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BBEAEHlt1E 

KaK'~3BeCTHO ICM., Hanp., /2,4/ I, np~ TeMnepaTypax, He cn~w
KOM 6n~3K~X K ieMnepaType $ê30BOrO nepeXOAa, np~6n~meH~e Mone
KynRpHorO nonR IMnl AOCTaT04HO XOpOWO on~CblBaeT c~Tya~~~, ~Me

~~YID MeCTO B pa3n~4H~X CerHeT03neKTp~KaX. npOCTe~W~M np~MeHe

H~eM np~6n~meH~R IMnl RBnReTCR ~3BeCTHaR 1I0AHO~OHHaRII MOAenb 
IOM/, S KOTOPO~ npeAnOnaraeTCR Han~4~e aHrapMOH~4eCK~X TennOB~X 

Kone6aH~~ y aTOMOB n~Wb OAHO~ ~3 nOApeweTOK Kp~CTanna /4/ . 4~c
neHHble pac-reru Ha OcHOBe IOMI AnR BaTi03 6bln~ nooaeneuu B/12 / • 

Ilpa 3TOM Y4~TbIBan~Cb Kone6aH~R aTOMOB nonpeure r ka Ti . B 4aCTHO
CT~, B /121 oueuuaanacs creneas ~OHHOCT~ a, ~ 6blno nonyueuo 3Ha
4eH~e a::: 0,25. OAHaKo õonee n03AH~e pacveru , npoaeneaaue APyr~
M~ MeTOAaM~, noxaaana , 4TO a'Z 0,5 /6,13/ . ABTOPbl /10/ Ha OCHOBe 
IOMI nonY4~n~ a =O, 5 ~ KOHCTaHTY KIDP~ - Beüc a C k = 1, 1· 10 5 K, 
DAHaKO TeMnepaTypa K~p~ np~ 3TOM OKa3blBaeTCR Ha nopRAoK 60nbwe 
3Kcn~p~MeHTanbHo Ha6n~AaeMo~. C APyro~ CTOpOHbl, HaCKonbKO HaM 
~3BeCTHo, nocneAOBaTenbHoro Y4eTa aHrapMoH~3Ma TennOB~X Kone
6aH~~ aTOMOB OCTanbH~X nOApeweTOK B BaTi03 B napa$a3e He npo
BOA~nOCb, XOTR ero Han~4,~e B HaCTOR~ee BpeMR He Bb13~BaeT COMHe
H~~. 

B AaHHO~ pa60Te paCCMOTpeHO Bn~RH~e aHrapMOH~3Ma TennOBblX 
Kone6aH~~ aTOMOS Bcex nOApeweTOK B Kp~CTannax T~na nepOBCK~Ta 

Ha cerHeT03neKTp~4eCK~e CBO~CTBa 3T~X Kp~CTannOB. C Y4eTOM 3T~X 

Kone6aH~~ ~ccneAOBaHO $eHOMeHonor~4eCKoe BblpameH~e AnR CBo6oA
HO~ 3Hepr~~ F Kp~cTanna, COCTOR~ero ~3 HecKonbK~X nOApeweToK. 
nonY4eHbI cooTBeTcTBy~~~e $opMynbl AnR Ck ~ TeMnepaTYPbl K~p~ 
Be~ca TO' 3T~ Ben~4~HbI o~eHeHbI Ha OCHOBe M~KpocKon~4ecKo~ MOAe
n~ B np~6n~meH~~ IMnl AnR BaTi03 . 

1.	 ~~HOMEHOnOrlt14ECKAR TEOPlt1R MHOrOnOAPEWET04HOrO CErHETO
3nEKTPlt1KA B nAPA$A3E 

3an~~eM cBo6oAHYID 3Hepr~ID MHoronoApeweTo4Horo cerHeT03neK
Tp~Ka B B~Ae 

1 1 4 1 6F 2"aij Pi P j + -b. p. + -C, p. -p ,E·	 111411611 11 

@bVJibrteUHhi!\ RHC'mY1'I 
Ç,'lJ~BfIU Rc.CJ'eaOBaUDI· 1 
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rAe P 1 - CnOHTaHHafl nonflp~sa~~R i-R nOApeweTK~, HanpasneHHafl 
snons oca Z /B AaHHoR paõor e Mbl 6YAeM paccaarpaaar s r ons xo nepe R22 

12 al1 -a2 )P + b1Pf + c1P15 = °•XOAbl napaoaaa - TeTparoHanbHafl cerueroeaaa ,". M~KpocKon~4ecK~R ( 1 
CM~cn P 1 M~ o6cYA~M B cneAy~~eM naparpa<t>e. E1 - HanpflmeHHocTb a22 

BHeWHero nons , AeRcTBy~~ero Ha i -10 nonpeurer xy , n - 4~cno nonpe
weTOK. 3A~Cb, KaK ~ BC~AY Aanee, KpoMe cne~~anbHo oroBopeHH~x Ecn~ He. Y4~TbIBaT b caass P2 C P 1 /T. e., ecna a 12 =0/, TO B paM
cnY4aeB, no nOBTopfl~~~MCfl ~HAeKcaM nOApasYMeBaeTcR CYMM~poBaH~e xax /OM/ /4/ P2 = O. B HaweR me MOAen~ AaHHafl nOApeWe.TKa,Y4aCT
OT 1 AO n , B~pameH~e Anfl cBo6oAHOR 3Hepr~~ /1/ aanaer cs o606~e,:,,, ByeT B <t>asoaOM nepeXOAe.
H~eM ~sBecTHoR Teop~~ fiaHAay Ha cnY4a~ HeCKonbK~X nOApewefoK. PaCCMOTp~M B~4~cneH~e A~3neKTp~4eCKoR Bocnp~~M4~BOCT~ X. no 
TaK, np~ n = 1 /1/ nepeXOA~T B o6~4Hoe B~pameH~e Anfl cBo6oAHOR onpeAeneH~~ 

3Hepr~~ cerHeT03neKTp~Ka /1/ . np~ n = 2 ~ au = a 22 /1 / neoexoa-rr 
B cBo6oAHY~ 3Hepr~~ ~oAen~ K~TTenR aHT~cerHeTo3neKTP~4ecTBa ap n eJp.
/CM .., Hanp., /2/ /, nOAPo6HO paCCMOTpeHHY~ B/3/ • MaKpocKon~4ec X =-'-'- = I _1 (E i = E). /6/
KaR cnOHTaHHafl nonflp~sa~~fl P onpeAenfleTCR B~pameH~eM aE 1=1 eJE 

C~CTeMY Anfl onpeneneuaa eJP. /aE nonY4~M, A~<t><t>epeH~~PYfl /3/ non 1
E np~ P I = O /HanoMH~M, 4TO M~ ~ccneAyeM cBoRcTBa cerHeT03neKP = L P /2/ 

1= 1 1 Tp~Ka n~Wb a napa<t>ase/, B B~Ae 

3Ha4eH~fl PI onpeAen~M ~s C~CTeM~ eJP j
cP - = 1 (i = 1" ••• , n) • /7/

Ij aE
eJF 3 5 
-- = a ij P j + b i P i + c 1P i - E

i

i = O• /3/ PeweH~R /7/ san~weM B B~AeeJP 1 

PeweH~fl /3/ 6YAYT COOTBeTCTBOBaTb M~H~MyMY CBo6oAHOR 3Hepr~~ eJPj Oj 
-, /8/np~ Ei = O, ecn~ MaTp~~a ~' c 3neMeHTaM~ eJE O 

4 
(f/j = a' + 3b. P~ s.. + 5c. P 1· a 'J' , rAe1 1j 1 1 lJ 1 1 

rAe a - C~MBon. Kpoaetocepa , - nonoxarensuo onpeneneua , r , e , O(T) = det IlcPij (T)11 (i, j == 1, .•. , n ) , /9/ij 
napa<t>asa cTa6~nbHa TorAa ~ TonbKO TorAa, KorAa MaTp~~a c 3ne

a () j nonyuae r ca ~s O saMeHoR B npaaoà 4aCT~ /9/ j -ro cronõua 
MeHTaM~ 

cTon6~oM, COCTOR~~M ~s eA~H~~. nOAcTaBnflfl /8/ B /6~ nonY4aeM 

/4icP.'. I =,!. - a (i J' 1 ) X-i = O( I (). ) -1 •lJ P. = o 'f' ij - ij , = , ••• , n 
1 /10/ 

1 

B np~H~~ne, AnR HapyweH~R nonom~TenbHoR onpeAeneHHOCT~ MaTp~u~
 

non0m~TenbHO onpeAeneHa.
 IlcPlj 1I /T-.e. AnR Toro, 4To6bl npoaaouren <t>as08blR nepexon/ AOCTaT04
HO, !-no6bl Anfl uexoropor-o k < n eunonaanoc s ycnoaue 

B OTn~4~e OT KnaCC~4eCKoR /OM/ /4/ , Anfl KOTOpoR i,j = 1 
d k = det II cP Ij 11 ::; O , T'S,T (i,j =1, .•. , k), /1"/ 

c/HanoMH~M, 4TO B paMKax 3TOR MOAen~ rapMoH~4ecKafl nOApeweTKa 
He ~cn~T~BaeT <t>asoBoro nepexoAa/, B AaHHoR MoAen~ aToM~, coaep r: 

rAe Te - TeMnepaTypa KlOp~ /~n~ TeMnepaTypa K~p~ - BeRca To AnRuraouiae rapMOH~4eCK~e xoneõaaaa , MOI-YT ~MeTb P i :f. O np~ T> O. 
nepeXOA08 nep80ro pOAa/. OAHaKo np~ k<n TaKQR <t>asoB~R nep~xoA

nOflCH~M CKasaHHoe npOCT~M np~MepOM. nYCTb ~Me~TCfl ABe nOnpeweT

He 6YAeT cerHeT03neKTp~4eCK~M. AeRcTB~TenbHo, np~ cerHeT03neK


K~, np~4eM aToM~ OAHO~ ~3 H~X Kone6nlOTCfl rapMOH~4eCK~ /ee HOMep 
Tp~4eCKOM <t>asoBoM nepexoae X-1....+0np~ T-+ + Te' cnenoaarensuo ,i = 2/. KaK 6YAeT noxaaaao H~me, npu 3TOM b 2 = c2= 0, ~ a22 He 
cornaCHO /10/,

saB~C~T OT TeMnepaTYP~. B 3TOM cnY4ae Anfl cnOHTaHH~X non~p~sa~~~ 

nOAP~weToK, peuras /3/ npa E 1 = O, nony-raex C~CTeMY 
()-++O, T-++T e· 

P
2 

_:::'-P 
1

' /5/ 
a 22 CpaBH~Bafl /11/ ~ /9/, nonY4aeM, 4TO B T04Ke <t>aSOBoro nepexOAa 

3 
2 



d n'(Tc) = o(T.c) = O, dk (T c) >° (k,:: 1 , ... , n - 1) .	 /1 2/ 

c nOMOl.l.\blO AaHHoro· ypaBHeHI-1f1 MO>KHO onpenerurr s T c no 1-13BeCTHblM <Pij· 
KaK npaaano , B 3KCnep\ltMeHTaX 1-13MepfleTCfI He P i , a P / CM. /2/ / . 

CooTéeTcTBeHHo B npl-16nl-1>KeHI-1l-1 naHAay BWpa>KeHl-1e Anfl F 3an1-1CWBaeT

CfI B BI-1Ae 

B C 1 BC"1F = -a(T - T )P + -P + '6P - PE ~ 2" AP + -4" P +"6P - PE. /1 3/ 
2 4 

YpaBHeHl-1e CocTOAHI-1f1 Anfl /13/ 3anl-1CWBaeTCfI B BI-1Ae ...
/14/E = AP + BP 3 + CP 5 

C APyrollt C.TOpOHbl, /3/ npl-1 i = 1 naer / C4I-1TaeM, 4TO ece E i	 = E , 
T.K. BHeWHee none, KaK npaBl-1nO, He MeHfleTCfI Ha paCCTOAHI-1f1X no
pflAKa 3neMeHTapHOIIt	 fl4elltKI-1/
 

/'15/
E = <Plj P j + b1 P~ + c 1 P f . 
nOAcTaBnflfl /15/ B /3/, ADfI OCTanbHWX ypaBHeHl-111t nonY4aeM
 

3 5 3 5 . /16/

<P ij P j + b i P i + c i P i = <P 1j P j + b1 P 1 + C1 P 1 (1 = 2•.••• n ), 

Anfl peWeHI-1f1 /16/ npeACTaBI-1M P i B Bl-1Ae pflAa no P
 

3+O 5 /17/

P	 =AiP +B iP iP + ....i
 
AaHHoe npeAcTaBneHl-1e S03MO>KHO, T.K., KaK npaBl-1nO, P ABnfleTCfI
 
ManWM napaMeTpoM, l-1 Ka>KAwlIt 4neH /17/ MeHbwe npeAwAYl.l.\ero. KpOMe
 
Toro, CYMMl-1p~A /17/ no BceM i, c Y4eToM /2/, nonY4aeM AononHI-1

TenbHwe ypaBHeHI-1f1
 

n n n 
k À i =1, k s , =0, ~ Oi =0. /18/
 

i=t i=l i=l
 
nOAcTaBnflfl /17/ B /16/ l-1 npHpaBHI-1Bafl K03$$l-1~l-1eHTW npH OAI-1HaKO

BWX cTeneHflxP B o6el-1x 4aCTAX /16/, nonY4aeM, c Y4eTOM /18/,
 
CHcTeMbl ypaBHeHHIIt AnA onpeAeneHHA A i' B i' O i. nOACTaBnflfl 3aTeM
 
/17/ B /15/ 1-1 CpaBHI-1Bafl /15/ l-1 /14/, nonY4aeM ypaBHeHHfI Anfl
 
onpeAeneHI-1~ A, B. C KaK $yHK~1-111t acex Ai' B i' °i. Peayns'r aru AaH

HblX onepauuã npeACTaBI-1M B BHAe 

A = a lj A j • 
n /19/ 

. ~1 A J' = 1 , 
tiJ = > 

(<Pij - <P 1j ) A j = ° (i = 2 ••••• n) • 

3	 /20/B = <P l' B J' + b 1A 1 ••	 J 
n 
I B. ='0,
 

j = 1 J
 
(i = 2, H.' n) •
(<p ij - <P lj ) B ) + 8 ik b kA~ - b 1A 31 = ° 

4 

2 5
C = a 1j O j + 3b 1 A 1 B! + C1A 1 

n 
I, 0.=0,	 /21/

j = 1 J 
. 5 522 

(<P O -<Plj)Oj +Ck A k 8 i k -c 1A! +3b kA kB k 8 ik- 3b1A 1 B1 = . 0 , 
(I =~ ••.••n). 

HanOMHHM, 4TO no BceM nOBTopfllOl.l.\l-1MCfI l-1HAeKCaM nOApa3YMeBaeTCfI 
CYMMl-1pOBaHl-1e OT 1 AO n. YpaBHeHI-1f1 /19/ - /21/ cnY>KaT Anfl BW4I-1C
neHl-1A MaKpOCKOnl-14eCKI-1X napaMeTpOB cBo6oAHOIIt 3Heprl-11-1 A~ B.C Ha 
OCHOBe [l<pij 11, bit c i' «oropue , B CBOIO ovepens , MorYT 6blTb B,bI4l-1C
neHW c nOMOl.l.\blO KaKOIlt-nI-160 MI-1KpOCKOnl-14eCKOIIt MOAenl-1 • 

2.	 M~KPOCKOn~~ECKAR TEOP~R MHOrOnOAPEillET04HOrO
 
CErHET03nEKTP~KA B np~6n~~EH~~ jMn/
 

raMl-1nbTOHl-1aH 3neMeHTapHOIIt fl4elltKI-1 MHoronOApeweT04Horo cerHeTO
3neKTpl-1Ka B npl-16nl-1>KeHI-1I-1 /Mn/ MO>KeT 6WTb 3anl-1CaH B BI-1Ae / 51 

-+ 2 
n p.y n -.. 1 ij - i - j i i ij - j

H = I - + I V (X ) - -V , X X , - X (Z E + V X,). /22/ 
.y= 1 2m ,y = 1 'y .y 2 YY y Y Y --:y Y v/ Y 

rAe E'~ - i -fi AeKapTOBa KoMnOHeHTa lianpfl>KeHHOCTH noxansuor-o 
nona B T04Ke HaXO>KAeHl-1f1 .y - ro aTOMa, P,y - I-1Mnynbc aTOMa copr a 'y, 
a my - ero Macca, Vy - 3$$eKTl-1BHWIIt OAH04aCTI-14Hblllt nOTeH4l-1an, aa

... 1 2 3 -i
Bl-1CAI.l.\I-1I1t OT aexropa CMel.l.\eHI-1f1 4aCTl-1~bl Xy ~ (Xy • X.y• Xy ) • X ,y- cpenuee 
CMel.l.\eHl-1e aTOMa topTa y BAonb OCl-1 i, V~,- K03$$I-1~l-1eHT napHoro 
B3aI-1MOAeIltCTBI-1f1 nonpeurero« y \It ,y', Z}L-- ''YKaPRA aTOMa cocrav . Anfl 
onpeAeneHl-1f1 cBo6oAHOIIt 3Hepr\lt\lt MHoronoApeweTo4Horo cerHeT03neK
Tp\ltKa Bocnonb3yeMcfI l-13BeCTHOIIt $opMynollt 

F = - kT lnZ. Z .r exp {- {3H IdO, {3 = (kT) -1 .,	 /23/ 
O 

rAe k - KOHCTaHTa 60nb~MaHa, O - $aaOBwllt 06beM C\ltCTeMW, KOTOpWIIt 
B HaweM cnY4ae 3aH\ltMaeT Bce npOCTpaHCTBO. 6YAeM C4HTaTb, 4TO . 
napaMeTp 

. i .. - . 
Q.~ = Zy E y + V~ X .~, /24/ 

i
Man /np\lt 3TOM B -rneue ZyE y HeT CYMMl-1pOBaHHA no l-1HAeKCY y / ~O 

cpaBHeHl-11O c kT. TorAa, l-1çnOnb3Yfl pa3nO>KeHl-1e /23/ no /24/, nOA
CTaB\ltM /22/ 8 /23/. AnA /OM/ 3Ta npo~eAypa Onl-1CaHa, Hanpl-1Mep,

/ 41 
B • OnycKafl HeCnO>KHWe, HO AoBonbHO rpOM03AKl-1e MaTeMaTl-14eCKl-1e 
BbIKnaAKl-1, AnA Kpl-1CTannOB Tl-1na nepOBCKl-1Ta nonY4aeM, c Y4eTOM 
Cl-1MMeTpl-1l-1 4aOTHWX nOnO>KeHl-111t aTOMOB, BXOAfll.l.\HX B CTPYKTYPY ABX 3 , 

Bblpa>KeHl-1e Anfl 4aCTl-1 c806oAHOIIt 3Heprl-1l-1 F , 3aBl-1Cflll.lellt r ons xo OT 
- nJ

Ml-1KpOCKOnl-14eCKl-1X nepeMeHHWX Xy /B AanbHeHweM l-1MeHHO 3TY 4aCTb 
MW 6~AeM o603Ha4aTb 6YK8011t F/, 

5 



1 lj - i - j 1 y i 2 f33.y i j 2 (35 y i j k 2 
F=--V ,X X ,--{.3S1(Q) +-A .. (Q Q) +-B··k(Q Q Q).2 yy .y.y 2 'Y 24 lJ .y.y 6! lJY Y Y ,
 

/25/
 
.y y .y y

A ii = 3S 1S j - (3 - 23ij ) S ij , 

Y y.y Y .y .y 1B ijk = 15(3 - 20 ij ) S ij S k - 30S1 S j S k - [ 150 jk ( - Ô ij ) + 
.y ~u 

+ 0ij ojk + 15(1 - olj )( 1 - oik )(1 - ojk )]S ijk 

1Y -1 i 2 -+ 1'1:1
Si = C y J(Xy ) exp i-f3V,y hlX.y ' 

-1 i j 2 -+
 
= c.

y 
r(X yX y) exp i-{.3V y IdX y '
Si~ 

-1 i j k 2 ..,
 
= C r(XYXYX exp i-{.3V y IdX y


S ~k y Y) 
'-+ 

C Y = r exp i-{.3V y }dX y , 

rAe ~HTerp~pOBaH~e BeAeTc~ no BceMY npoCTpaHCTBY. 
B AaHHOM naparpa~e, ~Me~ B B~AY B03MomHoe np~MeHeH~e pe3ynb

TaToB K pa3n~llHblM epa30BblM nepexonaa , ~MelOU\~M MeCTO 8 Kp~CTannax 

co CTPYKTYPO~ nepOBCK~Ta, MW Yll~TWBaeM Kone6aH~~ aTOMOB ~ ~X 

cpeAH~e CMeU\eH~~ BAonb Tpex oce~ /T.e. ~HAeKcw i, j = 1,2,3 ~B
n~IOTC~ ~HAeKcaM~ AeKapTOBblX KOMnoHeHT/. C KamAo~ KOMnoHeHTo~ 
BeKTopa cpeAHero CMeU\eH~~ CB~3aHa KOMnOHeHTa cnoHTaHHo~ non~p~

3a4~~ 

. Z-·
pl = _..!. x ' /26/ 

y • v y 

Bn~~H~e 3neKTpoHHO~ nOAC~CTeMW MomHO YllecTb, 6ep~ B KalleCTBe Z 
3epepeKT~BHble '3ap~Abl, Bbl6paHHble AonmHblM 06pa30M /6/. .y 

B Teop~~ naHAa~ BHeWHee none BXOA~T B BwpameH~e An~ CBo6oAHO~ 
3Hepr~~ Tonb KO B B~Ae P~ E ~ , n03TOMY AIlfl np~BeAeH~~ /25/ K B~
AY, aHaIlor~llHOMY /1/, ocTaB~M B /25/ BHeWHee noIle TOIlbKO B B~Ae 

BWweynoM~HYToro npO~3BeAeH~~. np~ 3TOM MW He MomeM npOCTO npe
He6pellb APyr~M~ llI1~HaM~ ,. cOAepmaU\~M~ norte B /25/, T. K., KaK 6y

- 1 1AeT B~AHO H~me, X ~ E.yOAHoro nOPfAKa, ~ npOCTO~ HeYlleT B /25/
 
60nee BWCOK~X lleM 

y
nepBa~ CTeneHe~ Ey np~BeAeT K TOMY, llTO K03ep

-. 4 -' 6
ep~l.l~eHTbl ripa (X~) ~ (X~) 6YAyT onpeAeneHbl HenpaB~I1bHo. An~ TO- ,~ 

ro, llTQ6w YlleCTb AaHHoe 06CTO~TeIlbCTBO, npoA~epepepeH4~PyeM /23/
1 . 

no ZyE y c YlleTOM /22/ 
·,rA 

aF - i /27/-X y

a(ZyE~ )
 

6 

nOACTaBn~~ /25/ B /27/ ~ pewa~ nonYllalOU\eeCfl ypaBHeH~e OTHOC~Tenb
. I

HO Z~Ey MeTOAOM ~Tepal.l~~ /CM. np~nomeH~e 1/, nonYllaeM 
-j - k -1 - j 

Oyy' o kj kj X y' Xy f3 y X.y 2 
E k L (---- - V ,) - + ------ I A k' (-) +


Y y' j f3S{; .yy Z y 6Z. (Sli ) 2 j J S}
y 
/28/-1 - k • Y Y .y Y .


f3 X y Bkjn 1 AkjAk n AkjA jn -j - n 2
 
+ ---'L [---- +---( + ---)] (X'X ) •
 

Z (Sy)2 jn 51 (S'}:'S Y )2 6(SrSY) 2 6S y 3S'?, y- y 
.y k J n J n k J 

k
B AaHHoe BblpameH~e BxoA~T noxaru.uoe none E Y' xoropoe asnaer ca 
CYMMO~ BHeWHero nOIl~ E ~ nOIl~, c03AaBaeMoro 3neKTpoHHWM~ KOMno
HeHTaM~ cnOHTaHHblX non~p~3al.l~~ nonpeurer o« P e B r ex r ouxax , B KO

.y k 
TOpWX HaxOA~TCfl aTOMW. B MaTp~llHo~ ~opMe AIl~ E MomHO 3an~caTby 
ypaBHeH~e 

-+ -+ ....... e
 
Ee=E +RP , /29/ 

.., ! E ) ... -+ 
pe 

e 
~ ( ~: , E =E 

rAe 

\ E: 

k 

~ (:~ ), (i) 
R.- ~BI1fleTCfl MaTp~~e~ nopeH4eBwx nonpaBOK B Kp~CTaIlnax T~na ne

pOBCK~Ta /7/ • C APyro~ CTOPOHW /7/
 

........ e .., .......
 
XP = E + RP, /30/
 

rge 

?1
-1 
v a l' O, ••.
 

,. O -1 Q

X = .' va2 " ••• , p 

( 
n 

.., 

(?n)Õ, ••••••••••.•. , v~-l ) 
a - 3I1eKTpOHHwe nOIl~p~3yeMocT~ aTOMOB, a Pi onpeAenfllOTCfl ~3x
/26/ c YlleTOM BblweYnoM~HyTo~ nepeHopM~pOBK~ 3ap~AOB. B epopMYIlax 
/29/, /30/ MW AIl~ npOCToTW Ylln~ B3a~MoAe~cTB~e A~noIle~ Il~Wb 

BAOIlb OAHO~ ~3 oceü lleTBepToro nop~AKa.· flonc r aansn /30/ B /29/, 
~n~ nOKaIlbHoro nonfl nOIlYllae~ . 
~ ,.. .... "'-1... .. .... ...-1'" -+ ,.. -+ ...... -1 .... .., /3 ! / 
E e = (1 + R X ) E a + R X R P = r E e + R X R P 

nOAcTaB~B /31/ B /28/, nonYllaeM C YlleTOM /26/ 

.... ,,-1 .... -j


0n 8 kj kj. okj Zy' (R X R) yy' X y '
 
E k = L ~- - V , - -----.-.~~-] ---- +
 ay r . .yy V y J {.3S Y Z r

k y 
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cikf3 -1 xj fj-1i k B'Y. rAe V ~  rapMOH~lleCKaR llaCTb nOTeH4~aIla, a Vy - ero aHrap~o
'y I A'y (2..)2 + 'y _ I [ kJn ++	 /32/ H~lleCKaR 4aCTbo ManocTb aHrapMoH~3Ma o3Ha4aeT, llTO 

6Z (SY) 2 f j kJ S 'y f Z 'CS'V\2 in 5! (S,ys Y)2 

i]

y k 'y j Y .y kJ J j n Vc
 

.....L. « 1 (y=l,oo.,n). /38/
 
y y Y 'Y	 kT1 A kj A kn A kj A jn - j - n 2 /4/ Y ,y Y+ 2 (---- + --~)](X X) ,	 np~ 3TOM, KaK ~38eCTHO /CMo, Hanp., /, Si' S ij' S ijk npencra'?'S y) 68 'y 3S r 'y Y6(SJ n k J 8~Mbl B B~Ae pRAa no T. Bblll~CIleH~e AaHHblX BeIl~ll~H c YlleTOM C~M

dl MeTp~~ llaCTHblX nOIlo~eH~i1 aTOMOB Kp~CTaIlIlOB T~na nepOBCK~Ta npott;\k -E )
\J:.l ay - e '	 .t~ BeAeHO B /8,9/ o TaM ~e o6cY~AaeTCR Bonpoc o6p~Ba TeMnepaTYPH~x 

Ir ~.1 

IirAe	 PRAoB AIlR pa3Il~llHblX xpuc r annoe o OrpaH~ll~BaRcb B 3TOM naparpa<t>e 
n	 r nepexo~oM napa<t>a3a - TeTparoHaIlbHaR <t>a3aj t 3an~weM pe3YIlbTaT-bl 

w S y S 'y SY /8 9f 'y = "I r yy"	 TeMnepaTYPl;lblX oaanoxeaaa i' li' tii ' B Ta6Il~4Y o H3 r aõnauao 

'y =1 B~AHO, 4TO np~ pa3Ilo~eH~~ AO BToporo nopRAKa no /38/, c = 0, 
C APyroi1 CTOpOHbl, o606lL\aR /3/ Ha cnyuaã MHorOKOMnOHeHTHoro na Toe . , uro Ci ~MeeT õonee BbICOK~i1 noosnox MaJ10CT~ o 

i 

paMeTpa nopRAKa, ~MeeM 

'kj j 'y k j 2 Y k j n) 2 ' 
E e = rPyy"P y ' + b k j P y (Py ) + c kjn P y (Py P ,y' /33/	 Ta6JIHn;a 

rne .y - ~HAeKC copr a aTOMa, a k, i, n .- ~HAeKCbl AeKapTOBblX KOM Pe3YJI~TaTW pa3JIO~eHHH MOMeHTOB ~yHKll,HH pacnpeAeJIeHHH 

nOHeHT o CpaBH~BaR /33/ ~ /32/ c YlleTOM /26/, nOIlY4aeM B~pa~eH~e no /38/ AJIH H30TponHoro npH6JI~eHHH H aHH30TponHoro npH

rP k jAIlR " b'Y. , c'Ykj KaK <t>YHK4~i1 M~KpOCKon~lleCK~X nepeMeHHE,IX	 6JIHJKeHHH, HCnOJIb3yeMoro B /10/ • e - $OpMaJIbHhlH: MaJIhm napa
.yy kJ n 

MeTp, cooTBeTcTBYID~HH: CTeneHH pa3JIO~eHHH no /38/ /npH HC

IlOJIb30BaHHH namrsrx ~OPMYJI crrenye-r nOJIOJKHTb e = 1/. 
_ Wii,) v _rP iJ - (	 /34/,yy" -	 ,yy 

Z Z,f
'y .y 'y 

rAe 
kj kj -1 ...... -1 ... 

W ,,= V ,+ 8 kj Z , v (R X R) ",.yy ,yy 'y	 .yy 

o. S 'y
 
Y v ~ ii'
 

b = ---	 /35/
ij 6Z 4 (S ~Ys ?') 2 {3f 

y 1 J Y 

'y y 'yy 
,y v 5 'y 10 Aij A in 2Aij A [n 

C ijn - --------[B .. + - ( + --_._)]. /36/
5 I Z 6 a f (S?'s?'sY) lJ n 3 S?' S'Y,' 

, .y fJ 'y 1 J n	 1 J 

OTMeT~M, llTO np~ nOIlylleH~~ /34/ - /36/ He ~cnOIlb30BanOCb npeA
nOIlo~eH~e o MaIlOcT~ aHrapMOH~4eCK~X llIleHOB .OAH04acT~llHoro nOTeH
unana V , noaroxy nonyveuaue oe ayns r aru MorYT 6blTb ~cnonb30BaHbl' 

AIlR aHah~3a KaK cIla6oaHrapMoH~llecK~x Kp~CTaIlIlOB, TaK ~ AIlR Kp~

I M30TpOIDwe npH6J1HlIteHKe AAH30TponHoe npH6JIIllKeHIle 

IIToTeHl\llaJIbHail 

lSHepI' 1l1l 
V a-(; 2 2 2) tO 2 2 2f"" '2 Xi+X2 +X + Xl +X2+ X33 V- <:ti 2 ~ 2 ~ 2 8.(;.e '/ & ~- 2"Xf "" X;J+ X3 + 1 x; +X2 + 3 X3 

S3 L1._ ~~+ 2, 960ÇJJ-a 
Q., e Q, E a. 

fi-I f2~o/i-2 38'1 fi.JtfJ--e +é 2 Ct3 as a.3 

SI =S2 S, =.52 =s 3 ' ir l -f. 16t}..8-~ê2 &'1-0"2;;-3
ai ai a, 

S33 
1K2 

_ ê f'fqC~-3 .,.. e2 9936{2.E-" 
a 2 ~ a

3jJ-2 _ E 9611- E;2 "I75'zlflr 't3 

-a; sr : a; 
SJJ=S;J2 [)iJ =S22 =533 

14'2 fZO!.j3-a 2 l10'f Il,S-/f
-é~ «e ai. aJ a, t 

S3f33 
{5j3-3_ E 1260 tJr\ f.2 ffS800./2jJ-s ----ar a.,5 a.. o 

iSJr3 _ E 90olJr" +E2 6~oiot,I,J3-s 
--a:; a; a.: 

3m " 5222 SII? Su.z= S333 
/Sfi"3_ iosos,»: +E2 89Z801/'p-S
ar ê at _ ar 

3. TEMnEPATYPA <I>A30BOro nEPEXO,llA, 3<1><!>EKH1BHbIE 3AP~,llbl'I~,1
CTaIlIlOB c C~IlbH~M aHrapMOH~3MOMo H KOHCTAHTA KIDP~ - BE~CA BaTi0 3KaK npaB~Ilo/4/ , B M~KpocKon~llecKoi1 Teop~~ cerHeT03IleKTp~KOB 
I B MO,llEnH MHOrOnO,llPEWET04HOrO CEíHET03nEKTP~KA 

3<t><t>eKT~BHbr~ oAHollacT~llHbl~ no r euuuan npeACTaBIlRIOT B B~Ae osna no 
cTene~RM Xy o 3TOT PRA MO~HO aanacar e B B~Ae :~'-

HenocpeACTBeHH~~ aHaIl~3 Ta6Il~4~ nOKa3wBaeT, 4TO AIlR B~ll~C

IleH~R pa3Il~4H~X TepMOA~HaM~4eCK~X xapaKTep~CT~K AOCTaTOllHOV (i ) = voei ) + V c (i ),	 /37/
'y 'yy Y Y Y	 3HaTb K03<t><t>~4~eHTa pa3IlomeH~R Vy B PRA no CTeneHRM oTKIloHeH~i1. 

BeIl~4~Hw 3T~X K03<t><t>~4~eHToB MO~HO oueH~Tb no AaHH~M A~<t>paK4~oH
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·1 
11 

HblX 3KCnep\;1MeHTOB. Anfl Ba'I'íO 3 B \;130TpOnHOM np\;16Il\;1>KeH\;1\;1 3T\;1 
K03<t><t>\;14\;1eHTbl np\;1BeAeHbl B /8,9/ , a c Y4eTOM aH\;130TpOn\;1V1 OH\;1 Bbl
4\;1CIlflIl\;1Cb B /10/ • B AaHHO~ paõore Mbl 6YAeM nOIlb30BaTbCfI \;1 TeM 
\;1 APyr\;1M Ha6oPOM K03<t><t>\;14\;1eHTOB, 4TO n03BOIl\;1T CpaBH\;1Tb pe3ynbTa
T~ np\;1MeHeH\;1f1 \;130TpOnHoro \;1 aH\;130TpOnHoro np\;16Il\;1>KeH\;1~. npe>KAe 
4eM nepeXOA\;1Tb K KOHKpeTH~M B~4\;1CneH\;1f1M, OCTaHOB\;1MCfI nOAPo6Hee 
Ha onpeAeIleH\;1\;1 KOHCTaHTbl KlOp\;1 - Be~cca C k : no CMblcny X-i, onpe
AeIlReMafl /10/, AOn>KHa cOBnaAaTb c A /CM. /19//. AOKa3aTenbcTBo 
aror-o paBeHCTBa B 061.1.leM CIlY4ae aecswa rpoMo3AKO, HO Anfl n = 

= 1, ..• ,4 3TO IlerKo npOBep\;1Tb HenocpeAcTBeHH~M\;1 B~4\;1CIleH\;1f1M\;1. 
B TeOp\;1\;1 naHAay A \;1 C k CBfl3aHbl COOTHOWeH\;1eM /1/ 

417	 n ) -1 . _ -1
A = -- ('1' - T ) = O( l 0 :: 417€ 

C k c i== 1 1	 /39/ 

/CM. /9/, 110//. TaK\;1M o6pa30M, B AaHHOM np\;16n\;1>KeH\;1\;1 

417 d n -1 n_1
 - = --[ «(J ~ O.) } I = [( ~ oi ) ~]I +
Ck dT i =1 1 T=T i=l c	 dT T==Te 

d	 n -1 n -1 d (J /40/ 
+ [(J --- [( ~ Oi) ] ] I == ( ~ Oi) -] I ,
 

dT i :::: 1 T == T c i == 1 dT T :::: T c
 

rAe M~ \;1CnOIlb30BaIl\;1 TOT <t>aKT, 4To,corIlaCHO /12/, O(T ) = O. 
c

AIlfl B~4\;1CIleH\;1f1 np0\;13BOAHO~, BXOAfll.I.le~ B /40/, np\;1MeM, 4T~OT
 
TeMne~aTYP~ 3aB\;1CflT Il\;1Wb A\;1arOHanbH~e 3IleMeHT~ MaTp\;14~ ~, 4TO
 
f1BIlfleTCfI AOCTaT04HO XOPOW\;1M np\;16n\;1>KeH\;1eM /CM. B~we/. TorAa
 

~ 11 (T + ~T) ••••• cP ln cPu ,•.• , cP 1n
 
dO • l' {
 
- =	 im -
dT ~T....O Ift~cP , ••• ,1JcP 1 '	 •••.•• , cP (T + Ô.T)n	 nn nl nn 

rAe B	 cKo6Kax 0603Ha4eH~ aprYMeHT~ <t>YHK4\;1~, 3aB\;1Cfll.I.l\;1X OT TeM
neoarypu , no onpeAeIleH\;11O 

dcP ..
cP ii (T	 + Ô.T) ~ cP ii (T) + ~T __11_ 

/42/
dTnOAcTaBIlflfl /42/ B /41/ \;1 nepeXOAfI K npeAeIlY, nonY4aeM 

nde d1J ii 
~ --M
 

dT i = 1 dT i /43/
 

rAe Mi - onpeAeIl\;1TeIlb 3IleMeHTa cP .. ' nOACTaB\;1B /43/ B /40/, noIlY4aeM 11 

1 n n dcP.. 1 
Ck :::: - [( ! °i)( ~ _1_1 M. r ]I T _ T 

477 i= 1 i= 1 dT 1 - C /44/ 
10 

I l.PaCCMOTP\;1M np\;1MeHeH\;1e /12/, /44/ K BaTiO 3 •• K03<t><t>\;14\;1eHTbl
l 

W~, /CM. /32// 06bl4HO noenc r aanmor B B\;1Ae /6,11/
 
J
 
1
 

W'lj R ij Mij
,yy' :::: yy'+ ,yy"	 /45/ 

"I"
I 

/+	 rne R~' - .KOpoTKoAe~cTBYlOl.I.lafl 4aCTb noreauuana napuoro B3a\;1MO
Ae~CTB\;1f1 M,~, - ero AanbHoAe~cTBYlOl.I.lafl 4aCTb. AIlfl nepexona napa
<t>a3a - TeTparoHaIlbHa~ <t>a3a i,j = 3. 0603Ha4\;1M 

33 33 33 
' = Wyy ' , R yy ' = R yy '. Myy ' = M yy ' . Wyy 

AaIlbHOAe~CTBYIOI.I.lYIO 4aCTb nOTeH4\;1ana napHoro B3a\;1MOAe~CTB\;1f1 MO>KHO 
aanucar s B' B\;1Ae /11/ 

M,yy' = a 
2 

K yy'	 /46/ 

rAe a - cr eneas \;10HHOCT\;1 aapanos BaTia, r ;e , Zk =aZ~ . Zi
\;10HHbl~ aapan aTOMa. 3Ha4eH\;1f1 K " ' 6bJIl\;1 B3f1Tbl 1013/ 11 , 15/ ,yy Ryy
nOnflp\;13yeMOCT\;1 ai - \;13/6 / . K03<t><t>\;14\;1eHT~ pa3IlO>KeH\;1f1 nOTeH4\;1aIlb
HO~ 3Hepr\;1\;1, KaK Y>Ke ynOM\;1HanOCb, - \;13 /8,10/ . B 3neMeHTapHOII! 
f14e~Ke BaTi O 3 5 nonpeurerok , OAHaKO np\;1 paCCMaTp\;1BaeMOM HaM\;1

17/nepexoae nOApeWeTK\;1 OH \;1 0HI B o603Ha4eH\;1f1X 3KB\;1BaneHTHbl, 
4TO n03BOIlfleT YMeHbW\;1Tb pa aaepaoc r s 11cl1j II AO 4x4, cnenaa npeo6
pa30BaH\;1e 

cP '0	 + 1;'0 .... ~ 1J + cP ..... cP • 
1 H 1 IH . iO' 0lI 0UI o H o II 00 

Texneparypa KlOp\;1 Anfl Kp\;1CTanna, \;1CnOnb3yeMoro B/l0~ T c z: 390 K. 
HenocpeAcTBeHH~~ aHaIl\;13 nOKa3~BaeT, 4TO e \;13 /12/ 04eHb C\;1IlbHO 
3aB\;1C\;1T OT a /Ae~CTB\;1TenbHO, B /12/ BXOAflT 4neHbl ~a8/. C APY
ro~ CTOpOH~, corIlacHo/8 / , a = 0,44-0,55. Ecn\;1 nOACTaB\;1Tb AaHH~~ 
\;1HTepBaIl \;13MeHeH\;1f1 a B /12/, TO TeMnepaTypa T , onpeAenfleMaflc 
3T\;1M ypaBHeH\;1eM, 6YAeT \;13MeHflTbCfI B 04eHb W\;1POK\;1X npeAeIlax. 
n03TOMY nocr ynua cneAylOl.I.l\;1M 06pa30M: nOACTaB\;1M T c = 390 K B /12/ 
\;1 6YAeM pe~aTb ero OTHOC\;1TeIlbHO a • 4\;1CneHH~e paC4eT~ AalOT a = 
= 0,466 Anfl aH\;130TpOnHoro CIlY4afl \;1 a = 0,438 AIlfl \;130TpOnHoro. 
B\;1AHO, 4TO nOIlY4eHH~e pe3ynbTaT~ AoCTaT04HO XOPOWO cornaCYIOTCfI 
C /6/ • 

TeMnepaTYPH~e 3aB\;1C\;1MOCT\;1 d k Anfl 060\;1X cnY4aeB np\;1BeAeH~ Ha 
p\;1c.1. KaK f1BcTByeT \;13 p\;1CYHKa, Ha BCeM TeMnepaTypHOM \;1HTepBaIle 
dk> O / k = 1, 2 , 3/ . 

,.I 
• I TaK\;1M	 o6pa30M, cornaCHO /12/, \;1cCneAyeM~~ nepeXOA Ae~CTB\;1
" 

I 
1 
i r ens ao aanae-r cs cerHeT03IleKTp\;14eCK\;1M. Bacoko r eaneparypuua " 3a

aarr" 06bflcHfleTcfI Y4eTOM fione e BbICOK\;1X, 4eM Il\;1HeHHbl~, 4IleHOB 
pa3IlO>KeH\;1f1 no (T - To)' 

Ecn\;1 cnpaBeAIl\;1Ba TeOplo1f1 naHAay, TO C k , onpeAeIlfleMafl /44/, 
He 3aB\;1C\;1T OT TeMnepaTYP~, \;1 BXOAfll.I.lHe B /44/ np0\;13BOAH~e MO>KHO 
6paTb	 B Il106o~ T04Ke. TaK\;1M o6pa30M, MO>KHO nOCTp0\;1Tb TeMnepaTyp-

I, 

; \ 11 



1.0 PHC. I. TeMrrepaTYPHhIe 3aBl1CHMOCTH 
dk ICM. TeKCT/. d k ==R k· lO n kl D1= i 
== I, 02 == O, n a = I, n 4 == OI AJIJI ! 

H30TporrHoro rrpHÔJIH)KeHHH, d k= D nk I' ' 

T,K 

____________f-.- Rt 
-3 -I -Df 

-2~ -1'=====~ --/ 
-4~ 

-~~= 

1.0	 k·l0In 1 = I, D 2= 1,°3 = 1, D = Ii " 40.0 AJIfl aHH30TporrHoro rrpHÔJIH)KeHHH. f 
3gech Y Di IKaK H BCrogy B gaHHOH t 
paõore Z HHgeKC i , CooTBeTcTByrolIUiH 
THrry rrogpemeTKH, HyMepyeTcH cne

0.0	 gyro!IUiM oôpa~oM I - Ti, 2 - OI , 
3 - 0Il , 4 - Ba , 

-1.0 

xlO-5
6 L C	 , K 

0.0 500 

K	 

I'
4 

PHc.2. TeMrrepaTYPHafl 3aBHCHMOCTh
 
"KOHCTaHThI" KroPH - Beüca I CM.
 2~~~,1
TeKCTI gJIH H30TporrHoro 1---21 H ~ ,	 :r -To,K IaHH30TporrHoro 1---11 CJIyqaeB. o 100 200 

~Y~ 3a8HCHMOCTb Ck , 6epft·B Ka4eCTBe To pa3nH4Hwe TeMnepaTyp~,
 
H no CTeneHH H3MeHeHHft Ck CYAHTb o rpaHH4 ax npHMeHHMocTH TeOPHH
 
naHAay. TeMnepaTYPHwe 3aBHCHMOCTH Ck Anft H30TponHoro H aHH30

TponHoro cnY4aeB npHBeAeHW Ha PHc.2. Pa3HH4a B xOAe KPHBWX o6~

ftCHfteTCft Y4eTOM BwweynOMftHYTWX HenHHe~HWX 4neHOB ICM. /8/ I.
 
BHAHO, 4TO B 060HX cnY4aftX C k AOCTaT04HO cHnbHO 3aBHCHT OT TeM

nepaTypbl, cneAOBaTenbHO, TeOpHft naHAay cnpaBeAnHBa nHWb B Y3KOM
 
TeMnepaTYPHOM HHTepBane [To. To + 70 K], rAe C k MomHO npHônHmeH

HO c4HTa~b nO~TOftHHO~. AnR aHH30TponHoro cnY4aft Ck(T ) =
 

o
== 2,2·10 K, Anft H30TponHoro - Ck(T o) == 1,86.10 5 K, 4TO AOCTa
T04HO XopOWO cornacyeTCR c 3KcnepMMeHTanbHWM 3Ha4eHHeM C 
= 1,73.10 5 K /14/.	 k 

Ha pHc.3 npeACTaBneHw TeMnepaTYPHwe 3aBHcHMOCTH ( -1 Anft 060
HX cnY4aeB. npH 3TOM ( onpeAenftnaCb c nOMO~b~ 1391 no H3BeCTHWM I 
~opMynaM leM., Hanp., /7/ I. TaM me npHBeAeHa 3KcnepHMeHTanbHaR ~, 

•. 
3aBHcHMoCTb (-1 OT T, aaa r aa H3 /14/. Ha 3TOM me rpa~HKe npen
CTaBneHw TeMnepaTYPHwe 3aBHCHMOCTH ,I

(T - To)-1 -1( = (
k lin ---C k	 1471 \ 

-1 -1Anft 060HX cnY4aeB. CpaBHHBaR ( H ( , yôemAaeMCR, 4TO TeOpHft 
k

naHAay cnpaBeAnHBa B HHTepBane [To' To + 100 K], 4TO cornácyeTCft 

PHc.3. TeMrrepaTypHaJl 3aBHCHMOCTbz	 é>1O- 7 
o5paTHoH gH3JIeKTpH~ecKoH rrpOHH~aeMO

T-1;,K 

CTH AJIJI nao'rponaor'o I TeMHhIe KPY)KO~
IGII H anaao'rporrnor-o ICBeTJIhIe Kpy)KO~
KHI rrpHÔJIH)KeHHH. ITpJlMbIe COOTBeTCTBY
IOT TeMrrepaTYPHOH 3aBHCHMOCTH 147 I , 
rrpH~eM gJIR 1---11 Ck == 1.76,10 5 K/14~ 
.IJ.JIJI 1-21 Ck = 1.86' 10 5 K IH30Tporr-' 
aoe rrPHÔJIH)KeHHe/, gJIR 1-31 C k == 

JOO 200 2 .2 . 10 5 K I aanao-rporrnoe rrpHÔJIH)KeHHe/. 

c /7/ • BHAHO TaKme, 4TO HMeeTCft BnonHe YAoBneTBopHTenbHoe KonH
4eCTBeHHoe cornaCHe TeopHH H 3KcnepHMeHTa. 

Ta~HM 06pa30M, BwwenpHBeAeHHW~ nocneAOBaTenbHW~ Y4eT Kone6a
HH~ Bcex HOHOB BaTiOa B paMKax paCCMOTpeHHO~ MHoronOApeweT04HO~ 

MOAenH n03BOnfteT ynY4WHTb cornaCOBaHHe pe3ynbTaToB, nonY4aeMblX 
B paMKax npH6nHmeHHft IMn/, c 3KcnepHMeHTOM. 

nplttnQ}l{EHItt E 1 

Anft nonY4eHHft ypaBHeHHR COCTOftHHft Bocnonb3yeMCft 1251 

aF - i--o = -X .	 In.ll 
a(Z,yE;) 

nOACTaBnftft 1251 B In. 11 H npOBOAft AH~~epeHUHpOBaHHe, nonY4aeM 

k a
 
- k 'y k Q,yf3 3 -y j 2
 

-X = -(3Sk Q + -- I Ak , (Qy) +
 
y -y 6 j==l J ' 

{35Qk 3	 In.21
'y j n 2
 

+ -----X. I Bkjn (Q,y Q-y)

5! j, n == 1 

B AaHHoM npHnomeHHH no nOBTOpft~~HMCft HHAeKcaM, He YKa3aHHwM B 
3HaKax CYMM, CYMMHpoBaHHe He npOH3BOAHTCft. nepenHWeM In.21 B 
BHAe 

-k 
k 2 . 2


k X y Q {3 3 'y (Q J )

Q =- ,y- I A kj 'y + 

y Y + --y j==l
6S{3Sk k	 In.31

{34Qk a . 
+	 'to I ar. (QJ Qm)2
 

'y. kjm y y

5!Sk	 J,m = 1 

6YAeM pewaTb In.31 MeTOAOM HTepa4H~. 
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I, 
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In.41 

npOAonmeHl;le l;lTepa4~oHHoro npouecca npl;lBeAeT K nOfl8neHl;l~ 60nee 
BbICOKl;lX cr eneaeã X,~, xo'ropue B Teopl;llll IlaHAC3Y, KaK npaaano , He 
Y4l;lTbIBa~TCfI'. Iloncraanaa 1241 B In. 41, nony-raex 
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Zy E y = 
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X y~_
f3S~ - I 
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kn n 
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-1 X- ke .y 

+ --r-)2
(Sk 
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I, 
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B kjn 
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