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BBEAEHHE 

B Teop~~ pacceAH~A He~TpoHoB ~ peHTreHO BC K~X nY4e~ 4aCTO 
np~MeH~~T MOAen b , B KOTOPO~ Kp~cTann 3aMeHAeTC~ c~cTeMo~ pa3
nW-IHbIX a HrapMOH ~4eCK~X oCll~nmnopoB/l.2 { AHanor~4Hafl MOAe nb , 
B KOTOPO~ B3a ~MoAei;1cTB~e nOApeweTO K Y4 ~ TblB a eTcfl c nO MOlll blO 3(jJ
(jJe KT ~BHoro nOnA , ~cnonb 3yeTcfl ~ B Teop~~ cerHeT03ne KTp~4ecT

Ba /S/ _ Pa3n~4H~e CBO~CTBa cerHeT03ne K Tp~KOB /TaK~e , KaK 
cnOH TaHH aA nonflp ~3all~fI, TeMnepaT y pa K~p~ ~ T.A ./ MomHO npeA
CTaB ~ T b KaK ~YHKlI~~ napaMeTpOB 3T~X aHra pMOH~4ec K~X oCll~nnfl

/41 B . - 6 	 TO POB . AaHHO~ pa OTe npeAnome H AOCT aT 04 HO npOCTO~ MeTOA 
Oll e H K~ 3T ~X na paMeTpOB c ~cnonb30Ba H~eM Aa HHbIX, nonY4aeMbiX n p~ 

He~ T pOHo rpa(jJ ~ 4eC K~X ~ pe H T r eHorpa(jJ ~4eCK~X ~c cneAOBa H ~fl X. n p~ 

3TOM ~cnonb30aa HO Hanwme B 3aAa4e Mano r o napaM e Tpa, ~rpalOlI\ero 

CYllle CTaeHHY~ pon b B Teop~~ cerHeT03neKT p~4ecTBa. 

1. 	MAJiblf1 nAPAMETP 

H BbI PA~~ E HHE AI1R CPEAHErO KBAAPATA CMEI!\EHHf1 


3a n ~weM nOTeH lI~anbHYIO 3Hepr~1O aHrapMOH~4eCKoro OC lI ~nnA Topa 

B B~Ae 

2 2 
-+ a x 8 xU(x) = I ~ + U I..::J...:...1., Ie s2,;2 / 1/ I 	 2 ab I 2 IJ IJ I J ' 

rAe xI - i -fl AeKapToBa KOMnOHeHTa BeK Topa CMelll eHI-1A aTOMa ~3 no 
IlOllCe H~ fI paBHOBeC ~fI. Ha n a raFl AononH~TenbHble ycnoB~fI Ha at 101 c'J ' 
MO~HO nonY4~Tb nOTeHl\lo1a JlbHYIO 3Heprl-11O arOMOB Bcex nOApeweTOK 
Kp~C TanJla T~na n e pOBCKHTa. CpeAHHK KoaApaT A~HaM~4ecK~X CMellle
HHH n peACT a OllfleTCfI B B~Ae 

22-+ 	 -+ 
<X I > = r x , esp 1- 8 U Idx / r exp 1- ,9 U I dl . 	 12/ 

rAe ,9 =1/T I Te MnepaTypa ~3MepReTcfI B 3~rax/. 3aMe THM , 4TO, ~MeA 
3Kcne p~MeHTa!1bHYIO 3aBHC~OCTb < x~ > OT TeMn ~ paTYPbJ, MO~HO, npH
MeHAA Me ToA HaHMeHbW~X KBaApaToB, oueHIo1Tb a 1 ~ C') C nOMO\IIb lO 
12/. AaHHbJe Bbl4 101CJleHIo1Fl 6b1JlIo1 npOAe JlaHbI aB Topa M~/l . OAHa Ko He
nocpeAC TBeHHoe pewe HHe CIo1CTeMbi y paBHe HIo1 i;1, B03HIo1Kanli\eH np~ an
npOKC~Ma UIo1H <x1 > ypaBHe HH eM /2/, B03MOllC HO n~Wb AJl~ AOCTaT04HO 
Ma noro KOIll-14eCTBa He ~ 3BeCTHblX K03~1-111 ~eHTOB B /1/. 3 TO c npa oeA
m.,BO, Ha n plo1Me p, n plt?1~.no.n,bAQit~,mt~~ri1 Horo n pIo16n~meH~A 11/. 
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., 
AnR MHOr~X CerHeT03neKTp~KOB B /2/ MO*HO BWAen~Tb Manw~ napJ Manbl~ napaMeTp 3aBI1CI1T OT BeKTopa CMe~eH~R i, 4TO B HaweM8Uah 

cnY4ae HeYAo6Ho . AnR np~BeAeH~R ero K YAo6HOMY AnR Hac B~AY 
MeTP~Uah . Bocnonb3yeMcR Han~4~eM 3Toro napaMeTpa ~ pa 3nom~M 
/2/ B PRA AO 4neHOB -($Ua;)~ OnycKaR MaTeMaT~4eCK~e BbIKnaAK~ 

AOMHOll<~M HepaBeHCTBO
CM. / 4 1 /noAPo6Hee /, nonY4aeM 

f3 Uab « 1 /12/
!.. L inc.< xi2 > = - ~ ~ai /3/ 

c ne ea 11 cnpasa Ha.. 

2 2 2

In c = In ( exp \- f3 U Idi Inlo-fHl/ l o + O.5~ (1 2 / 10 -(1/1 0), 141 

3 Ii 

I = ( 8 IT ) I! o a3 • /5/ 
I-' a 1 a 2 &S 

-2 c i'
I 1 = lo~ I. [(1 1-28 . ) ...:2L 1 (8 = 1 , = 0 np~ hi j) , 

i ~ j 1J a i a j • u 8 1J /6/ 

-4 C C jj C C
I = 3 I ~ \ I ii (6 + 291) ) + L II 11 r3 1) 0 + 
2 0 I ~ j (& 1 a J j! Ij 1< j ~ a j a k a I II: J1 

k,l /7/e lj e kk+ 2 L ( Ck ! C kj ) .+ 10(Okl 0ik 0jl )] ++ 8kl 2 a2 a ai < j a a. a. k I j
k t i ,j k 1 J 

AnR aTOMOB nOApeweToK, ~Me~~~x TeTparoHanbHY~ c~MMeTp~~, ~Me

eTCR 2 HepaBHblX KOMnOHeHTbl < x~ > , KOTopble MOll< HO 3an~ ca Tb, ~cnonb
3YR /3/-/7/, B B~Ae 

2 3 s 
< x2 > =...'!:...-_ 4T ( C2 +~)+~(48b2C2 8c . c 2 + 

3 a 2 a a a 2 a3 + a3 a3 s 2 3 S 2 2 
2 2 

40c2 144 bsc2 384 b 3 /8/
+ ::y:--- + 2 + S ). 

a 2 &3 &2 as a 3 
T S2 T 2r C c2 9ticlb2 24c2 b s1 

6b 2 
<x >= - - _(-+-+-)+-( + 1

a21 a2 a 3 a2 a 3 a 2 a 2 a 2222 3 
2 22 /9/12cIC2 20 C2 16c l 72b2c 2 384b 2 ) .+ + --- + -::-r + + --s

a l 
2S 23 23

a2 & a & 2 a 2a a 2 

np~ Han~caH~~ /8/-/9/ Mbl nepeo603Ha4~n~ K03<p¢>114~eHTbl /1/ TaK, 
4TO nOTeH411anbHY~ 3Hepr~~ aTOMa MO~HO 3an~caT b B B~Ae 

... a2 ~ ~ 2 &3 2 4 4 4 2 2 2 2 2 2 
U(x) = 2lri + 2 X2 + 2 1:3 + b2x l + b2x2 + bs

x3 + <t Xl X 2+ c 2X2 X 3 +c2x 1 X 3 /10/ 

B~A K03¢>¢>~4~7~TOB /10/ COOTBeTcTByeT C~MMeTp~~ aTOMOB K~cnopoAa 
01 B BaTi03 I , CpeAHeKBaApaT~4Hble cMeU\eH~R Sa ~ Ti MOll<HO nony
4~Tb ~3 /8/, /9/, ~cnonb3YR AononH~TenbHble paBeHCTBa 

a2=a3' b 2=bs ' c.=c2 · /11/ 
2 

32 9 a2 2 & 
exp 1- f3( - r + - x:: + :a x2 ) I

2 1 2 2 2 3 

11 npO~HTerp~pyeM 112/ no BCeMY npOCTpaHCTBY. npl1 3TOM /12/ npe
06pasyeTcR K SI1AY 

a ~ ( 6b2 3b3 +.:!. + ~ ) T « 1.-+ /13/
a2 a 2 a2 a2 a 3 

2 3 2' 

2. METOA OUEHK~ nAPAMETP08 nOTEHUHAnbHOA 3HEPrHH 

Hanl1~~e Manoro napaMeTpa n03sonReT 3anl1CaTb 3aeHCI1MOCTb <sf> 
OT TeMnepaTYp~ B S~Ae pRAa no T. OAHaKO npl1 annpOKCI1Ma41111 3Kcne
pl1Me HTanbHblx 3aBI1CI1MOCTe~<XI2 > OT TeMnepaTYPbl MeToAOM Hal1MeHb
WI1X KsaApaToB B03HI1KaeT Bonpoc KoppeKTHor o 06pblBa TeMnepaTYPHO
ro pRAa. npOl1nn~C Tpl1pyeM CKa3aHHoe npl1MepoM. nYCTb Mbi I1MeeM 
3 KcnepHMeHTanbHY~ 3aB~CI1MOC Tb <i~> OT T /CM. Pl1c;I/. CornaCHO 
B~wecKa3aHHOMY, ee MO~HO npeACTaBI1Tb B BI1Ae 

<X2> = I AI TJ /14
I N J J 

CTporo rOBopR, Mbl AOIlll<HbI nOnOll<l1Tb B /14/A~= ·O. OAHaKo AIlR peanb
HbiX Kp~CTaIlnOB AI Mo~eT 6b1Tb ~HTepnpeTl1p08aHa KaK BKnaA cpeAHe
K8aApaTI14eCKHX c~aT~4eCKI1X cMeuteHl111 16/. npeAnOIlOll<I1M, 4TO. Ha411
HaR C HeKOToporo HOMepa n. CYMMapH~11 BKnaA Bcex nocneAY~l1x 4ne
HOB pRAa /14/ MeHbwe OW~6KI1 3KCnepl1MeHTa, TorAa, eCIlI1 npl1 annpOK
CI1Ma411~ /14/ no MeTOAY Ha~MeHbWI1X KBaApaTOB M~ B03bMeM non~HOMbi 
CTeneHI1 Bblwe, 4eM n , TO nOIlY4eHHble 3Ha4eHI1R Ai He 6YAyT COBna

:~:bH~ :~~~:H~::n::~:~:~:~:H~~ ~3~~~::H:~:0~H~i;,::Il~[~:::~C;maTI:~K , 
npl-i Tl <T <T2 He06xOAHM Y4eT CTeneHBI1 TeMnepaTypbl AO n. npH 
T2 <T < T Aon 1>n. a npl1Tmln <T < Tl -Aon 2 <n. TaKI1Mmu 
06pa30M, 4T06bl KoppeKTHO Y4eCTb Bce BblWel13IlOll<eHHble 3aMe 4aHI1R, 
He06xOAI1MO Bocnon b30saTbCR CIleAY~e~ np04 eAYPol1: 

1. AnnpoKc~MHPyeM 3t<cnepHMeHTanbH~ 3a BHC I1MOC Tb < x~ > OT T Ha 
HHTePBa Ile[~~. T ; l nOnl1HOMa MI1 HeCKOIlbK I1X cT eneHe~ /n paKTH Ka nOKa 
3b1BaeT, 4TO, Kat< npaBl1nO, AOC TaT 04HO B~6paT b B / 14/ n = 2,3,4/. 

2. nonY4alOOtYIOcR Ka~Abli1 pas cI1cTeMY AI ~ AI (a • a • b a,b 0.. c l' c 2),
j J 2 3 i7 
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rAe i = 1,2,3, pa3pewaeM OTHOO1TenbHO a 2,a a,b 2 , b a , cl ' C2 

C nOMOll\blO /8/, /9/. 1 2 

3. AB~raeM rpaH~~W ~HTepBana T n ~ Tn BHYTP~ 3Kcnep~MeHTanbHO
ro ~HTepBana TaK, 4T06w Ha Ka~AoM HOBOM ware K HOBOMY ~HTepBany 

np~6aBnHnacb 6~ no Kpa~He~ Mepe OAHa 3Kcnep~MeHTanbHO nonY4eHHaH 

T04Ka. ,llnfl Ka~Aoro Ta Koro ~HTepBane BblnonHAeM nYHKT 2. 
4. nonY4eHHoe M Ho~eCTBO napaMeTpOB raM~nbTOH~aHa /noA4ePKHeM, 

4TO Ka~AoMl ¢~Kc~pOBaHHOMY 3Ha4eH~1O CTeneH~ n ~ rpaH~~aM ~HTepBa

na T J 1-1 T n 6YAe T COOTBeTCTBOBaTb CBO~ Ha60p napaMeTPoB/ nOA

CTaBnHeM B /2/ ~ ~3 Bcer o MHo~eCTBa nonY4a101I\~XCH KP~BNX B~6~
paeM TY. KOTopaH I-1Me€T M~H~ManbHoe OTKnOHeH~e OT 3Kcnep~MeHTanb-

HO~ KP~BO~ Ha BceM OTpe3Ke [T min' Tmax J. COOTBeTCTBYlOlI\l-1€ AaHHO~ 
KP~BO~ 3Ha4eH~ fl napaMeTpOB nOTeH~~anbHO~ 3Hepr~~ np~HI-1MaeM 3a 

I-1C T~ HHble • 
5. ,llnH KOHTponH nOACTaBnHeM Bbl6paHHble 3Ha4eH~H napaMeTpOB 

B 	 /1 3/ 1-1 y6e~AaeMcH, 4TO a Ae~CTBI-1Tenb HO Man. 

3. 	 PACYETbl nAPAMETPOB nOTEHllHAnbHO~ 3HEP r HV1 

B ~30TPonHOM nPH6nMIEHHH 

Ann KP HCTAnnOB CsPbCl a VI KTru0 3 


H30TponHoe np~6n~~eH~e HaKnaAblBaeT Ha K03¢¢~~~eHTbI /10/ AO

nonH~TenbH~e ycnoB~H 

C 1 ~2 = b.a2~a3~a. b2 ~ b3=2= 2 

Pe3ynbTaTbi npl-1MeHeHI-1H Bblweon~caHHoro MeTOAa K nOApewe TKaM Cs 
~ Pb CsPbCls nD~BeAeHbI Ha p~c. 2 ~ B Ta6n. I. 3Kcnep~MeHTanbHble 
3aB~C~MOCTI-1 <i f > OT TeMnepaTYp~ AnH AaHH blX nOAp ewe TOK B3HT~ 

/ 11
1-13 . PaCCMOTp l1M nOAPo6Hee Ka>KAYIO ~3 nOA pewe TOK t An fl nOApeweTKI-1 
CBI-1HlIa Al= 2. 393 · 10-4 fj,2/ K ~ A 2= -3,167· 10-8A' 2/K~. \1cnonb

3YH /9/, B~4~cnfleM apb i,., b pb /CM. Ta6n. l/ 11, nOACTaBnHfI nonY4eH
Hble 3Ha4eH~fI B K03¢¢~1I~eHT npl-1 T3 B /9/, nonY4 aeM A3 = 
= 1,006·10 -11)\ 2/T 3. 3T~ Ben~4~Hbl nonY4eHbI B npCAnOJlO>KeH~~ Au = o. 
AHanor~4Hble pe 3YJlbTaTbi AnH Aot 0 npl-1BeAeHbl B Ta5fl.l. A6cgnlOT

HaH QWf16Ka 3Kcnep~MeHTa B onpeAeJ1eH~~ <l ~ f; fl. U =oI,6· ' 0- 3 A 2 

/ CM /1 1I. AHa Jll-1 3~pYfl BKnaAbl Ka~Aor.o ~3 4J1e HOB pAAa / 14/, flerKO 

3aMe T~Tb, 4TO. KaK 11 CJ1eAOBaJ10 O>K~AaTb, Ha~J1Y4W~M o5 pa30M an

npOKcl-1Ml-1pyeT 3KCnep l-1MeHTanbHbie AaHHbie TOT nOJ1~HOM 2-H CTeneH~, 
Y KOToporo AaT3 :::; AU /4TO cnpaBeAn~BO np~ T.$ 573 K/, a A2I' ~t\U 
/4TO cnpaBeAJ1I-1BO np~ T ~ 333 K/. AnH 4~CJ1eHHOr O aHaJ1~3a CTeneH~ 
T04HOCT~ ~cnonb3yeMo~ annpOKCI-1Mall~~ BBeAeM AB a ¢aKTopa CXOA~MO

CT~ 

-> 2 -. ~ 
< x P b (H a 6n. ) > - < x P b > t 

R 1(%) -~---- . 100. /15/<x P II H a 6n. ) > 

t.7_ 
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\\ 
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-> 2 -> 2 
<xPb>t -<xPb>N 

R2 (%) = . 100, /16/
-, 2 

<Xpb>t 

->2
rAe <xpift nonY4eHo C nOMOl1\blO nOAcTaHoBKI-1 a pb , b pb l-13 Ta6n.1 
B / 2 / 1-1 nocneAYIOl1\ero 41-1CneHHOro I-1HTerpl-1pOBaHI-1 R. R1 xapaKTepl-13yeT, 
KaK 3TO npl-1HRTO npl-1 aHanl-13e AaHH~X AI-1$paK41-10HHOrO 3KCnep1-1MeHTa, 
OTnl-141-1e 3KCnepl-1MeHTanbHO Ha6nlOAaeM~x Benl-14 1-1H OT I-1X B~pa*eHI-1R, 

,Bbl4!11CneHHbiX C nOMOl1\blO Bbl6paHHoR MOAenl-1. R2 xapaKTepl-13yeT CTe
neHb npaBl-1nbHOCTI-1 CAenaHHoro npeAnono*eHI-1R 06 06p~Be /14/ Ha 
4neHe C He KOTo pblM $HKCl-1pOBaHH~M N /B AaHHOM c n Y4ae N = 2/. Cne
Ay eT OTMeTI-1Tb, 4TO R 2 AonmHO I-1MeTb OTHOCI-1Tenb HO HI-13KI-1e 3Ha4eHI-1R 
nl-1Wb BHYTPI-1 I-1HTepBana [ TII1 .T ~]. YBenl-14eHI-1e R23a npeAenaMI-1 rpa
HI-14 AaHHoro I-1HTepBana rOBop ~T 0 He06x OAI-1MOCTI-1 Y4eTa 4neHOB pRAa 
/14/, I-1MelOl1\I-1 X 60nee B~COK l-1 e CTeneHI-1 T . nOA4epKHeM el1\e pa3, 4TO 
np04eAypa B~60pa rpaHI-14 I-1HTepBana, n peAnomeHHaR B AaHHoR pa60Te, 
rapaHTl-1pyeT Hac OT BKnlO4eHI-1R 3TI-1X 4neHOB npl-1 B~4HC neH I-1I-1 K03$$I-1
41-1eHTOB pa3no*eHHR raM!I1 n bTOHl-1aHa. COOTseTCT SYIOl1\l-1e 3Ha4eHI-1R R1 
1-1 R2 npl-1BeAeHbl B Ta6n .2. He3Ha41H enbHaR Benl-14 1-1Ha R2 nOATBep*AaeT-
CR ManOCTb lO a (T= Tn

2 
= 62 3 K) / CM, Ta6 Jl. 1/. non yye HHble 3Ha4eHI-1A 

R1 1-1 R2 rOBOPRT 0 xopoweM COOTBeTCTBl-11-1 non Y4e HHblx BenH4 1-1H apb 

1-1 bpb 3KCnepl-1MeHTanbHbiM AaHHblM. OTMeTl"M, 4TO OHI-1 Mano OTnl-14alOTCR 
OT 3Ha4eHI-1R apb = 1,742·10- 123pr/.l!.21-1 h p b= 1 , 38'10-133pr/~~ nony-
4eHH~X B/ V Ha OCHOBe /2/ /4TO npeACTa BJlReT CR BnonHe eCTeCTBeH
HbIM, T.K. nOApeweTKa Pb cna60aHrapMOHl-14Ha /, 

Pe3ynbTaTbi BblWenpl-1BeAeHHblX onepa41-1R B np eAno nOJ!{ e Hl-t 1-1 Ao f 0 
npeACTaBneHbl B Ta6n. 2 1-1 Ha PI-1C. 2, CYl4eCTBYKlT no Kpa RHeR Mepe ABa 
$aKTopa, KOTopble MoryT npl-1BeCTI-1 K HeHyneB o MY 3 Ha4 e HI-11O Ao· Bo
nepBblx, - Hanl-141-1e Ae$eKTOB B Kpl-1CTanne. 113B ecTHo / CM., Hanp. ,'6,7//, 
4TO Y4eT Ae$e KTOB MO)l(eT npl-1BeCTI-1 K nOR BJle HVl IO A 0';' 0. Hanl-141-1e Ae
$eKToB npl-1BOAI-1T K nORBneHl-11O AOnOnHI-1T eJlb HO~ c Ta T ~4ecKoA KOMnOHeH
Tbi cpeAHeKBaApa TI1 4 HbiX CMel1\eHI-1R, 4TO, B CBOIO o4epeAb . xapaKTepl-1
3yeTcA nOABneHl-1eM AononHI-1TenbHoR KOHCTaHTbI B pa3n OJ!{ eHI-1I-1 <xr> 
B PRA no CTeneHRM aHraPMOHI-13Ma/ 7/. Bnl-1RHl-1e Ae$eKToB 6YAeT 06cy*
AaTbCR Hl-1)1(e B CBR31-1 C I-1HTepnpeTa41-1eR 3 KCnepl1MeH Tanb Hblx AaHH~X, 
nony4eHHbix Ha KepaMI-14eC KHX 06pa34a x. B MO Ho KpHC TaJlJlax npeACTaB
nReTCR ManOBe pOR THblM Hanl-141-1e CTaTI-14eCKI-1 X cHe~eHIo1i1, oAHaKo , KaK 
nOKa3aHO B /8 / , nORBneHl-1e HeHynesblx 3Ha 4eHI-1i:1 Ao HOlKeT 6b1Tb 06 y cnoB
neHO "nepeCKOKaMI-1" 4aCTI-14bl 1-13 OAHoro MI-1H I-1HYMa MHor ORMHoro nOTeH
41-1ana B APyroi1 . AaHHblR np04ecc xapaKTe peH AnA $ aSOBbiX nepexoAoB 
Tl-1na nopRAoK - 6ecnOPRAOK. Pe3ynbTaTbI, n p~BeAeH Hble B Ta6n.1 ,2 
1-1 Ha PI-1C. 2, nOKa3b1Ba1OT. 4TO BBeAeHl-1e A 0 fo ° CIo1Jl bHO YBenl-141-1BaeT 
Ben l-141-1HY R 11-1 R2. Ha OCHOBaHl-11-1 aHa Ill13a R -$a KTopOB MO*HO cAenaTb 
BbiBOA, 4TO n peAn04TI-1TenbHoi1 ABIlRe TC R MOAeIlb, B KOTO poR aTOMbi Pb 
cOBepwalOT aHrapMOHI-14eCKI-1e KOIle 6 aHI-1R 6e3 " n epeCKOKOB", 

PaCCMOTpl-1M nOApeweTKY Cs B CsPbC13. Pe3ynbTaTbl, aHanOrl-14Hbie 

BbiWenpl-1BeAeHHblM AIlR nOApeweTKI-1 Pb,npI-1BeAeH~ B Ta6n.1 ,2 1-1 Ha 

pl-1c.3. AHanl-13 nonY4eHHblX pe3ynbTaToB nOKa3~BaeT, 4TO 3AeCb M~ 


I-1MeeM CI-1Tya41-11O, npoTI-1BonoIlo)l(HYIO ToR, KOTopaR Ha6nlOAaeTCR B nOA

6 

-12 /? 2/ . / - 14 /04/a / 10 3pr A , 0 10 3pr A 
Op;HOl.JaCTHT·lHoro no TeHlJ,llana, N -
HOMa, T~ , T ~ /K/ - Tel-mepaTypHbID: 

Ta6J11UJ,a 1 

- napaMeTphl 3¢¢eKTHBHoro 
CTeneHb annpOKCHMHpyroll1erO IIOJ1H

HHTepBan HaHJ1Yl.Jmeu annpOKCH-
MalJ,I-!M, aT=T~ - 3Ha l.JeHHe MaJJoro napaMeTpa Ha BepxHeu rpaHHll,e 
HHTepBana aIInpOK CID-!all,llH. Ai 

Ao/lO-2 'A 2/, A 1/I0-4 'A 2/K/, 


Beulec1'Bo nOl\pe
llleTKa a,- t N 

1. 73 14.4 2 p8 
2.24 34.5 3 

CSpeC£, 
0.54 3. 25 2 

Cs J.73 2. II 2 373,623 

3.98 35.0 3 776, 988 

K 3. 13 565. 3 476 ,776 

5.84 I~ 2 345,574
KTQ03 Ta 6.03 61.8 2 424 , 732 

2.9 65.3 4 318,776 
0 3.65 18. 2 2 424, 732 

- K03¢¢Hll,ueHTbI pa3nOJKeHHR /14 /, 
A 2/ - 1O-9 'A2/K2/, A3/IO- 10 K, 2/K3/. 

-

T'rt d.T.~ A. A.. AI AJ", " 

373,573 

333,623 

473 ,623 

0. 06 0.0 2. 39 31. 7 Qd 

0.09 1.67 1.85 0. 59 0.16 

0.15 0. 0 7.70 239 . 0.0 

0. 05 5. 82 5. 64 60.8 0.0 

0.05 0.0 1 .~ 6.34 0.1 

0.93 0.92 1.32 2IO. 2.07 

0.02 0.0 O. 7I 2. 54 Q&.. 
0.04 0.18 0.69 4.57 0 .0 

0. 13 0.0 I.43 30. 6 2. 25 

0.01 0 .44 1. 13 4.28 0.0 

, 

0. 06 9.910.0 0 • .390.19! 10 .7 673 ,9733I~Ba. J.n 4, 7612. 8 67d. 423, 97"3 0. 33 0.32 0. 0 2 

:) .01 4.21 2 42"3 ,723 ~:), SioJ.O 0. 01.1 9Z::.!.2 - -Ti 3.118 623. 3 '-123,7 73 1.050.62 L I9 1. 66 8aTiq IG9. 

1. 96 f. 73,9'13:3 0.6 J .O 2.rr 231. 1. 65 
0 

_. ~ -
- - -- -- --

3.29 590 . 3 623,773 0. 57 0.0 189 . 1. 65 1.26
S." 

3.04 950. 323 ,673 1.0 2.473 0.08 1.1 4 22 5. 

S'tT;0J 
4. 53 3I. 3 2 292,673 0.02 0.0 0.9! 30.4 0.0--0 4. 02 550. 3 292,973 0.69 0.35 1.03 96.7 1.03 

l......-... 
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Ta6JIHl(a 2. 3HaQeHiUI R -lPaKTopoB B % )J)UI CsPbCl s peweTKe Pb. T.e. Ha~nY4wee cornaCOBaH~e C 3Kcnep~MeHToM nony
4aeTcR, ecn~ n peAnonolK~Tb, 4TO A 0 ~ O. Oc TaHOB ~MCR nOAP06Hee HaT {KT 325 326 333 373 423 473 523 573 623 

Cs R.(": 
2. 0 

0.8 

3.0 

0. 2 

1.5 

J.9 

0 .3 

<0.1 

1.8 

0.1 

4.6 

1.3 

4.7 

0. 2 

4.6 

0 .8 

7.5 

1.4 

Cs R,.(~~ 
1.9 

0.3 

I.9 

0. 3 

2.0 

0.3 

2.5 

0.3 

3. 2 

0. 4 

3. 9 

0.5 

4.7 

0.7 

5.5 

0.7 

6.4 

0.9 

PC ~~ 
0. 5 

2.1 

0.2 

I. 9 

0.3 

2.6 

0.9 

5.4 

0.7 

6.3 

3.0 

6.1 

0.7 

9.7 

0.3 

II. 

O. I 

12. 

PC ~(1.~ 0.6 

6. 5 

0. 5 

6.5 

0. 5 

6.7 

0. 7 

7. 5 

0.8 

8.7 

0.9 

9.9 

I. l 

II. 

1.3 

I2. 

1.5 

14. 

J 

I 


aHan~3e nonY4eHH~x pe3ynbTaT08. KaK YlKe rOBop~nocb, B MOHO

Kp~cTannax BPRA n~ MOlKHO olK~AaTb cKonbKo-H~6YAb 3Ha4~


TenbH~X CTaT~4eCK~X cMe~eH~~, n03ToMY paccMoTp~M MOAenb, xapaK

Tep~3y~y~ AB~lKeH~e 4acT~~~ B nOTeH~~ane C HeCKonbK~M~ M~H~MY


MaM~. npeAn_onolK~M .. 4TO Ha KalKAoi:1 ~3 Tpex n~H~~ CBR3~ Cs-Cs Ha 

paccToRH~~ ±d Ha xoARTcR M~H~MYM~ nOTeH~~anbHo~ 3Hepr~~. TorAa 

np~BeAeHH~e B AaHHoA pa60Te pe3yn~TaT~ COOTBeTCTBY~T c~Tya~~~, 


B KOTOPO~ aTOM Cs COBepwaeT aHrapMOH~4eCK~e Kone6aH~R ~ "nepe

CKOK~" C OAHO~ Bepw~H~ OKTa3A pa, ~eHTp KOToporo pacnonOlKeH 
B T04Ke HaXO)KAeH ~R aTOMa Cs, Ha APy rylO. np~4eM HaxOlKAeH~e aTOMa 
B !l1060A ~3 nOTeH~~anbH~x RM paBHOBepORTHO. 

KaK nOKa3aHO B 1 8 / . cpeAH~A KBaApaT TennOBblX CMe~eH~i:1 BAonb 
OAHOA ~3 oceA np~ 3TOM paBeH 

2 2 2< x 1> = B 1 + d (3d =A o). /17/ 

rAe B 1 - "06bI4H~AIf cpeAH~A KBaApaT TennOB~X cMe~eH~A BAonb OC~ 
x, Bbl4~cnReMbdA no / 2/ C raM~nb TOH~aHOM /1/. nO!laraR d = /l ao 
/ a o = 5,6 03 A - napaMeTp R4eAK~/ ~ ~cnonb3YR AaHHble Ta6n.1, no
ny4aeM /l = 2,49 · 10 -2 . R -ctlaKTopbI AaHHoi:1 MOAen~ MeHbwe, 4eM 
R -ctlaKTopbl MOAen~ 6e3 "nepecKoKoB". OTMeT~M OAHO 06CTORTenbCT

BO, KOTopoe MOlKeT 3aTpYAH~Tb B~60p TO~ ~n~ ~HoA MOAen~. Cornac
10-1 )(.2 HO 1 7 / ,AnR cnpaBeAn~BOCT~ B~wenp~BeAeHHblX paccYmAeH~A He06xoA~CS LZ MO, 4T06~ BbinonHRnOCb paBeHCT80H _ - 0- Ao .-kL 2· 

~1-AfT / /' ~ t cos (277/l h) = exp {- ~ (277/lh)21, /18/.
~2-A2T2 /'~ /' 

rAe h - ~HAeKC M~Jl!lepa cooTBeTcTBYIOU\erO oTpalKeH~R. B HaweM cny 3~ :::---- ¥'" 
/' ---

4ae A!lR h= 5 paBeHCTBO /18 / BbinonHReTCR C T04HOCTbIO AO 4%. OA/' 
/' HaKO YAenbHblA Bec oTpalKeH~ H C h ~ 5 B MaCC~Be 3Kcnep~MeHTanbHblx

/' 
AaHHblx llI BeCbMa Man , n03TOMY MOlKHO HaAeRTbCR, 4TO TaKaR ow~6/' 

/' Ka He C!l~WKOM ~cnopT~T 3Ha4eH~R R-ctlaK TopOB . 
/'H /' Pe3ynbTaT~, OTHOCA~~ecA K Kp~cTanny KT~3, np~BeAeHbI B Ta6n.1 

~ Ha p~c.4. 3Kcnep~MeHTanb H~e 3a B ~C~MOC T~ <xr>aT TeMnepaTYp~, 
nonY4e HHble Ha MOHOKp~CTanne KT~3, B3RT~ ~ 3/9/ _ AHan~3 R-ctlaKTo
POB OAH03Ha 4HO YKa 3b1BaeT Ha TO, 4TO aTOMbi K ~ Ta COBepwalOT 
aHra pMOH~4eCK~e Kone6aH~R B OAHORMHOM nOTeH~~ane, a aTOM K~cno
pOAa HaxoAH TcA B nOTeH~Hane , Ka 4eCTBeHHO nOAo6HoM nOTeH~~any,- - - - - - - -- - -0 
B KOTOPOM Ha XOAH TCR a TOM C s B CsPbC1 3 . napaMeTpbl nOTeH~~anoB 

PHc. 3. Ann poKCHMal(HH np~BeAeHbl B Ta6n. 1 . OTMeT I1M, oAHaKo, 4-TO ~30TponHoe np~6n~lKe
01= 

3KCnepHMeHTanbHb~ 3Ha H~e, KOTopoe ~cnonb 3yeTcA B AaHHoi:1 pa60Te, BPAA n~ oTpalKaeT CI1
QeHI-U1' <x" 2;, 111 IlO)J, Tya~ l1lO, ~MelO~ylO MeCTO B cnY4ae Kone6aH~~ aTOMOB K~cnopoAa, AO
pemeTKH Cs B CsPbCls . CTaT04HO xopowo. n03TOMY pe3ynbTaTbI, OTHOCR~~eCA K nOApeweTKaM 
0603HaQeHHH: CM.IlO)J,IlH K~cnopoAa, ~MeIOT !l~Wb Ka4ecTBeHHbI~ xapaKTep, 

CH K pHc.2. OTMeT~M, 4TO C POCTOM TeMnepaTYPbl Ben~4~HbI R-ctlaKTopOB AnA 
400 600 K~cnopOAHOOKTa3AP~4eCKI1X cerHeT03neKTpI1KOB, ~ccneAyeMbix B AaH
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Ta6nHI..\a 4 
HO~ pa60Te, YBen~~~Ba~TC~. np~ 3TOM np~ T ~ 600-700 K paccorna 3Ha'-IeHH5f R -<paKTopoB B % ,[VHf BaTi03 / aHa.rlOrl1'-IHO Ta5n. 3/ 

T (K 4~3 473 523 573 623 67) 72) 77) 82) 873 923 97) 

~('l.~ 
e . 9 17. 13 . II, II. 7. 9 7. 7 5.7 4.4 ) .5 5.2 3.0 

3.2 7.7 21. 5.6 6 .9 II. 5.7 6.9 4.7 ).1 4.4 1.5 

Ba 2. 5 2,4 ? - 2 , e 2. e 3. 2 3.5 4. 0 4.0 5.1 5.8 6.6_.J 

Ril.) - - - - - - - - - - - -
0.6 O,d 1.1 1.3 1. 6 1. 9 2.2 2 .4 2 .7 3.1 3.4 3.B 

2.7 4.9 22 0 . 5 2.9 2.1 3. 4 3 .. 3 4.0 7.a 11.0 20 . 
R/t.) :l ,ll 2,4 ~ , I 0. 7 J .I 3.5 II. 14. 16. 2I. 25. 34. 

Ti 
::' . I ') . I ;) , I J . I ~. I 0 .1 0 .1 0.1 0 .1 0 .1 0.1 0.1 

RaJ'I.~ ),2 3 -, :: .3 4,7 10. 17. 25. 39 . 46. - - -. v 

1: . 1'5 . 25 . IS. II. 2 . 0 2. J 3. 5 6.7 9 . 7 14 . 19.
Rl%) -  - - - - - - - - - -

- - - - - - - - - - -

0 
Rli'J 

., "' ': . J 7 . 1 6 . 3 5. 3 3 . 3 0 . 0 2.5 6 . 5 II. ~ n.. ) • ..J 

- - - - - - t--  - - - - -

<C?>1O-z A2 , 

, COBaH~e MelKAY 3KCnep~MeHTanbHbIM~ AaHHblMI-1 ~ annpOKC~MI-1PYIOII\I-1MI-1 

3Ha4eH~~MI1 <Xr >t Ha~I1HaeT npeBblWaTb OWI-16KY 3KCnep1-1MeHTa. Hl-1lKe 
700 K cornaCOBaHl-1e, KaK npaBl-1nO, BnonHe YAOBneTBop~TenbHoe. no
B~A~MOMY, npI14~HO~ nOA06Horo BbiCOKOTeMnepaTypHoro paccornaCOBa
HI-1~ ~BnReTCR Hey~eT B / 1/ 4neHOB _ (x)6 . 

4. 	AHAllH3 CPE/lHEKBAAPATH4 HbIX CMElllEHHI1 

ATOMOS KPHCTAllllO B BaTi03 H SrTi03 


3Kcne pHMe HTanb Hble 3aB HC I-1MOCTI1 cpe~HeKBaAPaTI1 ~ HblX CMe~eHI-1~ 
aTOMOB 3 THX KpHCTannOB 6~n~ B3~T bI 1-13 lO ( Pe3ynbTaTbi pac~eTOB 
npl1BeAeHbI Ha pl1c .5.6 11 B Ta6n.l ,5 ,6. PaCC MOTpl1M Kpl1CTann BaTi03 · 
OTMeTHM, ~ TO OWI16 KI1 3KCnepl1MeHTa AnA Be~ecTB, KOTopble Mbi pac 
CMaTpHBaeM B 3TOM na pa r pa¢e, COCTaBn~~T 10 715%, T. K. COOTBeTCT
BY~He 3KcnepHMe HT bI npOBOAl-1nl-1Cb Ha KepaMI-1Kax. AnA nOApeweT OK 
Ba 11 Ti R-¢aKTopbI o6el1x MOAene~ Me Hbwe OWH6oK 3KcnepHMeHTa 
n pl1 T ~ 700 K /To4Ka T = 523 K RBm~eTCR B bI6PO~OM Ha 3KcnepH
Me HTanbHblX KPHBblX /CM. pHC . S//. TaKHM o6pa30M. Ha OC HOBaH~H 
Bbiwe npHs eAeHHblX pac~eTOB HeS03MOJl(HO CAenaTb BbiSOA a xa paKTepe 
Kone6a H III~ a TQMOB Ba 11 Ti. B paMKax AaHHoro n pl16nl1lKeHI1R 3TI-1 aTOM bl 
Mor YT COBepwaT b KaK npOCTble aHra pMOHH~eCKl-1e Kone6aHI-1R BOKPyr 
OAHoro nonOlKeH IIIR paBHOBeCI-1A, TaK 11 Kone6aHIIIR C Ine pec KoKaMIII", 
xapaKTepHble AnR CI-1CTeM C ¢a30BblM nepeXOAOM T~na "nopRAoK - 6ec
nopRAoK". OT MeTIllM TaKlKe, ~TO, B cl-1ny ycnOBI-1H nplllrOTOBneH I1R, 
KOH~eHTpa~HR Ae¢eKTOB B KepaMHKax aHa~I-1TenbHO Bblwe, ~eM B MOHO 16 
Kpl1CTannax. KaK YlKe OTMe~anOCb Bblwe, y~eT Ae~eKTMOCT I-1 CTPYK TY

PbI nplllBOAIilT K nORBneHIII~ AononHHTenb HOH, He 3aBI1CR~eH aT TeMne 

paTYPbl , KOHCTaHTbI B Sblpa Jl(eH~H /1 4/ AnA cpeAHeKBaAPa T I1 ~HblX CMe

~eHIII~. Ta KI1M 06pa 30M, MOAenb. B KOTOPOH Ao lo,Y~ ~T blBaeT oAHoBpe

MeHHO III Snl1AHHe Ae¢eKTo B, ~ Han l14111e B03MOJl(HbiX "nepec KaKOS" a TO 12 

MOB 1113 OAHoro MMH IIIMYMa B APyro~ . AHanH3 pl1c. 5 nOKaablBa eT, ~TO 


Y4eT Ae~eKTOB nplllBOAI1T K TOMY. 4TO Kpl1Bble aaBIIICIllMOC TeH < "Xt2> aT 

• ---- 0TeMnepa TYPbI nocne BbI~HTaHHR A npoxoART /c Y4eTQM owH6oK 3Kcne


pIIIMeHTa / 4epes cooTseTCTB~~l1e 3KcnepIIIMeHTanbHble TO~KH, nony

~eHH~e Ha MOHoKplllc Tannax /AaHHble T04KIII B3RTbi 1113 pa60T / 11.121 /. 8 
 •• 

~ 

~ , 
AaHHoe cosnaAeH~e SPRA nlll AsnReTCR cnY4aHHblM III cnY~IIIT aprYMeH

~
/r 

TOM B nonb3Y Bbl60pa MOAenH C A of O. AHanlll3 R-~aKTopoB nOA peweT ....P H C • 6. AnnpoKcliM3LlHR
KI1 	 KlIIcno pOAa nOKa3b1BaeT , ~ TO HH OAHa H3 AaHHblX MOAene~ He AaeT "';;;;;-f'" --3KcnepHMCIIT8Jlbl lbiX ,ilia  /'YAOB neTBo plllTenbHoro cornac osaH IIIR C 3Kcne pHMeHTOM. npH4HHY 3 Toro 7'-I e HHH cpeAHeKDa~a- 4cneAyeT HCKa Tb, n0?8 HAI1MOMY, B Henp lllMeH IllMOCTI1 11130TponHor o npH

Tlf4 HbIX CMeuteHHii 101 :;.-- ~ 6nllllKeHMR K Aa HMoi:; nOApeweTKe. ,nnR SrTi03 HalllnY4wee cor naCOBaHHe ~~ ~ ()() ~T iaToM08 pa3n H4HWX nOA- S, ,.-~ () () ()CIC 3KCne pHMe HTOM 6b1no AOCTHr~fYTO AnR nOA peweTKH KHcnopOAa /CM. 
pemeTOK SrTi0 3 . 0603H8 CI()()ClCI()CI () T,KTa6n. 5 III plllc.6/. AaHHbI~ ~aKT OTpalKaeT, B03MOlKHO, HSBeCTHoe 
'-IeHI1H: CM .TIOATII1CH 

IYTBepJl(AeHl-1e 06 1130TpOnHOM xapaKTepe co6C TBeHHblX Kone6aHH~ B KPI1
K pHc.4.CTanne SrTi0 3. 60nbljll1e 3Ha~eHIII~ R -$aKTopOB AnA nOApeweToK Sr 400 800 

~ Ti rOBopRT a TOM, ~TO Kone6aHI1~ 3TI-1X aTOMOB HOCAT c~ecTseHHo 
l3

12 
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aHrapMOH~4ecK~~ XapaKTep, T.e. 0 TOM, 4TO pa3no~eH~e /2/ no CTe
neHRM aHrapMOH~3Ma AnR 3T~X nOApeweTOK Henp~MeH~MO. 

np~BeAeHH~e B~we paC4eT~ nOKa3~Ba~T, Ha Haw B3rnRA, ne pcneK
T~BHOCTb npeAno~eHHoro MeTOAa AnR onpeAeneH~R napaMeTpOB OAHO-
4acT~4Horo nOTeH4~ana nOApeweToK Kp~CTannOB T~na nepOBCK~Ta. 

ABTop~ np~3 HaTenbH~ H.B.MacaHcKOMY 3a 4eHH~e 3aMe4aH~R ~ no
MO~b np~ B~ 4~cneH~RX. M~ np~3HaTenbH~ TaK~e C.A.MBaHOBY 3a 06CYM
AeH~e pe3ynbTaToB pa6oT~. 
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8 061teAHHeHHOM HHCTHTyTe AAepHbiX HCCileAOBaHHH Ha~all 

BbiXOAHTb c6opHHK "HpamKue coo6~eHU.R OJ1.HJ1". B HeM 
6YAYT noMe~aTbCA CTaTbH, COAeP*a~He OpHrHHallbHble Hay~Hble, 
Hay~HO-TeXHH~eCKHe, MeTOAH~eCKHe H npHKilaAHble pe3yl1bTaTbl, 
Tpe6y~He cpo~HOH ny611HKa1.1HH, 6YAY~H ~aCTbiO "Coo6uteHHH 
OHJIH", cTaTbH, aoweAWHe a c6opHHK, HMeiOT, KaK H APYrHe 
H3AaHHA OHJIH, cTaTyc ~HI.IHallbHbiX ny6nHKai.IHI':1. 

C6opHHK "KpaTKHe coo6~eHHA OHJIH" 6yAeT BbiXOAHTb 
peryi1APHO, 

The Joint Institute for Nuclear Research begins publi
shing a collection of papers entitled JINR Rapid Communi
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. · 
Accelerators . 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condensed matter. 
Applied researches. 
Being a part of the JINR Communications, the articles 

of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be issued regularly. 

EanawoB C.M., BeHeB~eB ~.H., ~eARHHH B.K. P17-85-515 
MeTOA onpeAeneHHfl napaMeTpOB OAHO~aCTH~HOI'O IJOTeH~Hana 
cna6oaHrapMOHH~eCKOI'O KpHCTanna 

llpeAno~eH npocToH MeTOA onpeAeneHHR napaMeTpoB cna6o
aHrapMOHH4eCKHX OAH04aCTI~H~ noTeHUHanoB aTOMOB pa3nH~Hb~ 
IJOApemeTOK KPHCTanna THna nepoBCKHTa Ha OCHOBe peHTI'eHOrpa~H
qeCKHX HnH-HeHTpoHorpa~H~eCKHX 3KcnepHMe~ToB, MeTOA onpo6oBaH 
Ha 3KciJepHMeHTanbHb~ AaHHb~ KpHcTanna CsPbC13 , AnR KoToporo 
HMe~TCR aHanor~Hb1e pac~eT~ B nHTepaType. llonyqeHbJ IJapaMeTphl 
OAHotmcT~Hb~ IJoTeH~HanoB aToMoB KpHcTannoB BaTi03 ,SrTiO~ , 
KTa0 3 • 

Pa6oTa BbiDOnHeHa B na6opaTOPHH TeopeT~eCKOH ~H3HKH Olun1 

"Cool5m;eHHe Ol51>e~HeHHoro HHCTHTyTa ll,llepa.ax HccnenoaatDIA • .lly6Ha 1985 

llepeBOA aBTOpOB 

S.M.Balashov, Venevtsev Yu.N., Fedyanin V.K. P17-85-515 
Definition of the Parameters of the Single-Particle 
Potential of a Heakly Anharmonic Crystal 

A simple method for determining the parameters of weakly 
anharmonic single-particle potentials of atoms of different 
crystal sublattices of the perovskite-type is proposed on the 
basis of x-ray and neutron experiments. The method is veri
fied by the experimental data for the CsPbCls crystal, for 
which similar calculations are available in literature. The 
parameters of the single-particle potentials are obtained 
for atoms of crystals BaTi03 , StRi03 and KTao

3
• 

The investig-ation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

~ ~ ·• Communication of the Joint Institute for Nuclear Research. Dubna 1985 




