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CraMeHKOBH'I C. H Ap. Pl7 - 9226 

06o6weHHSH MO)lenb cerHeroaneKTpH'IeCKoro ~a3osoro rrepexoAa 

npeAnO*eHa o6o6weHH8H MO)lenb cerHeroaneKTpH'IeCKOrO ¢a30BOrO 

nepeXO)la, OIIIICblBSIOWSH KSK IIepeXO)l THIIS CMeWeHHH, l'SK H rrepeXO)l THII8 

IIOpHAOK-6ecnOpHllOK C IIOMOWb!O llBYX napaMeTpOB IIOpHAKS: Cpe)lHero CMe

WeHHH STOMOB H cpe)lHero '!HCna 38IIOnHeHHH Sl'OMOB ABYX paBHOBeCHb!X 

nono*eHH~. THn ~a3osoro nepexoAa onpeAenHeTCH 6e3pa3MepHo~ aHeprHeA 

CBH3H STOMOB. 

Pa6ora Bh!IIOnHeHa B na6oparopHH reopeTH'!eCKOA ~H3HKH OH.HH. 

flpenpMHT 061>e~MHeHHOro MHCTMTyTa Jl~epHbiX MCCJle~OBaHMJl 

~y6ua 1975 

Stamenkovic s. et al. 

General Model for Ferroelectric Phase 
Transitions 

P17 - 9226 

A general model for the ferroelectric phase transi
tion is proposed, describing both "displacive" and 
"order-disorder" types of phase transitions with the help 
of two order parameters: average displacements of atoms 
and average occupation numbers of two equilibrium po
sitions. The type of the phase transition depends on the 
dimensionless coupling energy between the atoms. 

The investigation has been performed at the Labora
tory of Theoretical Physics, JINR. 
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' 1. BeeoeHue 

llpHHRTO eqHTaTL, qyo $a3oB~e nepexo~~ B eerHeTo-
3neKTPHKax MO)KHO pa3~enHTL Ha ~Ba OeHOBH~X Knaeea: 
THna nops~oK-6eenops~oK H THna eMe~eHHJI /eM., HanpH
Mep, / 1/ /. B nepBOM enyqae $a30B~H nepexo~ eoeTOHT 
B eTaTHeTHqeeKOM ynops~oqeHHH aKTHBH~X aTOMOBOTHOeH
TenLHO HeeKonLKHX /B npoeTeiiweM enyqae ~Byx/ nonolKe
HHii paBHOBeeHJI, onpe~enseM~X B KalK~OH gqeiiKe OeTanL
H~MH aToNaMH. Bo BTopoM enyqae clla3oB~ii nepexo~ B~-

3~BaeTes ~HaMHqeeKOH HeyeToiiqHBOeTLIO peweTKH OT
HOeHTenLHO KOnneKTHBHOrO eMe~eHHJI aKTHBH~X aTOMOB 
OTHOeHTenLHO eHMMeTpHqHiolX nonolKeHHH B JlqeiiKe. O~aKO 
B nocne~ee BpeMJI 6~no noKa3aHo, qyo o6a THna clla3oB~x 
nepexo~OB MOryT 6~TL OnHeaH~ O~OH MO~enLIO H MelK~y 
HHMJI BeT e~eeTBeHH~X OTnBqHH /eM., HanpHMep, / 2-7/ j. 
B npoeTeiiweM enyqae 3Ta Mo~enL onHe~BaeTeJI raMHnL
TOHHauow B B~e eyMM~ o~oqaeTHqH~x 3ueprHii, onpe
~emreM~X noTeH~HanoM e ~BOHH~M NHHHMYMOM, H rapMo
HHqeeKOH eBJI3LIO MelK~Y aKTHBH~MH a TOMaMH B pa3H~X 
JlqeHKaX. BenBqHHa eBS3H no OTHOWeHHIO K B~eOTe noTeH
~anLHoro 6apLepa a o~HoqaeTHqftOM noTeH~ane H onpe
~emeT xapaKTep $a3oBoro nepexo~a. ,nnJI npH6nH)I(eHHoro 
onHeaHHJI $a3oBoro nepexo~a B 3Toii Mo~enB HenonL30Banes 
KaK MeTo~ MoneKynJI)>HOro nonJI KropH- Beiiea, TaK H MeTO,ij 
eaMocornaeoBaHHoro clloHOHHoro nonJI 12 - 81 . B pa6oTe 171 
6~no npoBe~eHo epaBHeHHe o6oHx MeTo~oB H 6~no noKa-
3auo, qyo B enyqae ena6oii eBJI3H xapaKTep clla3oBoro nepe
xo~a no THDY 6nBlKe K nepexo~y nops~oK- 6eenops~oK, 

KOTOp~ii 6onee noene~OBaTenLHO onHe~BaeTeJI B npH6nB
lKeHHH MoneKynspHoro nonJI, a B enyqae eHnLHoii eBR3H 
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nepeXOA cneAyeT OTHeCTH K THny CMe~eHHB H erOMO*HO 

pa3ywao onacaTb B npH6.JIJDKeHHH caMocornacoBaHHoro l)o

HOHHoro nons. lloAo6aas 3aBHCHMOCTb o6~scaseTcs TeM 

o6COTSTellbCTBOM, 'ITO B cnyqae nepeXOAa nopBAOK·6ecno

PBAOK OCHOBHYIO ponb HrpaeT CTaTHCTH'IeCKOe pa3ynopBAO· 

'leHHe aTOMOB no 3KBHBaneHTHWM nono:lKeHHBM paBHOBeCHB, 

KOTOpoe AOCTaTO'IHO TO'IHO onHCWBaeTCB KBa3HCnHHOBOB 

MOAellbiO, H KOlllleKTHBHWe KOne6aHHB aTOMOB He HrpaiOT 

C~eCTBeHHOB ponR, a B cnyqae nepeXOAa CMe~eHHB cy

~eCTBeHHOB OKa3WBaeTC3 AHHaMH'IeCKaB KOppenBIUIB CMe· 

~eHHi aTOMOB B pa3HWX S'leiKaX H n03TOMY ycneWHO 

pa6oTaeT npH6nH)I(eHHe CaMOCOrnaCOBaHHWX I)OHOHOB, KOTO

poe TO'IHO Y'IHTWBaeT 3TH KOppellBIUIH. 

CneAoBaTenbHO, An•nocneAOBaTenJ.HoroonacaHHsl)a3o

Boro nepexoM B ceraeTo3neKTPHKax aeo6XOAHMO yqecTb 

o6a MeXaHH3Ma OAHOBpeMeHHO B paMKaX eAHHOB MOAenH. 

B aacTos~ei pa6oTe npeAno:lKeHa o6o6~eaaas MOAenL cer

HeTo3neKTpaqecKoro l)a3oBoro nepexoAa, co)lep:lKa~s ABa 

napaMeTpa nopBAKa: cpeAHIOIO 3aceneHHOCTb a a(e) OA

Horo H3 IIOllO:lKeHHB paBHOBeCHB a = ( + , -), onpeAenseMyiO 

B KBa3HCnHHOBOM nOAXOAe, H cpeAHee CMe~eHHe T/ a (e) a TO

MOB OTHOCHTellbHO Q;eHTpa S'leBKH ,onpeAemieMoro B CXeMe 

caMocornacoBaHHwx l)oaoaoB. B 3aBHCBMOCTH oT 3Ha'leHHi 

napaMeTpOB 3aAa'IH MO:lKeT npOHCXOAHTb l)a30BWB nepeXOA 

nopBAOK·6ecnopBAOK, KOrAa a+ ((h) =a- ( e kJ ,nepeXOA THna 

CMe~eHHB, KOrAa Ti+(U 8 ) =Tj_(es) ~ 0, HllH nepeXOA 

CMewaaaoro THna. 

B cneAyiO~eM pa3Aene ci>opMynupyeTcs MO)lenb, BBO • 

AHTCB raMHnbTOHHaH H 06Cy)I(AaiOTC3 ycnOBRB paBHOBeCHB 

nOApemeTOK. B pa3Aene 3 BWBOABTCB ypaBHeHHB Jlll3 l)o

HOHHOB nOACHCTeMW R napaueTpa 7] a (e) • B pa3)lene 4 
06Cy)I(AaeTCB KBa3HCnHHOBaB 'laCTb raMHnbTOHHaHa H pac

CMaTpHBaeTCB ypaBHeHHe AnB napaMeTpa a a (e). B pa3-

Aene 5 npaBeAeHw pe3ynJ.TaTw 'IHcneaawx pac'leTOB H o6-

CY:lKAeHRe MOAenR. 

2. FaMUAb•oHuaH MooeAu 

llpH OnHCaHHH l)a30BWX nepeXOAOB B cerHeT03lleKTpH· 

KaX 06W'IHO YAat' fCB BWAenHTb rpynny aTOMOB, xapaKTep 
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ABH)I(eHH.B KOTOpWX Cy~eCTBeHHO 3aBHCHT OT TeMnepaTypW, 

TaK 'ITO HX MO*HO C'IHTaTb OTBeTCTBeHHWMH 3a B03HHKHO· 

Beaae l)a3oBoro nepexoAa. llpa 3TOM B nepBoM npa6nH)I(e

HHH AeBCTBHe OCTanbHWX aTOMOB MO*HO 3aMeHHTb cpeAHHM 

cTaTH'IeCKHM noneM/l/. PaccMoTpHM no3TOMY npoCTyiO 

MOAellb, B KOTOpOB Y'IHTWBaeTCB ABH)I(eHHe llHillb aKTHBHWX 

aTOMOB: 
_, 2 
pi ~ __, 1 __, __, 

Il= 2!-+V(R.)l+-2 ¢(R.-R.), 
2m I 2 i;£ j I J 

/2.1/ 

rAe pi H }{ i- HMnynbC H KOOPAHHaTa paCCMaTpHBaeMWX 

aTOMOB, V ( R i) - OAHO'IaCTH'IHwi noTeau;aan, C03AaBaeMwi 

ocTanLHWMH aToMaMH, ¢ ( R i- R i) - B3aHMOAeicTBHe 

aToMOB B pa3HWX B'leiKax, 'KoTopoe npeAnonaraeTcs nap

HWM. lloTeau;aan V ( R i) HMeeT ABa MHHHMyMa HnH 6onee, 

'ITO H o6ecne'IHBaeT B03MO:lKHOCTb ynopBAO'IeHHB aKTHBHWX 

aTOMOB no 3THM COCTOBHHBM B B'leBKe. ,IJ;ns npOCTOTW npH

MeM, 'ITO HMeiOTCB ABa COCTOBHHB B Ka:lKAOB Jl'leBKe, TaK 

'ITO KOOPAHHaTa aTOMa MO:lKeT 6WTb npeACTaBneHa /HH)I(e 

TO'IKH l)a3oBoro nepexoAa/ B BRAe 

__, __, 

R. = e. +aT~:+-+ a:-;--: 
1 l 1 1 1 1' /2.2/ 

__, 

rAe £ i - KOOPAHHaTa u;eHTpa B'leiKH, a r = l HllH 0 B 3aBH· 

CHMOCTH OT TOrO, HaXOAHTCB aTOM B COCTOBHHH /+/ HnH 

/·/ ( a; = 0 HllH 1 COOTBeTCTBeHHO). OnepaTOp npoeK

THpOBaHHB a f (a = +, - ) BWpa:lKaeTCB 06W'IHWM o6pa30M 

qepe3 onepaTop KBa3acnaaa 

a C: = l_ (] + a a. ) . 
l 2 I 

CMe~eHHe aTOMa s~ B COCTOBHHH 

B BRAe CTaTH'IeCKOrO CMe~eHHB 

Tyau;Hi u~: 
l 

/2.3/ 

a MO:lKeT 6WTb 3anHCaHO 

b~ H TennOBWX l)niOK-

-->a s. 
l 

ba+ 
l 

-->a 
u i' . b !! = < ; 0 > = b~ ' 

I I a /2.4/ 

rAe <- ••• > 03Ha'laeT CTaTHCTH'IeCKOe ycpeAHeHHe C raMHllb· 

TOHHaHOM /2.1/. TaKHM o6pa30M, npeACTaBneHHe KOOpAH

HaTW aTOMa B BRAe /2.2/ n03BOnBeT y'leCTb KaK cnyqai

HOe pacnpeAeneaae ero no ABYM nono:lKeHHBM paBHOBecas 
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B JiqeiiKe C DOMO~LIO onepaTopa a f!- , TaK H TeDJIOBWe 
I 

clwJOKTyalUIH u ~ B6JIH3H O.QHOrO H3 DOJIO)KeHHB paBHOBeCHJI. 

fipH ODHCaHHH clJa30BhiX nepeXO,QOB DO.j)JI.QOK-6ecnopJI.QOK 

nocne.QHHMH o6wqao npeae6peraJOT, a .QJIJI clJa3oBwx nepexo

.QOB CMe~eHHJI npHHHMaJOT, qyo BCe aTOMhl HMeiOT O.QHHa

KOBiale DOJIO)KeHHJI paBHOBeCHJI BO Be ex JiqeaKaX I a = + HJIH 

a = - I, TaK qyo onepaTop a~ npHHHMaeT O.QHO 3Haqeaae 

BO BCeX Y3Jiax i . B o6o6~eHHOH MO.QeJIH Mhl CMO)KeM 

paccMaTpHBaTL o6a THna nepexo.Qa, DOJIL3YJICL DOJIHWM 

npe.QcTaBJieaaeu I 2. 21. 
fiO.QCTaBJIJIJI 12.21 B raMHJILTOHHaH 12.11, 3aDHIIIeM 

ero B BH.Qe 

~ al1(->a2 (; ->a)l H=:.:.ai- Pi) +Vr.i+si + 
w 2m 

12.51 
l f3 .... .... 

+-I I a.aa. ¢{e.-f.+ 
2 ij af3 I l 1 l 

-+a --+ fL 
s i - s j!. 

Pasaosecawe nono)KeHHJI aToMoB peweTKH b .... = <; ~ MO)K-a 1 

HO onpe.QeJIHTL, DOJIL3YJICL YCJIOBHeM paBHOBeCHJI aTOUOB 

B BH.Qe 

. d ->a( [-->a ] 
1- < p. t) > = < p . , H > = 0, 

dt I I 

KOTOpoe DpHBO.QHT K ypaBHeHHIO 

a tt .... f3 a ............ --{3 
< -- V ( r.. + s ~) > + I <a. --¢ (P.- e. + s ~- s . ) > = 0 .12. 61 a ->a 1 I . P. j a -> a I • j I j 

s i ](V s i 

YqHTWBaJI .Qanee, qyo o6wqao CMe~eHHJI aTOMOB OTHOCH-
4 --+ __. "It 

TeJILHO QeHTpa JiqeaKH MaJIW: \ba\ <<f, \fi -t'j i ,DOTeHIUiaJIL-

HYIO 3HeprHIO r 12.51, 12.61 Y.Q06HO npe.QCTaBHTL B BH.Qe 

pa3JIO)KeHHJI: 

.... .... a 1 ->a a .... 
V(E.+s.)=I -

1
(s.-.... -) V(E.), 

1 1 n=O n. 1 ae. I 

.... .... ->a .... {3 00 1 1 .... a .... fl a n 
¢(r.-r .+s.- s.) = I -, ((s. -s 'J -=r-) 

1 J I J n=O .n . 1 J a e . 
1 

12. 1al 

¢((-f.) ./2.161 
1 J 

B npocTeiiwew npa6JIH)KeHHH .QOCTa yoqao coxpaHHTL JIHWL 

nepswe qneaw B pa3JIO)KeHHH 12.7 I, 3anacwsaJI o.QaoqacTaq

awii noTeHQHan B BH.Qe 
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.. 

-• · --> a --> A --> a 2 B --> a 4 
V(L+s.) =V(E.)- -(s.) + -(s .) , 

I I I 2 I 4 I 
12.81 

r.Qe napaMeTpw A,B onpe.QeJIJIIOT swcoTy noTeHIUiaJILHoro 

6apLepa u 0 = A 2 I 48 H paccTOJIHHe Me)K.QY .QBYMJI MHHHMyMa-

MH 2s 0 = 2 v A/B . B napa oM B3aHMo.QeiicTBHH .QOCTa T.oqao 

yqecTL rapuoaaqecKHe qneaw 

4 --+ -+a --+ R... -+ _, ,, l --+ a -~'{3 2 
¢ (e.-r. +s. -s •.-J =¢(e.-e.)+ ¢ .. -

2 
(s . - s.) , 12.91 

I j I j I j IJ I j 

npe.QDOJiaraJI, qyo ¢' ( ei- fj ) = 0 • KpoMe Toro, cne

.QYJI /5,7/, 6y.QeM cqaTaTL, qyo cue~eHHJI aTOMOB npoacxo

.QJIT B,QOJIL O.QHOi OCH KpHCTaJIJia, XOTJI DOJIHWB cneKTp 

ODTHqeCKHX KOJie6aHHi peWeTKH COOTBeTCTByeT TpeXMep

HOMY cnyqaJO. B 3TOM npa6JIIDKeHHH 3aBHCJI~aJI oT cue~eaaii 

aTOMOB qaCTL raMHJILTOHHaHa 12.51 npHHHMaeT BH.Q 

~ a 1 l ->a 2 A -->a 2 B -->a 4 H = .., a. - ( p .) - -( s . ) + - ( s.) I + 
ia I 2m I 2 I 4 I 

+ _!_ I I a~ a ~ ¢ ':. _!_ ( ; a _ ; {3) 2 
2 ij af3 I j lj 2 j j 

12.101 

YcnoBHJI paBHOBeCHJI 12.61 .QJIJI 3Toro raMHJILTOHHaaa B 

DpH6JIH)KeHHH MOJieKyJIJipHoro DOJIJI .QJIJI KBa3HCDHHOBOB CH

CTeMW H He3aBHCHMOCTH ee OT clJoHOHHOB DO.QCHCTeMW 

I<af:3c;~ _-;(:3) > oe<i:~>- Iaf3<1;f?> = (ba-b a) a a f3 j I j I f3 j - -

MOryT 6WTL 3aDHCaHW B BH,Qe 

...... -+3--+ ...... 
Ab + B< {s ~) > + ( b - b ) a a 1 a -a -a I¢~~ = o. 

j I] 
l2.6al 

BW61!,J>aJI_, DOJI~)KHTeJILHOe HanpaBJieHHe CMe~eHHB B.QOJIL 

OCH b +: b _ = -\ b _\ H DOJIL3YJICL DpH6JIIDKeHHeM 

<(s~) 3 >oeb 3 +3b" <(u~) 2 >, 
1 a a 1 

yCJIOBHJI paBHOBeCHJI npe.QCTaBHM B BH.Qe 

71 3 - ( 1 - 3y ) 71. + ( 71 + 71 ) f 0 a = 0 , 
a a a + - -a 12.111 
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rAe BBeAeHw 6e3pa3Mepuwe nepeMeuuwe 

2 B 2 B ( a)2 
Tf = -b ' y =-A< u. > ' a A a 1 

1 iq <e.-e. ) 
~ .+." I j f = f 

f =-"""' 'f"··e ' 0 q=O 
q A i =I i 1 1 

/2.12/ 

H cpeAH.II.II 3aCeJieHHOCTb COCTO.IIHB.II a cornacuo /2.3/ 

1 a =<a~>=-(1+aa). /2.13/. 
a 1 2 

AuanB3 ycnosuii pasuosecB.II /2.11/ noKa3wsaeT, 'ITO, no

MBMO HyJieBWX peWeHBB, Tf + = Tf _ = 0, COOTBeTCTBYJOUUIX 

napa4Ja3e, B03MO>KHhl peweHB.II C Tf a .;, 0 · fipB 3TOM B CJiy

qae MaJihiX 3Ha'leHBB f O << l CyiQeCTBYJOT ABa paBHOBeCHhiX 

nono>KeHH.II, no seJIB'IBHe 6JIB3KBX APYr K APYrY, 7J+ -1)_ ~a f o«l, 
B B03MO>KHhl peweHB.II a = 0 , COOTBeTCTBYIOUUie nOJIHOMY 

pa3ynop.IIAO'IeHBIO npB nepexoAe nop.IIAOK-6ecnop.IIAOK. 

llpB 3Ha'leHB.IIX napaMeTpa CBJI3B f O :; 0 ,25 B03MO>KHO 

CyiQeCTBOBaHBe npB JII06WX TeMnepaTypax JIBWb OAHOrO 

ueuynesoro peweHBJI, uanpuMep, 7J +.;, O,npunonuoMynop.II

AO'IeHBB aTOMOB, a = + l . B 3TOB o6nacTB B03MO>KeH JIBnn. 

4Ja30BhiB nepeXOA TBna CMeiUeHBJI. 

3. 4>oHo11Ha.R noocuc•eMa 

OnpeAeJIBM l}lououuwii cneKTP B cpeAHHe 3Ha'leHHJI Kop

peJIJIIJ;HOHHWX l}lyHKUBB cuemeHBB aTOMOB, nOJib3Y.IICb MeTo

AOM l}lyHKIJ;BB rpBHa B TeopBB CBJibHO aHrapMOHB'IeCKBX 

KPBCTaJIJIOB /9/ 
PacCMOTpBM l}lyHKIJ;BIO rpuHa OT onepaTOPOB CMemeHBB 

o6mero Tuna: 

n .. (t-t')=«u- (t) ;u-(t') » =7 dw e-iw(t-t'ln i
1
.(w) ,/3.1/ 

IJ I J _ 00 2rr 

rAe npBHJITW o6w'lllhle o6o3Ha'leHBJI I c:w. 191 /. ~yHKIJ;BJI 
rpBHa /3.1/ onBCWBaeT KOppeJI.IIIJ;BIO CMeiUeHBB aTOMOB 

B Y3JiaX peWeTKB i B j B npOB3BOJibHhiX COCTOJIHHJIX, 

TaK KaK 3Aecb u i =at u i + ai u i · BseAeM TaK>Ke l}lyHKIJ;BIO 

rpBHa AJIJI I}JBKCBpOBaHHOrO COCTOJIHBJI a aTOMa B y3Jie i , 
nonaraJI a~ = l : 

I 

8 

" 

D. ( l .( t - t') = « u ~ ( t) ; u . ( t') » , 
1 a •l 1 1 /3.2/ 

KOTOpaJI He06XOABMa AJIJI onpeAeJieHB.II cpeAHero KBaApaTa 

CMeiUeHB.II aTOMa B COCTOJIHBB a : 

<(u?)
2 >=f dwcth 2~-[-_!_ImD.() .(w+if)]. 

I O U TT 1a,1 /3.3/ 

Y'IBThiBa.ll, 'ITO l}lyHKIJ;BB rpuua /3.1/ B /3.2/ COAep>KaT 

CTaTBCTB'IeCKOe ycpeAHeHBe C nOJIBWM raMBJibTOHBaHOM 

/2.10/, T.e. BKJIIO'IaiOT B ycpeAHeHBe no BCeM COCTO.IIHH.IIM 

aTOMOB, B n03TOMy 3aBBC.IIT JIBWb OT pa3HOCTH KOOPAHHa T 

aTOMOB_ -; i- ~ j "'fvi -f j,3anBW;M I}Jypbe-pa3JIO>KeHBe BX no 
BeKTOpaM o6paTHOB peweTKB q B BUAe 

l (q <Ei --lj) a 
D (w) = - I e D q (w). 

i (a) ,j NA q /3.4/ 

YpaBHeHBe ABB>KeHB.II AJI.II l}lyHKIJ;BB rpBHa /3.2/ c raMHJib

TOHBaHOM /2.10/ BMeeT BHA 

2 

-m.i_2 D.< l .(t-t') =o .. o(t-t')-(A-I¢::)«s~;u.(t')»+ 
dt I a ,j I) j lj I j 

+ B « ( s ~) 3 
; u . ( t') » - I cp ':k « aYk s yk ; u . ( t ') » . 

I j ky I j /3.5/ 

«<»yHKIJ;B.II rpuua B npasoii 'laCTB <<a y s YJu. >> OnBCWBaeT 

KOppeJI.IIIJ;HIO CMeiUeHBB aTOMOB B y~naicX k H j DpB YCJIO

BBB, 'ITO B Y3Jie i aTOM HaXOABTC.II B COCTO.IIHBH a: a~ = l 
B /3.5/. 0AHaKO, nOCKOJibKy k # i B CYMMe B /3.5/, TO 

MO>KHO npeue6pe'lb .KOppeJIJIIJ;Heii:. COCTO.IIHHB a H y AJI.II 

aToMoB B y3nax k B i B CH.IITb nocneAHee ycnosue, 

T .e. BOCnOJib30BaTbCJI npB6JIH>KeBHeM MOJieKyJI.IIpHOrO nOJI.II 

AJI.II KBa3HCnBHOBOB nOACBCTeMW. llOJib3Y.IICb, KpOMe TOrO, 

npB6JIH>KeHBeM He3aBBCBMOCTB I}JOHOHHOB nOACBCTeMW OT 

KBa3BCnBHOBOB, noJiy'IBM AJIJI 3TOB l}lyHKIJ;BB rpBHa COOTHO
weBHe 

9 



«a~ s ~ I u . » I 
l a l! = 

y yl <<ak sk u j» "' <a{>«s~luj ». 
I • /3.6/ 

Ilo,ncTaBnJIJI Tenepb s l! = b a+ u ~ B WYHKUHH rpuua H noJib-
3YJICb nces,norapMOHH'I~CKHM np~6JI1DKeHHeM /9/ 

«(ul":l ) 3 I u. » "'3<(u~) 2 > «u~lu .» , /3.7/ 
I J I I j 

,nnJI cllypbe- KOMnoueuT WYHKIUIH rpuua B /3.5/ nonyqaeM 
ypasueuue 

[ m w 2 + A ( 1 - f ) -38 ( b 2 + < ( u ~) 2 >)) D. ( ) . (w) 
0 a 1 1 a ,j 

= oii- ~ ¢ik_ayDk(y),j(w). /3.8/ 

PewaJI :no ypasueuue c nouo~JO pa3nmKeHHJI /3.4/ H 
nonL3yJicb cooTuoweHHJIMH /2.12/, nonyqaeM MJI WYHKIUIH 
rpuua /3.2/ 

D a (v) 
q 

2 2 v - v -a 

(v 2-v 2 ) (v 2 -v 2 )- a a £2 
q+ q- + - q 

r.ne sse,neuw 6e3pa3Mepuwe qacToTw: 

v2=w2/(~),v2=~2+fo,v2 =v2-a f. 
m a a qa a a q 

/3.9/ 

/3.10/ 

U{eJib B cneKTpe cllououos ~a onpe.nemieTcJI o,nuo'laCTH'IHWM 
noTeHUHanoY 

~2 = 3 ( TJ 2 + y ) - 1 ' 
a a a 

/3.10a/ 

a 'laCTOTW cllououos vq (+,-) B /3.9/ cooTBeTCTBYJOT Kone6a
HHJIY aTOMOB B "npaswx"(a=(+) ~ H "neswx" (a=(-)) nono
)KeHHJIX paBHOBeCHJI. IlpH HanH'IHH pa3ynopJI,nO'IeHHJI B CHCTe
ye cneKTP «llououos, onpe,nenJieMwi nonJOcaMH WYHKUHH 
rpuua, HMeeT ,nse BeTBH: 

2 1<2 2 1[(2 22 2 2ly,/ I v (12)=-
2 

v +v )±-
2 

v -v) +0-a )f , 3.11 
q ' q+ q- q+ q- q 

10 

:1 
I 

I 

uo B npe,nenLHOM cnyqae nonuoro ynopJI,no'leHHJI, uanpuMep, 
a = 1' a_ = 0, WYHKUH.l rpuua /3.9/ HMeeT nHWb o,nHH 
nonJOC: 

+ ( I 2 ( 2 I -1 D v) = v - ~ + £
0
-f) 

q + q 
/3.9a, 

COOTBeTCTBYJOIUHH KOne6aHHJO BCeX aTOMOB B"npaBWX" no
nO)KeHHJIX paBHOBeCHJI. IlpH a = 0 'IHCnO aTOMOB B 060HX 
COCTOJIHHJIX O,nHHaKOBO: a+ =a_ = ~ , H no3TOMY cpe,nuee 
none B K~OM y3ne TaK*e o,nuuaKoso: ~2+= ~:_= ~t 
H cneKTP wououos TaK*e onpe,nenJieTCJI o,nuoii 'laCTOToii: 

a 2 2 -1 
D q ( v ) = I v - ( ~ 0 + f 0 - f q ) I . /3. 96/ 

IlpH 3TOM B 060HX Cny'laJIX MJirKaJI MO,na B03HHKaeT npH 
2 

o6pameuuu B uynL o,nuo'laCTH'IHOi menu /3.10a/: ~a -> 0. 

~YHKUHJI rpuua o6mero THna /3.1/, KOTOpYJO MO)KHO 
nOny'IHTb H3 /3.9/ C nOWO~IO npH6JI1DKeHHJI /3.6/, HMeeT, 
O'leBH,nHO, Te )Ke CBOiCTBa. 

YpasueHHe cawocornacosauuJI ,nnJI wououuoi no ,neue
TeMw cornacuo /3.3/ B Knaccu'lecKow cny'lae swcoKHx 
TeMUepaTyp WO)KeT 6WTb npe,ncTaBneHO B npOCTOM BH,ne: 

Ya = 
B a.2 B oo w 1 a . 
-r<(u,J >=--I J dwcth-

20 
[--ImDq(w+ld]"' 

1\ I NA q 0 1T 

/3.12/ 2 
oo 2 r ~a 

.!.._ I J ~ [ - ..!. Im D a ( v + if) 1 = - I ~2 
N v 2 1T q N q vq 1 vq2 q 0 

r.ne r = FJ/(A 2 /B) - 6e3pan«epuaJI Te:wnepaTypa. Cywwu
posauue no seKTopy q s nepsoi 3oHe .lipunny3Ha y,no6uo 
3aWeHHTb HHTerpHp~BaHHeM no 'laCTOTe, BBO,nJI cneKTpaJib· 
uy10 nnoTHOCTL 'lacToT 

g(u12) = Lio(£
0
-f -w 2 ). /3.13/ 

N q q 

Ilpu now ypasueHHe /3.12/, y'IHTWBaJI /3.10/ u /3.11/, 
WO)KHO nepenucaTL B su.ne 

II 



g(w 2)dw 2 
'J 

ya~rJ P Q 2 [~- +fJ 
0 + co -a 0 ' 

/3.14/ 

r.z.e BBe.z.eHLI IC03cWJSUBeHTLI 

2 2 2 l 2 l 
P =~+~-+fo[~+2(l+a) +~_2 (1-a)J 

2 l 2 l 
Q=£0 +~ -0-a) +~ -O+a). 

+2 - 2 

2 
IIo.z.cTaBJIJIJI TenepL y a S3 /3.14/ s ~ a S3 /3.10a/ B 
ycnossJI pasHosecsJI /2.11/, npsxo.z.sy IC ca:MocornacosaH
HOYY onpe.z.eneHBIO napa:MeTpa c:Me~eHSJI TJ± nps 3a.z.aHBOY 
3Ha'leHss napa:MeTpa a . IIocne.z.Hsii onpe.z.enJieTCJI He3ass
cs:Mo nps paCCYOTpeHBS ICBa3SCnSHOBOH nO.Z.CSCTeYLI. 

4. Kea3UCnUH06QJI noocuc•eMa 

lips o6cy~.z.eHSS ICBa3SCnSHOBOH nO.Z.CSCTeYLI ra:MBJIL· 
TOHSaH /2.5/ y.z.o6HO 3anscaTL qepe3 onepaTOpLIICBa3SCnBHa 
a. /2.3/ B BS.Z.e 

I 

1 H=H 0 +H ,II =~h.a.- -
2 
~] .. a. a., 

[_ S S j I I j t. j I] I j 
/4.1/ 

r.z.e He He 3aBSCST OT ai . lips 3TOY O.z.BO'IaCTS'IHOe none 
h i S:MeeT BS.Z. 

1 + -
h.= h 1.+h 2. =-(h 1.-h 1.) +~B .. , 

I I I 2 I I j l] /4.2/ 

a 1 a 2 a 
h 1 i = 2m ( p i ) + v ( e i + s i) ' /4.2a/ 

r.z.e 

l ++ -- +- -+ 
B .. =-(¢ .. -¢ .. + ¢ .. -¢ .. ) 

IJ 4 Ij I] I] I] 
/4.26/ 

s "o6YeHHaJI 3HepraJI" pasHa 

J .. 
I] 

] +- -+ ++ --
-(¢ .. +¢ .. -¢ .. -¢ .. ), 
4 I] I] I] I] 

/4.3/ 

r.z.e 

12 

a~ a ~ 
¢ .. =¢(r.-e.+s.-s.) 

lj I J I J 

lips onpe.z.eneHss cpe.z.HBx 3Ha'leHBii a =<ai > socnoJIL-
3yeYCJI sapsaUBOHHLIY YeTO.Z.OY 1ioroJII06osa, npe.z.nona
raJI, 'ITO ICsa3scnsHoBa.ll no.z.csc~Ya yo~eT 6:wTL onscaHa 
3cWleKTSBHLIY ra:MsnLTOHSaHOY Hs , He 3aBSC.II~Y .IIBHO 
oT onepaTopos c:Me~eHsii 

"" = l = 
H = ~ h ·a· - - ~ J i 1· a i a j • 

s I I 2 irfj 
/4.4/ 

1Io.z.o6Hoe nps6JIB~eHSe 6:wno scnonL30BaHO O.Z.HSY S3 as
TOpOB B pa6oTe/10/nps o6cy~.z.eHBS cnsH-¢IOHOHHOrO B3as
YO.Z.eHCTBSJI B aHrapYOHS'IeCKOY KpSCTaJIJie. ~ 3TOYnps-
6n~eHSS 3cWJe~TSBHOe O.Z.HO'IaCTS'IHOe none hi S 06YeH
HaJI 3HeprsJI J ij onpe.z.enJIIOTCJI B su.z.e ¢1yBIC:usii, ycpe.z.
HeHBLIX no ICOne6aHSJIY pemeTICS: 

hi=<hi>e=h1+h2 • I ij = < Jii > e · /4.4a/ 

,lVJJI YO.Z.eJILHOrO raMSJILTOHSaHa /2.10/ B cnyqae BLICOICSX 
TewnepaTyp, Y'ISTLIBa.ll pemeHse /3.6/ .z.n• ¢IYHICIUIS rpsHa 
S paBeHCTBO < p Zt > = 8m, nonyqaeu: 

A2 l 4 4 4 4 h =-[-(~ -~ )-(TJ -TJ )], 
1 4B 6 + - + -

/4.5a/ 

; l 2 2 
h =- -- - IP ( y - y ) + T ( ~ - ~ ) I . 

2 4B Q + - + -
/4.6a/ 

KaK ss.z.so, h = h 1 + h 2 srpaeT poJIL cpe.z.sero non.11, 
o6ycnq_BJieHHOrO TennOBLIYS ICOne6aHBJIYS aTOYOB /nps 
r .... 0, h .... 0 /, KOTopoe nps a .... 0 o6pa~aeTC.II B HOnL. 
3cWleKTSBHaJI o6weHHaJI 3HeprsJI onpe.z.enJieTCJI paBHosec
HLIYS nono~eHBJIYS aTOYOB 

J"" A¢"(. )2 
.. = 4B . . TJ + TJ 
I] I] + 

/4.7/ 

s no3TOYY s:wme Te:MnepaTyp:w c~TPYKTypHoro ¢1a3osoro 
nepexo.z.a, ICor.z.a C:Me~eHSJI n + ~0, J .. o6pa~810TCJI B HOnL, 

"I- I] 

npSBO.Z..II 1C e.z.sHCTBeHBOYY pemeHBIO a = 0 .IIOJIL3YJICL nps-
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6JJJI)KeHHeM MOneKyn.a:pHoro DOn.R ,IUI.R KBa3HCDHHOBOB CHCTe
Mhl C r&MHnLTOHH&HOM /4.4/, DPHXO.QHM K yp&BHeHBIO .Qn.R 

napaMeTpa nop.a:.z.xa a( r) B BH.Qe 

"' Ja - h "' "' 
a = th ---- , J = ~ J.. , e i •J 

/4.8/ 

HnH, Y'IIITWBa.R /4.5&/, /4.6&/ H /4.7/, - B .RBHOM BH.Qe: 

11 ( 2 (4 4 14 4 a=th- a£
0

TJ +TJ) + TJ -TJ) --(1"1 -1"1) + 
4.- + - + - 6 + -

/4.9/ 1 2 2 J I + - r P ( r - r ) + r( 1"1 +-A ) • Q + - -

TaKHM o6pa3oM, cHcTeMa ypasaeHHi .z.n.a: napaMeTpa TJ+ 
/2.11/ H D&paMeTpa a /4.9/ CT&HOBHTCJI 3&MKHYTOB, r,~ie 
BenB'IHHW y + H i\~ onpe.z.eneHW B BB,Qe ci»YHKI{HB /3.14/ 
H/3.10a/. - -

llpHse.QeM e~e sw~eaHe .z.n.a: non.a:pH3ai{HH B cerae
To«<»a3e, xoTopa.a: B npe.z.nolKeaaoi :w:o.z.eTJH onpe.z.en.a:eTc.a: ae 
TOnLKO BenB'IIIHOi pa3yDOp.R.QO'IeHH.R &TOMQ! a, HO 3&BHCHT 
T&KlKe H OT DOnO>KeHHi p&BHOBeCH.R &TOMOB TJ ± .B 6e3pan•ep
HWX nepeMeaawx oaa onpe.z.en.aeTc.a: cl»opwynoi 

- . 
P =.!.I.y'~(<a+s+>-<a-s->) =.!(TJ -TJ )+.!a(1J+TJ ). 

s Ni A i i i i 2 + - 2 +-
/4.10/ 

llpa r = 0, a= I H nonJipH3ai{HJI .z.ocTaraeT caoero Matc:ca
ManLaoro JHa'leHHJI Ps=1,npaa-+O,oqe~H.QHO Ps--+ 0. 

5. Pe3yA&mam&J u o6cy.xoeHue 

Pemeaae nonyqeaaoi cacTeMbl ypaaaeaai MJI napa
MeTpOB nopJI.QKa B 06ll.(eM cnyqae MO)KHO npoBeCTH TOnbKO 
qacneHHbiM o6pa30M. O.z.aaKo aaana 3 ypaaaeaai B aeKOTOPLIX 
npe.z.enLHLIX cnyqaJix noJBonJieT c.z.enaTL onpe.z.eneHHble 
o6~He BbiBO,Qbl. 

B o6nacTH .QOCT&TO'IHO HB3KHX TeMnepaTyp /r << rs -
TeMnepaTypW HeyCTOH'IHBOCTH pemeTKH/ :W:O)KHO Dpeae6-
pe'IL BnB.RHHeM KOne6&HHB pemeTKH H& KBa3HCDHHOB)'IO 
DO,QCHCTeMy H paCCMOTpeTL TOnLKO ypaBHeHHe /4.9/ DpH 
1J + "' TJ _ "' 1 • B 3TOM cnyqae Mw npHXO.QBM K xopowo H3-
BeCTHOB MO,QenH H3HHra, B KOTOpOii 4»a30BWB nepeXO.Q 

14 

THD& nop.a:.z.ox- 6ecnop.a:.z.ox /BToporo po.z.a/ npoHCXO.QHT npH 
TeMnepaType rk = £0 /s npH6JIB)I(eHHH Monexyn.a:paoro no

n.a: B /4.9//. Kax 6y.z.eT noKa3aao .z.anee, 3TOT cnyqaii pea
nBJyeTc.a npH £0 « 0,1. 

llpeae6pera.a: .z.anee TeMnepaTypaoii 3&BHCHMOCTLIO na
paMeTpa a ( r) , paccMoTpHM npe.z.em.awe cny'laH a = 1 H 
a = 0 , KOr.Qa 4»a30BwB nepeXO.Q B ci»OHOHHOB DO.QCHCTeMe 
MOlKeT 6WTL ODHC&H O.QHHM yp&BHeHBeM CaMOCOrnaCOBa.HB.R. 
fipH a = 1 ,QnJI BenB'IHHhl 1"1~= 1"12 (r) H3 /3.10&/, /2.11/ H 
/3.14/ .z.n.a: ceraeTo4Ja3w ( TJ+ = TJ I- O) nony'laeM ypasaeaae 

2 2 "" g ( w 2) d (I) 2 

1"1 = 27J = 2-6r f --2--2-. /5.1/ 
0 1"1 + w 

n 2 2 2 22 2 
PH a = 0 .z.n• A.+=L'1_ =A. 0 ( r) H TJ+=Ti- ""T/ 0 ( r) 3TH lKe 

ypaBHeHH.R ,QaiOT 2 2 
1"1 2 = 2 T/ 2 - f = 2 - 3 f - 6 f"" g ( w ) d w /5. 2/ 

0 0 0 0 T " 
· 0 1"1~+w2 

llocne.z.aee ypasaeaHe HMeeT pemeaH.a: nHWL npH f 0 < 2/3 , 
H B o6naCTH f o<< I «<»a30BWB nepeXO.Q, ODHCWB&eMWB 3THM 
ypasaeaHeM, Toro lKe THDa, 'ITO H .z.n.a: ypasaeRB.a: /5.1/. 
PemeaHe ypasaeHH.R /5.1/ 6wno paccMoTpeao s pue pa-
6oT /CM., aanp., (S, 7,B/ /, r.z.e 6wno DOK&3&HO, 'ITO 
«<»aJoswi nepexo.z. s npH6JIB)I(eHBH cawocornacosaHHoro cl»o
BOH&oro non.a cooTBeTCTBYeT nepexo.z.y nepsoro po.z.a c 
.QBYM.R X&paKTepHWMH TeMDepaTypaMH: rc - TeMDep&Ty
poi no.asneaH.a w.arxoi wo.QW ( /\2 = 0) H rs - TeMnepaTypoi 
aeycToi'IBBOCTH ceraeTo«<»aJw /TewnepaTypoineperpesa/. 
H3 ypasaeRBi /5.1/, 5.2 I .z.n.a: aax nonyqaew ol{eHKB: 

f 0 f 3 
r< 1 )= --- , r ( 0 ) = -~- ( I - - f ) /5 3/ 

c 3 c 3 20' • 
11-2 11-2 

r ,Qe HH.QeKChl ( l) • ( 0) COOTBeTCTBYJOT a= I, 0 • fiOCTO.RHH&.R 

"" fo 2 2 fo 
" = f - g ( w ) dw = < -- > '-2 2 2 w 

0 w w 

H B 3aBHCHMOCTH OT THD& peWeTKB/TpexMepHOB/11-2 ,1,5c-I,3. 
,nn.a: r s B cnyqae f 0 «1 aMeeM 

r<ll, ..!:_(1 +£ 0), 
s 6 

T ( 0 ), .! ( 1 - 2£0) 
s 6 

/5.4/ 
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0TMeTHM, 'ITO npe,D;enbHOe 3Ha'leHHe T 8 =1/6 npH fo-. 0 He 
CBJI3aHO C clla30BLIM nepeXO,IJ;OM, HO HMeeT BllOnHe onpe,D;e
neHHLIH <I!H3H'IeCKHH CMLICn: cpe,D;HJIJI KHHt!TH'IeCKaJI 3HeprHJI 
npu 3Toii TeMnepaType pauua :fLICOTe" noTeHI.Uian:Duoro 
6apbepa Me)K,D;Y ,D;ByMJI JIMaMH: 2 e s = A~ I 48 . B cnyqae 
f 0 » l oueuKa TeMnepa Typw r s npu a = l ,D;n.H ,D;e6aeucKoii 
MO,D;enH cneKTpa ,D;aeT: 

T = 
s 

1 
T 0+ --) 

c w2 
D 

l 
r(l+-) 

c 2£ 
0 

/5.4a/ 

Ilonyqeuuble oueuKH noKa3biBaiOT, 'ITO u o6meM cnyqae 
npoH3BOn:Duoro 3Ha'leHHJI napaMeTpa a TeMnepaTypa rc (a) 

ne)KHT B HHTepuane, onpe,D;enJieMoM 3Ha'leHHJIMH /5.3/, 

~!)6 

f 

0.5 

(' 

D 0.05 0.1 O.IS' 

Puc. 1. 3aeucuMoc•b napaMe•poe nop.11oKa o• •eMnepa•ypbl 
npu f o = 0, l. 
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Puc. 2. · 3aeucuMoc•b napaMe•poe nopJic}Ka o• •eMnepa•ypw 
npu f 0 = 0 , 12. t)-!,6" 

11 ac: I 

0,1) 

il 

~:!:,8' (f 

f I < < < ? ? 

0.5 ~II' 

/ 
/ 

0.05 

6 

t" 

0.1 O.IS 

Puc. 3. 3aeucuMoc•b napaMe•poe nopJic}Ka 
o• •eMnepa•ypbl npu f = 0,15. 

t 

0 0.1 
17 
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a CJ s (r) - COOTHOWeHBJIMB /5.4/. fipB 3TOM 60JILW&JI BeJIB
'IBH& rucTepe 3Bca ( r s - r c ) I r c ;:; l cooTBeTCTByeT MaJILIM 
3H&'IeHBJIM f O : f 0 < 0,2 DpB a= 0 B £0< 0,25 npB a= l; 
a cJiyqae £0 »1 aers'IBH&

1 
rucTepe3uca corJiacHo /5.4a/ 

a cooTBeTCTBBB c 5 
'

7
' 

81 M&Jia. H3 3TBX lKe ou;eHox 
cJie~yeT, 'ITO 4la3oawii nepexo~ Tuna nopJI~ox- 6ecnopJI~ox, 
u -> 0, B03MO)I(eH JIBWL B o6JI&CTB MaJILIX 3H&'IeHBH 

rk < T(O) 
s 

npu ;? 0,12' /5.5/ 

eCJIB ~JI OD;eHKB rk BOCDOJIL30B&TLCJI BeJIB'IBHOH T k"' f O. 

fipB 60JILWBX 3H&'IeHBJIX f O HeyCTOH'IBBOCTL peweTKB cpw
B&eT 4la3oawii nepexo~ nopJI~ox- 6ecnopJI~ox Ha 4la3oawii 
nepeXO~ TBD& CMei.QeHBJI: 7J ± ( T -> T s) -> 0 . fipB 3H&'IeHHJIX 
napaMeTpa £0 >0,25 corJI&CHO ypaaHeHBJO /2.11/ BMeeTcJI 
npB Jll06LIX TeMnepaTypax JIBWL O~OYCTOH'IBBOe DOJIOlKeHBe 
p&BHOBeCBJI aTOM& B KalK~OY Y3Jie, B D03TOYY DpB 3TBX 
3H&'IeHBJIX f o B03MO)I(eH TOJILKO lila30BLIH nepexo~ TBD& 
CMei.QeHHJI, ODBCLIB&eMLIH yp&BHeHHeM /5.1/. CJie~OB&
TeJILHO; nepexo~ CMeW&HHOrO TBD&, ODBCLIB&eMLii BCeMB 
TpeMJI napaMeTp&MB DOpJI~K& lJ±(r) B a (r), C'le~yeTOlK~&TL 
JIBWL a aecLMa y3xoii o6JI&CTH: 

~l < £0 < 0,25. /5.6/ 

.anJI DO~TBep~eHB.R 3TBX 06I.QBX BLIBO~OB 6LIJIO npoae
~eHO 'IBCJieHHoe peweHue cawocorJiacoaaHHoi cucTeww 
ypaBHeHHi ~JI ~e6aeacxoi wo~eJIB cnexTpa 'I&CTOT /3.13/: 
g ( w 2 ) = a w , w < w D , DpB 3H&'IeHB.RX napaweTpa CB.R3B 
£0 = 0,1;£ 0 =0,12; £0 =0,15. Pe3yJILT&TLI 3TBX pac'leToB ~· 
a(r) H lJ±(r) npuae~eHLI H& puc. 1-3. Kax B~HO, noJiyqeH
HLie BLIWe OD;llHKB XOpOWO COrJI&C}'lOTC.R C 'IBCJieHHLIYB 
pac'leT&MB. Ha puc. 4 noxa3aHa T&KlKe 3&BBCBMOCTL non.a
PB3au;uu P s /4.10/ OT TeMnepaTypLI ~JI.R p&3JIB'IHLIX 3H&
'IeHHii f O . 0TMeTBM, 'ITO B 06JI&CTB nepexo~a DOp.R~OK-
6ecnopJI~OK ( f o<O,l) p s yMeHLW&eTC.R C pOCTOY TeMnepa
TypLI 6wcTpee, 'leM B o6w'IHOH Mo~eJIB H3BHra, 3& C'leT 
TeMnepaTypHOH 3&BBCBMOCTB 06MeHHOH 3HeprBB 

"' 2 J=£0( TJ +TJ ) /4. + -
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1 

4.5 
I 

0 

Ps . 
f

0
• 0.05 

I I 

• 0.1 

0.1 

I I 

O.l 

0.15 1.0 

I 
/ 

/ 
/ 

t" 
I I I -0.3 

Puc. 4. 3aeucUMoc•• noiiJJPU3aliUU o• •e.wnepa•ypw. 

CpaBBBaa.a noJiyqeBBwe B ~ei wo~eJIB pe3yJILT&TLI 
C pa60T&YB / 4-8/, OTYeTBY B&liCBOe npeBW)'UleCTBO B&
mero YeTOAA OBBC&BB.R lila30BOrO nepexo~a C BOYODlLIO 
.ABYX B&paMeTpOB, 'ITO B03BOJI.KeT M.K HBX BLI6p&TL p&3HLie 
npB6JIB)KeBBJI: MOJiexyJI.apuoro noJI.a M.R napa:w:eTpa a (r) B 
/4.9/ B C&MOCOrJI&COB&HBLIX 4JoBOBOB ~JI.K 7] a, BJIB y a B 
/3.14/, xoTopwe corJiacuo /5, 7 I ~T y~oBJieTBOPBTeJIL
uoe onucaBBe 4la3oaoro nepexo~a xax B cJiyqae £0 « l /ne
pexo~ nop.a~ox-6ecnop.a~ox BToporo po~a/, Tax B B CJIY'I&e 
f 0» 1 /nepexo~ cMeQleBBI MI napa:w:eTpa TJ (r) nepaoro 
poAA, 6JIB3KBii xo BTopo:w:y I cooTBeTCTBeBBo. CJie~yeT ,o~
B&KO,OTMeTBTL, 'ITO po~ lila30BOrO nepexo~a /nepBwHBJIB 
BTopoii/ ueJIL3I onpe~eJIBTL B npB6JIB)KeHBB cpe~ero noJII 
/cu., uanp., /I I I, B no:no:w:y ua o6cy)K~eBBB 3Toro ao
npoca :w:w 3~ecL ue ocT&B&BJIBB&eMc.K I eM. I 4 , 5 ' 8 I j. 
lioJiee TO'IBoe OBBC&BBe 4la3oaoro nepexo~a Tuna c:w:eQleBB.a 
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MO)I(BO non}"'HT.b, ecnu yqecT.t., KaK 3TO 6wno npe~no>KeHo 
B He~aBHHX pa6oTaxlll/ ~JI 3TOB >Ke MO~e.JIH, B03MO)I(BOCT.b 
'oopa30B8.HHJI ~OMeHOB H ~H>KeHHe aTOMOB C 60n.t.WOB aM
MHTy~oi, 'ITO COOTBeTCTBOBa.JIO 6w B Hamei MO~enH y'leTy 
Bpe:weHHoi 3aBHCHMOCTH onepaTopa a a ( t) • 3TH Bonpocw, 
a TaK>Ke ~pyrue yTo'IHeHHJI wo~enu npe~nonaraeTcJI pac
c:woTpeT.b B oT~en.t.uoi pa6oTe. 

ABTopw 6naro~apuw B.1i.llpue3>KeBy, X.lipeTepy H 
JI.KOB8.JI.bCKOMY 3a o6cy~eHHJI BOnpoCOB, CBJI3aHH.biX C 
uaxo~eHHeM clx>uouuoro cneKTpa ueynopJI~O'IeHHoi pe
meTKH. ABTopw Bec.t.wa npH3HaTen.t.uw ~-py H.C.,I:bKHnmlcy, 
~-py T.P .Kenepy H ~pyrHM 3a npHC.biJI)(y npenpHHTOB H 
OTTHCK~B CBOHX pa60T. ,l.J;Boe H3 aBTOpOB /C. C. H T .W./ 
BWpa>KaiOT 6naro~apuocT.b ~peKllJIH OHJIH 3a rocTenpuuw
CTBO. 
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Y CJIOBH.H OOMeHa 
IlpenpBHTW B coo6~eHBJI OHJIH paCCiaiJlaJOTCJI 6ecnnaTHO, Ha OCHOBe 

B3aBMHOrO o6MeHa, YHBBepCBTeTeM, BHCTBTyTaM, na6opaTopBJIM, 
6B6nBOTeKaM, Ha)"'HWM rpynnaM B OT.D;enLHWM y'leHWM 6onee 50 CTpaH. 

Mw OlKB.D;aeM, 'ITO nony'laTe,JIB B3.D;aHBii OHJIH 6y.D;yT caMB npoJIB· 
nJITb BHBilJiaTBBY B 6ecnnaTHOH UOCiaiJIKe ny6nBKallJiii B ,ll;y6Hy. B nOpJI.D;Ke 

• o6MeHa npBHBMaiOTCJI Hay'IHWe KHBrB, lKypHanw, npenpBUTW B BHOrO 
BB.D;a ny6nuxallJIB no TeMa TBKe OHJIH. 

E.D;BHCTBeHHWH BB.D; ny6nuxa~BH,KOTOpWii HaM npHCWnaTb He cne.D;y· 
eT ,· 3TO penpiiHTW /OTTBCKB CTaTeii, YlKe ony6nBKOBaHHhiX B HaY'fHWX 
lKYPHanax/. 

B pJI.D;e CJiyqaeB MW CaMB o6pa~aeMCJI K nony'la TenJIM HIUDBX B3.D;a • 
HBii c npoc1.6oii 6ecnnaTHO npucnaTb HaM xaxue-nu6o KHBrH HnB 
BWnBCaTL .D;nll Bawei 6B6nBOTeKB Hay'IHhle )l(ypHanw, B3.D;aiO~eCJI B BX 
cTpaHax. 

0TAeJlb~e 3anpoc~ 

H3.D;aTenbCKBii oT.D;en elKero.D;Bo swnonuJieT oxono 3 000 OT.D;enbHWX 
3anpocos Ha swcwnxy npenpHHTOB H coo6~eHBii OHJIH. B TaKHX 3a· 
npocax cne.~~;yeT o6ll3aTenbHO yxa3wBaTb BH.D;exc 3anpawBsaeMoro 
B3.D;aHHJI. 
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