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1. BBE.QEHHE 

npH OnHCaHHH CTPYKTYPH~X $a30B~X nepeXOAOB l$nl B KpH
CTannax BeCbMa 3$$eKTHBH~M OKa3anOCb npeACTasneHHe nOKanbHOA 
HOpManbHOA KOOPAHHaT~ / t / . npocTeAwHA raMHnbTOHHaH, OnHC~Ba~
~HA CTPYKTYPH~A nepeXOA B 3TOM npeACTaBneHHH, HMeeT BHA: 

_ ~ ( tt2 a 2 A 2 B 4 ) 1 ~ H-..,.. - -2---2- -2 si + -4 s i - -2 .:... <1> • . s . s.' 
I ffi a S . ij IJ I J 

I 

111 

rAe Si- noKanbHaR HOpManbHaR KOOPAHHaTa, Pi - HMnynbc, 
m - 3$$eKTHBHaR Macca. To4HO pewHTb 3aAa4y c raMHnbTOHHaHOM 

111 He npeACTaBnReTCR B03MO~HbiM Aa~e B OAHOMepHOM cny4ae, 
n03TOMY 06bi4HO paCCMaTpHBa~T ABa npeAenbHbiX cny4aR. npeAen 
cnaGoro aHrapMOHH3Ma I A < 0- $a30BbiA nepeXOA THna cMe~e-
HHR 121 I H npeAen cHnbHOro aHrapMOHH3Ma (<1>0« A, A> 0), KOrAa 
B OAH04aCTH4HOM nOTeH~Hane B 111 AOCTaT04HO y4eCTb TOnbKO 
HH~HHA ABa~A~ B~pO~AeHH~A yposeHb l$a30B~A nepeXOA THna 
nopRAOK-6ecnopRAOK 13 1 I. B nepsoM cny4ae raMHnbTOHHaH I 1 I 
OnHC~BaeT CHCTeMy AOCTaT04HO XOpOWO OnpeAeneHHbiX $OHOHOB, 
a BO BTOPOM - ABH~eHHe AH$$y3HOHHOrO THna IKOTOpoe npH y4e
Te TYHHenHpOBaHHR HMeeT BHA KOnneKTHBH3HpOBaHH~X nepeCKOKOB 
B ABYXbRMHOM noTeH~Hanel. 0AHaKO B 06~eM cny4ae 3TH ABa 
THna ABH~eHHR He RBnR~TCR He3aBHCHM~MH. Pe3ynbTaT~~5cneAO
BaHHR KnaCCH4eCKOrO aHanora CHCTeM~ 111 noKa3~Ba~T , 4TO 
HMeeTCR ABa THna B036Y~AeHHA: $OHOHH~e,c ManoA aMnnHTYAOA 
KOne6aHHA, H B036Y~AeHHR conHTOHHOrO THna, OnHCbiBa~He ABH
~eHHe rpaHH~~ KnacTepos. B $opMHposaHHH nocneAHeA rnaBHY~ 
pOnb HrpaeT nepeCKOK 4aCTH~ B OAH04aCTH4HOM nOTeH~Hane. 

4T06bl y4eCTb o6a THna ABH.>KeHH~: MeAneHHble - nepeCKOK 4aC
TH~ B OAH04aCTH4HOM noTeH~Hane H 6~cTp~e - Kone6aHHR C ManoA 
aMnnHTYAOA, HaMH paHee / 5,6 / 6~no BBeAeHO npeACTaBneHHe KOOp
AHHaT~ Sj B BHAe 
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rAe r1 COOTBeTCTByeT nono*eH~~ P~BHOBec~~. KOTOpoe MO*eT 
MeH~TbC~ C ManoH 4aCTOTOH 0 , a Uj- CMe~eH~e 4aCTH~~ 
OTHOCHTenbHO paBHOBeCHOrO nono*eHH~ C xapaKTepHOH 4aCTOTOH 
wo>>0. npo6neMa pa3AeneHH~ ABH*eH~~ 4aCT~~~ B C~CTeMe /1/ 
Ha MeAneHHOe ~ 6~cTpoe o6CY*Aanacb TaK*e e pa6oTe 17( Ha 
OCHOBe npeACTaBneHH~ /2/ B pa6oTe / 8/ npeAnO*eHa KBaHTOBa~ 
MOAenb, B KOTOpOH cneKTP CHCTeM~ /1/ npeACTaeneH B B~Ae 
ce~3aHH~X caMocornacoeaHH~X H~3Kone*a~~x c~nbKOaHrapMOH~-

4ecK~x B036Y*AeHHH, o6ycnoeneHH~X TYHHenHpOBaHHeM, H B~COKO
ne*a~HX B036ymAeHHH $OHOHHOrO THna. 

B HaCTO~~eH pa6oTe Ha OCHOBe 4HCneHH~X pac4eTOB on~caH 
$a30B~H nepeXOA B 3TOH MOAenH H HCCneAOBaH~ ycnOBH~ npHMe
HHMOCTH npH6nH*eHH~ /2/ B 3aBHCHMOCTH OT napaMeTpOB ra~nb
TOHHaHa /1/. 

2. CAMOCOrnACOBAHHA~ CHCTEMA YPABHEHH~ 
An~ nAPAMETPA noP~AKA 

KaK noKa3aHo B pa6oTe 181, B npH6nH*eHHH pa3AeneHH~ Koop
AHHaT~ /2/ raMHnbTOHHaH /1/ MO*HO annpOKCHMHPOBaTb CYMMOH 
He3aBHCHMbiX raMHnbTOHHaHOB An~ KOH$Hrypa~HOHHOH H $QHOHHOH 
4aCTeH: 

%=Hs +Hph /3/ 

3Ta annpOKCHMa~HR npOH3BOAHTC~ B CM~Cne BapHa~HOHHOrO npHH~H
na 6oron~6oea AnR ceo60AHOH 3HeprHH: F $ F0 + <H- H0 >0 • F -
ceo6oAHa~ 3HeprHR c nonH~M raMHnbTOHHaHOM /1/, a F0 - ceo-
60AHaR 3Hepr~R C raMHnbTOHHaHOM /3/. raMHnbTOHHaH KOH$Hry
pa~HOHHOH /cHnbHOaHrapMOHH4eCKOH/ 4aCTH HMeeT BHA 

2 2 -
~[ Ao a A 2 1 4 1 

H ="'-------X +-x 1 )--~</> X X /4/ 
s i 2 a X? 2 I 4 2 ij ij i j 

I 

B /4/ eeeAeH~ 6e3pa3MepH~e nepeMeHH~e 

• 1 B <I>IJ 11J A/m 
xi= v A r i • rf>tj =- ' A o = ..::...J2~"-"''--

A A /B 
/51 

a napaMeTp OAH04aCTH4Horo noTeH~Hana 

A= 1-3y , B 2 
Y=A < ui > /6/ 

3aBHCHT OT COCTORHH~ $OKOHHOH CHCTe~, onpeAen~eMOrO cpeAHHM 
KBaApaTOM "6~CTp~x11 CMe~eHH.::i y. Yrnoe~e CK06K~ 3AeCb ~ Aanee 
03Ha4a~T TePMOAHHaMH4eCKHe cpeAHHe C raMHnbTOHHaHOM /3/. 

2 

• 

AnnpoKCHMa~H~ /4/ npeAnonaraeT, 4TO ABa HHmHHX ypoeH~, 
onpeAen~eM~x peweHH~MH ypaeHeHH~ Ha co6cTBeHH~e 3Ha4eHH~ 

,2 2 -
"O a A 2 1 4 

[-----X.+-X·)r/J (X)= f r/J (x) /7/ 2 ax~ 2 I 4 I s,a S,a S,a • 
I 

nemaT 3Ha4HTenbHO HHme noTeH~HanbHoro 6apbepa, KaK noKa3aHo 
Ha PHC. 2 cnnOWHOH nHHHeH. npH 3TOM cneAY~~He YPOBHH S OA
H04ac:T;4HOM noTeH~Hane MoryT 6b1Tb Y4TeHbl C nOMO~b~ raMHnb
TOHHaHa Hph·nPH paCCMOTpeHHH CHCTeM~ H8 YA06Ho nepeHTH K 
3HepreTH4eCKOMy npeACTaeneHH~ C nOMO~b~ BOnHOBbiX $yHK~H~ 
CHMMeTpH4Horo H aHTHCHMMeTpH4Horo COCTO~HHH r/1 s,a B /7 I, 
B KOTOPOM raMHnbTOHHaH /4/ npHHHMaeT BHA / 9/ : 

~X 1~ . zZ 
H = - g "" a. - - "" J .. a . a. + E0 , 

S i I 2 ij IJ I J !81 

rAe a J; , a z - MaTpH~bl naynH, 

2g =fa- f s , 
. 2. 
J1· =</>. (x ) J 1j sa • X8 a=fr/J; · X·r/ladx. 

-oo /9/ 

PaBHOBeCHble nonomeHHR aTOMOB <xi> Hrpa~T B CHCTeMe ponb 
napaMeTpa nOPRAKa P, KOTOpbiH B npeACTaBneHHH /7/ HMeeT BHA: 

z 
P= <Xi>= xsa <ai > /10/ 

H e cny4ae cerHeTo3neKTPH4ecKoro $n onpeAenReT nonRpH3a~H~. 
CpeAHRR 3aceneHHOCTb 4aCTH~ B 0AHOM H3 MHHHMYMOB OAH04aCTH4-
HOro noTeH~Hana onpeAenReTCR <~z >. 1.1 e npH6nHmeHHH cpeAHero 
nonR HMeeT BHA 

z h z h a =<a. >= -th-
z I h T' ax= <ax>= .!L th ..!!_ 

I h T . /11/ 

rAe 

h = ~ j .. a , 
z i IJ Z 

h 2 h2 2 
z = z+ g T=k8 8/(A

2
/B). 

B OTnH4He OT 06bi4HOH MOAenH Ae lKeHa 19; napaMeTpbl raMHnbTOHHa
Ha /8/ 3aB~CRT OT TeMnepaTyp~, 6narOAapR y4eTy $OHOHH~X co
CTORHHH B /6/, /7/. nocKOnbKy $OHOHHaR 4acTb raMHnbTOHHaHa 
/1/ OnHCbiBaeT BbiCOKOB036ymAeHHble COCTORHHR, aHrapMOHH3M KO
TOpbiX Man, raMHnbTOHHaH $OHOHOB H ph Bbl6epeM B nceBAOrapMO
HH4eCKOM npH6nHmeHHH l S I: 
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b2 a2 t1 2 1 
H =l(----+A·-u )--l~ u u 

ph i 2m au~ 2 I 2 ij ij i j ' 
I 

B KOTOpOM 3HeprH~ ~OHOHa HMeeT BHA: 

2 
mwq=At!-~q• 2 f1 ,.-1+3(y+ < X

1
>) . 

/12/ 

/13/ 

KaK BHAHO, ~OHOHH~~ cneKTp 3aBHCHT OT CPeAHero KBaApaTa 
11 MeA1leHH~X11 CMe~eHH~ <x~>, KOTOp~~ B npeACTaBneHHH /7/ HMeeT 
BHA 

2 2 2 
<x 1 > = x+ - x _ ax , 

rAe 

2_1..(x 2 x2) 
X+- 2 aa + ss ' X2= ...!.( x2 - x2 ) 

- 2 aa ss ' 

2 .. 
X 8 5 =f r/J~ (x) ·X 2 · r/J

5 
(x)dx . 

aa ~ a a 

/1 4/ 

/14a/ 

CHCTeMa ypaBHeHH~ 3aM~KaeTC~ onpeAelleHHeM cpeAHe ro KB aApaTa 
6biCTPbiX ~llYKTya~H~ B BHAe: 

Y=!_ ~ l-1- cth wq =>-of dv p(v) cth >..o v'tJ._:¢o v 
N A a 2wq 2T _ 1 2y' !!-~ 2T 

0 
/15/ 

rAe ¢ 0 = l ¢ .. , a 
j IJ 

¢ 
p (v) ~ (1/N) l 0 (v- .:,_g._) - ~YHK~H~ pacnpeAe1le HHR 

q <Po 
4aCTOT ~OHOHOB, 
B BHAe 

KOTOpy~ M~ B Aa1lbHei1WeM B~6epeM npH61lH>KeHHO 

2 p(v)=-v'1- v 2 
17 /16/ 

~a30B~~ nepeXOA B MOAellH onpeAell~eTC~ TeMnepaTypH~M no
BeAeHHeM napaMeTpa 110PRAKa p /10/, AflR KOTOporo M~ HMeeM 
CaMOCOr1laCOBaHHY~ CHCTeMy ypaBHeHH~ /4/-/15/ B npH61lH>KeHHH 

1101 THna XaOTH4eCKHX ~a3 • 

3. M30Bbltl nEPEXO,ll B MO,llEJll-1 

OnHcaHHaR B npeA~AY~eM pa3Aene MOAeflb RBllReTc~ no-cy~ecT
BY o6o6~eHHeM MOAeflH Ae )KeHa, KOTOpOe 3aK11~4aeTC~ B y 4eTe 
3aBHCHMOCTH noTeH~Halla OT TeMnepaTyp~T H KBaHTOB~X CBO~CTB 

CHCTeM~ (>..~-t2/m) . 0CHOBHOe npH61lH>KeHHe COCTOHT B TOM, 4TO 

4 

• 

11011Hbli::\ cneKTp MO>KHO pa3Ae1lHTb Ha ABe 4aCH1 - HH3K01le>Ka~i::\ 

ABa>KA~ pac~enneHH~i1 3a C4eT TYHHellHpOBaHH~ ypOBeHb H B03-
6y>KAeHH~e B~COKOlle>Ka~He COCTO~HH~. npH4eM 3TH ABe 4aCTH 
B3aHMHO BllH~~T APYr Ha APYra. napaMeTp~ nceBAOCnHHOBoro ra
MHllbTOHHaHa g H jij /8/ Cy~eCTBeHHO 3aBHC~T OT COCTO~HH~ 
~OHOHHO~ nOACHCTeMbl /3aceneHH~ BbiCWHX ypOBHei1/, onpeAefl~e
MOrO 3~~eKTHBH~M OAH04aCTH4H~M noTeH~HanoM /6/. B TO >Ke 
BpeM~ H COCTO~HHe ~OHOHHOI::\ CHCTeM~ 3aBHCHT OT COCTO~HH~ 

nceBAOCI1HHOBOi1, 110CK01lbKY 4aCTOTa ~OHOHOB /13/ 3aBHCHT OT 
cpeAHeKBaApaTH4H~X CMe~eHH~ <x~> paBHOBeCHOrO 1101lO>KeHH~ 
oc~Hllll~Topa. An~ Toro, 4T06~ nony4HTb onHcaHHe ~a3oBoro ne
pexoAa B CHCTeMe, He06XOAHMO peWHTb CHCTeMy ypaBHeHH~ 

/4/-/15/. 

3.1. npH61lH>KeHHe rapMOHH4eCKOrO OC~Hllll~TOpa 

B Ka4eCTBe npo6H~X ~YHK~H~ B ypaBHeHHH /7/ B~6epeM KOM-
6HHa~HH ~YHK~Hi::\ lleBoro /-/ H npaBoro /+/ COCTORHHi1 rapMOHH-
4eCKOro OC~HllflRTOpa 

1 + -
r/J s (x) = [r/Jo (x)± r/J o(x)], 

a y'2(1± p) 
/17/ 

rAe 

+ 
r/J;(x)=r/J

0
(x± x

0
), 

x2 
r/J 

0 
( x) = 1 e - 2a2 

( ay'7r/h. 
/17a/ 

p= fr/J(X+Xo)r/J(x-xo)dx- nepeKpbiTHe BOllHOBbiX ~YHK~Hi::\, napaMeTpbl 
BOllHOBOI::\ ~YHK~HH OCHOBHOrO COCTORHHR OC~HllllRTOpa /17a/ onpe
AeflR~TCR H3 ypaBHeHH~ 

"h 2 • a2 - 2 11 I2A 
(-2m ax2+AX )r/JO(X)=for/J(x), fo=2y~. 

TaKHM o6pa30M, nony4aeM 
2 

g=pllL Q-3y)_. 
4 1-p2 

jo=¢o _!_:-3y 
1-p 2 • 

rAe nepeKp~THe BOllHOB~X ~yHK~Hi::\ 

1 
p=e-1\' >.. = ~_!__o ---

v' 2 ( 1 - 3 y ) 3/ 2 

CpeAHHi1 KBaApaT ''MeA1leHHblX 11 CMe~eHHi1 

2 1-3y >..(1-p 2) 
<x . >= [1 + ---- pa ] 

I 1- p 2 2 X ' 

/14/: 

/18/ 

/19/ 

/20/ 

/21/ 
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cpeAHee cMe~eHHe 1101: 

1-3y < X . > = a = x a = P. 1221 
I 1 2 z sa z 

-p 
"cnonb3Y~ ypaBHeHH~ 1191-1201, MO~HO HCCneAOBaTb noBeAeHHe 
CHCTeMbl. 

PaccMOTPHM cny4a~ Hyneeo~ TeMnepaTypbl T =0. YpaeHeHH~ 
An~ az 1111 HAn~ y 1151 npHHHMa~T BHA 

1 . I ·2 2 . A J1 d v v 1 - v 2 a z"" - .- v J 0- g • y = 0 - -
Jo -1 r"/ 6. - ¢ 0 v /231 

KaK BHAHO, a z~O npH ycnoBHH g 2 :;;j~. 3To ycnoeHe HapywaeTC~ 
npH AOCTaT04HO 6onbWO~ 3HeprHH HyneBbiX KOne6aHH~, KOrAa 
A> A~. npH A =A~ , az=O H, cornacHo 1221, P =0. AHanH3 
ypaeHeHH~ 1231 noKa3bleaeT, 4TO A~ .. (ln 3/ 4¢ 0 )-1 • P 1221 
MO~eT o6paTHTbCR B HOnb npH T=O H 3a C4eT o6pa~eHH~ B HOnb 
napaMeTpa xsa. "cnonb3y~ 1221, 1231 H 1131, nony4aeM 
<1>- 1 ---- c <I> 

A0 =rrv¢0 13 f dvy1w "'2v¢ 0 • CpaBHHea~ A0 H A
0

, BHAHM, 
- 1 

4TO npH ManbiX ¢ 0 nepeXOA B HeynOPRA04eHHOe COCTO~HHe(P=O) 
npOHCXOAHT 3a C4eT ~nyKTya~H~ B CnHHOBO~ nOACHCTeMe, a npH 
6onbWHX ¢ 0 - 3a C4eT ~nyKTya~H~ B ~OHOHHO~ nOACHCTeMe, 
"HbiMH cnoeaMH, p o6pa~aeTC~ B HOnb 3a C4eT TO~ nOACHCTe~, 
B KOTOpO~ MeHbWe KpHTH4eCKOe 3Ha4eHHe Ao . Ha PHC. 1 npH
BeAeHa 3aBHCHMOCTb napaMeTpa nepeKpbiTH~ BOnHOBbiX ~YHK~H~ 
npaeoro H neeoro cocTO~HH~ p 1201 oT Ao npH ¢o= 0, 1 H 0,6, 
nony4eHHa~ 4HcneHHbiM peweHHeM ypaeHeHH~ I 191-1221 npH T =0,001. 
Pac4eTbl noKa3blea~T, 4TO npH ¢ o= 0,1 a = 0 npH A0 .. 0,37,a x =0 

z sa 
npH Ao=0,45. npH ¢o=0,6 az=O np~-r Ao=1,1,a xsa=o npH Ao=0,5. 
KaK BHAHO H3 pHc. 1, e cny4ae ¢o=0,6 e~e AO ~aaoeoro nepe
XOAa nepeKpbiT~nHOBbiX ~YHK~H~ CTaHOBHTC~ 60nbWHM, KOrAa 
npH6nH~eHHe pa3AeneHH~ cneKTpa TepReT ~H3H4eCKH~ CMbiCn. no
ny4eHHble pe3ynbTaTbl HOC~T Ka4eCTBeHHbl~ xapaKTep BBHAY npH-
6nH~eHH~ 1171. oonee AeTanbHOe onHcaHHe MO~Ho nony4HTb c no
MO~b~ peweHH~ nonHero ypaBHeHH~ 171. 

-1,0 ~.P 

0,5 

~0 
I ?] . I ..... 

o ~to 0,5 

6 

PHC. 1. 3aBHCHMOCTb OT na
paMeTpa A0 nepeKpbiTH~ eon
HOBbiX ~YHK~H~ neBOrO H npa
BOrO cocTO~HH~ I 17al p 
H napaMeTpa nop~AKa P 
P1·P1 npH ¢o=0,1,p2 , P2 
npH ¢ 0 =0,6, T =0,001. 

• 

1' 
. ~ 

~ 

3 . 2. PeweHHe caMocornacoeaHHO~ CHCTe~ ypaeHeHH~ 
Afl~ napaMeTpa nop~AKa 

YpaeHeHHe Ha co6cTBeHHble 3Ha4eHH~ 171 pewanocb 4HcneHHO 
c noMo~b~ HenpepbiBHoro aHanora MeTOAa Hb~TOHa, paaeHToro 
e JJ BTA O"RI-1 111 ·121. 3Ta 3aAa4a pewanacb caMocornacoeaHHbiM 
o6pa30M B CHCTeMe ypaBHeHH~ 141-1151. PeaynbTaTbl npeACTaB
neHbl Ha PHC . . 2,3 H B Ta6n. 1-3 . 

I cd' I ~ ·'- = ' X 
2.,0 -2,0 

vs 

X 
-2.,0 -1,0 o 1,o 2,0 

Y(x} 

X 
-2,0 z,o 

PHC. 2. 0AH04aCTH4Hbl~ noTeH~Han H BOnHOBble ~YHK~HH CHMMeT
pH4HOrO H aHTH01MMeTpH4HOrO COCTORHH~ npH cp o= 0,1, A J= 0,1 
/cnnowHa~ nHHHR/ H ¢ 0 =0,1, A0 =0,3 /nyHKntpHaR nHHHR . 

Ha pHC. 2 noKa3aH BHA 3~~eKTHBHoro OAH04aCTH4HOro noTeH
~Hana H BOnHOBbiX ~YHK~H~ ABYX HH~HHX ypOBHe~ npH 3Ha4eHHRX 
napaMeTpoe ¢o =0,1 , A 0 = 0,1 /cnnowHble KPHBblel H Ao = 0,3 

7 



/nyHKT~PH~e Kp~s~e/. B nepsoM cny4ae ~MeeTcH noTeH4~an c 
ABYMH 6n~3Kopacnono>KeHH~M~ ypoBHHM~ (g <<L'l) H~>Ke noTeH4~anb
Horo 6apbepa, B~pO>KAeH~e OCHOBHOrO COCTOHH~H CH~MaeTCH KBaH
TOB~M TYHHen~posaH~eM 4aCT~4~. Bo BTOpOM cny4ae K~HeT~4eCKaH 
3Hepr~H 4acT~4~ HacTonbKO sen~Ka, 4TO yposH~ 3Hepr~~ pacno
no>KeH~ s~we noTeH4~anbHoro 6apbepa. 04eB~AHO, 4TO B 3TOM 
cny4ae annpoKc~Ma4~H /3/ TepHeT CMblcn. B Ta6n. 1 noKa3aHo, 
KaK MeHHIOTCH napaMeTpbl 3aAa4~ B 3aB~C~MOCT~ OT Ao np~ pa3-
Hb1X ¢o ~ T=O,OOl. TaK~M o6pa3oM, np~ Ka>KAOM ct>~Kc~posaHHOM ¢

0 
MO>KHO onpeAen~Tb Kp~TH4eCKOe 3Ha4eH~e A~. BbiWe KOTOporo 
ypOBH~ nOAH~MaiOTCH B~We nOTeH4~anbHOro 6apbepa, ~ annpOKC~Ma-

4~H /3/ Henp~MeH~Ma. 
PaccMOTP~M cny4a~, KOrAa np~ H~3K~x TeMnepaTypax pean~-

3yeTcH annpoKc~Ma4~H /3/. B Ta6n. 2,3 npeACTasneHbl pe3ynb
TaT~ B~4~CneH~H TeMnepaTypHO~ 3aB~CHMOCTH napaMeTpOB 3aAa4H 
npH pa3nH4H~x ¢o· KaK BHAHO, c ysen~4eHHeM ¢ MeHHeTcH Me
xaH~3M ct>a3osoro nepexoAa. npH ManbiX ¢ 0 ( ¢

0
$8.1) ct>a3oBbl~ ne

pexoA npO~CXOAHT 3a C4€T pa3ynopHA04€HHOCTH B C~CTeMe. npH 
6onbw~x ¢ 0 (¢0 ;::0,5) 4aCTH4bl see 11 3aKpenneHbl11 s nono>KeHHH 
paBHOB€CHH B OAHOM H3 MHH~MYMOB, H C pOCTOM TeMnepaTypbl 
npo~CXOAHT <!>a30B~~ nepeXOA T~na CMe~eH~H B CHMMeTp~4HOe CO
CTOHH~e * · npH npOMe>KyT04HbiX ¢o Ba>KHbl o6a MeXaHH3Ma, T, e, 
npO~CXOAHT <!>a30B~~ nepeXOA CMeWaHHOrO THna. Ha PHC, 3 no
Ka3aHa 3aBHCHMOCTb napaMeTpa nOpHAKa OT TeMnepayyp~ npH 
Ao= 0,1 ~ ¢ 0 =0,1; 0,6. 

4. 3AKni04EHHE 

npH6nH>K€H~e /3/ 03Ha4aeT pa3AeneHHe nonHO~ CHCT€Mbl Ha 
ABe nOAC~CTeMbl, CBH3aHHbl€ CaMOCornaCOBaHHbiM o6pa30M, 3HeprHH 
OAH04aCT~4HbiX B036Y>KA€HH~ B OAHO~ ~3 HHX o6ycnosneHa KBaHTO
B~M TyHHen~pOBaH~eM 4aCTH4~ B ABYX~HMHOM nOT€H4Hane B AByx
ypOBHeBOM np~6nH>KeHH~, ~ OnpeA€JlH€TCH BenH4~HO~ 2g= £a-£ s (9) . 
3Hepr~H OAH04aCT~4H~X B036Y>KA€HH~ B Apyro~ nOAC~CTeMe o6ycnos
neHa ManbiMH KOne6aH~HMH 4aCTH4~ B nOT€H4HaJle rapMOHH4€CKOrO 
T~na H OnpeAenHeTCH B€JlH4~HO~ l\ /13/. np~MeHeH~e TaKOrO 
npH6JlH>KeH~H <!>~3H4eCKH 060CHOBaHO np~ ycnOBHH g <<l\ · 

~ 3aMeTHM, 4TO peaJlbHbl~ nepeXOA THna CMe~eHHH peanH3yeTCH 
B MOAenH /1/ np~ APYrOM Bbl6ope 3HaKaA: A<O ~ <1>
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Ta6m·H.ta 2 

3aeH01MOCTb napaMeTpoe MOAelll-1 OT TeMnepaTypbl np~-1 >.0 =0,1 , ¢ 0 = 0.1 . 

T . 3 2 
fa ( s (g/ J J-10 ax az X s a <x t> y 

0.0200 ~.12956 ~.12994 2.53 0.0025 0.9989 0.8664 0.7939 0.01107 
-

0.0400 ~.12437 ~.12481 2.99 0.0030 0.9387 0.8579 0.7798 0.0451 

0.0600 ~.II212 ~.II275 4.57 0.0045 0.6167 0.8368 0.7455 0.0557 
¢0 =0.1 -

0.0625 ~.II01 ~.II068 4.89 0.0048 0,5234 0.8329 0.7394 0.0576 
A 0= 0.1 -

0.0650 ~.10792 ~.10863 5.24 0.0052 0.3952 0.8291 0.7334 0.0594 . 

0.0675 ~.10584 ~.10660 5.58 0.0056 0.1622 0.8252 0.7273 0.0613 ' 

0.0695 ~.10447 ~.10526 5.76 0.0057 0.1 10-6 o.8226 0.7232 0.0626 

0.0700 -0.10379 ~.10459 5.93 0.0057 0.1 10-6 0.8213 0.7212 0.0632 

0.0800 ~ .09440 ~.09544 8.23 0.0066 0.1 10-6 0.8028 0.6926 0.0719 -
0.0900 ~.08342 ~.08488 12.03 0.0081 0.1 10-6 o.7794 0.6578 0.0826 -
0.1000 ~.06878 ~.07!03 19.86 0.0113 0.1 10-6 o. 7444 0.6083 0.0976 -
o.noo ~.03977 ~.04506 59.77 0.0240 0.1 10-6 0.6593 0.5001 0.1307 

. :-

Ta6111-1~a 3 

3aaHC~ootMOCTb napaMeTpoa MOAell~oot OT TeMnepaTypbl npH A o=D,1, ¢ o = 0,6 ~ 1,0. 

' 3 
T (a ( s (g/ J 0).10 

0.02 ~.128069 ~.128468 0.447 

0.04 ~.122687 ~.122641 0.548 
¢ 0=0.6. 

0.06 ~.108615 ~.109313 0.846 
,\0 ... 0.1; 

o.o8 ~.088515 ~.089770 1.68 

0.09 ~.072351 ~.074376 2.94 

0.02 ~.125843 ~.126268 0.288 

A0dl . 1:~ 0.04 ~.II78I9 ~.II8354 0.372 ¢ .. 1,0 0 
0.06 ~.099040 ~.099960 0.699 

p 

o,s 1,0 

3 2 
ax·10 az x sa <x i> y 

0.45 0.99995 0.8640 0.7898 0.0419 

0.54 0.99995 0.8542 0.7737 0.0469 

0.84 0.99995 0.8304 0.7353 o.o58a 

1.7 0.99985 0.7905 0.6741 0.0776 

3.0 0.99890 0.7534 0.6205 0.0938 

0.29 0.9999 0.8603 0.7838 0.0438 

0.37 0.9999 0.8468 0.7616 0.0507 

0.69 0.9999 0.8122 0.7068 0.0676 

P~ootc. 3. 3aa~ootCHMOCTb napaMeTpa no
PRAKa P OT TeMnepaTypbl npH ,\ o"' 0,1 
"" ¢ 0 "' 0,1; 0,6 . 



BoaMomHOCTb np~MeHeH~H Taro ~n~ ~Horo np~6n~meH~H np~ 
on~caH~~ MOAen~ /1/ onpeAenHeTCH ABYMH napaMeTpaM~: napaMeT
poM KBaHTOBOCT~ A2

0= (tJ 2A/m)/(A 2/B) ~ napaMeTpOM CBH3~ 4aCT~~ 
¢ 0 = ~ $ij /A. KaK B~AHO ~a npeAblAYlllero paccMOTpeH~H, ycnoe~e 

J k 
g<<~ AOCTaT04HO xopowo eblnonHHeTCH np~ 3Ha4eH~Hx A 0 ::: A 0 
(fa sO) np~ T =0. 

np~ nOBblWeH~~ TeMnepaTypbl ~ yMeHbWaeTCH, a g yeen~4~Ba
eTCH ~. TaK~M o6paaoM, e o6nacT~ $aaoeoro nepexoAa npeAno
meHHaH MOAenb ~MeeT ~HTepnonH~~OHHbl~ xapaKTep. I-1MeHHO B 3TOM 
CMblcne OHa noaeonHeT on~cblBaTb He TOnbKO npeAenbHble cny4a~ 
Manblx ~ 6onbw~x ¢ 0 , HO ~ npoMemyT04Hble cny4a~. 

B 3aKnl04eH~e aBTOpbl BblpamaiOT 6naroAapHOCTb 1-1. B. ny3blH~HY 
~ $.ByKa~noe~4Y aa o6cymAeH~H. 
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