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PaHrenoe H.Mn. P17 - 12595 

Bn~RH~e AB~meH~R npoTOHOB Ha cerHeTo3neKTP~4ecK~~ 
nepeXOA B BOAOPOACOAepma~~X Be~eCTBax 

noKa3aHO, 4TO HYileB~e KOJle6aH~R ~OHOB o6ecne4~Ba~T 

C~IlbHY~ TeMnepaTypHy~ 3aB~C~MOCTb ynpyro~ nonRp~3a~~~ ~OHHO~ 

peweTK~, T04HO On~C~Ba~e~ ~3MeHeH~R 4aCTOTbl aKT~BHO~ none­
pe4HO~ onT~4eCKO~ MOA~- Y4TeHo en~RH~e ynpyro~ cpeA~ Ha Ko­
ne6aH~R ~OHOB B OAHOMepHO~ ~en04Ke. noKa3aHa pa3HOCTb Me*AY 
Bil~RH~RM~ OAHOM~H~MYMHOrO ~ ABYXM~H~MYMHOrO IlOKailbH~X noTeH­
~~aJlOB Ha AB~meH~e ynpyro CBR3aHH~X MemAY C060~ ~OHOB. 

nony4eHa 3aB~C~MOCTb ynpyro~ nOJ1Rp~3yeMOCT~ OT cpeAHeKBaApa­
T~4HOrO OTKilOHeH~R ~OHOB B o6e~x MOAeilRX. npeAnaraeTCR 
3Kcnep~MeHTaJlbHO onpeAeil~Tb TeMnepaTYPHY~ 3aB~C~MOCTb cpeA­
HeKBaApaT~4HOro OTKilOHeH~R ~OHOB nyTeM ~3MepeH~R ~3MeHeH~R 
TeMnepaTyp~ MaKc~MyMa ynpyroro pacceRH~R He~TPOHOB Ha peweT­
Ke. 

Pa6oTa B~nonHeHa B na6opaTop~~ TeopeT~4eCKO~ ¢~3~K~ 
OHRH. 

npenpWRT 061-etlHReHHOrO KHCTKTYT8 SU18pHblX KCCnetlOB8HHllo lly6H8 1979 

Range 1 ov J . M L 

The Influence of the Prot-on Hoving on 
Ferroelectric Transition in Hydrogenous 
Substances 

Pl7 - 12595 

It is shown that zero oscillations of ions ensure in­
tense temperature dependence of the elastic polarizability 
of ionic lattice, which exactly describes the temperature 
change of the transversal-escillation frequency of the 
optical active mode. The influence of elastic medium on ion 
oscillations is taken into consideration in one-dimensional 
chain. Difference between influences of the one-minimum 
and the two-minimum local potentials on the ions motions, 
when their are elastic interaction between the nearest 
neighbours, is shown. The dependence of an elastic polari­
zabil ity from mean-square derivation of ions is obtained 
in both models. The temperature dependence of the mean-squ­
are derivation of ions is suggested to be experi mentally 
determined by measuring the temperature change of the 
elastic scattering maximum of neutrons by the ioni c lat­
tice. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

lleTsepTb sexa rrpowno, xax Bblwna Ha aHrnuilcxoM H3b1Ke 

JaMe'la TellbHaJI KHBra ")l;BHaMB'IeCKaJI TeOpBJI KpBCTanllB'IeCKHX 

peweTox" Maxca liopHa B KyHa XyaHra' 
1 ~ B 6onee 20 neT - xax 

BbiWen ee pyCCKBH rrepeBOA. B 3TOH KHHre rrpeACTaBneHa pa6oTa 

KyHa XyaHra1 2! B KOTOpOH Ha OCHOBe o6mux <lJB3H'IeCKBX rrpeAIIOno­

)l(eHBH paCCMOTpeHbl rnaBHble rrpB'IBHbl B cneACTBBJI yCTOH'IBBOCTH 

HOHHOH KpHCTannB'IeCKOH pewe.TKB B pa3BHTa MaKpOCKOIIH'IeCKaJI 

TeOpBH AllHHHOBOllHOBbiX OIITH'IeCKHX KOne6aHHH . lJ:T06bi BOCCTaHo­

BHTb HeKOTOpble 3a6biTbie YTBep)I(AeHBJI 3TOH pa60Tbl H 'IT06bi 

OT6pOCHTb HeKOTOpble llHWHBe B He HMeiOmHe <lJH3H'IeCKOH OCHOBbl 

HOBbie "TeOpBB", aBTOp 6bin BbiHY)I(AeH KpHTH'ICCKH rrepeCMOTpeTb 

OCHOBHbie " COBpeMeHHbie" MOAellH B TeOpBB cerHeT03lleKTpH'IeCTBa . 

KpoMe TOrO, B IIOClleAHee BpeMJI IIOJIBBllOCb O'leHb MHOrO pa60T 
1 3

- ,
6

/ 

rAe He AenaeTCJI pa3llB'IHJI Me )KAY HOHHbiMH H HeHOHHbiMH /KOBa­

neHTHbiMH, MeTannB'IeCKHMB H MOneKynHpHbiMH/ KpHCTannaMH . 

ABTOpbl 3THX pa60T 6e3 IIOllHOrO Ha TO OCHOBaHHJI cneAYIOT OCHOB-
/ " I 

HOB HAee A<baHac&eBa H KaraHa ' · o · HeycTOH'IHBOCTH peweTKH 

HeKOTOpb!X MeTannOB C CHllbHO aHH30TpOIIHbiMH <lJepMH- IIOBepx­

HOCTJIMH KOnneKTHBH3HpOBaHHbiX BaneHTHbiX 3lleKTpOHOB. 

J1TaK , B Ha'!ane 50 rr . y)l(e 6binO AOCTaTO'IHOe KOllH'IeCTBO 

6 / 8 -1 5/ 
OCHOBOIIOnaraiOlllHX pa OT B KOTOpb!X HllH IIpHMeHHllaCb TeOpHH 

JlaHAa/ 16 1 0 <lJaJOBbiX rrepexo;ax, HllH YTO'IHJillOCb BllBJIHHe H <lJopMa 

nopeHuescKoro rronH 6nB)I(aitwux coceAeii. Tax KaK cerHeToJnexTpu­

qecxuii CTpyKTypHbiH <lJa30BbiH rrepeXOA /C<I>ll/ BCTpeqaeTCJI TOllbKO 

B CllO)I(HbiX COeAHHeHHAX, TO AllJI TO'IHOrO OIIHCaHBJI Heo6XOAHMO 

6binO y'leCTb 60llbWOe 'IBCllO pa3Hb!X <lJB3B'IeCKHX IIpOUeCCOB.J1MeH­

HO ysenB'IeHHe BTOpOCTeiieHHbiMB B3aBMOAeHCTBBJIMH IIPBBeno K 

C03AaHHIO HOBbiX MOAeneH B II03BOllBllO 3a6b!Tb caMbie OCHOBHbie 

IIOllO)I(eHHJI MOAellH XyaHra. TaK IIOJIBHllBCb BCeB03MO)I(Hbie o6'bJIC-

HeHHJI IIOJIBneHBIO CIIOHTaHHOH IIOllJipB3aUBH B 3aBHCBMOCTB OT 

"OTBeTCTBeHHOrO" B3aBMOAeHCTBBJI . 
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O.llHBM B3 uaa6onee nopa3uTen&HhiX csoii:cTB C<l»ll B cerHeTo-

3nexTpuxax xsnxeTcx TO, qTo cnoHTaHHoe noxsneHue oTnuqHoro 

oT Hyn.ll napaMeTpa nop.ll.llKa fqac T o non.llpH3au;u.ll peweTKH/ noHH­

)I(aeT CHMMeTpHJO BblCOKOTeMnepa TypHOH $a3bl. llpe)lnonaraeTC.II , 

qTo O.llHO H3 XOne6aHHH CHnbHO ysenHqfiBaeTC.II H HCKa)l(aeTC.II . 

llo3TOMY rosopxT, qTo xaxoe -To xone6aHue JaMopa)I(HBaeTCll, T .e. 

ero qacToTa cTaHoBHTC.II paBHOB HynJO. Tax xax cerHeTo3nexTpu­

qecxoe cocTOXHHe xapaxTepaJyeTC.II Maxpocxonuqecxoii: cnoHTaH­

HOii: non.llpHJauueB:, TO xone6aHue, qacToTa xoToporo JlOn)I(Ha 

3aMOpa)I(HBa TbC.II, Jl0n)f(H0 6b1Tb nonJipHbiM, T. e. aJ(THBHbiM B HHI!Jpa ­

xpacHoii: o6nacTH cnexTpa H .llnHHHOBOnHOBbl~ 17 : A 3TO 03HaqaeT, 

qTO OnTuqecKa.ll BeTBb B6nH3H TOqKH Q =Q JlOn)I(J{a CHnbHO yMeHb­

WaTb CBOJO 3HeprHJO. 0TCJO.Ila H nO.IIBHnOCb Ha3BaHHe 3TOH BeTBH 

"Mxrxa.ll MO.Ila" 10 •
18

•
19 1

. 

0)lHaKO CyiUeCTBOBaHHe M.llrKOH MO.Ilbl B cerHeT03ne.J<TpHKaX 

B onpe.lleneHHOM TeMnepaTypHOM HHTepsane B6nH3H TeMnepaTyp&I 

'l' ccerHeTo3nexTpHqecxoro C<l»ll xsn.11eTC.II cne.llCTBHeM HeycToilqu­

BOCTH HX KpHCTannuqeCKOH peweTKH, H n03TOMY OHa He pacKpbiBaeT 

MexaHH3Ma, o6ecnequaaJOIUero 3HepreTuqecxyJO B&IrO.IlHOCTb 3Toro 

nepexo)la . )l.n.11 nonHoro noHHMaHH.II 3KcnepuMeHTan&HbiX pe3yn&Ta-
/ 20-22 / 

TOB He06XOJlHMO noCTpOHTb nocne)lOBaTen&HylO JlHHaMHKY IIOH-

HOB peweTKH, qTo npeJlcTaBn.lleT sec&Ma TPY.IlHYJO 3a.llaqy BBH.IlY 

cno)I(HOCTB xpucTannaqecxux CTPYKTYP Taxux coe.llHHeHuii:. 11MeHHO 

n03TOMY He06XO.IlHMO nOCTpOHTb XOpOWYJO MO)lenb, KOTOpax npaB)lO­

nO)l06HO OnHCbJBana 6bl MexaHH3M B03HHKHOBeHH.II HeyCTOH'iHBOCTH 
121 

B HOHHblX peWeTKaX. 3a OCHOBY B03bMeM MO)lenb XyaHra . 

J13BeCTHO, qTO BCe cerHeT03neKTpHKB .I!Bn.IIJOTC.II H30n.IITOpaMH 

H, KpOMe TOrO, n&e303neKTpHKaMH, T .e. HOHHblMH KpHCTannaMH 

C CHnbHO nonxpH3yeMblMH HOHaMH. A ynpyrHe CBOHCTBa HOHHbiX 

peweTOK KOpeHHbiM o6pa30M OTnHqaJOTC.II OT ynpyrHX CBOHCTB 

Jlpyrux peweTOK, T .K. OHH, B006IUe rOBOpH, HBnHJOTCJI nbe303neKT­

puqecKHMH, H n03TOMY HX ynpyrue CBOHCTBa Henb3JI paCCMaTpH­

BaTb H30nHpOBaHHO OT 3neKTpuqeCKHX 34lcPe_KTOB. 

0CHOBOH BCeX MaKpOCKonuqeCKHX TeOpHH npBMeHBTenbHO K Ma­

TepuanbHbiM cpeJlaM xBnxeTCH JlOnyiUeHue, qTo "oTBeTHa.ll peaxu;ux" 

cpe)lbl HOCHT noxanbHbiH xapaKTep. C TOqKH 3peHH.II aTOMHOH 

TeOpHH 3TO )lOnyiUeHHe onpaB)lblBaeTCX npeJlCTaBneHHeM 0 MHKpO­

CKOnHqHOCTH pa)luyCa )leHCTBHJI paCCMaTpHBaeMblX CHn Me)I(Jly 

aTOMaMH. 0)lHaKO )lnH HOHHbiX KpBCTannoB 3TO He &MeeT CMblCna, 

4 

TaK KaK CHnbi, )leHCTByJOIUHe Ha HOHbl, )lanbHO)leii:CTBYJOIUHe, H no3-

TOMY He MoryT nonHOCTbJO onpe)lenxTbCH noxan&Hoii: .llei!JopMau;ueii:. 

fi03TOMY KpOMe Jlei!JopMaiJ;HH, Hy)I(HO BBeCTH .llOnonHHTenbHbiH no­
xan&Hblii: napaMeTp - Maxpocxonaqecxoe 3nexTpuqecxoe none; 

BMeCTe 3TH BenuqHHbl nonHOCTblO onpe)lenHJOT CHnbi, )leHCTBYJOIUHe 

Ha HOHbJ . TaKHM o6pa30M, xoTx caMo 3nexTpuqecxoe none B xo­

HeqHoM cqeTe onpe)lenHeTCJI qaCTB"'HO JlpyrHMH ycnOBHJIMH, HO 

6naro)lapx Hcnon&JoBaHHJO ypaBHeHBii: MaxcBenna, noxan&HbiX no 

CBOeMy xapaKTepy, BOCCTaHaBnHBaeTCH noxan&Ha.ll OCHOBa MaKpO­

CKOnH'I.feCKOrO paCCMOTpeHHJI. 

I13BeCTHO, "'TO MaKpOCKOnH'I.feCKOe none He .IIBnHeTCJI nepeHOC­

"'HKOM BCero 3neKTpH"'eCKOrO B3aHMOJleHCTBHJI Me)I(JlY HOHaMH. 

fi03TOMY 3neKTpH"'eCKOe none, )leii:CTBYJOIUee Ha HOH, pa36HBaeTCH 

Ha Maxpocxonu'l.fecxoe none E u Ha nopeHu;escxoe none 4 "P I 3 , 

r.lle P - nonxpu3auux . llocnenHee onucblaaeT TY qacTb B3aHMo­

neiicTBHH, KoTopax O.llH03Ha1.fHO onpenenxeTCH noxan&HbiMH ycnoBHH­

MH, KaK H aTOMHbie CHnbJ. C 3TOH TO"'KH 3peHHJI MaKpOCKOnH'I.feCKOe 

none npe.llCTaBnlleT TY 'l.faCTb CHn, neii:CTBYJOIUHX Ha HOHbl, KOTopall 

He onpenenHeTCll O.llHHMH nuw& noxan&HblMH cunaMH. 11MeHHO 

n03TOMY, BMeCTO 3aKOHa ryxa 

so 
p 

~ c s '' paa 
/1/ 

CBll3biBaJOIUero KOMnOHeHTbl ynpyrOH nei!JopMaiJ;HH S ~: H Hanpll)l(e­

HHll S~ , Jlnll onucaHHll ynpyrHX CBOHCTB HOHHbiX peweTOK BBOJlliTCll 

COOTHOWeHHll
1 

l 

sP ~ c pasa - ~ e {i pE{1 
/2a/ 

Pa ~ e s ~ ~ a {3 Ef" , ap p a > 
/26/ 

rne P - .llH3neKTPH1.fecxall nonllpH3au;Hll, E - MaKpocxonuqecxoe 

none. BTopoii qneH B /2a/ Bblpa)l(aeT n&e3o3neKTPH1.fecxoe HanpH­

)I(eHHe, a nepBbiH B /26/ OnHCbJBaeT n&e303neKTpH"'eCKYJO nonllpH-

3aiJ;HlO. 
TaK KaK Hawa pa6oTa CHHMaeT HeKOTOpbie B03pa)l(eHHll npOTHB 

MO.IlenH XyaHra, TO, "'T06bl 6&Jn0 llOHliTHO, 0 'l.feM HJleT pe"'b, HaM 

He06XOJlHMO llOBTOpHTb OCHOBHble BbiKna.llKH 3TOH MO.IlenH. PanH 

npOCTOTbl paCCMOTpHM HOHHbiH KpHCTann AB , COCTOliiUHH H3 .llBYX 

5 



BH,ll;OB HOHOB A' H B- , C JapH,ll;aMH Z e H --Ze COOTBeTCTBeHHO. B 

3TOH I<pHCTaJIJJH'IeCI<OH peweTI<e rrpH ee HCI<a:>KeHHH u + H U- 6naro­

,n;apH IlOJIHpHJyeMOCTH HOHOB a~ H a - , IlOJiy'laiOTCH CJie,n;yJOll{He ,ll;H­

IlOJibHbie MOMeHTbl; 

p Z e u ' a ' E -1Q:JQ:J /3a/ 

p- , -Zeu- ' a-E .JcjJcjJ /36/ 

Ecna yqecTb, 'ITO 

E.~cjJ¢= E +411 p / 3 , 14 

+ -
TO ,ll;JIH IlJIOTHOCTH llOJIHOH I10JIJipH3aUHH P ,- P l p llOJiy'laeTCJI 

P I Z e ~(::: u-) t (~(.!~-_2._ 1':: 1.: 11 -~- JeLl_~] I. 
va v:t a v 

151 

r.n;e (u
1 

u-J npe.n;cTaBJIJieT co6oB: cMemeuue nonmKHTeJibHbiX HOHOB 

OTHOCHTeJibHO OTpHUaTeJibHblX, a Va - 06beM nap HOHOB . J1 3 151 
BH,llHO, 'ITO ,ll;JIH ai<yCTH'IeCI<HX I<OJie6aHHH, ,ll;JlH I<OTOpbiX II . U , 

nepBbiH 'IJieH OTCyTCTByeT, H I103TOMY IlOJIJipHJaUHH p He CBJI3b1Ba· 

eTcH c ai<ycTH'IeCI<HMH I<one6aHHHMH. A 3TO OJHa'laeT, 'ITO H nonH­

pH3aUHH peweTI<H ,ll;OJI:lKHa npeue6pe~HMO cna6o BJIHHTb Ha ,ll;JIHH­

HOBOJIHOBbie ai<YCTH'IeCI<He I<One6aHHH B HOHHbiX I<pHCTannax. 

Pa.n;H y.n;o6cTBa MO)I(HO ssecTH cne,n;yiDmHe o6oJHatteHHH: 

W -· y ~- ( U 1- - U- ) , 

a 

M - M
1 
M-

Ml-:i=. l6a,61 r.n;e 

Tor.n;a paseHCTBO 151 rrpHHHMaeT BH.n;: 

p :, b 2 1 w + b 2:f • 171 

r.n;e 

3Zey-va b
2 

= :.._ __ H 
1 y M ( 3 v --4rr(a+ I a-)] 

a 

3(a 1 t a-) 
b22 · ~-=-4 rr(a-_;-; a J. 

a 

l8a,61 

qT06bi HaUTH ypaBHeHHJI ,ll;BH:>KeHHH ,ll;JIH OTI<JIOHeHHH U ~ H U-, 

He06XO,ll;HMO I<pOMe yrrpyrHX CHJI y'leCTb eme CHJibl, ,n;eHCTBYIOIUHe Ha 

6 

HOHbl co cTopOHbi J!Wlei<THBHoro JJiei<Tpaqeci<oro rromr E:Jcp<j:r Y'IHTbl­

BaH 3TO, HMeeM: 

M+ ·u+ =-K(u+-u- )+ ZeE :JQ:J¢ /9a/ 

··- (- ~) ZE ~ u = -K u - u - e 3 Q:J<P /96/ 

llocne rrepexo.n;a oT u+ H u- I< (u ~ -u -). HJ /9a,61 MO:>KHO rrony'IHTb 

- •• ~ • • ( + - ) Z E M ( u - u -) ~ -K u - u + e 3 cp¢ • 1101 

Haxoueu, nocne BBe.n;eu&~ o6oJuaqeuas l6al HJ 1101 MO:>KHO 

llOJIY'IBTb 

r.n;e 

H 

\v = b w 1- b E 
11 12 

2 
4rr(Ze) " 

h 11 ------------ -
M I a v -4" <a· •a- )I a 

h1 2 °21 . 

-
M 

1111 

1121 

HTaK, Mbl nonyttHnH cucTeMy ypaBHeHHH 17 I H I 111 ,n;nll v.: , P 

H E, KOTOpble aHanorH4Hbl ypaBHeHHliM l2a,61. lJT06bl IlOHliTb HX 
' 2:l-2fl i 

CMbiCJI, MO)I(HO o6paTHTbCH K Hei<OTOpb!M yqe6HHI<aM , r,n;e 

IlOI<aJaHO, 'ITO 

H 

h . - '" 2 II t 
b (r -1) / 4rr 

b 
12 

( ! ) 

t 

22 '< 

( 0-( ~ 
\ 4rr-

113 a,6l 

I13BI 

Hcnonb3YH CBH3b Di! E 11 • 4rrP11 ~ o . .n;nH ,ll;JIHHHOBOJIHOBbiX npo­

.n;onbHbiX OilTH'IeCI<HX I<One6aHHH B OTCYTCTBHe BHeWHero IlOJIH 

nonyqaeM, 'ITO 

2 
<•JI' 

2 
4 7T b 12 

b ~ ---
11 1 + 4 •7 h 22 

( 0 2 
~ --uJI ll3rl 
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113 c1JopMynw I 121 cne~yeT, 'iTO 6naro~apR npoTHBO~eilcTBHIO 

aTOMHbiX CHJI Manoro pa~Hyca ~eHCTBHR lnpe~CTaBJieHHbiX 'iJieHOM 

K I H ~anhHO~eHCTBYIOIUHX xynoHOBCKHX cun lnpe~cTasneHHbiX 

qneHOM 4 rr ( Z e) 
2

/ ( 3 v -4 rr ( u+ t- a - ) 1 qacToTa nonepe"!HbiX 
a 

KOJie6aHHH ~OJDKHa CHJlbHO JaBHCeTb OT y~eJibHOH JIOJIRpHJyeMOCTH 

(u ~ -+ a-)/ v a , T. e. OT TeMnepa TYPhi. 3Ta c1JopMyna TaK)I(e noxaJbi· 

BaeT, "'TO TaK xax K I "' , TO B TO "'Ke cerHeToJneKTpH'iecxoro Cct>Il 

He MO)I(eT HaCTYJIHTb JIOJIRpH3aUHOHHOH KaTaCTPOcPbi MocCOTH. 

Il03TOMY 06R3aTeJibHO BbiiTOJIHeHHe HepaBeHCTBa 

3v > 4rr(a + -t a- ) . a 1141 
HMeHHO noJTOMY Heo6xo~HMO oT6pocHTb ~aK npoTHBope"'HBhle 

BCe MO~eJIH, B KOTOpbiX cerHeTOJJieKTpH'ieCKHH Cci>Il npe~CTaBJieH 

B BH~e ynopR~O'ieHHR ~HJIOJibHbiX MOMeHTOB, a He KaK CJie~CTBHe 

HeycTOH"'HBOCTH HOHHOH KpHcTaJIJIH'iecxoil peiiieTKH. Heo6xo~HMO 

TaK)I(e KpHTH'ieCKH OTHOCHTbCR KO BCeM MO~eJIRM, B KOTOpbiX 

BMeCTO ~aJibHO~eHCTBYIQIUero KYJIOHOBCKOrO JIOJIR BBO~RTCR ~pyrHe 

JIOJIR, KOTOpble TO)I(e MOryT o6ecne"'HTb 3HepreTH'ieCKYIO Bblro~­

HOCTb HCKa)l(eHHOH CTpyKTypbi. KoHe"'HO, HeJib3R KaTeropH'iHO 

OT6paCbiBa Tb 3TH MO~eJIH, HO He06XO~HMO HMeTb B BH~y, 'iTO eCJIH 

OCHOBHOe OTJIH"'He cerHeTOJJieKTpHKOB OT ~pyrHX BeiUeCTB - 3TO 

HaJIH"!He CHJlbHO JIOJIRpH3yeMbiX HOHOB B HHX, TO eCTeCTBeHHO 

npe~JIOJIO)I(HTb, 'iTO fiOJIRpH3aUHR ~OJI)I(Ha 6h1Tb npH"'HHOH BCeX 

CBOHCTB, OTJIH'iaiOIUHX HX OT OCTaJibHbiX BeiUeCTB . 

11Tax, B Mo~enH XyaHra Heo6xo~HMO ~o6aBHTb npe~nOJIO)I(eHHe, 

'ITO BCR TeMnepaTypHaR 3aBHCHMOCTb 'iaCTOTbl nonepe"'HOH OfiTH­

"'eCKOH aKTHBHOH MO~bl B OCHOBHOM ~OJDKHa onpe~eJIRTbCR TeMne­

paTypHOH 3aBHCHMOCTbiO HOHHOH nonRpH3aUHH. l13BeCTHO, "'TO 

JIOJIHaR fiOJIRpH3aUHR HOHa ai eCTb CYMMa 3JieKTpOHHOH JIOJIRpH3a­

UHH HOHa u .1 , ynpyrOH fiOJIRpH3aUHH HOHa ay H ero OpHeHTaUHOHHOH 

fiOJIRpH3aUHH a0 .Pa~H fiOJIHOTbl He06XO~HMO y"!eCTb eme H 06beMHYIO 

fiOJIRpH3aUHIO us . Bbi3BaHHYIO fiOBepXHOCTHbiMH 3apR~aMH o6pa3Ua . 

IlOJTOMy 

u
1 

- a., f uy 1 u 0 1 us 
1151 

113BeCTHO, 'iTO TeMnepaTypHaR 3aBHCHMOCTb OpHeHTaUHOHHOH 

fiOJIRpH3aUHH u 0 MO)I(HO OllHCa T b cPOPMYJIOH 125/-1281 

u Np!:! / k T , 
0 0 0 1161 

8 

r~e N- "!Reno Monexyn c nocTORHHbiM ~unonbHbiM MoMeHTOM p 0 
H k

0 
- KOHCTaHTa EonhuMaHa . )l;nR ynpyroil nonRpH3aUHH Bcer~a 

npe~nonaranocb, 'iTO 

a~· l N . 

06 3JieKTPOHHOH JIOJIRpH3aUHH <1 . 1 H3BeCTHO, 'iTO OHa He 3aBH· 

CHT OT TeMnepaTypbi, a 3aBHCHT TOJlbKO OT pa~HyCa HOHa r 0 

u ., ' 4 TTl' :l 
0 1181 

)l;JIR HaC, KOHe"'HO, He HMeeT 3H8'ieHHR 3JieKTpOHHaR JIOJIRpH3aUHR 

HOHa , T.K . 3JleKTpOHbl CJIHIIIKOM 6biCTp0 ~BH)I(YTCR BOKpyr R~pa, 

H Jl03TOMY OHH yqacTByiOT TOJibKO B 1 , • a HeyCTOH"'HBOCTb peiiieTKH 

Bbi3biBaeTCR H3MeHeHHeM CTaTHCTH'ieCKOH nHJJleKTpH'ieCKOH npo-

HHUaeMOCTH 1 0 . 

KoHe'iHO, TeMnepaTypHaR 3aBHCHMOCTb 1161 opHeHT8UHOHHOH 

JIOJIRpH3yeMOCTH u
0 

04eHb y~06Ha ~JIR 06bRCHeHHR yseJIH4eHHR 

JIOJIRpH3yeMOCTH KpliCTaJIJIH'ieCKOH peiiieTKH C JIOHH)I(eHHeM Te M­

nepaTypbi. Ho o6bi4HO B 3HaKOMbiX cerHeTOJJieKTpHKax HeT roTo­

BbiX MOJieKyJI C JIOCTORHHbiM ~HJIOJibHblM MOMeHTOM P o· 003TOMY 

OCTaeTCR HCCJie~OBaTb TeMnepaTypHyiO 3aBHCHMOCTb yrrpyroif JIOJIR­

pH3yeMoCTH HOHOB u y. npe~nonaraR, 'iTO I 17 I HenpaBHJibHO oTpa­

)l(aeT npOHCXO~RIUHe RBJieHHR. 
' !:!!:! 8 pa6oTe CllpeJIHXa ~enaeTCR CJie~YIOIUHH BbiBO~: B 3JieKTpH-

'ieCKOM JIOJie raMHJibTOHHaH "!aCTHUbl I ROHal ~OJI)I(eH HMeTb CJie~y­

IOIUHH BH~: 

H E H0 - p . E , 119/ 

r~e H
0

- raMHJibTOHHaH 'iaCTHUbl B OTCYTCTBHe JJieKTpH'ieCKOrO 

JIOJIR E;, a p Z e X - ~HfiOJibHbiH MOMeHT 'iaCTHUbl, Bbi3BaHHblH 

ee OTKJIOHeHHeM X OT paBHOBeCHOrO JIOJIO)I(eHHR. liT06bl onpe~e­

JIHTb cpe~Hee 3Ha'ieHHe ~HfiOJIR p , MO)I(HO BOCJIOJib30BaTbCR 

c1JopMyJIOH 

p - H E ____ ) ~-~-~ - , 
j p exp ( - -koT (2") /20/ 

r~e dxdq - JneMeHTapHbiH o6beM ~u-MepHoro cila3oBoro npocT­

paHCTBa lx - o6o6meHHaR KOOp~HHaTa, q - o6o6meHHbiH HMJIYJibC/. 
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EcnH yqeCTh /19/, TO HJ /20/ nerxo MO>KHO rrony'IHTh 

Ho d d z
2 2 

2 
< p · -, Z e fx exp(- --) -~ + E __ e_ f x exp(-

k0T (2rr)n k 0T 

HnH 

z 2 e~x2-.2.E , 
< p ' ·' --k-T 

0 

Ho ) dxdq 

k
0
T (2rr) n 

/21/ 

/22/ 

Tax xax rrepBhiH BHTerpan B 

Tax, B pa6oTe
1 281 

rronyqeHo, 

,ll,On>KHa HMeTh BB,ll, 

/21/ aHHynupyeTCH, ecnu <' x >0 =0 . 

'ITO yrrpyraH IIOnHpBJa~HH HOHOB 

a 

2 2 ~ 
Z e ·. x o .. , . _____ _ /23/ 

y k 0T 

~anbwe rrpe,ll,rronaranoch, 'ITO HMeeT MecTo xsaJuxnaccHxa, 

KOr,ll,a KOOp,ll,HHaTbl H HMIIynbC XOMMYTHPYJOT Me>K,ll,Y C06oii, H II03· 

TOMY HHTerpHpOBaHHe B /21/ MO>KHO IIpOHJBO,ll,HTb paJ,ll,enbHO. TaK 

KaK X 2 He JaBHCHT OT HMIIynbCa, TO OKaJhJBaeTCH, 'ITO yrrpyraH 

IIOnHpHJa~HH a v JaBHCHT OT yrrpyrHX CBOHCTB KpHCTannH'I8CKOH 

peweTKH / 28 / H . He JaBHCHT OT MaCChi HOHa. HaM Ka>KeTCH, 'ITO 

J,ll,eCb ,ll,enaeTCH 6onbWaH OWH6Ka, TaK XaK HMeHHO 3TO IIpH6nH • 

>KeHHe HeiipHM8HHMO B T8MIIepaTypHOM HHTepsane B6nHJHT~ , r,ll,e 

npO'HBnHeTCH HeyCTOH'IHBOCTb peWeTKH. 

~eHCTBHTenbHO, H3B8CTHO, 'ITO cpe,ll,HeXBa,ll,paTH'IHOe CMell.I8HH8 
' v ! 2!l ' 29 30 : 

·. x2 ' o KOne6niOil.IHXCH qaCTH~ OIIHCbJBaeTCH liJopMynOH ' 

,.. tt ( 1 ..:..---n ;-) . 
<<> G 2 

1 2 X ., /24/ 
0 NM 

q 

HJBeCTHO, 'ITO TOnbXO B cnyqae O'leHb BMCOKHX TeMrrepaTyp 

(T :--'> 8 D) HMeeT MeCTO paseHCTBO 

<E " 
3 2 
-~·- N k 0 T ~ N K - X ' 0 . /25/ 

TonhKO TOr,ll,a MO>KHO YTBep>K,ll,aTh, 'ITO 

2 3 koT 
·. x ··a - - ---- , 

2 K 

/26/ 

H IIOJTOMY TOnbXO TOr,ll,a sepHO COOTHOWeHHe /17/. 0,!1,HaXO 3TOT 

HHTepsan TeMrrepaTyphi T ...- . e
0

.D.nH Hac HeHHTepeceH. 

10 

3,ll,eCh He06XO,ll,HMO OTMeTBTb, 'ITO HenbJH paCCMaTpBBaTb pa· 

BeHCTBO /22/ xax CBH3b p C p 2 ·. ,T.e. xax CBH3h cpe,ll,Hero 

JHa'leHBH ,ll,BIIOnbHOrO MOMeHTa C liJnyXTyauueii IIOnllpBJaUBB. HMeH· 

HO 3TO ,ll,enaeTCH B pa6oTe 4»penuxa/ 28 ~Tor,ll,a y>Ke o6gJaTenhHO 

rrony'IBM orrpe,!J,ene·Hue I 17 I, Tax xax ¢nyxTyauux rronxpHJaUBH 
2 < P > cerHeTo3nexTpuxa s6nuJB T,. scer,ll,a .D.On>KHa 6hiTh rrporrop· 

UBOHanhHa TeMrrepaType. 0,ll,HaXO HenbJH Ja6wBaTh, 'ITO MW pac • 

CMaTpBBaeM yrrpyryJO IIOnHpBJaUBJO BOHOB a y , H II03TOMY OHa 

BCer,ll,a ,ll,On>KHa 6MTh CBHJaHa C BCXa>KeHBeM peWeTXB, T .e. C ee 

yrrpyrBMB csoiicTsaMB. A 3TO OJHa'laeT, 'ITO cpe,ll,Hee JHa'leHHe 

,ll,BIIOnbHOrO MOMeHTa <p> ,ll,On>KHO Bbipa>KaThCH qepeJ cpe,ll,HeXBa,!J,· 

paTB'IHoe oTxnoHeHue xone6nJOil.IHXCH HOHOB, a He qepeJ ¢nyxTyauuu 

rronxpuJa~uu. TeM 6onee, 'ITO, Y'IHThJBaH /15/, He scer.D.a rronHaH 

IIOnHpHJaUHH BWpa>KaeTCH O,ll,HOH TOnbXO yrrpyroii IIOnHpHJa~Heii, 

H II03TOMY rrpe,ll,rrono>KeHHe 4»penuxa owH60'iHO. Tonbxo rrocne 3Toro 

MO>KHO IIpHHHTh e,ll,HHCTBeHHO IIpaBHnbHWM TOnXOBaHHe paseHCTBa 

/22/ xax CBHJH Me>K,ll,Y cpe,ll,HBM JHa'leHHeM ,ll,HIIOnbHOrO MOMeHTa 
2 

' p '> H cpe,ll,HeXBa,ll,pa TH"'HbiM OTXnOHeHHeM < X >
0 

XOne6nJOil.IHXCH 

HOHOB, rrpH'IeM rrocne.D.Hee .D.On>KHO o6HJaTenbHO orrpe,ll,enHTbCH ¢op· 

Mynoii /24/, a He /26/. 

HTaX, HJ /24/ BH,ll,HO, 'ITO "18M M8Hbllie MaCCa HOHa, TeM 60nb· 

we ero cpe,ll,Hexsa,ll,paTH"'HOe oTxnoHeHHe H TeM 6onbwe ero 

yrrpyrax rronxpHJa~HH .OTCJO.D.a KaK 6bJ cne,ll,yeT, 'ITO ,ll,On>KeH 6hiTb 

HJOTOIIH'IeCXHH 3¢¢eKT: 'leM MeHhllie Macca HOHa, TeM Bblllie T c · 

Ho J,ll,eCb Mbl ,ll,On>KHbl 6bJTb OCTOpO>KHblMH . ~eno B TOM, 'ITO B orr· 

TH'ieCXHe KOne6aHHH BXO,ll,HT IIpHBe,ll,eHHaH Macca, KOTOpaH BCer,ll,a 

6nH>Ke X Macce CaMHX nerKHX HOHOB. HMeHHO II03TOMY HenbJH 

rosopHTb, "'TO ecnH s Ba Ti 0 :J 'l' c: =403°K , a B Sr Ti 0 :J - T c 

= 105 " K,TO 3TO IlpOTHBOpe"'HT C,ll,enaHHWM BbiBO,ll,aM . ~eHCTBHTenh • 

Ho : xoTxM 8 . =137,3 am.eo .. ,a M8 =87,6 am.eo., HenbJH Ja6hiBaTb, 
.t r B 

'ITO 3nexTpOHHaH rronHpHJaUHH 6apHH a .1 a=1,55, a cTpoH~HH a 8. ~ = 

=0,86. A ecnH yqecTh, 'ITO Mo=16,0 am.eo., uMT;=47,8 am.eo., To 

CTaHOBHTCH HCHO, 'ITO ponb yrrpyroii IIOnHpHJa~HH TH>KenWX 3ne· 

MeHTOB B 3THX coe,ll,HHeHHHX HeJHa'IHTenhHa. Cyll.leCTBeHHYJO ponb 

HrpaiOT HX 3neKTpOHHbJe IIOnHpHJa~HH a .1 .KoHe'IHO, CaMaH Ba>KHaH 

ponh OTBeAeHa IIOnHpHJaUHH XHCnOpO,ll,HOrO aHHOHa, XaK 3neXTpOH· 

HOB /a"3 =3,88/, Tax u yrrpyroii. 

llocne TOrO XaX IIOny"'HnH /24/, MO>KHO BOJBpaTHTbCH X pac· 

CMOTpeHHJO ponH rrpoTOHOB B cerHeTo3nexTpH'IeCXHX C4»ll. B pa6o· 

Te aBTOpa
1311

rrony'leHO, 'ITO ,ll,BH>KeHHe IIpOTOHOB B O,ll,HOMepHOH 
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UeDO'IKe C .llBYXMHHHW:YMHbiMH JIOKanbHbiMH DOTeHUHaJibHbJMH liMa­

MH H ynpyrHM B3aHMO,IleBCTBHeM Me:lK,IlY 6JIH:lKaBWHMH COCe,llliMH 

DpOHCXO,IlHT B BH,Ile DOCTOJIHHbJX nepeCKOKOB Me)l(,lly MHHHMyMaMH 

O,llHOH liMbl, H3 O,llHOrO B ,npyroii. lloJiy'leHO TaK:lKe, 'ITO OTKJIOHe­

HHe DpOTOHa OT UeHTpa rop6a Me:lK,ny .llBYMll MHHHMyMaMH /OT 

Y3Jia peweTKH/ ODHCbiBaeTCll BOJIHOH ",noMeHHall CTeHxa". TI03TOMY 

B,llaJIH OT 4JpOHTa ,llOMeHHOH CTeHKH BCe npOTOHbJ HaXO,IlliTCJI B o,n­

HOM 83 MHHHMYMOB JIOKaJibHOrO DOTeHUHaJia, H TOJibKO B6JIH3H 

4JpOHTa BOJIHbl HX OTKJIOHeHHe ODHCbJBaeTCJI 4JopMyJIOH 

u A u 0 th (y' 2 (x-v t )) , / 21/ 

r.ne A a ' Mf s2- v :!> l . ecnu a ecn, xo3!M>uuHeHTnepe,nxsa,npaTH'IHbiM 

'IJieHOM B JIOKaJibHOM .llBYXMHHHMYMHOM DOTeHUHaJie 

a u 2 {J u 4 
U (u ) - - _ n___ _ _ _ n_ 

.I n 2 4 

3HepreTH'IeCKHH cneKTp KOJie6aHHH 

CTeHKa" ODHCbiBaeTCJI 4JopMyJIOH 

2 - 2 N a u 0 K V v u 0s 
E ,, - ---- + ------

4 V s 2_v2-

(1 

_2 v' 2 
3 

/29/ 

THDa BOJIHbl " )lOMeHHaJI 

/29/ 

r)le 1 • -~- To'IHee, TOJibKO BTopoii 'IJieH s /29/ onHCbi-

aaeT yseJIH'IeHHe 3HeprHH DpOTOHOB KaK CJie)lCTBHe HX y'laCTHJI 

B KOJie6aHHH. TiepBbiH 'IJieH B /29/ ODHCbJBaeT yMeHLWeHHe 3Hep­

rHH BCeX DpOTOHOB KaK CJie)lCTBHe TOrO, 'ITO OHH HaXO)lliTCJI B O)l­

HOM H3 MHHHMYMOB, a He Ha rop6e. 
"3 1/ 

8 DOKa3aHO TaK:lKe, 'ITO BJIHJIHHe cpe)lbl Ha KOJie6aHHe 

CTPYHbl CBO)lHTCJI K ,llODOJIHeHHIO K DOTeHUHany ynpyrHX CHJI B3aHMO-

)leHCTBHJI 6JIH:lKaiiwux - coce)leii K I ( 11 11 . 1 u "/ : ( 11 1, 11 11 , 1 ) ~ ! ' 2 

noxanbHoro rapMOHH'Iecxoro noTeHuuana au~/~ . 6naro)lapll KOTo­

poMy KOJie6aHHe CTPYHbl npOHCXO)lHT He B BH)le pacnpOCTpaHeHHJI 

DJIOCI<HX BOJIH, a B BH)le pacnpOCTpaHeHHll KOJIOKOJI006pa3HOrO 

ycTOH'IHBOro naxeTa 

--
ll u ~: exp ( - \ A x - v t i ) . /30/ 

12 

lJ.eHTp 3TOrO DaKeTa )lBH:lKeTCJI CO CKOpOCTbiO Vq • npH'IeM CBJI3b 

MeJK)ly V H Q )laeTCJI Bblpa:lKeHHeM /B )lJIHHHOBOJIHOBOM DpH6JIH­
q 

:lKeHHB/ 

v -" s ( qa) q ----- - /31/ \ ·~(qa)2 

r)le s - cxopocTL Jsyxa B ueno'lxe I M s 2 • K a 2 I a onJITb 1 • C: 
K 

)l;nJI 3HeprHH 3Toro naxeTa nonyqunocb cne)lyiOUiee Bbipa:lKeHHe 

" \'' ;- ( 11 ° ) 2 s 
v --------· ·~--E 

v 
v s 2 -- v 2 -

/32/ 

Tiocne y'leTa CBJI3H /31/ H3 /32/ MO:lKHO DOJIY'IHTb 

( " )2 u ( tJ • 
<! q 

y' K M E<t /33/ 

EnarO)lapJI O)lHHaKOBOCTH BTOpOrO 'IJieHa B /29/ H /32/, Mbl C)leJia ­

JIB npe)lDOJIO:lKeHHe, 'ITO CBJ13b Me:lK)ly Vq H (qa) B BOJIHe ".llOMeH­

HaJI cTeHxa" '
2 71 

JlOJI:lKHa cosna)laTb c /31/. KoHe'IHO, 3TO He 

4JaTaJibHO, TaK KaK ODHCaHHJI B DpOCTpaHCTBe KBa3HHMDYJibCa HJIH 

B 3HepreTH'IeCKOM npOCTpaHCTBe - O)lH03Ha'IHbJ, D03TOMY 3TO 

npe)lnono:lKeHHe )lenaeT MO)leJib l!lHJH'Iecxu 6onee Harnll)lHOH. )l;anb­

we MO:lKHO npe)lDOJIO:lKHTb, 'ITO BMeCTO O)lHOH )lOMeHHOH CTeHKH 

B UeDO'IKe )lBH:lKeTC.il HeCKOJibKO, n !!' DpH'IeM HX 4JpOHTbl paCCTaBne­

Hbl )laJieKO )lpyr OT )lpyra , 'IT06bl He Y'IHTbiBaTb BJaHMO)leHCTBBJI 

Me:lKJlY HHMH 
132

/ · Tor)la B 3TOH MO)leJIB MO:lKHO DOCTpOHTb CTa THC­

THKy )lJIJI 'IHCJia B036y:lK)leHHbiX )lOMeHHbiX CTeHOK n q• npe)lDOJiaraJI 

npH 3TOM, 'ITO n q eCTb 4JyHKUHll D03e-3HHWTeHHa, ODHCbiBaiOUiaJI 

'IBcno JaHJITLix 6oJOHHLIX coe,nuHeHHH ,noMeHHLIMH CTeHxaMH . Tor.na 

HMeeM 

11 u> 
n ~ ! e xp ( _ ..:_g) - 1 1 - 1 

q k T . 
0 

/34/ 

Heo6XO,IlHMO, KpOMe TOrO, OTMeTHTb, 'ITO BMeCTO /25/ B so­

,llOpO,IlCO,Ilep:lKalliHX cerHeTo3nexTpHxax ,nnll npoTOHHoro sxna,na B 

ynpyrYJO DOJI.SlpHJaUBIO MO:lKHO HaDBCaTb 4JopMyny 

2 2 --.- 2 
a - Z e [ u - y x2 ] ' k T 

v 0 0 0 /35/ 
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)].eHCTBHTeJibHO, B nenO'IKe C JlBYXMHHHMYMHbiM JIOKaJibHbiM 

noTeunuanoM
128 1 

cpenuexsanpaTH'IHoe oTxnoHeuue x 2 
0 

npoToHa 

OT ero paBHOBeCHOrO ITOJIO:lKeHHJI OTC'IHTbiBaeTCJI OT ero MHHHMY" 

Ma, a B / 23 / )lOn:lKHO BXO)lHTb OTKJIOHeHHe OT Y3Jia peweTKH, 

T.e. oT neuTpa rop6a. HMeHHO noJTOMY, snonue ecTeCTBeHHO, 

cnenyeT, 'ITO JaMeHa sonopona neiiTepHeM non:JKHa yMeHLWHTL 

·. x2>
0 

• TeM caMLIM ysenH'IHTL sxnan npoTOHOB B ynpyryro nomipu­

JyeMOCTL, 'ITO o6ecne'luno 6bl 6onee Bblcoxyro TccerHeToJnexT­

puqecxoro ci>CTI. TaxuM o6pa30M, BOJIHbl "noMeHHble cTeHKH" 

npaBHJibHO OllHCbiBalOT o6paTHbiH H30TOITH'IeCKHH 3$cJleKT, KOTOpbiH 

ua6nronaeTc» B sonoponconep:JKamux coenuueHHJIX. Tax, uanpuMep, 

ecnu )lJIJI KH
2

P0
4

Tc=l23°K, TO )lJIJI KD2 P0 4 Tc =220"K, 

H ecnu nnJI KH
2
As0

4 
T" =96''K,To )lJIJI KD 2 As04 T c =162°K. 

lfTaK, Mbl nony'IHJIH, 'ITO TOJibKO 6naronapJI TeMnepaTypHOB 

3aBHCHMOCTH ynpyrOH ITOJIJipH3yeMOCTH HOHHOrO KpHCTanna B03" 

MO:lKHO npOJIBJICHHC HeyCTOH'IHBOCTH ee peweTKH H llOJIBJieHHe 

HC06XO)lHMOH' TCMnepaTypHOH 3aBHCHMO'CTH 'laCTOTbl aKTHBHOrO 

nonepC'IHOrO OITTH'ICCKOrO KOne6aHHJI B cerHCTOJJieKTpHKaX . Onua­

KO, 1.fT06bJ HaHTH JTY 3aBHCHMOCTb, HC HY:lKHO Bbi'IHCJHITb CpC)lHC­

KBa)lpaTH'IHOC OTKnOHCHHC X 
2 

O no $opMyne /24/, a MO:lKHO ero 

npJIMO JKCITCpHMCHTaJibHO H3MCpHTb. )].eHCTBHTenbHO, H3BeCTHO, 

'ITO HHTCHCHBHOCTb /T.e. BbJCOTa MaKCHMyMa/ ynpyroro paCCCJIHHJI 

HCHTpOHOB Ha HOHaX peUJCTKH YMCHbUJaCTCJI C ysenH'ICHHCM TCMITC­

paTypbl ' 2 '' :!H :l:! . :l~ 3TO yMCHbWCHHC OITHCbiBaCTCJI 3aKOHOM 

rne 

w 

I 
0 

exp ~ -~ W) . 

k 2 

~NM 

'_'h__(n , ..L) 
- ,,, q 2 

q 

k2· X 2 
__ _J) 

6 

/36/ 

/37/ 

Ha3biBaeTcJI <t>axTopoM )1.e6aJI- Bannepa. Tax xax <t>axTop )1.e6aJI­

Bannepa Y'IHTbiBaCT BJIHJIHHC TCllJIOBOrO )lBH:lKCHHJI HOHOB Ha pac­

CCJIHHC HCHTpOHOB /HJIH pCHTrCHOBCKHX ny'ICH/, TO BITOJIHC CCTCCT­

BCHHO, 'ITO OH nponOpJ.lHOHaJICH HX CpC)lHCKBa)lpaTH'IHOMy OTKJIOHC­

HHIO ·: x 
2

·,. lfMCHHO IT03TOMy, H3MCpJIJI H3MCHCHHC MaKCHMyMa 

ynpyroro paCCCJIHHJI HCHTpOHOB OT TCMnepaTypbl, MO:lKHO npJIMO 

OllpC)lCJIHTb TCMnepaTypHylO 3aBHCHMOCTb · X 
2 Q. a TaK)KC 6naro)la­

pJI /23/, H TCMnepaTypHylO 3aBHCHMOCTb ynpyroH ITOJIJipH3aJ.lHH 

a Y. 

14 

KOHC'IHO, npH HH3KHX TCMnepaTypax, KOr)la T << 8 0 • CpC)lHe­

KBa)lpaTH'IHOC OTKJIOHCHHC OllpC)lCJIJICTCJI HyJieBbiMH KOJie6aHHJIMH . 

llOJTOMy OHO He 3aBHCHT OT TCMnepaTypbl H onpe)leJIJieTCJI paBCHCT­

BOM /29/ 

9 b2 
- ---. 
4 Mk e 

0 D 

<x2 . a /38/ 0 

lfMCHHO ll03TOMy ynpyraJI llOJIJipH3yeMOCTb HOHHOH peWCTKH 

6y)leT CHJibHO 3aBHCeTb OT TeMnepaTypbl 

ao: _! 
y 4 

9 2.&. 2 z- e ~ 

M k 00rf. 0T 
/39/ 

He HY:lKHO npennonara:rL, 'ITO BCJI TeMnepaTypHaJI 3aBHCBMOCTL 

YJlCJILHOH IIOJIJIPH3ai{BB pemeTKH onpenenneTCJl TCMIIepaTypHOH 3a­

BHCHMOCTLIO 06'beMa napbl ROHOB V ( T) a = V (0) a (1 + 0 T), r )le 

8 - KOJ$cllunueuT Tennoaoro pacwupeHBJI pemeTKR. BMecTe c JTHM 

OTDa)lalOT BCe YTBCp:lK)lCHHJI 0 TOM, 'ITO MOll;CJIL Xyauraf2 / npOTH" 

DOpe'IHT 3KCnepRMCHTaJJLHbiM )laHHbiM I 11.
1 

)].eiiCTBBTeJILHO, 'IT06bi 

onpe.nenBTL 3aBBCHMOCTL 

Cci>TI, Tl. OT .naaneuuJI, 
X2 ' 

TeMnepaTypbl CerHCTOJJieKTpH'IeCKOrO 

He06XO)lHMO HCCJIC)lOBaTL 3aBHCHMOCTb 

OTHOWeHRJI ---~ OT )laBJieHHJI, a He TOJILKO OT 06LeMa V v. a 
B KOHI(e Heo6XO)lBMO nO)lttepKHYTL, 'ITO Ha OCHOBe MO)leJIH 

Xyaura '
2 

, ycneWHO OllHCbiBaeTCJI B3aHMO)leHCTBHe CBeTa C Be­

IUeCTBOM, H 'ITO 3Ta TeOpHJI ,naeT XOpowee COBlla)lCHHe ' 23 - 25 · 3 '•: 

llOJTOMy BllOJIHe MO:lKHO 060HTHCb 6e3 npH6JIH:lKeHHOH TeOpHH 

Koxpeua ' 
19 

' a TeM 6onee u 6e3 owH6ottuoii Teopuu KpucTo$cllenJI 

H Koucuua
13

f'/ )1.eno B TOM, 'ITO nocne,nHJIJI TeopuJI nocTpoeua 6e3 

yqeTa .nucnepcuu JneKTPOHHOH 3Hepruu B 3ouax. Taxyro :JKe owu6xy 

paHLUJe .nenan A.nnep 137 1 
npu onucaHRE naiiepncoscxoro C~TI.B pa-

6oTe 
138 1 

aaTopoM noxaJauo, 'ITO npennono:JKeuue A.nnepa ue onpas­

)lbiBaeTcJI, H II03TOMy ero BbiBO)l HeBepeH. 

H3 sepxuero paccMoTpeHHJI BH)lHO, 'ITO B cnyqae MeTanna, xor­

.na eCTL MHOrO KOJIJieKTBBBJ-HpOBaHHbiX BaneHTHbiX 3JieKTpOHOB, 

cnoco6HLIX 3KpauupoaaTL nro6oe xynouoscxoe nanLuo.neiicTBHe, 

HeB03MO>KHO llOJIBJieHHe HeyCTOH'IRBOCTH B ero peweTKe H cymecT­

BOBaHHe MJIFKOH nonepe'IHOH OIITH'Ie<:KOH MO)lbl. llaiiepJICOBCKHH 

Cci>TI JIBJIJieTcJI cne,ncTBHeM JnexTpou-peweTO'IHoro B3aBMo,neii­

cTBHJI, T. e. CJie)lCTBHeM B3MeHeHHJI CBMMeTpBH KpHCTaJIJIH'IeCKOrO 

llOTeHJ.lHaJia, a He CJIC)lCTBHCM 3JICKTpOH-$OHOHHOrO B3aHMO)leii-

CTBHJI . 
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B 3aKmoqeHHe aBTOp IIpHHOCHT 6naro,napHOCTb CBOHM KOJIJieraM 

H3 TeopeTuqecxoii rpyrrrrbi rrpo!ll. B .K .cl>e.n;l!HHHa 3a none 3Hoe .ne­

TaJibHOe 06Cy)I(.IJ;eHHe pa60Tbl. 
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