
o fi b B·A MYH e H H bl A 
~ 

d' MHCTMTYT 
mm <RABpH.biX 

MCCnBAOB3HM~ 

AYfiHa 
~ -........---- - ~ IJ 

~~~:; --tPo 
P"J' tsU-1 !PI w 

?;Y ~~~ _J?v 

H M ILiaKH.Ja, B.B.l1naHoB 

/U1HJ\\H1KA PEiliETKl1 KPl1CTA.IIJIOB 
m 

(' lll'l1MEC~HM l1 IH:U~HTPAJlbHOf'O Tl1fiA 

Hanpae~H?HO e "PII\sZc a statu~ c;ol.zdz 



nnaKHAa H M., ~sa~OB B.B. PJ7 .. 80-194 
AHHaMHKa peweTKH KPHCTanPos c nPHMeC~MH 
He~eHTpanbHOro THna 

PaccHOTPeHa MOAenb KPHCTanna c npHMeCRMH 3aMe~eHHR, 
noTeH~Han•Ha~ 3HeprHR KOTO~X HMeeT HeCKOilaKO BHe~eHTpQBWX 
MHHHMyMOB. Ha OCHOBe caMOCOrnacoeaHHoH TeOpHH ~HOHOB 
no~y~HW ycnOBHR B03HHKHOBeHHR He~eHTpanbHWX nonoMeHHH 
OPHMeCeH H pacC~TaHa ~aCTOTa pe30HaHCHWX KOne6aHHH. 0o
Ka3aHa sali!HaR pon• ¢inyKT)'3"'1~< IC.·· ...w.:.H • - - - ·~¢ia30BOM 

n.epexOAe. y--- 3430/2-00 np • ~ np..-
MeCHWX CHClj 

· nnaK"xa~H . M . " 
¢IH3HKH 

l"'penpMHT 

VIBaHOB , .I:1 ·B· 
n"HaM"Ka pemeTK" KpHCTan-
nOB C npHMeCHlvm • • • 

P17- 80- 194 . 1980 

1980 

~~;:,.·-. -""'~~· '11}~:.·· .·-.~,~~;u- .J "!i 
.... :a·&·· • . ~~ "!.N·\~....l"~~\-

1. BBEAEH11E 

A~HaM~Ka peweTK~ HeKOTop~x ~en04Ho-ran011AH~x Kp~crannoe 

c np~MeCRMH aaMe~eH~R ~MeeT PRA HHTepecH~x ~~3~4eCK11x oco6eH 
HOcreH, KaK, HanpH Mep, HH3K04aCTOTH~e pe30HaHCH~e MOA~ lnpH
MeCb Li + e KBr I HI1H TYHHenbH~e eoa6y>KAeHHR lnpHMecb Li+ 
e KCl 1 - cM.' 1- 4 1. KaK noKaa~ea~T 4HcneHH~e pac4eT~ Ha oc
Hoee MOAenbH~x noreH411anoe l l~l . e 3THX cny4aRx noreH4HanbHaR 
3HeprHR npHMeCH HMeeT MHHHManbHOe 3Ha4eHHe He B y3ne peweTKH 
MaTPH4~, a B HeKOTOp~X nonO>KeHHRX , CMe~eHH~X B CHMMeTpH4H~X 
HanpaeneHHRX OTHOCHTenbHO Y311a. TaKOH XapaKTep nOTeH4Hana npH
BOAHT nH60 K HeUeHTpanbHOMy paBHOBeCHOMy nOI10>KeHH~ npHMeCH np11 
6on bWOH rny611He cMe~eHHoro MH HHMyMa noreH4Hana I Li ~ a KCl I, 
11H60 K CHnbHO aHrapMOHH4eCKHM KOile6aHHRM npHMeCH C HH3KOH 4aC
TOTOH I Li~ e KBr 1. He3Ha4HTenbHO MeHRR nocrORHHY~ peweTKH, 
He4eHTpanbHY~ npHMeCb MO>KHO nepeeeCTH B nOilO>KeHHe B 4eHTpe 
R4eHKH 16 ~ OnHCaHHe AHHaMHKH pewerKH c raKHMH npHMecRMH He4eHr
panbHOro T11na B paMKaX eAHHOH MOAeilH npeACTaBnReT 3Ha411TenbH~e 
TPYAHOCTH BBHAY CHilbHOaHrapMOH~4eCKOrO xapaKTepa HX KOI1e6aHHH. 

B HacToR~eH pa6ore paccMorpeHa MOAenb peweTKH c npHMeCRMH, 
nOTeHU~ailbHaR 3HeprHR KOTOp~X OnHC~BaeTCR ~YHK4HeH 

U(x) = ~ x2 + Ae-bx
2 

= ~ x2 + ¢(x). Ill 
2 2 

7 I 

npeAno>KeHHOH e pa6ore 
1 AnR o6oRcHeHHR PAAa 3Kcnepi1MeHranbH~x 

AaHH~x. 3~eKTHBH~H y4eT 6onbWOH aMnnHTYA~ aHrapMOHH4eCKHX 
Kone6aHHH np .. MeCH npoeeAeH c noMO~b~ MeTOAa caMocornacoeaHHoro 
~HOHHOrO nOilR IC~nl / S/ · noKa3aHO, 4TO 3Ha4HTenbHaR nepeHOPMH
pOBKa aHrapMOHH4eCKOro noTeHUHana ¢(x) npH 60I1bWOH aMnilHTYAe 
CPeAHeKBaApaTH4H~X ~IlYKTya411H npHMeCH np~BOAHT K nono>KeHH~ 
npHMeCH B 4eHTpe R4eHKH Aa>Ke np11 CHilbHOM aHrapMOHI13Me ( a 

= ( 2Ab / Ao ) >> 1). CMe~eHHe npHMeceH e He4eHrpan bHoe nOJlO>KeHHe 
lcerHeTo3neKTPI14eCKHH ~a30B~H nepeXOA B npHMeCHOH CHCTeMel 
B03MO>KHO TOnbKO np11 KOHe4HOH KOH4eHTpa41111 npHMeCeH 3a C4eT HX 
B3ai1MOAeHCTBHR. 3TOT B~BOA HaXOAHTCR B Ka4eCTBeHHOM cornaCHH 
c pa6oroH 191. rAe 6~na paccMorpeHa npo6neMa noKanl13aUHH HeueHr
panbHOH npi1MeCI1 np11 TYHHenbH~X nepeXOAaX. 

06 .... ;~ ~-.Hoi.. n.JCmTYT 
Cepi!.~X ~.F '"?" .llOtand 

6 nG-J ,. . -'"EHA 
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2. rAM~nbTOH~AH MOAEn~. PABHOBECH~E nOnO*EH~R nP~MECEA 

npH MOAenbHOM OnHCaHHH AHHaMHKH peweTKH C npHMeCRMH He~eHT
panbHOro THna paCCMOTpHM TOnbKO npHMeCH~e KOne6aHHR, o6ycnoe
neHHble B OCHOBHOM CMetlleHHeM caMOi:i npHMeCI1 C CI1MMeTpHei:i T 1u 1•2 , 
npeHe6peraR AnA npOCTOT~ HX 8blpOli<AeHI1eM B Ky6H4eCKOM KPI1CTanne 
11 B3a11MOAei1CTBHeM C KOne6aHHRMH APYrOH CI1MMeTp1111 1 raMI1nbTOHI1aH 
MOAenH aanHWeM B BHAe 

1 + 2 + 
H = '2 ~ ( Pq Pq ~ wq GQ Qq) + ~ v1 ( q) Qq s 1 + 

2 
PI 1 

+ t ( ~ + U(s1 )) - 2 JJ ¢>.1 s1 sj - ~ f 1 s1 

121 

rAe Pq "' Q q - HOpManbH~e ~.oopAHH_?Tbl peweTKH-MaTpH~~, w q 

4aCTOTa ee KOne6aHHH , Q =(Q ,A) , Q - BOnHOBOe 4HCnO H A - nonR
pH3a~HR. Kone6aHHR npHMecH onHc~ea~rcR npHBeAeHHOi1 KOOPAHHa
roi1 s 1 a yane i c Maccoi1 m. CraTH4ecKaR 4aCTb noreH~HanbHOH 
3HeprH~-t npHMeCI1 onHcblaaercR U ( s 1 ) a BHAe I 1 I, a AHHaMH4ecKoe 
B3aHMOAeHCTBHe C peweTKOH - <llYHKI..IHei:i v . (q), rAe v (q)- q npH q .0. 
n v vi I I I pRMOe B3 aHMOAe11CTBHe. npHMeCeH AHnOnb- AHnOnbHOrO THna onpe-
AenReTCR ¢ ij • 

4ro6bl onpeAenHT b pa BHO BeCHble nonoll<eHHR np!-1Mecei1 x1 = < s1 > 
npH AeHCTBHH BHeWHHX CHn f 1 , Bbi4HCnHM CBOQOAHY~ 3HeprH~ F 
CHCTeM~ npH <llHKCHpoeaHHOM pacnpeAeneHHH npHMecei1 I i I no yanaM 
peweTKH H COCTaBHM ypaBHeHHe: 

H 
ar a - 1' a -a-- = -T-In Sp (e ) = ~ <H > = 0. 131 

Xj axl UXj 

noACTaenRR a 12/ paanoll<eHHe si = xi + ui . nony4HM: 

A0 x. + <l>'(x1 ) +'£ ¢·· x . -~ xJ Vt 
I j f_ i IJ J Q j 

(q) vj (-q) 
2 = rt 

w 
q 

141 

rAe ycpeAHeHHa.A no Kone6a HHRM npi-1MeCH aHrapMOHH4eCKaR 4aCTb 
noreHuHana 11/ cornacHo / 8/ npeAcTaeneHa a BHAe 

<1> ( x .) =<<I> (x . +U. )> "'exp l_l-<u21 > v21 I <t> ( x.) = 
I I I 2 I 

A bx2 
_ _ exp I - ___j 

Vl+y, l+yt 

/ 51 
I. 

3AeC b Yi =2b<u~ > - 6 eapa3MepHaR CpeAHeKBaApa TH4Ha.A !llnYKTya i..IHA 
cMe~eHHH npHMeCH. BBOAR aoc npHHM4HBOCTb MaTPHLibl 

2 

~ 2 
I Vj ( q) I 

Xo(w) -..- L 2 -w2 
"O q wq 

X{)= Xo (0). 161 

H 3~KTI1BHOe 83aHMOAeikTBHe npHMeCeH ( i =/ j) 

r
1
j (w) = _1_ ¢ij + _1_ '£ v, (q) vj (-q) 

Ao Ao q w2 - w2 q 

c. . - f ' (0) 
IJ IJ ' 

171 

ypaeHeHHe /4/ 3an11weM a B11Ae 

a 
xi I 1 -xo- ( 1 +Yt)3/ 2 

T/~ 
-~ 

e I " fj + L fiJ X J 
jf.i 

181 

rAe a =2Ab / Ao.T/t =v b x 1 , fj = r1 I Ao. ~a ycnoBHR ycroi14HBOCTH pe
werKH c np~<~MeCRMH a rapMOHH4ecKOM npH6nHll<eHHH (A = 0) nony4aeM 
COOTHOWeHHe X? = X (0) < 1 , noRBneHHe aHrapMOHH4eCKOrO noTeHUHa
na <1> (s . ) a 11 npH u > 1 C03Aaer a noreHI..IHanbHOi:i 3Heprl111 
npHMecH 

1
Aea MHHHMyMa rny611Hoi1 E = ( A0 / 2b) [ u- ( 1 +In a) J. CMel!lew 

HbiX Ha paCCTORHI1e X O = \,T"1ii(i"7'6 OTHOCI1TenbHO yana peweTKI1. 
CMe~eHHe paBHOBecHoro nonoll<eHHR OA11H04HOH np11Mec11 a OAHH 113 
3TI1X MHHI1MYMOB COrnacHO /8/ B03M0li<HO np11 ycnOBI111 

2 
( -1 u 11 11 . x.) = II -x

0 
- exp[- _:j__ __ l I ... 0 

I I (1+y'?l 2 1 -t yj . 
191 

I 

Ka K 6yAeT noKa3aHO Aanee, 3TO ycnoBHe o6pal!leHI1R 8 Hynb o6parHoi1 
CTaTI14eCKOi1 BOCnpi111M41180CTI1 0A11H04HOH npi1MeCI1 He MOll<eT peani130-
8aTbCR BB11AY HeOrpaHI14eHHOrO pOCTa !llnyKTya~11H, Yt _,oo /CM, 
1291/. np11 y4eTe B3ai1MOAeHCTBI1R npi1Mecei1 CTaTH4eCKaR 80Cnpi111M-
411BOCTb ecei1 npi1MecHoi1 CHCTeMbl Xtj onpeAenRercR ypaaHeHHeM 

x . = JL · f~ + /J '£ fi . x . = '£ Xtj f ~ 110/ 
I I I I j_,l j J J j J 

YcpeAHRR 8 /10/ no KOH¢1'-1rypa1..11111 npi1Mecei1 a y3nax j I i. a nw 
HeHHOM np116n11ll<eHI1I1 no KOHI..IeHTPal..ll111 C = (N / N) << 1 nony411M: 

I 

... .. ";t 
1 iq(fj -Y. ) L <x .. > -- ~ e J ----1! __ . /11/ 

IJ c N q 1 -ttCf(q) 

rAe f(q)- !llypbe-KOMnOHeHTa B3a11MOAeHCTBI1R flj (0) B /7/; 
11 =< 11 i > c He aaBHCHT OT KOOPA11HaTbl y3na f i H OnpeAenReTCR 
191 c ycpeAHeHH~MH napaMerpaMH y = < y1 > c 11 T/ ~ < T/ 1 >c. <lla3o-
Bb1H nepeXOA B npHMeCHOH CHCTeMe B COCTO.AHHe '1 -j 0 B03MO)I(eH 
npH 

-1 <~) I -1 :+\ X Q = 11 -cf(q,) ... O, /12/ 
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KOTOpbiH COOTBeTCTByeT OAHOpO,qHOO nOJIRPH3a~~H1, eCJIH f (q) 
HMeeT MaKCHMYM npH ci = 0. TeMneparypa nepexo,qa Tc onpe,qenAeTCA 
ypaeHeHHeM 

y (Tc) = 
a 2/ 3 

1 - X o - ct () ) ) - 1 /13/ 

1-1 paeHoeecHble nono*eHHA nPHMecei:i 

a 
712(T) = (l+ y) ln[ ~y)3/2 

1 -x
0 

-cf(O) 
1 

• 
/14/ 

AnA caMOcornacoeaHHOro peweHHA ypaeHeHHH / 13 / , /14/ Heo6xo,qHMO 
HaHTH y ( T ) : 2b< if1 >, 00Jlb3yACb d>yHKUHRMH rpHHa. 

3. ¢YHKUHH rPHHA 

PaccMOTPHM ¢YHKUH~ fpHHa /¢f/ ,qnA npHMecei:i 

G .. ,( t-t ') = « u.(t); u.,Ct ') » . 
II I I /15/ 

r,qe npHHATbl o6bi4Hble o6oaHa4eHHA AJIA ,qeyxepeMeHHbiX ¢YHKLIHH 
fpHHa / S, IO/ . YpaeHeHHe AJIA ¢ypbe-KoMnOHeHTbl /15/ nocne HCKn~-
4eHHA CMewaHHOH ¢r « Q q I u1, >> MO*er 6blrb aanHcaHo s BH,qe 

[ mw
2
-A 0 A . ( <t• )l 0 11,(w) =8 .. , - A

0 
:£ f .. (w) O .. , ( w ) + 

I II j~ i IJ Jl 

~ 1 - ( n+ l ) n ir 
+ - - 1> . « u. 1 u. , » 

n=2 n! I I I W 

/16/ 

r,qe BBe,qeHa 3¢¢eKTHBHaA rapMOHH4eCKaA CHJIOBaA nOCTOAHH aA: 

A . ( w ) = 1 -x 0 (<o) --
1
-.P"(x. ). 

I Ao I 
/17/ 

AHrapMOHH4ecKoe s3aHMO,qei1crsHe BbiCWHX nopA,qKoe, npHBOAA~ee 
K 3aTyxaHH~ npHMeCHOH MO,qbl, npe,qcTaBJleHO B BH,qe npOH3Be,qeHHA 
HenpHBOAHMOH ( i r ) ¢r « u n 1 u , » ir Ha nepeHOPMHpoeaHHOe 
B cpe,qHeM ~OHOHHOM none aaaH~O,qeH~TBHe, n> 3 /CM. / 8/ /: 

; ( n) 
I = 

J
11 a" 

--- « l> ( x . ...u . ) > - - .P ( x ) . 
ax.n I I a x ~ I 

I I 

/ 18/ 

tlH¢¢epeHUHPYA <f>r << U r (t) ; Uj ' (t ' >'> no BTOpoMy epeMeHH t ' . 

nOJly4HM AJIA Hee ypaBHeHH~, aHanOrH4HOe /16/, HO 6e3 HeO,qHOpo,q
HOrO 4JleHa: < fu ~ . P1 , l> n "" o. B peaynbTaTe ypaeHeHHe /16/ 
MO*eT 6b1Tb 3anHCaHO B BH,qe ypaBHeHHA tlaH COHa ' S/: 

4 

G , G0 
, -,· '"' 

0
· M · ·' G ' ' I i = II t -:'' \ J IJ JJ J J I • 

JJ 
/19/ 

0 r,qe Hyne eaA ~r G11' (Ill) onpe,qenAercA e nce e,qorapMOHH4 e CKOM 
/ HJIH s( l ) I npH6nH~eHHH, cooree r crey~eM ypa eHeHH~ /1 6/ 6e3 
nocne,qHe ro , aH r apMOHH4ec Ko ro 4JleHa. MaccOBbiH onepar o p e /19/ 
onpe,qenAeTcA co6creeHHOH ( p.) 4a CTb~ / He co,qep~a~ei:i OAHH0 4HbiX 
nHHHH G 0 I HenpH BOAHMOi1 q>r: 

' M
1
J (<o) = ~ _ 1_ - ( n • l }-(m+ l ) 11 . n.m'"'~ n'm' <!> • •I>J << u . l u lm ~..,( n , p ) (t) /20/ 

AJIA OAHH04HOH npHMeCH B y3Jle ¢ r /19/ HMeeT BH,q : 

<t > 2 I -1 G ( w) = I m w - A
0 

'\ ( (l) ) - M .. ( w) . 
II I II 

/2 1/ 

C y4e TOM B3aHMO,qeHCTBHA npHMeCeH ¢f npHMeCH B yane I Onpe ,qenA 
~T CA ycpe ,qHeHHOH no KOH¢Hr ypaUHH npHMeCeH B yanax j ~ i ¢ YH K
~HeH /19/. B nHHe i1HoM no KOHUeHTpa~HH c << 1 npH6JlH*eHHH OHa 
HMeeT BHA 

1 2 -1 
- ~ lmc•J -Ao f \ (co) - cf(q,w) )-Mq(w)l . 
N 

<Gii ( w) ">c /22/ 

r,qe Mq(w) - ~ypbe-o6paa Maccoeoro one paropa /20/ . ~r / 21 / HJIH 
/ 22/ Onpe,qenAeT cpe,qHeKea,qpaTH4Hble ¢JIYKTYal.IHH CMe~eHHH B BH,qe 

<)() w 1 
y . = 2b f d w cth - [ - - Im 0 ii ( w + i 8) ] . 

I 0 2T 17 
123/ 

AnA oueHKH Maccosoro oneparopa /20/ pa ccMOTPHM eropoi1 nopA,qOK 
no peHOpMHPOBaHHOMY aHrapMOHH4eCKOMY B3aHMO,qeHCTBH~ /18/. nonb-
3yACb npH6JIH*eHHeM 

< u 11
1 (t)umJ > "' 8 n! ( < u 1 (t) u . > ) n. 

n,m J 
nony4HM 

M . (w) = I _.!.. ~~n+l) cii( n+ l) Joo dw .l . .. d<u 
l j n=2 0 ! I J -- ___ __j,L_ _ X 

-oo w- (w 1 + .. . + wn /24/ 
1 1 

ewkfoC! [ -;-Im 0 1j(wk + i 8)] . 
(w1 + ... + W )/ T n 

( e n -1 ) n 
k""l 

CraTH4ecKoe 3Ha4eHHe ( w =O)Maccoeoro oneparopa e KnaccH4eCKOM 
npe,qene ( T »w) HMeer oueHKy: 

00 

Re _Al M u(O) = - (alA 2 :£ _1_ 8 1 2k ( .....L_)2k . 
o T + y) n=S n! n+ • l+y /24a/ 
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B o6nacT~ 6onbw~x ~nyKTYa4HH, y>> 1, aHrapMOH~4eCK~e nonpa8K~ 
8~CW~X nop~~K08 Man~ ~ MO~HO nOnb308aTbC~ nCe8~0rapMOH~4CCK~M 
np~6n~~eH~eM /eM. /17//. 

4. PE30HAHCHWE 4ACTO~ H ~A30B~~ OEPEXO~ 

4, 1. 0AHH04Ha~ npHMCCb 

~~ O~HH04HOH npHMec~ (C-+ 0 ) 4aCTOTa pe30HaHCHbiX KOne6aHHH 
n 0 onpe~en~eTc~ noniOCOM ~r /21 I: 

2 a 1 
v o =1 - 372 - Re Xo (v0 ) + Re- Mu ( r1J) . 125/ 

(l +y) Ao 

r~e v8 =.05 I wg 'w~ =Ao / m. B o6naCTH 4aCTOT no «"'o. Wo 
- xapaKTepHa~ 4aCTOTa ~OHOHOB MaTp~4~ , MO~HO 80CnOnb308aTbC~ 
cTaTH4ecKHM npH6nH~eHHeM ~n~ eocnpHHM4~eocTH Re xo <vo ) • x o 
~ Y4eCTb 8Kna~ 8 non~PH3a4HIO MaTP~4~ x o np~ 8b16ope napaMeTpa 
Ao a 111. 3aTyxaH~e pe30HaHCHblx Kone6aHHH, o6ycno8neHHOe 

HX 83aHMO~eHCTBHeM C ~HOHaMH, B 3TOM cny4ae TaK~e Mano: 
r (vo) =lm Xo (vo ~i S) - (no / wf) ) 3 « 1. no3TOMy 8 o6naCTH H~3 -
K~X TeMnepaTyp, KOr~a aHrapMOHH4e CKOe 3aTyxaHHe TaK~e Mano, 
~~ 8~4HCneHH~ y (T) B 123/ MO~HO 80CnOnb30BaTbC~ npH6nH~eH~eM 

) a.\ .\ v n 
y ( 0 ... --- cth -"'--

2v0 20 

r~e .\ = hwo I A - KBaHT08biH napaMeTp H () = T / A 
TeMnepaTypa. B o6nacT~ H~3KHX TeMnepaTyp ( T -+ 0 ) 
B /24/ HMeeM 04CHKy 

1 9 a 4 A2 
Re --,- M11 (v0 ) = - - - - ----

1\ 0 64 (l+y) 6 v8 

/26/ 

- npHee~eHHa~ 

~~ 4neHa n=3 

1271 

2 0oACTaen~~ 8 1251-127/ napaMeTpbl A = 1,46 1-438, A o=m w
0 

= 
= 11 M38IA

2 
H b = 11,9~-2.npe~OlKCHHble 8 / 7/ ~~ OnHCaHH~ C~CTeMbl 

Ll +: KBr, ~~ 4aCTOTbl pe30HaHCHbiX KOne6aH~H 6Li + np~ T R4 ,2 K 
nony4~M: 

n~ = w ~ ( 1 -0;30 -0,04 ) oo(0,8l wo)2 1281 

np~ 3TOMy ... aA / 2v o• 3,7 ~ 1271 AaeT nonpa8Ky / - 0,04/8 
128/ . 0ony4CHHbiH pe3ynbTaT /281 HeCy~eCT8eHHO OTn~4aeTCR OT 
3KCnep~MCHTanbHOrO 3Ha4eH~R n;:rp.,. 0,80w 0 . 00M~MO 3TOrO Ha-
6opa napaMeTp08, npH KOTOpOM 3HeprHR HyneBbiX KOne6aH~H 3Ha4~
TenbHO npe8biWaeT 8biCOTY 4CHTpanbHOro rop6a E = 0,48 M38 
( b n 0 I 2E .. 2,8 ) ~ aHrapHOH~3M Man ( a = 3,15) . ¢lopHynbl 1251-

/27/ no3eon~IOT onHcaTb ~ cny4aH c~nbHOro aHrapMOH~3Ma (a >> 1). 

6 

1 
·~ 

·' ~~ 

t 
.Jo I 

1 r 

r - - 8 -'--

3 
-

2. --"--1 0 

~· TeMnepaTypHaR 3a8~
c~MOCTb 4aCTOTbl pe30HaHCHOH 
MO~bl " o (()) 8 ncee~orapHOH~-
4eCKOM lcnnowHa~ nHHH~I 
H npH6nHIKCH~H cpe~Hero nonR 
lnyHKTHpHa~ nHH~~~ ~nR ~8YX 
Ha6opoe napaMeTpo8: 1. a 
= 3,15; A: 1,9;II. a=18,8, 
,\, .. 0' 35. 

1 

1 
.Jo 

'~ 
o 10 lO 30 +O SO 'O 

PHc.2. v 0 (a) np~ T = 0 
B ncee~orapMOH~4CCKOM 
/cnnowHa~l H np~6nH
~eH~~ cpe~Hero nonR 
lnyHKT~p/. 

HanpHMep, 8bi6HpaR A= 14,6 M38, Ao = 82,5 M3BI~ 2 ~ b = 24~-2 
nony4aeM npe~Hee 3Ha4eHHe pe30HaHCHOH 4aCTOTbl 0 O • 2, 2 M38 
npH OTHOWeHHH h0 0 I 2E "' 0,15 /E .. 9,2 M38/ H a . 8,4. Ha 
PHC. 1 np~8eACHbl pe3ynbTaTbl 4HCneHHOrO peWeHH~ CHCTeMbl ypae
HeHHH 125/, /261 8 nce8AOrapHOHH4eCKOH npH6nHIKeH~H, KOrAa 8Kna~ 
Mit (v0 ) a /251 He Y4~Tbl8aeTcR. 3a8~CHMOCTb 4aCTOTbl v

0 
(() ) 

npHee~eHa ~R ABYX Ha6opoe napaMeTpoe: I. a = 3, 15, A = 1 , 9 11 
II. a ., 18,8, A • 0, 35, KOTopble ~aiOT a 3TOM npH6n~H<eHI111 o~HY 

H TY H<e 4aCTOTy n 0 = 2' 2 M38 npH T - 0. ~R cpaeHeHH~ nyHKTI1p
HOH ni1H~eH noKa3aHa 3aBI1CHHOCTb v 0 (()) npH 8bi4HcneHHH y ( ()) 
8 126/ B np~6nHH<CHI1H cpe~Hero nonR C ~11KC~po8aHHOH 4aCTOToH 
"o - 1 . Ha p~c.2 npH8e~eHa 3a8HCHHOCTb v0 (a) npH T = 0; 
nyHKTHpHa~ ni1'Hi1RcooT8eTCT8YeT v 0 (a) np11 y .. a AI 2 I ( "o =1 
8 1261!. 

0ony4eHHble pe3ynbTaTbl n0380n~IOT Ka4eCT8eHH0 06~~CH~Tb 4ac
TO Ha6niO~aeMOe HeCOOTBCTCTBI1e 4HCnCHHbiX pac4eTOB, nOKa3b1Ba~HX 
AOCTaT04HO rny60K~e He4eHTpanbHble HI1H~MYMbl 8 noTeH4~ane npH
HCCI1, c Ha6niO~aeMbiM Ha 3Kcnepi1MeHTe 4eHTpanbH~M nonoH<eHI1eM 
npHMecl1 / t/ . Y4eT 3Ha4~TenbHbiX ~nyKTya4HH o~HH04HOH np11Mec11 
126/ np~ v0 -+ 0 , y -vrf np~80A11T K nepeHOpMHD08Ke aHrapMOHH-
4eCKOH 4aCTI1 nOTeH4Hana 8 ypa8HeHH~X /91, 1251,11 peweHHC C M~r
KOH MO~OH , v 0 -+ 0. He peanH3yeTc~ . B 6onee o6111eM BI1Ae 8b180A o 
3Ha411TenbHOH pon~ ~nyKTYa411H npHMeCH cne~yeT H3 06~er0 COOTHO-
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WeH~R /23/. non b3yR Cb A~CnepC~OHH~M~ COOTHOWeH~RM~ AnR $r 
e Knacc~4eCKOM npeAene cth ( w ' 2T) "' 2T w . nony4aeM: 

dw 1 (l ) (I ) 
y . 2bT J-[--- ImG 11 ( w +i8)1.-2bTReGu ( 0 ) . 

I ~ W " 
/29/ 

06pa~eH~ e B HOnb o6paTHOH CTaT~4eCKOH BOCnp~~M4~BOCT ~, ~- 1 

1 

= - r Rea(~) (0) l-1 ·• 0' onpeAenR~eH noKanbHYIO 11MFlrKyiO MOAY" 
11 

B /9/, np~ BOA~T COrnacHO /29/ K HeorpaH~4eHHOMy POCTy $nyK
Tya~~~ np~Mec~ ~ coxpaHReT ee ~eHTpanbHOe nono~eH~e. no3TOMy 
B~4~CneH~e 4aCTOT~ np~MeCHO~ nOKanbHOH /~n~ pe30HaHCH0~/ MFlr 
KOH MOA~ e np~6n~~eH~~ cpeAHero nonFl /eM., Hanp~Mep, 11

-
13
;, 

KOTOpOMy COOT BeTCTBy~T nyHKT~pH~e KPHB~e Ha p~C. 1, 2, 6e3 
eaMocornacoaaHHoro y4eTa $nyKTya~~H np~Mec~ npeACTaBnFleTeFl 
Henocne~oaaTen bH~M. 3TOT a~BOA cornacyeTCFl c pe3ynbTaTaM~ 
pa6oT~ 9/ ,rAe 6~no noKa3aHo OTcyTeTBHe noKan~3a~H~ He~eHT
panbHOH npHMee~ np~ TYHHenbH~X nepeXOAaX C y4e TOM ee B3a~MO

AeHeTB~R c $0HOHaM~ MaTp~~bl. 

4.2. $a30B~~ nepexOA a np~MecHO~ peweTKe 

Ycnoa~e /1 2/ COOTBe TeT ayeT nORBneH~IO B npHMeCHO~ C~CTeMe 
pe30HaHCHO~ MFlrKO~ MO~, onpeAenFleMO~ $r /22/: 

n2 - w 2
0 11e [6( 0 )+M (0 )-cf (q. O )I 

q q q q q 
/ 30/ 

np~ Q=O. TeMnepaTypa $a3oeoro nepexoAa onpeAenFleTeFl ypaeHeH~eM 
/13/, rAe AnR y(Tc) MO~HO BOenonb30BaTbCR O~eHKO~ 

y ( 0 ) ~ ~~- l 1 cth _A v ( ql_ 
c N q 2v(q) 2(Jc 

e 4aCTOTO~ MRrKO~ MOA~ v2(q) =C (f(0)-!(q)l =c f(0)[ 1 -y / q)l 
B Knacc~4eCKOM ( Tc » w o...; c!(O)) ~ KBaHTOBOM (T .. 0 ) npeAenax 
AnR /31/ COOTBeTeTBeHHO nony4aeM: 

Y ( 0 c) '" ac ~ (o) y2 ' y =-1- l 
2 N q 

1 / 31a/ 
1-y{q) ' 

y (0) a A y ._!_ l 1 /31 e/ ~ --- Y1 ' 2\1 cf(O) 1 N q v 1-y (q) 

B nepaoM cny4ae ypaeHeH~e /13/ AaeT TeMnepaTypy $a3oeoro nepe-
XOAa 

¢( 0 ) a 2/ 3 
T c = A 8 c = c ---- ( ( --) -1 1 

2b Y2 1-xo 
/32/ 

8 

l 

a BO BTOpOM cny4ae /13/ OnpeAenReT KpHT~4eCKOe 3Ha4eH~e 3Hep
r HH Hynee~x KOne6aH~~ 

2vcr(O) [( - a_ 2/ 3 
1 - x-;-) -1 1 /33/ 

A c 
a Y 1 

a~we KOToporo , >. = ( hw0 , A)>Ac · $a3oe~~ nepeXOA e c~cTeMe He 
npo~cxOA~T Aa~e np~ T . o B OTn~4He oT noKanbHoro xapaKTepa 
MRrKO~ MOA~ AnR 0A~H04HO~ np~Mec~ /w~p~Ha pe30HaHCHOrO YPOBHR 
/25/ cTpeM~TcR K HyniO np~ v0 -. 0 I AHcnepc~R MRrKo~ MOA~ npH 
T = T c a /30/ npHBOA~T K KOHe4HO~ eenH4~He $nyKTya~~~ ~ B03-
MO~HoeTH $a3oeoro nepexoAa. 

6onee T04HOe B~4HeneHHe np~MeCHO~ $yHK~~~ rpHHa np~ KOHe4-
HO~ KOH~eHTpa~~~ npHMece~ MO~eT 6~Tb npoBeAeHO Ha OCHOBe Me
TOAa KorepeHTHoro noTeH~Hana, KaK 3TO 6~no npeAno~eHo e / !4/ 
AnR MOAen~ cerHeT03neKTP~Ka C np~MeCRM~. npeACTaBnReT TaK~e 
~HTepec paccMOTpeH~e $a3oaoro nepexoAa a 3TO~ MOAen~ np~ y4eTe 
$nyKTya~~~ cpeAHero nonR, KaK 3TO 6~no npeAno~eHo a / 15/ , 

5 . 06CYlK.llEHHE 

npeAno~eHHaR B HaCTOR~e~ pa6oTe A~HaM~4eCKaR MOAenb /2/ 
peweTK~ c npHMeCRMH He~eHTpanbHoro T~na /1/ on~c~eaeT peao
HaHCH~e KOne6aHHR np~MeCH B o6naCTH C~nbHOrO aHrapMOH~3Ma npH 
caMocornacoeaHHOM peweH~~ CHCTeM~ ypaaHeHH~ /19/ - /24/ a MeTOAe 
C$n 18 ~.llnR KOnH4e cTaeHHoro conocTdaneHHR e~BOAOB Teop~~ c 3K
cnep~MeHTOM /1/ , Hanp~Mep aHan~3a TeMnepaTypHO~ 3aB~C~MOCTH 
4aCTOT~ ~ W~PHH~ pe30HaHCHO~ MOA~, B MOAen~ /2/ He06XOA~MO AO
nonH~TenbHO y4eCTb B~PO~AeH~e ~ B3aHMOAe~CTB~e pe30HaHCHO~ 
MOA~ T10 C MOAaM~ APYrO~ C~MMeTp~~ . 

AHan~3 ycnoe~~ B03HHKHOBeH~R noKanbH~x cMe~eH~~ npHMec~ 
/9/, /12/ nOKa3~BaeT HeOCXOA~MOCTb y4eTa $nyKTya~~~ npHMec~: 
AnR OA~H04HO~ np~Mec~ $nyKTya~HH HeorpaH~4eHHO eoapacTaiOT 3a 
C4eT noKanbHOrO xapaKTepa MRrKOH MOA~ /eM. /29//, 3TOT B~BOA 
Ka4eCTBeHHO 06bRCHReT 3KCnep~MeHTanbHO HaCniOAaeMOe ~eHTpanb 
HOe nono~eH~e TaKHX np~MeceH 111. 

np~ 3Ha4~TenbHO~ rny6~He He~eHTpanbH~X M~HHMYMOB B noTeH
~~ane np~Mec~, KOrAa B A~HaM~Ke npHMee~ OCHOBHYIO ponb Ha4~HaiOT 
~rpaTb TOnbKO H~3KOne~a~He TYHHenbH~e nepeXOA~, pa3BHTaR Teo
P~R HOC~T n~Wb Ka4eCTBeHH~~ xapaKTep, TaK KaK ~CnOnb30BaHHOe 
a pa6oTe npH6n~~eH~e C$n He y4HT~aaeT TYHHenbH~x nepexoAoa, 
a pa3BHTaR Teop~R B03My~eH~~ nnOXO CXOA~T CR. 6onee T04HOe On~ 

CaH~e B 3TOM npeAenbHOM eny4ae AaeT KBa3~CnHHOBaR MOAenb TyH
Hen~pyiO~e~ np~Me c~ / 9/ ~n~ o6o~eHHaR MOAen b, npeAno~eHHaR e 
pa6oTax /16/, 
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B 3aKn~4eHHe a8TOP~ 6naroAapflT npo¢eccopos B.reTue H X.6eKa 
3a none3H~e o6CY*AeHHfl H B.fl.AKceHo8a 3a KPHTH4eCKHe 3aMe4a
HHfl. 
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