saMpsHyra11. Ofia
TCMneparypa aaBHCH OA fle6«>HHe <J)H,riMa, a^H H ofl Bpcre H Hanmia AonHpaH>a
(Hapyiuena CHMcrpHja pacnopeAa Maca).
Hero Kao H y cnynajy MAeajiHHx fywiMOBa H oBflc cy C|)OHOHCKH noMepaJH cnoj
crojehHX Tanaca Ay* Z-npaoua H paBHHx Tajiaca y XY paBHH. AMmiHTyne n

cf)OHOHa onrHMKor THna, KOJH ce OBAC jas^ajy, jaico 3aBHce OA Ae6jbHHe

19



2.CuiaH>a u cueKutpu (ponona y

cJ)HJiMa. FIopc^ Tora na^mi M apcrc cnaTCpouaH>a yrwMy Ha II>HXOBC HCAHMHHC H
«O3DOJI>CHC BpCAHOCTH,

y o«Hocy Ha HflcanHc C^HJIMOBC, flc(J)opMHcaHH C|)H^MOBH HojaHaBajy OBC cncuHtf)HMHe
KOJ1CKTHBHC CC^CKTC, LUTO 3H3MH fta CC OB^C MOPy OMCKMBaTH JOUI
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3. TepMOAHHaMHKa 4>HJiMOBa

o oco6HHaMa ueHfleanHHx crpyicrypa,
nocMarpaheMO noHamaibe HCKHX TepMOflHHaMHmoix BejiHHHHa, Kao turo cy

Ja, cncnwJ>H4Ha ronjiora, cno6oflHa CHcpraja H cHTponHJa.

3.1 HweajiHH $IUIMOBH

OcHOBHa TepMOflHHaMH'iKa BejiH'iHHa, cBaKaxo jc ynyrpauma cHeprnja cucrcMa
Koja ce panyna no oCpacuy:

a,k

je Ea(k) = h(0a(k) , 0~ kBT , a <oa\k) npewcraBJba flosBOJbeHe c[)peKBeHi|MJe c|)OHOHa

y Hflea^HHM c{)H.nMOBHMa H flcc{)HHHcaH je jeflHaHHHOM (2.3). Ha GH ce
cHeprnja npBO KCMO HsupiiiHTH npejias ca cyMe na HHTerpan:

V
J^

o o

3aTHM hcMo y oGpaMyn yscTH caMo eneprHJy OCHOBHOP cratba CHCTCMa:

Ea(k)-> E™in(k)s TE^a2k2 + A2 ,A=ak™in£Q, Koja je floSiijena y

ManHx TajiacHHx BCKTopa (kxth ->0j kz- <£""). HaKOH oaora Hspaa 3a yHyrpaiuiby
CHeprHjy CHCTCMa

!f! V_ , ,
~ * ( }

MHTerpan ce peuiaoa ysol?eH.eM cMene (ef'l^E^ + A2)^tz, pasBojeM
cJ)yHKUHJe y pe^ H napqHJannoM MHTcrpauHJOM. Ka^a ce peuietbe HHTerpa^a
(3.1) floSwja ce KonaMan H3pa3 3a yHyrpaiiiHiy eneprajy.
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3.

2*% A
- SZ2(SX)} + /-

(3.2)

je: X = —; Zr(x) = £ fe'** - JJajcoHOBa (f>yHKunja.
^ >i

Toiuiora no jeflHHHHHOJ he^wjn jc:

N.if N if

flH(J)epeHUHpaH>eM (3.2) no 0 H saueHOM y nocncjuby jeflHaKOcr ^oonja ce H3pas 3a
cnetni4>HliHy xoruioTy nocMarpaHor <})OHOHCKor

(^_1)-1_(y3(e^_1)-1 + 3

(\2
-3Z2(Sx)} + 6\- \[Z,(X}- (3.3)

Hspas aa cneqH(})HMHy Toanory cacroJH ce H3 flBa ^ena. IlpBH ^eo HMa
eKcnoHeHUHJajiay saBHCHocr OM TCMneparypc 9 H noKasyje KHKO ce cneim4)H<iHa
TOiuiora noHama y eKcrpeMHHM ycnoBHMa, Kafla cy TeMnepaType BeoMa HHCKC

ancojiyrnoj Hy^n) H Kafla cy Beowa DHCOKC (COOHC TeMnepaType). Apyra ^eo,
npcKO AajcoHOBHX (|}yHKUHJat noKasyje KHKO ce cneuuc^HHHa Toimora

nonaiiia y oo/iacTM cpc/tH,HX reMncpaTypa (snaTHo Maii.nx ofl TeMneparype ^3a3Hor
npejiasa). Oaaj HJiaH npernocraBJba npn6^H3KHO jinneapHy sasHCHOcr cneuHc|)HHHe
Tonjiore ofl TeMnepaType.

eneprHJa, wicfleha SHTHB TepMOflMHaMHMKa BeJiHMHna, ̂ e^UHHiue ce Kao:

a,k
Ftf =

saKoua ̂ HcnepsHe, TC npejiacicoM ca cyMe na HHTerpan, na HCTH
Kao H MaJionpe, Ao6HJa ce:

f In
\dk

riooie CMCHC (E% ^k2" + A2) = t2 , BHuiecrpyKe napUHJajiHe HHTerpaqHJe H

peuieH>a H3 (3.2) M3pa3 sa cnoCoHHy eHeprajy nocraje:

23



3.

Oeaj H3pa3 nocny^Kwhe HaM aa HspaqyaaBaifcc eHTponnje cucreMa:

5 = _

riouiTo ce nat)y oflroBapajytjy oflroflapajyhH HSBOAH no 0 H HCKOPHCTHTH cneflehe

^LZ\ \ — r>iae \e) e2 r-\e) 9

£fff \ J ts

floSaja cc KcmaMaa Hspaa 33 CHTpoiiHJy.

A

MJiaH HMa norapHxaMCKy saBHcnocr ofl TeMnepaType H oflpc^yje nonaiuaibe
CHTponnje npH HHCKHM H BHCOKHM TCMnepaTypaMa. flpyrn ijiaH jc oflpet>eH
^ajcoHOBHM (jjyHKUHJaMa H noicasyje Kaxo ce eHTponwja noHauia npH cpeflH»HM
TCMnepaTypaMa.
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3. TepModuHOMUKa

3.2 4>HJIMOBH

M y OBOM cjiyMajy HapaMynaheMo npso yHyrpaujtby eHepmjy cucrcMa. Y ry
CBpXy KOpHCTHMO H3p33 33 flO3BOJI>CHe MHHHMaJIHC CHCprHJe CHCTCMa.

e: ql - aazvx I = ̂  "» <W| je flec|)HHHcaHO HspasoM (2,6), 33 s = 1.
iLf

CHCprHJa, H3KOH CJIHHHOF nocrynKa peuiasatba Kao n y
cnyMajy,

6) \

e
9

i 4-9^ ' « ^ (3.4)

cy: £, =

CneuH(J>HiiHa Toruiora (oGpanyHaxa no jcflnoj cncMCHTapHoj hejiHJH) flC(J)opMHcaHor

flH(j>epeHUHpaH>eM (3.4) no 9 n saMCHOM y nocneniby jeflHaKOCT «o6HJa ce H3pa3 sa
c^e^H(J)HHHy Totuiory:

2n >-i

9
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9Z

BH
3)*cdtfBO H[OT HHOHBIfh B 'BWBdXxBdoiU'VOX WHSOOHfl H WHXOHH BH

Ofetf HBlTh HHOWBXHdBJOIT Btf HXHX3WHdu 3D 33KOW 'BGOWITHCJ) XHHlfBOtfH

O^HBHIBHOU

H OB3J

:XfHIIOdXH9 BE EBdEH HBhBHOM 3O Bfogiltf Q OU (£'£) EBdEH OO OXmO|J

(re)

:WOO3dEH 9 BiEH NOHtfOXHadll /( H OBH

-»

+ K—

, U7
TT m v

XHHBOHWdO(f)Otf

DHirefHtidBii o^XdxoomnaXHBOQOI/D BE o<Homod oHhBHos 'of

OITDO1I '00 BfHQOff '3 - I X + If- + jW XHOWO OWOtfO«X H bfav=X OWHhBHCO O3IV

0tt;

u

"1
:BEBd€H X^OWOLI DO BHXhBd BfludSHO BHtfOQOlQ



<puM*oea

0.8 0.4 0.6 0.8 1.0 X

JO*

10*

10-

10'"

0 0.02 0.04 0.0<? O.OS O.JO Jt

en. 3.1 HucKoiueMuepautypcrca aaeucnociu cueyu(puwe tuoujiouie
Kpuctuajia u <fruAM-ciupyKiuypa

Ha en. 3.1.a flara je aaBHCHocr cneuH(J)HqHHX xonjiora ofl
TCMnepaTypc (x= tfd). V HHTcpsajiy ofl OKO 0.1 x -0.9 x cneupfymna. Toruiora je
BHiua Kofl 4>miMOBa (y pasMepaMa y KoJHMa je npmcaaaHa HHJC Moryhe paaflBoJHTH
KpHBC 3a H^cajiHC H fle^>opMHcaHC (})njiMOBe, na jc OHa H3By^ieHa noAe6jtaHo) Hero

MacHBHHX KpHCTajiHHX yaopaKa. 35or Tora je, y OBOM TCMneparypcKOM
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5.

HHxepaajiy, xesKe 3arpcBaxn <J)HJIM aero KpHcrane. Ban OBHX HHxepBajia aaatH ynpaso
oCpuyxo.
Ha en. 3.1.6 npHKaaaHa je o6jiacx BCOMU HHCKHX xeMnepaxypa (norapHTaMCKa
saBHCHocx) KaKo 6n MOFJIH CHXH noKasawa "4>HHa" oflcrynaifca cneuHC^M^HHX xonjioxa
cf)HjiM crpyKTypa Me*)yco6Ho H y oflHOcy Ha cnei;H4>HHHy Toruiory
MacHBHHX, KpMcxana.
EnxponHja cwcxcMa HMa cjiHHuy ^yHKUMOHajiny aauHCHocx ofl TCMnepaxypc.
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3AKJLYHAK

1. MexaHHMKe BHOpannjc y HjjeanHHM KpHcranHHM yaopUHMa cy paBHH xanacH y
CBHM CMcpODHMa, flOK y TaHKHM $H;iMOBHMa npeflCTaBjbajy cnoj crojchnx ranaca
y Z-npauuy (KOJH je HopManan Ha rpaHHMne noDpuiuHe <J)HJiMa) H paBHHX tanaca
y .XY-paBHH.

2. HeopoBH peuie-nce y (JnuiM-crpyKTypaMa ociuuiyjy ca sehHM aMiLmrryflaMa OKO
CBOJHX paBHoreacHHX nonoxaja Hero urro je TO cnynaj y MacHBHHM KpHcranHHM

. OBO pesyjiTHpa BehoM MexaHHMKOM ornopHOiuhy H BHUIOM

3. y MacHBHHM KpiicranHMa CBC TpH aKycxHqxe (J)peKBemjnje rexe
BCKTOp TC2KH HyjIH, HOK y c[)HJlMOBHMa OHC TCJKe HCKOJ MHHHMaJlHOJ

, paajiHMHTOJ Ofl Hyjie. To sna'iH, fla aa no6yt)HBaibe (})OHOHa TpeGa
onpel)eHy eneprHJy, HJIH sarpeBarH ^o oflpet>eHe - aKTHBauHOHe

TCMnepaType 7 .̂, fla 6u ce caBjiaflao enepreTCKH ren. Mcnofl oae xewnepaType
CHCTCM ce nonama Kao "aaMpaHyr", TJ. (})OHOHH HHcy npncyrHH. Bejiirama rena
33BHCH oji Mc6jbHHC 4>HJiMa H o« pacnopeAa H Dpcrc aTOMa ^y>K Z - npaBi^a.
AoiiHpan>eM ce nocTHxe BHiua aKTHBauHOHa TeMneparypa, na fle^opMHcaHH
(J)HjiMOBH HMajy 6ojbe cyncpnpoBOflHe ocoGHHe.

4. Ha HHCKHM TeMneparypaMa cucniicfjH'iHa ronjiora MaoiBHHX ysopaxa Men>a ce ca
TCMnepaTypOM - T3, BOK je KOH TOHKHX 4}HJIMOBa Ta saBHcnocr ~

T~lexp(- const fi). Y HHTepsany xeMneparypa r«7^/10 flo r*3"d , rfle 7^
oAroBapa enepreTCKOM reny, cneuHcJjHHHa Tonnora 4)HJIMOBa HMa BC^e

BpeflHocTH nero HfleanHH KpHcranH.
5. y npHOjmatHo HCTOM TeMnepaxypcKOM HHTepBany, 3a CHrponHJy CHcreMa

KpHcrana H 4>HJiM-crpyKTypa Moxe ce yoMHTH ncra
C oSawpoM Ha TO, 4)HJIMOBH y TOM HHrepBajiy
crpyicrype, urro je oftriHica cynepnpoBOflHor craita CHcreMa.
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