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P17 ~ 10496 I 
AKC<?IIOB B.n., nnaKIHJa H.,\\. 

¢niOKTYBUHOIIIIHe 3q>¢'eKTLJ B MOOenH cerHeTO?JneKTpHKa nrna 
CMellleHH51 

MeronoM ca!l.tOcornacoeanHoro ¢oHOHHoro nonR HccnenyeTCR rjla30Bhri\ 
nepeXOO B MO"jlenH cerHeT03neKTpHK8 TH08 CMe!UeHHR. noKa3aHO, 'ITO nyneBOe 
npH6nH)I(eHHe M<?TOOB Y-'IHTJ,JBaeT ¢,niOKTY8UHH napaMeTpa nopRnKa H 3KBHBa
neHTHO peHOpMIIpOBBHHOMY pa3nO>neHHIO CB0600HOii 3HeprHH naHnay. npenno-

1)1(eHa HTepaUHOHHaR npouenypa, nocnenosarenbHO Y'IHTNBaJOmaR rnaBHwe 
qneHI>J eroporo nopRnKa TeopHu. 

I 
L__ 

Pa6ora BhlnOnHeHa B na6opaTOpHH TeopeTH'IeCKOii <(>H3HKH OIHH1. 

fipeop&HT 061oeABHeHHOrO BBCTBTYTA a,llepRWJ: accne,llOB&BRI. ,lly6aa 1977 

Aksienov V.L.,Plakida N.M. Pl7 ~ 10496 

Fluctuation Effects in the Model of Displacive 
Ferroelectrics 

The phase transition in the model of displacive 
ferroelectrics is investigated on the basis of the 
self-consistent phonon field (SCP) method. The fluctua
tions of the order parameter are taken into account in 
the zero order approximation that results in the renor
malization of the phenomenological Landau expansion 
for the free energy. The iteration procedure is pro
posed to consider the leading second order terms in the 
SCP theory. 

The investigation has been performed at the 
Laboratory of Theoretical Physics,JINR. 
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B rrocneaHee speMH B pHAe pa6oT /l-:l/ o6cymaancH 

BOITpOC 0 ITpHMGHHMOCTH TeOpHH CaMOCOrJiaCOBaHHOro ¢o

HOHHOrO llOJI5I ( C¢0), pa3BHTOH paHee IT pH OITHCaHH H LlH

HaMHKH peweTKH, K HCCJ18Ll013aHHIO ¢a30Boro rrepeXOLl1l ( ¢0) 

B ITpOCTOH M0Ll8JIH cerHeT03JI8KTpHKa THIIa CMeWeHHH. 

B pa6oTax /I I nccnetiOI3ancSI rrep13biH rropHJlOK reopnn C<PO-

rrpn6nnmeHne caMocornaconaHHhiX ¢oHoHol3 <SCI -npn-

6nnmeHne). 0cHOBHOi1 BbiBOLl 3TOrO HCCJICLl013BII!15I COCTOH T 

13 TOM, '1TO SCI -rrpn6nnmeuue JlaeT pa3yMHoe orrncaune 

crpyKrypuoro rrepexoaa rnrra CMeweHHH, KOTopoe reM 

ny•nue, '10M 60JibU1e paanyc B3BHMOLlCiiCTBHSl. C LlPYI'Oii 

CTOpOIII>I, B pa6oTaX /2/ Ha OCII013C /lHarpaMI\1110!'0 fJi13JIO

A\CIIHSI ITO KOHCTaHTe aHrapMOHH'18CKOl~O B3aHMOJ18HCTBH'rl 

61,Jnn BI>I'1IfCJieHbl rrorrpaBKH l3roporo rropSIAKa K reopnn 

fl1lllll1lY - Hpn6JIH)K8HHIO MOJICKYJIHplloro ITOJISl (0M0). 0onb-

3YHCb HTepaUHOHHOH llfJOUCiiYPOH 131,1'11fCJieHHJ1, 3KI3HilaJieHT

HOii H3BecrHoMy 13 reopnn C<Pn yny'1meHHoMy caMocorna

col3aHHoMy llpH6JIHIK8HHIO ( (JSC -I1pH6JIH)KGHHe), ai3TOp 

rrpHuien K 131>IBOLIY o uenpuMeHHMOCTH reopn11 C<PO flJIH 

HccnenosaHHH TeMneparypHoro rro13eAeHHSI rrapaMerpa no
Jl'rli1Ka B i1BIIHOH MOJ1CJIH. 

PaHee HaMn/ 4/ o6cymaancH sonpoc o T0'1Hocrn BI,1'1Hcne

I-IHH s reopn11 C<Pn npu uccneAosaiiHH ycroi1'1HBOCTH aHrap

MOHH'1eCKHX KpHCTaJIJIOB C IIpOCTOH pemeTKOH. EbiJIO ITOKa-

3aHO, '1TO ISC -npu6nHA\eHHe rrpHBOJlHT K nomHoii MHrKoil 

MOLle, B TO BpeMH KaK 6onee IIOCJieiJOBaTeJibHaH HTepaUHOH

HaH rrpoueaypa c yqeroM rnaBHNX qneHOB sroporo rrop5IJ1-

Ka ( RSC2 -rrpH6numeHue) IT03BOJIHeT rrony'1HTb pa3yMHbre 

¢n3H'1eCKHe pe3ynbTaTN. OocKOJibKY rrpo6neMa JlHHaMH

qecKoil ycroi1'1HBOCTH aHrapMOHH'1eCKHX KpncTannos HMeeT 

MHoro o6wero c reopueii crpyKTypHbiX <PO, rrpeacTasnHeT 
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orrpeaeneaawA KHTepec paccMoTpeTb rrpeanoMeHHoe 

HaMK npa6nuMeHae (R8C2) H B 8TOH TeOpKH H eme pa3 

o6cyJiaTb o6nacTb rrpuMeHKMocra Meroaa C<Pn. 

B aacToHmeA pa6ore paccMOTpeaa npocraH Moaenb 

<Pn Tuna cMemeHaH/1/ aa ocaose o6mero noJIXOJla, pa3-
BKToro s pa6ore /s/. 

B pa3aene 2 swqacnHeTCH cso6oJIHaH aaeprag K nony

qeaa caMocornacosaHHaH CliCTeMa ypasHeHKA JliTH orraca

HHH MoJienu so sTopoM rropHJIKe reopKK C<Pn ( SC2 -
llpK6ITH*€HKe), a TaKM€ paCCMOTpeHbl pa3llK'IHbie sapuaHTbl 

aroro rrpu6nuMeHHH. 

B pa3aene 3 BbiSICHHeTCSI ponb ciJmoKTyauKA rrapaMeTpa 

rropSIAKa. noKa3aHO, 'ITO SCl -npH:6nuMeHHe, KaK ayne-

BOe npu6nu•eaae MeToJia C¢n, y'IHTbiBaeT ciJmoKTyauuu: 

rrapaMeTpa nopHJIKa B OTITii'IIi€ OT 06bi'IHOH TeOpKii 803-

MyllleHiiH /2,6 I, rrpaBOJlliT K <Pn rrepsoro poJia 6e3 pacxo

JlKMOCTeA B K08cPcPRUK€HTaX pa3ITOMeHiiS1 Jlaunay CB060Jl

HOH 8HeprHii. npu YBBITii'IBHHH paJiayca B3aliMOJleACTBHS1 

nonyqeHHhle pe3ynbTaThl nepeXOJlSIT B pe3yiThTaThl 06hl'IHOH 

reopHH B03MymeHufi. B qacTHOCTH, npu 6ecKoHe"!HOM 

paJIKyce B3aHMOJleHCrBHH <Pn rrepBOf'O pOJia B MeTOJle 

Ccfln craHOBiirCSI nepeXOJlOM Broporo poJia B nMn (non

HOe noJiaBIT€HH€ cPJIIDKTyauuA). 

B pa3nene 4 paccMorpeHhl pe3ynbrarw qucneHHoro 

perneHMS1 CBMOCornaCOBBHHOH CHCTeMbl ypaBHeHHH B pa3-

JJH'IHbiX npu6mtMBHHSIX Merona Ccfln. C cPK3K'IecKoA roqKn: 

3pean:SI Haa6onee rrocneJiosarenbHbiM oKa3biBaeTCSI RSC2 -
Dp!i6JJ!ilK€}Ill€. napaMeTpbl MOAeJIIi ITOJJY9MnHpli'I8CKH OU€

HKBBIDTC S1 JinSI Kpacrannos BaTi 0 3 H SrTiO 3 . 

1. CAMOCOfJIACOBAHHA.H CYICTEMA YPABHEHYIM 

Ha11:6onee npocraSI Moaenb cerHeroaneKrpuKa r11rra 

CMemeHHH, B KOTOpOH paCCM8TpusaerCS1 ~BHMeHHe JJHlllb 

BKTHBHbiX 8l'OMOB, OTBeTCTBeHHbiX 3a ¢a30Bblll nepeXOll, 

B crarwqecKoM none ocranbfihlX 

B88TCSI f'8MiiflbTOHUBHOM /1/. 

arOMOB pemeTKll OITKCbi-

2 P. A 
H=~[--

1 

+-(f-l)s 2.+ 
2m 2 ° 1 

B 4]_...!._~ ¢i. sisj, 4" 8
i 2i/j 1 

( 1 ) 

4 

rne rrapar--Ierpbr A 11: B orrpenef!SIIDT oaaoqnCTII'IHE>ril no

renuKan, C03ABBI1BMbiH CTBTll'IBCKiiM OKpy/KBIIHOl\1 1 11 B3LIHMO

Ae1krBHB LIKTiiBHblX a TOt\!OB OnHCbiBaerc>I rapt-.!OHII'!eCKOli 

CHnosoH: nocroHHHOH ¢ ij , npa a roM f 0 ·· ~ cf,ij I A urpaeT 
J 

ponb 6e3p!13Mepuoro napaMeTpa CBH3H: f 0 l nn>~ rrope-

xoaa run a CMeme IlK 51/ 1 ~ KaK o6bi'IHO, B naHHoA Mo.rwnu 

pD.CCtdD.Tpi!BBIDTC5! CMelllBIIH51 BTOMOB Sj OTHOCHrBJibHO 

ueHrpa H'!ei'IKK x~· snonb onnoH: H3 ocen Kpucranna, IIO 
1 

B381!MOllBiiCTBHB c.) ij CB513biBBBT D. TOMb! B TpBXI'viepHoii 

peureTKe. 

LlD.nee YH06HO IJB€CTH era Tfl'IBCKHe C MBIUeHll5! n TOMOIJ 

b i = < S i > B OJlllO 113 B03MOJKHbJX ITOITOJKeriiiH p8BIIOIJBCI15! 

HHIJ<e TeMneparypr.r nepexoJia K 3asucHmue or sper-.teHH t 
LIHHD.M!I'IBCKKe CMellleHKH u. (t) = s. (t)- b .. PacCMD.T[HIBHH 

1 1 1 

OJlHOAOI\teHHE>rii KpucTann, 6yaeM nonarD.Tb b i ~ b. 
LlJJH Bhi'U!CJIBI!l!H CIJ060AHO!i 9H8pr'HU BBB.[le:\1 El rnt-.ll!ITb

TOI!l!BH ( 1) tjJClpl\tilJibHE>Ii'I napaMeTp CB5!311 A: 

II II 
0 

+ 11
1 

(A) 

II - v - ()- :-
1 

,, 
p-

i l "" h o A ., Il ' 
- ~ -- .!. (l' '' ll. ll ' + N (- -- b- I --- h ) ' 

2m 2 ij 'l 1 J 2 1 
•) 

(2) 

(2 a) 

( ) v l A ;~ 21 ' " 2 A- v 11 1 A=..., --
2

<1-f
0
)+-

2
Rh "-u.--

2
- ... <h .. u.u. ~ 

. 1 '-fo' ' 1) 1 J 
1 I J (26) 

~ ~ ll ( h \ u . t bA :J u : 
1 

·) 

,\1 1 A,- " <l>':.u.u . , 
-- ll ' ) - -? :-: 1 J 1 J 4 1 ~ 1) 

rne H0 - npooHE>rii raMHJJbTOHHaH, MaTpl1lW cHnonLrx no-

CTOHHHbrx Koroporo <l>[j orrpenenHer npo6Hbie rD.p:~otoHH-
qecKue cPOHOHL!. 

CneayH npoueAype BW'IHCJJeHuH cso6oanon :::JHepruu, 

H3ITOJKeHHoti B /s/, rronyqaeM n rrepnoM nopHJJKe reopuH 

c<Pn 

<1>?. = [-A{l- f(l) + 3B(b 2 +< u ~-. )lo .. -<h .. 
lj 1 I] 1 J 

( 3) 
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H Bbipa)l{eHHe nmi cso6onao:H 3HeprHH F I 

Ho 
=- TlnSpexp(- -)+ <H-H0 >0 B BHLte 

FIT 1 1 0 w 3 ) 
f = = - - TJ 2+ - TJ 4 + - ~ ln 2sh __g_ - - y 2 l4 

I N<A 2 /B> 2 4 N q 2T 4 ' 

'ITO YLlOBneTBOpSieT BapH8UHOHHOMy ycnOBHIO 0 fi /o cp~. = 0. 
lJ 

B (3) H (4) BBeaeaw 6eapaaMepawe senH'IHHw: 

11 2 = Bh 2 I A , y = B < u ? >I A , 0 = T I< A2 I B > . 
1 

llnSI 6eapa3MepHOH 'IaCTOThl <fJOHOHOB 

cornacao l3) nony'IaeM ypasHeHHe 

n ~ = o 2 
+ <r 0 - r " > 

2 2 n = mw I A 
q q 

rne menb B cneKTpe o,o6ycnosneaaaSI onao'IaCTH:'IHbiM 

noTeHUH:anoM, H:Meer BH:A 

o 2 
=- 1 + :Hr1 2 + y ) 

(5) 

(6) 

1i AliCTiepCH:SI <floHOHHOH 'IHCTOT'hl onpenenSieTCSI Me)I{8TOM

HblM B38HMOAeHCTBHeM 

- -o -o) 1 - iq (xi- x j 
f_,=-AI ~ .. c 

q j lj 
' f = f_ 

() q = 0 
(7) 

KoppenSIUHOHHhie <PYHKUH:H y onpenenSIIOTCSI c noMOIUhiO 

OAHO<fJOHOHHbiX <flyHKUHH fpHHB cornaCHO vpaBHeHHIO ( 1.22) * 
H B npH:6nH)I{8HiiH BbiCOKHX TeMnepaTyp T >> T n H:MeiOT 

BliA 

B 1 ~ 1 (I) q U 1 0 
y = - -- ~ -- cth-- "' - I -- - - I y 

A mA q 2(o 2T 1\: q p 2 N q · q 
q _[ q 

(8) 

PasaoseCHhie nono)l{eHH:SI aTOMOB TJ MO)I{HO onpenenH:Th 

H3 ycnOBHSI paBeHCT'Ba Hynro cpenHeH CH:nbi aJat<p i(t)>=0 
H:nH:, 3KBH:BaneHTHO, H3 ycnOBHSI MHHH:MYMB AnSI CB060AHOH 

3HeprHH: aF;aTJ = 0. B peaynbTaTe nonyqaeM ypaBHeHHe 

TJ (- 1 + TJ 2 + 3y) = 0 ' (9) 

* 3necb H nanee ( 1.22 J - <flopMyna (22) B pa6oTe /s/. 

6 

., 

" 

KOTOpoe BMeCTe C (4)-(8) o6paayeT 38MKHYTYIO CHCTeMy 

ypaBHeHHH, onHCbJBaromyro noBeneHHe MoaenH B SCI -

DpH6nH)I{eHHH. 
ITpH Bbi'IHcneHHH nonpaBOK sroporo nopSILtKa MaccoBbiH 

onepaTOp OLtHO<fJOHOHHOH <flyHKUHH fpHHa ( 1.23) Bbi'IHCnHM 

B BbiCOKoTeMneparypHOM KnaccH:qecKOM npeaene, Koraa nnSI 

KOppenSIUH:OHHOH <J!yHKUHH y HMeeT MeCTO COOTHOllleHH:e 

{2) BT ~ 
00 

dw 1 ( 2} ( . ) J 
y "' NA 2 q 

f - [- - Im D <<> + H 
-oo (1) 71 '1 

() ' 1 0 
( 

2
) (0 . d - - ~ . f ) 

= N ; ReD q + 
1 

- N q 0 2+ o '1 + (f 
0 

- q 

0 I (2) N Yq q 

(10) 

rne 0 - A8HCTBHTenbH8SI '18CTb M8CCOBOPO oneparopa 
q 

( 2) o q = 2 n q Re II q (w = 0) 
( 11) 

. 2 
=-18b2 .!!.._I /:)y<;) -~-I y< 2\( 2)y( 2) 

N q' q q -q N q q q I q 2 '1 I+ '12 - q 
l 2 

B 3TOM )l{e npH6nH)I{8HHii nnSI nonpaBKii BToporo nopSin

Ka K CB060AHOH 3HepPHii (),. 2F ( 1.30) nonytiaeM Bbipa

)l{eHHe 

t.. 2f 
t..l 60 2 

_.;::____ =- - TJ I 
N<A 2/B) N 2 

( 2) ( 2) ( 2) 
y y y 

q q ql q2 ql+q2 
I 2 (12) . 

240 3 ~ (2) (2) (2) (2) 
---£.. yy y y 

N 3 qiq
2

q
3 

ql '12 '13 qi+q2+q3 
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YpaBHeHHe ang napaMerpa nopgaKa B 
MeHHH nonyqaeM B BRAe 

-Ab+B(b 3 +3b< u~>+<u~>)= 0, 
• I I 

SC2 -npH6na-

rae KoppengUHOHHyiO <!JyHKUHIO < U ~ > onpeaenHM B HH3llleM 
I 

npH6JIHMeHHH no KyMyngHTHOMY pa3JIOMeHHIO,. KaK B ( 1.23), 
qro npHBOAHT K ypaBHeHHIO 

., (- 1 + ., 2 + 3y ( 2) + y 1 ) = 0 ' ( 13) 

rae 

6 
e2 ~ (2) (2) (2) 

y =- - ..... y y y 
1 N 2 q1 q2 q1+q2 

q 1 q2 
CacreMa ypaBHeHaA (10)-(14) onHChlBaer noBeaeHae 

Moaenu B SC2 -npH6naMeHRH. 

( 14) 

flpu KOHKpeTHhlX pacqerax BBHAY CJIOMHOCTH pellleHRH 

C8MOCOrnaCOB8HHOH CHCTeMbl ypaBHeHHH 06bJqHo paCCMaT.:_ 

puBaiOT JIHlllb pellleHue B SCI -npu6nuMeHHH 111, a qneHbi 

BToporo nopHAKa yquTb!BaiOT no reopuu B03MymeHai1 121. 
3ro ynyqllleHHOe caMocornacoBaHHoe npu6nHMeHue USC) 
OK838JIOCb ycnelllHhlM npH HCCJieAOB8HHH TepMOAHH8MHKH 

CHJibHO aHrapMoHuqecKuX Kpucrannos 17 I, Ho, KaK 6biJIO 

noKa3aHO H8MHI14I ,npHBOAHJIO K JIOMHOH MHrKOA MOAe IIpH 

H3yqeHHH ycroAqHBOCTH pellleTKH IIpOCThlX KpHCTaJIJIOB. 

flocneaHee o6ycnosneHo reM, qro ocHOBHoe ypaBHeHue 

C8MOCOrJiaCOB8HHH AJIH KOppeJIHUHOHHOH <!JyHKURH y , 

onpeaenHIOIUee TeMneparypy HeycroAquBocru, B ISC -npu-

6nuMeHRH pelllaeTCH JIHlllb B nepBOM IIOpHAKe, K8K B (8), 
roraa KaK qneHhl sroporo nopHAKa B {10) aaiOT cpaBHR

MhlA BKnaa H 3HaqurenbHO MeHHIOT reMneparypy HeycroA

qaBocru. B CBH3H c 9TRM B I 41 6hmo paccMorpeHo caMo

cornacoBaHHoe pellleHue CHCTeMbi ypaBHeHaA sroporo nopga

Ka C HCITOJib30B8HReM HTepaUHOHHOH IIpOUeayphl npu Bhl

qucneHHH MaccoBoro oneparopa. 3ro ynpomeHHoe npu6nu

MeHHe BTOporo nopHAKa (RSC2) Ang HaCTOHIUeA MOAeJIH 

CTpyKrypHoro nepexoaa CBOARTCH K CHCTeMe ypaBHeHRA 

AJIH KOppeJIHUROHHOH <!JyHKURR 

y<2l"' y = _&_ I ___ !._ __ _ 
N q -2 

n 0 +(fo-fq> 

8 

e ~ __..! 
N ;j- 2 

nq 

(15) 

.. 

• 

R IUeJIH B cneKTpe <!JoHOHOB 0 0 C yqeTOM qneHOB BTOporo 

nopgaKa, BblqHCJieHHbiX no <!JoHOHHbiM qaCTOTaM nepBoro 

nopgaKa Q q, onpeaeneHHbiM B (5): 
2 n ~ = o 2- 1s.,2 .!!.. :£ - 1

- - ~ :£ 1 
. < 16, 

Nqn4 N2qq 0 2 0 2 11 2 
2 q l 2 q1 q 2 - q1 + q 2 

flpa 9TOM o H T/ 2 onpeaengJQTCg H3 ypaBHeHHH 

0 2 = 3 (q 2 + y) - 1 , (17) 

2 ., =l-3y+ 
68

2 

:£ 2 2 n2 
N 2 q1q2 nq1 nq2 ql + q2 

1 
(18) 

B ISC -npa6naMeHRH <:<acreMa ypaBHeHHH ( 17) , ( 18 ). 
pelllaeTCH C IIOMOIUbiO ypaBHeHRSI C8MOCOrJiaCOB8HHH (8), 
a He (15). TaKHM o6pa3oM, cacreMa ypaBHeHafi (15)-(18) 
oqeBHAHbiM o6pa30M nonaee ISC -npu6nHMeHHH. B ro 

Me BpeMSI RSC2 -npu6nuMeHHe npome npu6nuMeHRSI SC2, 
noCKOJibKY ypaBHeHHe (11) pelllaeTCSI HTepauaefi C no

MOIUbiO (16}. 

2. ~niDKTYAUMOHH~E 3~~EKT~ 

838HMOAeHCTBHe MeMAY 8TOM8MH (7} npeACT8BHM 

B MOAeJibHOM BHAe 
2 2 

- r q 
fq = f0 e o 

II/. 

( 19) 

rae napaMerp ro xapaKrepli3yer 6e3pa3MepHhifi paaayc 

B3auMoaeficTBH51 H onpeaenger pa3Mep o6nacru aacnep

CHOHHofi 38BHCRMOCTH <!JoHOHHOrO CITeKTpa. flepeXOASI B (15) 
OT CYMMbl K RHTerpany ITO 6e3p83MepHOMY q: 

1 1 3 
-N I( ... )=-- Jd q(. •• ), q (21T )3 

H HCnOJib3YSI (19), nonyq~eM 

(} c l <n 0) 
y = -·2 (l + 3 ) ' (20) 

n o+fo ro 
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rae - f k 
(

0 ) 1 00 

- 2 
c I ~£ 0 = -- 2 ---- (f! 

81T k=I k 312 0 

+f )-k+I 
0 

PaCCMOTpHM pa3no*eHHe naHaay CB06oaHOH 8HeprHH 

no napaMeTpy nopSiaKa 1) B aaHHOH MOaenH: f(TJ) 
= f 0 + a7J 2 + lhfJTJ~B SC1-npH6nH*eHHH, Hcnonh3YSI (4), 
nonyqaeM Bbipa*eHHe anSI ~epaoro KoatjlqmuueHTa: 

dfl 1 1 2 
a ( T) = ( --) = - ( 3 y I - 1) = -8 I , ( 2 1 ) 

d1)2 1)=0 2 1)=0 2 1)=0 

rae y onpeaenSieTCSI ypaBHeHHeM (8) H anSI B3BHMoaeti

CTBHSI ( 19) npHHHMaeT BHa (20) c no =8. CneaoBaTenbHO, 
B aaHHOti MoaenH B03MO*eH CTpyKTypHbiH nepexoa npH 

HeKoTopoti TeMneparype T c ,onpeaenSieMoti H3 ypaaHeHHSI 
a(Tc)=0 HnH o(T)=0, KOTOpaSI c y'leTOM (20) pasHa: 

fo 1 
- -----
3 

() 
(' 

1 + c /r o 
(22) 

rae 

c I = c I (!J 0 = 0) = f 0 ~ ( ·~ ) I 81T 
31 2

== f 0 I 17 0 

Tipu6nH*eHHID MoneKynSipHoro nonSI cooraeTCTByeT npeaen 

r O -> oo , Koraa BOCnpH HM'lHBOCTh X HH*e (x _) H Bblllle (x +) 
TO'IKH nepexoaa HMeeT CTaHaapTHbiH BHa B TeOpHH naHaay: 

-I 2 -I 2 
X = 8 = 2r, X = 8 = r , 

- - + + 

()- () (0) 
c 

(23) 
T = 

0(0) f 0 
c = --

3 () ~-0) 

KaK BHaHo, TeMneparypa nepexoaa (22) B SCI -npu6nH*e
HHH noHH*aeTcSI no cpaaHeHHID c TIMTI. 

BTopoti Koa¢¢uuneHT pa3no*eHHSI, y'lHTbiBaSI HeSIBHyiD 

38BHCHMOCTh CB060aHOH 8HeprHH (4) OT napaMeTpa no

PSILlKa TJ B cany (8), nony'laeM B auae 

2 

~-I--1 fJ <T> = 2)2 TJ== o 
(d 1) 

10 

1 
=- [ 1 

2 

30 1 --2 ~4 
N q~-] 

-3 --30 1 
1+ -2-4-

N q nq 

(24) 

I 
I 

,, 
J 

TipH6mnKeHHOe HHTerpHpOBBHHe npH 0-+ 0 anSI CyMMbl 
B (24) aaeT 

_!_ 2 _1_ == 1 _!_ == 1 
N q o 4 8 f 3/2 3 s:-

16 
f 3/2 3 _ 1-

uq 1T0 f0u 1T0 foyT 

1 
(25) 

B TIMTI r 0 ... oo H npH r ~ 0 nony'laeM rJ 0 l= ~ , TipH nro6oM 
KOHe'lHOM ro y'leT tjlniDKTYBUHti npHBOaHT K pacxoaSIIUHMCSI 
npH T-+ 0 BKnaaaM (25) B K08cptjJHUHeHT {J (24) 

0 
KOTOpbie 

CTBHOBSITCSI CyiUeCTBeHHbiMH B KOppenSIUHOHHOH o6naCTH 

TeMneparyp r < (r 6fo) -3 ,KaK H B Moaenu YI3HHra IBI *. 
OaHaKo B Meroae C<PTI, KaK noKa3aHo HaMH a o6meM BH
ae B npeabiaymeti pa6oTe /SI (eM. ( 1.37)), npOBOaHTCSI 

CyMMHpOBBHHe pacxoaSIIUHXCSI neTneBbJX auarpaMM anSI 
tjlniDKTyaUHOHHOti nonpaBKH H 3Ha'leHHe K08tjltjlHUHeHTa (24) 
OKa3bJBaeTCSI KOHe'lHbJM: J'3(r = 0)=-1.3TO CYMMHpOBBHHe, 

KaK H npH Bbl'lHCneHHH Moayneti ynpyrOCTH B MeToae 

C<PTI 19< o6ycnoaneHo HeSIBHOH 38BHCHMOCThiD 'laCTOT tjloHo

HOB Qq (5) OT napaMeTpa TIOpSiaKa 1) (HnH aetjlopMaUHH 
a191) qepe3 KOppenSIUHOHHYID tjlyHKUHID y B (6). TIOCKOnhKY 

{J(r ... 0>< 0, To tjla30Bbrti nepexoa B SCI -npu6nu*eHHH 

( npH KOHe'lHOM r 0 ) BcneaCTBHe y'leTa tjlniDKTyaUHH OKa-
3b!B8eTCSI iiepexoaoM nepaoro poaa. 

YI3BeCTHO, 'ITO npH pa3MepHOCTH npocrpaHCTBa d > 5 
TeOpHSI naaaay BbiTIOnHSieTCSI H B KpHTH'leCKOH 1'0'lKe. 

PaCCMOTpHM BbJP8*eHHSI (21), (24) B 8TOM cny-me. nony-

* B pa6oTaxl2lucnonh3oaancSI 6onee npocroti no cpaa
HeHHID C ( 19) ae6aeBCKHH cneKTp tjJOHOHOB f - f O == C 2 q 2 

H napaMeTpoM pa3no*eHHSI cny*Hna aenH'lHHc{ y- llc2qf>
- 1/ W b , KOTOpaSI He OTpa*aeT B SIBHOM BH.[le 38BHCH
MOCTh OT paauyca B38HMO.[leHCTBHSI. llnSI CTieKTpa ( 19) 
napaMeTp pa3no*eHHSI y - 1/f0 r g MO*eT 6biTh Man aa*e 
B cnyqae y3KOH tjloHOHHOH 30Hbi, wm ax - f o- 1, npH 6onhll!OM 
paauyce B3BHMoaeticTBH51, ro >> 1 o B nocneaHeM cnyqae ¢a-

30BbJH 06'beM .[lnHHHOBOnHOBbiX HeyCTOH'lHBb!X tjJOHOHOB Man 
TIO cpaBHeHHID C nonHbiM 'IHCnOM tjJOHOHHh!X COCTOSIHHH 

H MeToa Cct>TI xopoll!o OTIHCb!BaeT AHHBMHKY pell!eTKH npn 
r»(fr 2 )- 3 

0 0 
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'IaeM, 'ITO IIpH d~5 B SCl-rrpH6J1H:>KeHHH <t>n n pona 

B03 MO:>KeH JlHlllb II pH yCJlOBHH 

2 1 1 1 (-N :I. -)/(-N :I. -) < 1 . (26) 
q Q4 qQ2 

q q 
B 'IaCTHOCTH, npH d =5 nonyqaeM ycJlOBHe <t>n n pona 

B BHAe r 0 f 0 > 12. YcnoBHe, aaanorH'IHOe (26), 6hrno nony

'IeHo TaK:>Ke B pa6oTe/3/, rae pa3JlO:>KeHHe naHl{ay Ha 

ocaoBe SCI -npH6J1H:>KeHIHI rrpoBoannocb npn npeHe6pe-

:>KeHHH HeSIBHOH 3aBHCHMOCTbiO fl q OT TJ ( y"'IeT TOJlbKO 
nepBoii neTneBoii nnarpaMMbr), Korna B Bbipa:>KeHHH (24) 
3HaMeHarenb paBeH eaHHHUe. 

O'IeBHAHO, 'ITO nony'IeHHbie 3JleCb BbiBOAbi HBJlSIIOTCH 

pe3yJ1bTaTOM IIpHHSITOrO rrpH6J1H:>KeHHSI: y'IeT 'IJleHOB BTO

poro nopSIAKa B cneKTpe ¢oaoHOB (16) naer pacxonHrnHe
CSI IIpH T-> 0 'IJleHbl. Do9TOMY BbiSICHeHHe poaa <t>n B Me

TOl{e C<t>n, KaK n B n106oii npyroii TeopHH cpenHero nonSI, 

HeB03MO:>KHO. 

OaHaKo SCI -rrpa6nn:>KeHHe, 9KBHBaneHTHoe peHopMH-

poBaHHOMy rrpH y'IeTe ¢J110KTyaUHH ¢eHOMeHOJ10rH'IeCKOMY 

pa3JlO:>KeHHIO naHaay, MOIKeT 6bi Tb HCIIOJ1b30BaHO JlJlSI t!H

TepiiOJlSIUHOHHOrO onncaHHSI <t>n. Dpn 9TOM "tJ:JieHw Broporo 

IIOpSIAKa MoryT 6biTb y"tJ:TeHbl C IIOMOlliblO HeKOTOpOii HTe

paUHOHHOH rrpouenypb!, HarrpHMep RSC2. 

3. DPI1Eni1/KEHY!H BTOPOfO DOPHllKA C<t>D 

llnH cpaBHeHHSI IIpH6J1H:>KeHHR BTOporo IIOpHl{Ka MeTOAa 

C<t>n, BBeaeHHbrx B pa3nene 1, paccMoTpHM "tJ:HcneHHoe 

perneHHe CaMocornacoBaHHOH CHCTeMbl ypaBHeHHR. C UeJlbiO 

yrrporneHHSI pac"tJ:eTOB H CpaBHeHHSI C pe3yJ1bTaTaMH pa-
6oT/2forpaHH'IHMCSI ne6aeBCKHM IIpH6J1HIKeHHeM l{JlSI CIIeKT

pa ¢oHOHOB, nonaraSI 

2 1 2 2 
q(O }=-Io<n -n )= N q 

30 {27 J 
3 

200 
2 2 " rae 6yaeM C'IIiTaTb B COOTBeTCTBHif C ( 19) fl q = f 0r 0 q "'. 

C HCIIOJ1b30BaHHeM (27) HHTerpHpOBaHHe ITO HMIIyJlbCaM 

¢oHOHOB nerKO BhliiOJlHHeTCSI H l{JlSI CHCTeMhl ypaBHeHH~ 

12 

HaiipHMep, B RSC2 -rrpa6na:>KeHHH ( 15)- ( 18) nonyqaeM 

n2 2 0 = 0 -

- 27.!2!_ 
4 

27TJ 2e On no 
---[-arctg--

04 0 0 
D 

()2 

6 
On 

2 
On 

ln(l + 0,05 -
2
-). 

0 

1 
----] 
1+o

2!n6 
(28) 

npH Bhl'IHCJieHHH nocnenaero cnaraeMoro B (16), 
Mbl BOCIIOJ1b30B~J1HCb pe3yJ1bTaTOM pa60T /2/. 

(28) 

llnSI IIapaMeTpOB 0 H TJ IIOJlyqaeM ypaBHeHHSI 

2 2 90 
0 = 3TJ - 1 + -- [1-

0 2 ,_ D 

1J 2 
= 1-

go 
1 

n0 
-1--
n6 n0 

27112 2 
_o ln<l + 
n6 + ---· 

4 
0 

Do On 
-- arctg -- J, n -

o 0 o 

Dn 
arctg -::;- 1 + 

no 
n2 

n 0,05 ---). 
02 

B ISC -rrpn6nniKeHHH caMocornacoBaHHo_fernaeTCH 

(29) 

(30) 

JlHlllb CHCTeMa ypaBHeHHll (29 J, ( 30), rae {! O = 0 2 , 

a ypaBHeHne (28) He3aBHCHMO onpenenHeT TeMrrepaTypHyiO 

3aBHCHMOCTb menH B crreKTpe ¢oHoHoB. B SC1-rrpa6JIHIKe

HHH cncTeMa ypaBHeHHii erne ynpomaeTcH, TaK KaK nocnen

HHii 'IJleH B (29) OTCyTCTByeT, H CBOAHTCSI K OAHOMy ypaB-
- 2 2 2 

HeHHIO B CHJlY paBeHCTBa flo = 0 = 2TJ • 
Ha pH c. 1 11 2 npHBeneHbi pe3yJ1bTaTbi 'IHcneHHhrx 

pac'IeTOB anH TeMrrepaTypaoro rroBeaeHHH rnena B crreKTpe 

¢oHOHOB IIpli ABYX 3Ha'IeHHSIX napaMeTpa n 0 = 2 H no = 10 
COOTBeTCTBeHHO. (TeMrrepaTypa IIpHBeAeHa K TeMrrepaTy
pe <t>n B SCI -rrpH6J1H:>KeHHH, t = e;e (~C 1) ) • KaK Blfl{HO, 

rrocnenoBaTeJlbHhrii y"'IeT rnaBHbiX 'IJleHOB BToporo nop.sm

Ka (nnHeiiHbiX no 1/ r g J B RSC2 -rrpn6nH:>KeHHH rrpH

BOAHT K l{OCTaTO"'IHO CHJlbHOll rrepeHOpMHpOBKe rrp06HhlX 

¢oHOHOB, B pe3ynbTaTe 'Iero <t>n nepBoro pona rrponcxonaT 

13 



n =2 D 

04 

.Q2 
IJ 

12 
t 

p If C. 1. 3aBHCHMOCTb 6e3p83MepHOH menH B cneKTpe 

lPOHOHOB OT TeMnepaTypbl npH Q D = 2 . 

paHhme, qeM B SCI -npH6nH)I{eHHH. B npoTnaonono)I{-

HOCTb aToMy B ISC-npH6nH)I{eHHH TeMnepaTypa c~>n 

BTOpOI'O p0Jl8 6onbme, qeM B HyneBOM llnSI llBHHOI'O MeTO

llB npn6nH)I{eHHH. 

npH pacqeTaX B SC2 -npH6nH)I{eHHH B03HHK8IOT pac-

XOllSililHeCSI llpH T --> 0 nonpaBKH, qTQ npHBOllHT K 3HaqH

TenbHOMY OTKnOHeHHIO pe3ynhT8TOB 8TOI'O npH6nH)I{eHHSI 

oT SCI H RSC2. SC2 -npn6nH)I{eHHe MO)I{HO ynyqmHTh, 

ecnH npocyMMHpOBBTb COOTBeTCTBYIOlilHe paCXOllSililHeCR 

14 

n. = 10 D 

t 
QB 0.9 ( 1.1 

p If C. 2. 3aBHCHMOCTb 6e3p83MepHOH menH B ClleKTpe 

lPOHOHOB OT TeMnepaTypbl llpH Q J) = 10 . 

nnarpaMMbi 6onee BbiCOKHX nopSillKOB ( aHanornqHo ( 1.37)) 
HnH, 3KBHBaneHTHO, yqeCTb nepeHOpMHpOBKY BeplilHHbl aH

rapMOHHqeCKOI'O B38HMOlleACTBH~ 

Hcnonb3YSI pe3ynhTBThl 3KcnepnMeHranbHoro H3yqe

HHSI ct>n B nepOBCKHT8X, llpHBelleHHbie, HanpHMep, B / 6/, 

MO)I{HO cnenaTb nonyaMnHpHqecKyiO oueHKy napaMeTpoa 

MonenH. PaccMoTpHM nnSI npHMepa ct>n B ueHTpe 30Hbi 

EpnnniOaHa B Ba'Ii 0 3 npH 391° K H a Sr'IiO 3 npH 

37° K. nnSI qacTOTb! ¢oHOHOB B paCCMaTpHBaeMoii MOllenH 
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ucn?nL~Jyervt rrpe.ocraaneHue (5): llJ ~= (lJ ~ t-

oo 2 2 2 2 ' 
+ -- R 0 k ~ '" 0 f s 1 k .n onara.H R0 = a-rroc roHHHoti: pe-m o _., 
werKu, rrony'-laeM an% BaTi0 3 ¢o ==3 9B A - n .on.H 
SrTiO.l ¢o ~ 5 9B A-2

. nanee, UCI10.'1b3Y.H roorHOWeHUH 

(22) an>~ reMrreparypLI K10pu T c =¢o A/:m 11 nocro>IH-
Hoti: KIOpu-Beti:ca C =A m¢ 0 /3B (A - 9¢cjleKTHBHLIII 
3apH.Q H'-!etlKu), rronyqaeM an>~ BaTiO ,1 rrapnl\wrp Oil 2, 
a an>~ SrTiO :l- Q n == 7. TaKUM o6pi130J\t, nnH RaTiCJ.l 
o6nacrb KoppenHUHOHHbiX 9¢cpeKroa .oocraro•nro nenHKi1 
n rrpuMeueuue o6bi'-IHOi1 reopnu B03:\tyweHHi1, uanpuMep 
OTHOCHT8.'1bHO rrapaMerpa y= 1/0 O / 2/ , 38Tpy.OHHTC.'IbHO, 

.QnH IIHTepiT0.'15!UUOHHOPO OITHC8HU51 <t>D B T8KOM CJIY'Iae BITOJIHe 
MO.>Ker crry.>KuTb RSC2 -rrpu6JIHfKeHue, Koropoe 5!BJinerc>r 
nepBbiM waroM urepnuuoHuoro peweHu>r cal\tocornacoaau
uol! cucreMw ypaaHeHui1 ao aropoM rrop>r.QKe reopuu 
H Y'-IHTbiBaer rrraBHbiH BKJla.Q B3i1HMO.Q8HCTBIHI l!lJIIOKTyaUHJl, 
.QJI.H KO.'IH'-!8CTB8HHOPO .>K8 OITUCi1HI151 KpHTH'-18CKOii TO'IKU 
He06XO.QIIMO HCITOJlb30B8HUe .Qpyrux MeTO.QOB, Hi1l!pHMep

1 
, 

Mero.oa peHopMarru3auuoHHoi1 rpyrrrru ( CM,, uarrpuMep, I I 0/ ). 
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