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KaK H3BeCTHO/1/ , B.uaJIH OT ¢a30BOrO nepexo.ua CBOMCTBa CerHeTO­

::meKTpHKa .uOCTaTOllHO XOpOWO OnHCbIBIUOTCR npH6JIH)I(eHHeM MOJIeKYJIRp­

Horo nOJIR. llPH nepexo.ue OT MHKpOCKonHlIeCKHX napaMeTpOB K H3MepRe­

MOM B 3KcnepHMeHTax MaKpOCKonHlIeCKOM cnoHTaHHoM nOJIRpH3aUHH .uaH­

Hoe npH6JIH)I(eHHe COOTBeTCTByeT TeopHH J1aH.uay. KalleCTBeHHO BepHyIO 

KapTHHy npH 3TOM .uaeT H3BeCTHafl O.uHO~OHHaR Mo.uenb, B KOTOPOM npe.u­

nOJIaraeTCR HaJIHlIHe aHrapMOHH3Ma TermOBbIX KOJIe6aHHM y o.uHoro HOHa 

B 3JIeMeHTapHOM RlIeMKe/2 • 
B HaCTORmee BpeMR He BbI3bIBaeT COMHeHHR HaJIHlIHe aHrapMOHH3Ma 

KOJIe6aHHH y HeCKOJIbKHX aTOMOB B 3JIeMeHTapHofi RlIeMKe KpHCTaJIJIa TH­

na nepoBcKHTa/3 ,4/. llH¢paKUHOHHble 3KcnepHMeHTbI n03BOJIRIOT onpe.ue­

JIHTb napaMeTpbI 3¢¢eKTHBHbIX o.uflOllaCTHlIHbiX nOTeHUHaJIOB Bcex aTOMOB, 

8XO.ufImHX 8 3JIeMeHTapHYIO fIlIeMKy. BonpOCbl 8JIHHHHfI napaMeTp08 nOTeH­

UHaJIOB BCel{ aTOMOB BaTi0 Ha ero cerHeT03JIeKTpHlIeCKHe CBOMCT8a B na­3 

pa¢a3e 06CY)l(.uaJIHCb B /5 ,6,7/. B )laHHOM pa60Te Mbl OCTaHOBHMCR Ha ylle­

Te aHrapMoHH3Ma TermOBbIX KOJIe6aHHM pa3JIHlIHbIX aTOMOB npH aHaJIH3e 

TaKHX 8eJIH'IHH, KaK Cpe)lHee CMel.UeHHe pa3JIHtIHbIX aTOMOB H nOJIRpH3au;HR 

B cerHeTo¢a3e. 

1. CBOEOllHAH 3HEPrI1H MHOrOllOllPElllETOqHOrO 

CErHET03J1EKTPHKA B TETPArOHAJ1bHOA 

CErHETOcl>A3E 

llJIH cerHeT03JIeKTpHKa C npOH3BOJIbHbIM KOJIHtIeCTBOM no.upeweToK 
/71c806o.uHaR 3Heprml 3JIeMeHTapHoM RtIeHKH MO)l(eT 6bITb 3anHCaHa 8 8H)le

I n In 4 In 6 n 
F . k 

I,] 

a j j Pi Pj + 4 k b i Pi 1­ 6-, k C i Pi 
1 = 1 

- E k Pi' (1) 

rile n - 'lHCJIO no.upeweToK B 3JIeMeHTapHoM R'leMKe, Pi CnOHTaHHaR 

nOJIHpH3au;HR i-M no.upeweTKH. B .uaHHOM pa60Te Mbl 6y.ueM HCCJIe.uOBaTb 

nepexo)l napa¢a3a - TeTparOHaJIbHaR cerHeTo¢a3a, n03TOMY 6Y)leM C'lHTaTb, 

liTO Bce Pi HanpaBJIeHbI B.uOJIb O.uHOM H3 oceM 4-ro nopR.uKa. llOJIfIpH3aUHH 

Pi CBH3aHa co Cpe)lHHM cMemeHHeM aTOMa H3 nOJIO)l(eHHH pa8HOBecHH, 3a­

HHMaeMoro HM B napa¢a3e Xi COOTHoweHHeM 

ZtXj
P (2)

1 Vc 

rile Zi H Vc - 3¢¢eKTHBHh1l1 3apR.u aTOMa H 06'beM ::;meMeHTapH~H RtIeH­

KH COOT8eTCTBeHHO. MhI 6y.ueM nOJIaraTb, 'ITO CMel.Uemm aTOM08 Xi MaJIbI 
~.....,~/:'"-
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no cpasHeHHlO C Me)KaTOMHbIMH paCCTOHHHHMH, TO eeTb Pi HBJIHlOTCH Ma­

JIbIMH napaMeTpaMH. 

B )J.mmeKTpH'leCKHX 3KcnepHMeHTax H3MepHlOTCH, KaK npasHJIO, He KO­

3q,q,HQHeHTbI (1) npH Pi a K03¢¢HQHeHTbl pa3JIO)KeHHH F B PH)J. no CTe­

neHflM CnOHTaHHOH nOJIHpH3aQHH P 

n 
F = 1 AP2 ~~BP4 + LCp6 PE, P ~ P.• (3)

2 4 6 1 1 

nOTeHQHaJIbHaH 3HeprHH 3JIeMeHTapHOH H'leHKH KpHCTaJIJIa THna ne­

pOBCKI1Ta D MO)KeT 6blTb 3anHcaHa B BH)J.e CYMMbI 3HeprHH He3aBHCHMblX 

aHrapMOHH'leCKHX OCQHJIJIHTOPOB, cHMMeTpHH KOTOPblX COOTBeTcTByeT CHM­

MeTpHH 'laCTHbIX nOJIO)KeHHH cOOTBeTcTBYlOIllHX aTOMOB. E cerHeT03JIeKTpH­

'leCKOH ¢a3e B npH6JIH)KCHHH MOJIeKYJIHpHOrO nOJIH K nOH 3HeprHH )J.06aB­

JIHeTCH 3H~rHH napHoro B3aHMO)J.eHCTBHH pa3JIH'lHbIX aTOMOB (CM., Ha­

npHMep,ll, I). CBH3b Me)K)J.Y napaMeTpaMH (1) H MHKpOCKOnH'leCKHMH 

napaMeTpaMH D ,l.J.JlH )J.aHHOH MO)J.eJIH nOJIY'leHa B/5/. ,UJIH cJIa60aHrapMOHH­

'leeKOr() KpHCTaJIJIa 

B BH)J.e pH)J.oB /61 

o 1 
. a ij = a ij + a ij T ­

r)J.e K03¢¢HQHeHTbl 

THna nepoBcKHTa K03¢¢HQlieHTbI (1) npe)J.cTaBJIeHbI 

22 0 i 4 
a ij T bib i - b 1 T, C i = 0, ( ) 

npH TeMneparype T HBJIHlOTCH q,YHKQHHMH napaMeT­

pOB D, a HX BH)J. onpe)J.eJIHeTCH CHMMeTpHeH 'laCTHblX nOJIO)KeHHH aTOMOB. 

KOHKpeTHblH BH)J. 3THX K03q,¢HQHeHTOB CM. B/8/. npH nOJIY'leHHH (4) 6bmo 

HCnOJIb30BaHO pa3JIO)KeHHe F B pH)J. no CTeneHHM aHrapMOHH'leCKOH 'laCTH 

nOTeHQliaJIbHOH 3HeprHH)J.0 BToporo nopH)J.Ka MaJIOCTli. KaK nOKa3aHO 

B/8/ , 3Toro BnOJIHe )J.OCTaTO'lHO )J.JIH Toro, 'lT06bl onHCaTb CBOHCTBa BaTi03 
B TeTparOHaJIbHOH ¢a3e. 

npli HCCJIe)],OBaHHH cerHeTo¢a3bl B (1) MO)KHO nepeHTH OT Pi K 60JIee 

y)],p6HblM nepeMeHHbIM, 

P 
P , P 2' •.. , P --4> P __ 1_ (i.. 1, 2, ..• , n ) • (5)a jt n t 

Pi 

tIHCJIO HOBbIX nepeMeHHblX npH 3TOM eCTeCTBeHHO PaBHO n, TaK KaK alL 
BeJIH'lHHbI (I i B 06IlleM CJIY'lae YiKe He HBJIHlOTCH MaJIblMH napaMeTpaMH, 

TaK KaK npe)J.CTaBJIHlOT OTHOlIleHHe )J.Byx BeJIH'lHH O)J,Horo nOpHJJ.Ka. no)J.­

CTaBJIHH (5) B (1), nOJIY'laeM 

1 2 ~ 1 4 n
F -P .... a a a t -P ~ b 

2 1 i. j Ij i j 4 1 i = 1 

B HYJIeBOM nOJIe CHCTeMY ypaBHeHHH 

PYH (6) no PI H ai' 

n n n 
p2~ a _. (l. a . ~ b. p.4 i p4 '!>' 

I J I J 1 J I 1 ­
i . J = 1 

4 len 6 n 
a. +-P. ~ C.a_ --EP ~ d."(6)tI 6 1 1 I I i 1 J 

COCTOHHHH nOJIy'laeM, )],H¢¢epeHQH­

6 (7)C a, .~ 0 
I I 

n 

~ p2 3 4 I') 0 


. a Ij a j + 1 b i a i + PiC i a 1 = • ( 
8 ) 


J0- 1 


OTMeTHM, 'lTO B napa¢a3e (TO eCTb npH Pi = 0) (7) He HMeeT HeTpHBH­


aJIbHbIX pelIleHHH OTHOCHTeJIbHO a i . ,UaHHOe CBOHCTBO OTpa)KaeT TOT q,aKT, 


'lTO 3aMeHa nepeMeHHblX (5) cupaBe)]'JIHBa TOJIbKO npH PI =f O. ,UeHcT­


BHTeJIbHO, corJIaCHo /51 B napa¢a3e MaTpHQa II aljll nOJIO)KHTeJIbHO oupe­


)],eJIeHa, nonOMY npH PI = 0 (7) He HMeeT HeTpHBHaJIhHblX pelIleHHH. 

II 

YpaBHeHHe (6) MO)KeT 6blTb HCnOJIb30BaHO )J.m~ Bbl'lHCJIeHHH CnOHTaHHblX 

nOJIHpH3aQHH nO)J.pelileTo K H CBH3aHHblX C HHMH cpe,ll.HHX cMeIlleHHH aTO-

MOB. 
1 

no onpe)],eJIeHHlO 

n n 
(9)P ~ P. = ~ a i •P11 1 i = 1 

CJIe)J.OBaTeJIbHO, 
n 

-1 (10)P P(~a.).
1 1= 1 1 

nO)J.CTaBJIHH (10) B (6) H CPaBHHBaH nOJIY'lHBIllHHCH pe3YJIuaT C (3), no­

JIY'laeM 

n n -2 (11)A ~ a .. a.a, I a.) ,
IJ 1 1 i = 1 1i • .1= 1 

n 4 n -4 
B I b. a. ~ a i) , (12) 

i = 1 1 1 i 1 

n 
6 

n -6 
C ~ ai ( ~ ai) • (13)c i 

i = 1 

3. CPE,UHEE CMEmEHHE H CnOHTAHHA.H 

nOJUIPH3AUH.H BaTi03 

KaK Y)Ke ynoMHHaJIOCb, K03¢q,HQHeHTbl (4) 3aBHCHT OT napaMeTpoB 

3¢<l>eKTHBHblX O,ll.HO'laCTH'lHbIX nOTeHQHaJIOB aTOMOB. ,UaHHbIe napaMeTpbl 

Bbl'lHCJIHJIHCb B pH)],e pa60T/4 ,81 KaK 6e3 y'leTa aHH30TpOnHH TennoBbIX KO­

JIe6aHHH aTOMOB (H30TponHoe npH6JIHiKeHHe) KHCJIo~0)J.a/8/, TaK H C )"Ie­

TOM 3TOH aHH30TponHH (aHH30TpOnHoe npH6JIH)KeHHe) 4/. 
,UJIH )J.aJIbHeHlIlHX BhI'lHCJIeHHH Heo6xo)J.HMO 3HaTb 'lHCJIeHHbIe 3Ha'leHHH 

K03¢¢HQHeHTOB (4). OHH, B CBOlO O'lepe)]'b, 3aBHCHT OT pH)J.a napaMeTpoB 

(3¢¢eKTHBHbIe 3apH)],bI aTOMOB, KOHCTaHTbl napHoro nOTeHQHaJIa B3aHMO­

)J.eHcTBHH H T.)J..). tIHCJIeHHhle 3Ha'leHHH Bcex He06xo)J.HMb1X napaMeTpoB 

npHBe)J.eHbl B/61 . 
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p 6 K/ CM2 
B·/O".", SGS[ 	 PHC.1. TeMnepaTYPHaH 38BHCHMOCTb E­

O - H30TponHoe npH6nH)KeHHe, - lfb1­

0 
0 

../.// ~Tp~?~re npH61lHlKeHHe, --	 , 

Or ABTOPbI/41 npH paCqeTax KO­

3¢¢HlJ,HeHTOB pa3JIO)!(eHHH nOTeH­

? 
• 

lJ,HaJIhHOH 3HeprHH B aHH30TpOnHOM 


-2 r • 'J npH6JIH)!(eHHH HCnOJIb30BaJIH pa3" 


/ JIO)!(eHHe Cpe)],HeKBa,npaTHqHbI~

o ,, , 
J;; 40;] T,K CMelll,eHHll B PH)], no CTeneHHM aH· 

rapMOHHqe(;KOM qaCTH nOTeHlJ,HaJIb" 

HOM 3HeprHH )],0 nepBoro nopH)]'Ka MaJIOCTH, B TO BpeMH KaK B/8/ 3TO )!(e 

pMJIO)l{eHHe BeJIOCh )],0 BToporo nO~H)],Ka. 

4T06bI cpaBHHTl> pe3YJIbTaTbI 4,81 C 3KcnepHMeHToM, MbI 6y)]'eM npo·. 

BO)],HTb Bce paCqeTbl KaK B H30TponHOM, TaK H B aHH30TpOllHOM npH6JIH)I{e. 

HHHX. 

PaCCMOTpHM BblqHCJIeHHH K03¢¢HlJ,HeHTa B B -(3). I1pH nOM B cerHeTO­
/5/¢a3e MbI 6y)]'eM nOJIb30BaTbCH (12). a B napa¢a3e pe3YJIbTaTaMH . TeM­

nepaTypHble 3aBHCHMOCTH B )]'JIH H30TponHoro H aHH30TpOnHoro npH6JIH)I{e­

HHM H306pa)l{eHbI Ha pHc.l. Ha 3TOM )l{e pHcYHKe HMeeTCH 3KcnepHMeHTaJIb­

HaH TeMnepaTypHaH 3aBHCHMOCTb B/9, 10/. OTMeTHM, qTO B JIHTepaType, KaK 

npaBHJIO, npe)]'nOJIaraIDT JIHHeMHYID 3aBHCHMOCTb B OT TeMnepaTypbI. AHa­

JIH3 pHc.l noKa3bIBaeT, qTO H H30TponHoe H aHH30TpOnHoe npH6JIH)I{eHHH 

)],oCTaTOqHO XOpOlll,O OllHCbIBaIDT 3KcnepHMeHT. I1PH BbICOKHX TeMnepaTypax 

HaqHHaIDT CKa3bIBaTbCH BbICOKOTeMnepaTypHble nOnpaBKH K B, npHBO)]'H­

llI,He K OTKJIOHeHl1HM OT JIl1HeHHOCTH. 3TH OTKJIOHeHHH 3HaqHTeJIbHO CHJIbHee 

Bblpa)l{eHbI B MO)],eJIH H30TponHbIX KOJIe6aHHH aTOMOB KHCJIOPO)J,a. )laHHbIM 

¢aKT - CJIe)],cTBHe BblllIeynoMHHYTOM pa3HHlJ,bI B nopH)]'Ke pa3JIO)l{eHHH 

no aHrapMOHHqeCKOH qaCTH nOTeHlJ,HaJIOB B H30TponHOM H aHH30TpOnHOM 

npH6JIH)!((>HHHX. 

-6 K Z KaK H3BeCTHO, ¢a30BbIH nepe-

P,1O leN xo)], B BaTiO HBJIHeTCH nepeXO)]'OM
I 3 

nepBoro po)]'a, 6JIH3KHM KO BTOpO­
30 

MY, CJIe)],OBaTeJIbHO,)J,JIH ero onH­

--.. CaHHH Heo6xO)]'HM yqeT qJIeHOB -. ~ . ~ p 6 B (3). ComacHo/ 61 0,C j 

H CJIe)]'OBaTeJIbHO, B 3TOM npH6JIH­20 
)l{eHHH C == O. )lJIH Toro qT06bI YCT­~,\, 
paHHTb .ll.aHHOe HeCOOTBeTCTBHe Teo­

\
10 

\~ 

PHc.2. TeMnepaTypHaH 38BHCHMOCTb 


CnOHTaHHOH nOllHpH38L\l-m BaTi0 B H30­
3 

TPOflHOM (Cn.;lOIIlHaH llHHHH) H aHH30­

PHc.3. TeMnepaTypHaH 3aBHCHMOCTb 


cIloHTalIHoH IlOllHpH3aIUiH BaTi0 B aHH' 
 25 •3 
301'ponHoM npH6nHlKeHHH. CnnOIIIHaH , . 

H3/9/KpHBaH cooTBeTcTByeT C , IIITPHXO­

10/
BaH C H3/ , IIITpHxnYHKTHpHaH C

H3/11/. __ /13/. ---~ '" 
""-'...,"', . 

. .
pHH H 3KcnepHMeHTa, He06xonHMO 


npOnOJI<I<aTb B (4) pMJIO)!(eHHe aH­ /J 
 '" "',
rapMOHl'IqeCKOM qaCTH nOTeHlJ,HllJIb­ \ \ . 
HOM 3HeprHH no qJIeHOB TpeTbero \ '\.~ H 60JIee BbICOKHX nopH)]'KOB. 0)],­

HaKO npH 3TOM 01lIH6KH B onpene­
 \ 
JIeHHH C. 6ynYT nopHnKa caMHX \
C. /6 ,8/. I 	 [~ 

I 
B)]'IlJIH OT TOqKH ¢a30BOrO ne­

pexo)],a B pMJIO)!(eHHH (3) MO)I{HO ,)0 )"l:l T,K 
OrpaHHlJ,HTbCH qJIeHaMH ~ p4. TeMnepaTYPHaH 3aBHCHMOCTb cnOHTaHHOH no-­

JIHpH3aUHH )],JIH H30TponHoro H aHH30TpOnHoro CJIyqaeB B 3TOM npHOOH)I{e­

H3 /6/ •HHH H306pa)l{eHa Ha pHc.2. K03¢¢HlJ,HeHTbI A npH 3TOM 6PaJIHCb 

113 pHc.2 BH)],HO, qTO HMeeTCH )],OCTaTOqHO XOpOllIee CorJIaCOBaHHe TeOpHH 

H 3KCnepHMeHTa. 4T06bI nOCTpOHTb TeMnepaTypHYID 3aBHCHMOCTb cnOHTaH, 
6HOM nOJIHpH3aLJ,HH C yqeTOM qJIeHOB p , B03bMeM C 7,2x 

xlO-22 cMoj3pr2/9/, C = 5,4xl0,22 CM6 3pr,2/101 H C = 3,3xlO-22 , 

- 3,3xlO'23 x (t ' 120o C) cM63pr·2/111 H , nO)],CTaBHB HX nOCJIe)],OBaTeJIbHO 

B (3), nOJIyqHM 3aBHCHMOCTb CnOHTaHHOM nOJIHpH3alJ,HH OT TeMnepaTypbI 

(CM. pHc.3,4). I1PH nOM B MbI 6y)]'eM 6paTb H3 pHC.l, a A H3 /6/ • BH)]'HO, 

qTO H H30TponHoe H aHH30TponHoe -6
P,1O KlcM2npH6JIH)I{eHHe )],ocTaTOqHO XOPOIlIO 


onHCbIBaeT 3KcnepHMeHT. 25 
 ."­ ".)lJIH aHaJIH3a TeMnepaTypHbIX 
"'­ . 

3aBHCHMOCTeM cpe)],HHX CMelll,eHHM -'-"'­aTOMOB He06xo)]'HMO peUIHTh CHCTe­ -""'- . 
My (7), (8) C yqeTOM (5), (2).110' 


JIyqeHHhle TeMnepaTypHble 3aBHCH· 
 "
-, 

-". 
MOCTH Xi H306pa)l{eHbI Ha pHc.5, 6. 20 '" ",

'" "'-COOTBeTCTBYIDllI,He rpa¢HKH TeMne­ \ .\ 
paTYPHOM 3aBHCrlMOCTH (l i npe)], ­


CTaBJIeHbI Ha pHc.7. 
 '" . 
\ 

\ 
\ 

1 	
IS 

\ 

PHc.4. TeMnepaTYPHaH 38BHCHMOCTb cnOH' 


TaHHOH IlOllRPH3BlJ,HH BaTi0 B H30Tpon·

3 

TponHoM yf:ffHXOBaH llHHHH) IlpH61lmKe­ HOM npH61lHlKeHHH. 0603Ha'leHHH COOT­

300 350 T,K HHRX.- BeTCTBYJOT pHc.3. 300 }SJ 400 T,K 

4 	 5 
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PRc.6. TeMnep~TypH8.fI 3aBHCHMOCTb cpen- ~ 
HHX CMemeHHH aTOMOB B aHH30TponHOM , 
npH611H>KeHHH. 0603HaQeHHR COOTBeTCTBY' 

lOT pHc.5. 

PHc.5. TeMnepaTypH8.fI 3aBHCHMOCTb 
cpelJ;HHX CMemeHHH aTOMOB B H30Tpon· 
HOM npH6JlHlKeHHH. + - Ti, x 01' • -
OIl' 0 - Ba - 3KcnepHMeHTanbHbie pe­
3YllbTaTbI114/. CpenHHe CMemeHHIl 01 
H OTT B3RTbI co 3HaKOM MHHyC. 

x~,1O-2'A 
IO 

)C. ,..°1 

I~ 
+•Si· ~ 

Ti 

Sa 
I 

XX) ;60 

npH aHaJ1H3e nHcppaKUHOHHhIX naHHhIX, KaK npaBHJIO, nOJIb3YIOTCR. no· 

nOJIHHTeJIbHhIMH npennOJIO)KeHHHMH a i == const/ 
1"2/. KaK BH,!l.HO H3 pHc.7, 

3TO npennOJIO)KeHHe BepHO JIlUllb qaCTHlIHO. 
lleHcTBHTeJIbHO, B HHTepBaJ1e cTa6HJIhHOCTH TeTparOHaJ1bHOH CerHeTO­

CPa3hI a , a3 MeHHIOTCHBnpeneJIaxlO%,a (14 -Ha50·100%. 
2 

llJIH nOJIyqeHHH TeMnepaTypHhIX 3aBHCHMOCTeH cpe,!l.HHX CMelUeHHH 

C yqeTOM tIJIeHOB ~ p 6 B pacnOJIO)KeHHH F MO)KHO nOJIb30BaTbCH CJIenyIDlUH ' 

MH C006pa)KeHHHMH. BeJIHqHHhI PI H a i B (7), (8) HepaBHonpaBHhI. 

lleHcTBHTeJIhHO, PI HBJIHeTCH MaJ1hIM napaMeTpOM, a a i HMelOT 3HaqeHHR. 
e

nOpHnKa 1. n03TOMY n06aBJIeHHe qJIeHOB ~ pi (TO eCTb tIJIeHOB, B KOTOPhI
o(.L BXO.ll.HT C.) CHJIbHO CKa)KeTCH 

I. 5 1+ - - - - ...... d. 1Ha tIJIeHax !.. pr H ropa3no CJIa6ee 
:-=1'=z Ha a i (CM. (7), (8». CJIenOBa­

1.0 I x-- - - - '''''3 I 
0.75 	 '" 

0.5 

-........... 

'-.... 


-...........
0.1 t 
-...........
• 	 '-.... 

\ ­
"",cI..~0.0: L 

T, K 
3:JO 350 

TeJIbHO,.ll.JIH OIleHKH TeM!1epaTYP­

HOH 3aBHCHMOCTH CpenHHX CMelUe­

PHc.7. TeMnepaTypHhle 3aBHCHMOCTH 
oTHoweHHH cpenHHX cMemeHHH aTOMOB 
B H30TponHOM /CllJ10WHble llHHHH/ 
H aHH30TpOnHOM /npepblBHCTble llHHHH/ 
npH611H)KeHHRX. (12' a 3 B3RTbi co 3Ha· 
KOM MHHYC. X - (1 2 + a 3 • - (1 4 
H3/14/. 1 - Ti, 2 01' 3 OIl' 4 Ba. 

6 

, 
0.8 , 

I 

0.4 

X.,lO-z,K. 

----...
~::Ol 
~---Oii 
--- --- -~"'::'"....Ti 
------- - ~-OTI 

""­,.. --­ ""-

Ba 

\ 
"' ­

'"' ­
---- "' ­

--... ...... 
o L-~~__~__~~__--------~ 

)00 350 T,K 

HHH MO)KHO B3HTb a i H3 pHc.7 

H P (T) H3 pHc.3, 4 (HallOMHHM, liTO 

npH BhIlIHCJIemm P (T) K03CPCPHIlH­

eHT C 6PaJICH H3 3 KcnepHMeHTa) 

H 3aTeM C nOMOlUblO CooTHOIlleHHH 

1 n 
p - 2. a j Z i Xl' X i a i Xl ' 

v ci=l 

OnpeneJIHTb Xi' Pe3YJIbTaThI 3THX 

paCqeTOB npHBeneHhI Ha pHc.8. 

PRc.8. TeMnepaTypHble 3aBHCHMOCTH 
CPeAHHX cMemeHHH MR H30TpollHoro 
/CllJ10lllHble llHHHH/ H aHH30TpOllHoro 
/nyHKTHpHble llHHHH/ ~H611HlKeHHH /KO' 
3<p<pHl:(HeHT C B3ltT H3/ 1 / /. CpelJ;HHe CMe· 
meHHIt 01 H On B3ltTbI co 3Ha:KOM MHHyC. 

3. CP ABH11TEJIbHblM AHAJI113 1130TPOnHOrO 

11 AH1130TPOnHOrO np11BJIU)KEH11M 


Bce BhIIIlenpHBeneHHhIe paCqeThI 6hIJIH npOneJIaHhI KaK nJIH H30Tpon­

HhIX, TaK H .ll.JIH aHH30TponHhIx KOJIe6aHHH aTOMOB KHCJIOpOna. 

HenocpencTBeHHhIH aHaJIH3 PHCYHKOB noKa3hIB aeT, 'ITO HeCMOTpH 

Ha 3HallHTeJIhHYlO aHH30TponHIO TenJIOBhIX KOJIe6aHhH aTOMOB KHCJIOpO­

na/14/, H30TponHoe npH6JIH)KeHHe naeT nOCTaTOqHO xopOillHe lIHCJIeHHbIe 

pe3YJIhTaTbI nJIH pa3JIHllHhIX MaKpOCKonHlleCKHX BeJIHllHH (B (T), P (T) ) . 
npH BhIllHCJIeHHH MHKpOCKonHlleCKHX BeJIHllHH (cpe,!l.HHe CMemeHHR. 

aTOMOB) Pa3JIHqHH H30TponHOH H aHH30TponHOH MOneJIeH BblpR)KeHhI 3Ha· 

llHTeJIbHO CHJIhHee, OnHaKO H B TOM H B npyroM CJIYllae HMeeTCH BnOJIHe 

ynOBJIeTBOpHTeJIbHoe COrJIaCOBaHHe C 3KcnepHMeHTOM, KOTopoe n03BOJIHeT 

HaneHThCR. Ha nepcneKTHBHOCTh npennOJIO)KHTeJIbHOrO MeTOna npH H3yqeHHH 

CBOHCTB cerHeT03JIeKTpHKOB. 
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PYKonHCb nocTynl1Jla B H3,uaTeJlbCKHM oTLlen 
27 HHBapH 1987 rOLla. 

nanamoB C.M., BeHeBu;eB JO.H., <I>e,lVlHHH B.K. P17-87-41 
CBOHCTBa MHoronoJJ:pemerollHoro cerHeT03JIeKTpHKa 
B cerHero.pase Ha npHMepe BaTiO.. a 

nOJIyqeHa CHCTeMa ypasHeHHH: JJ:JIR onpeJJ:eJIeHHR TeMnepaTYpHOH: 
3aBHCHMOCTH OmOmeHHH: cpe~ cMeIIleHHH: Pa3JIHlIHbIX aTOMOB npH 
CemeT03JIeKTpHllecKoM .pa30BOMnepexoJJ:e B XpHCTaJIJIe CnpOH3BOJIb­
HbIM KOJIHlIeCTBOM cerHeTOaKTHBHbIX nOJJ:pemeTOK. .n.JlR BaTiOa 
C nOMOIIlblO 3TOH CHCTeMbI BbIqHCJIeHLI TeMnepaTYpHbIe 3a,BHCHMOCTH 
cMeIIleHHii Bcex aTOMOB B CemeTo.pa3e H CBR3a.HHbIe C HHMlJ BeJIHlIHHbI 
/CnOHTaHHaR nOJIRpH3aIlHR H npOq.j Ha OCHOBe MHKPOCl(OIlHQecKOH 
MOJJ:eJIH, COOTBeTCTBYJOIIleH npH6JIH)I(eHHlO MOneK}'JIRpHOrO nOJIR JJ:JIR 
KpHCTaJIJIa CHeCKOJIbKHMH nOJJ:pel.:/.leTKaMH. 

Pa60Ta BbIOOJIHeHa B JIa6opaTopHH Teopem:qeCKoH .pH3HKH 
OHRH. 

Coot>JneHHe OmeJlHHeHllOro HHCTHTYT/1 BAepHWx Hccne.llOBaHIIA • .l(y6Ha 1987 

nepeBOA r.r .CaHAYKOBCKOH 

Balashov S.M., Venevtsev Yu.N., Fedyanin V.K. P17-87-41 
Properties of a Multisub1attice Ferroelectric in the 
Ferroelectric Phase for BaTiOa , The system of equations is obtained for determining a temperature 
dependence of the ratios of mean displacements of various atoms in the 
ferroelectric phase transition in a crystal with an arbitrary number of 
ferroelectric sublattices. This system has been used to calculate for 
BaTiO temperature dependences of displacements of all atoms in thea 
ferroelectric phase and the relevant quantities (spontaneous polarization,,:,.. 
etc.) within the microscopic model corresponding to the molecular field 
approximation for a crystal with several sublattices. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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