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KpecToljJcjlellb H.H., KoncHH IT.I1. P17 - 9268 

CerneTosneKTPH'IeCKHil <jlaaoahil! rrepexon rronyMeTann-.:~esneKTPHK, 
HHllYUHpOBBHHbil! M8)1{30HHbiM sneKTpOH-<jlOHOHHbiM B38HM0):18HCTBH8M 

IToKaaauo, 'ITO rrpH orrpenenennoM rrpenrrono)l{eHHH o MexaneaMe B03HHK
noaeHHSI cerueTosneKTpH'IeCTBa B03MO)I{eH <jlaaoBbill rrepexoA rronyMeTann-l.lH
sneKTpHK. 

p a60T8 BbiiiOnHeHa B na5opaTOpHH TeopeTH'ISCKOll tPH3HKH 0J15JJ1. 

CoofiuleHMe 061.e.llMHeHHoro MHCTMTyTa JI,llepHhlx MCCJie.noaamdt 

,ny6ua 1975 

Kristoffel N., Konsin P. 

Ferroelectric Semimetal-Dielectric Phase 
Transition Induced by the Interband 
Ele.ctron-Phonon Interaction 

P17 - 9268 

In the framework of the vibronic theory of the dis
placive ferroelectric phase transitions a semiconductor 
with the zero initial forbidden gap is considered. It is 
shown that a semimetal- dielectric type phase transition in 
the system can arise, which is accompanied by the originat
ing spontaneous polarization (structural transition). The I 
induced forbidden gap, Curie temperature, frequencies of . 
the soft mode in both phases, low-symmetry lattice distor- I 
tion , etc. , are calculated. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Communieation of the Joint Institute for Nuclear Researeh 
Duhna 1975 

Cornacuo BH6pouuoii Teopuu cerHeT03JieKTpuqecKHX 4Ja-

30BLIX nepexo.noa /eM., uanpuMep,ll/ /,ae.nyi.QHM B3aHMo

.neiicTBHeM, llpHBO.li;Jill(HM K nepexo.ny THna CMell(eHHJI, JIBJIJI

eTCJI Me)I(30HHoe 3JieKTpou-4Jououuoe B3aHMo.neiicTBHe. B 
CJiyqae CHCTeM C Y3KOH 3anpei.QeHHOH 30HOH 3TO B3aHMO.ll;eii

CTBHe cnoco6uo o6ecne'iHTL TaK)I(e ueo6xo.nHMLIH .li;JIB cTa-

6HJIH3auuu cTpyKTypuoro 4la3oaoro nepexo.na aurapMOHH3M. 

B pe3yJILTaTe BH6pouuoro B3aHMo.neiicTBHJI nepecTpauaa

IOTCB I!JoHOHHbiH H 3JieKTpOHHbiH cneKTpbi CHCTeMbl. B03HH

KaiOI.QaJI npu 3TOM MBrKaB I!Jouou- 3JieKTpOHHaB BeTBL 3Jie

MeHTapuLix B036y)l(.ll;eHHH onpe.neJIJieT .li;H3JieKTpH'ieCKHe 

CBOHCTBa CHCTeMbl /
2

/ 3JieKTpou-4JOHOHHOe B3aHMO.ll;eHCT

BHe HH.li;YUHpyeT 3aBHCJIII.(ee OT TeMnepaTypbi CDOHTaHHOe 

HCKa)l(eHHe peWeTKH /DOJIBpH3a:UHIO/ H yBeJIH'ieHHe 3anpe~.QeH
HOH I.Qenu /3/, 3aBHCB~.Qee oT 3Toro ucKa)l(eHHB. 

B HeKoTopLIX cucTeMax 3aTpaBO'iHaB ~.QeJIL MO)I(eT 6LITL 

HC'ie3aiOI.Qe MaJIOH H BCJie.li;CTBHe 3TOrO 3JieKTponpOBO.li;HOCTb 

/npH .li;OCTaTO'iHO BbiCOKHX TeMnepaTypaxj 6y.ll;eT llOJiy

MeTaJIJIH'ieCKOH. PacCMOTpHM Tenepb B CXeMe BH6pOHHOH 

Teopuu CTPYKTYPHLIX 4Ja30BbiX nepexo.noa cnyqaii, Kor.na 

3aTpaBO'iHaJI I.QeJib fl= 0 , T.e. HCXO.li;HbiHKpHCTaJIJinpe.li;CTaB

JIJieT co6oii nonynpoBO.li;HHK c uyneaoii ~.QeJILIO. 
raMHJibTOHHaH CHCTeMbl HMeeT BH.ll;/l / 

H !. ... 
a,k 

... 
f (k)a+:-ta _.·+ 
a aK ak 

1 -I 

2 ~(M P_.P_.+ 
q q -q 

II 2 -~ 
+Mw ... y_.y_,)+N

0 
!.'!. !.V 

q q -q a a' k->->k, -> aa 
' ' q 

... 
q + 

(->->)a-> 
k,k' a k 
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a'k' q 
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--> 

r~e •a(k) - ucxo~Hhle 3HepreTuqecKHe cneKTphl 30H 

a= 1, 2 , a~k H aaJt -, COOTBeTCTBeHHO, onepaTOphl 

pO)I(~eHHJI H YHHqTO)I(eHHJI 3JieKTpOHOB; I{ - HX BOJIHOBOH 

BeKTOp. Y q' H p_, -, COOTBeTCTBeHHO, HOpMaJILHhle KOOp-
q 6 u ~HHaThl H HMllYJILChl aKTHBHhlX KOJie aHHH C 3aTpaaoqHhlMH 

qacToTaMH w_, H npuae~eHHo:ii Mano:H M ; q - BOJIHoao:H 

BeKTOp «iJoHoH'bB. V aa' - KOHCTaHThl Me)I(30HHOrO 3JieKTpOH

«1JoHOHHOrO B3aHMo~eiicTaH.a:; N 0 - qucno 3JieMeHTapHhlx .a:qeeK 

B KpHCTanne. )l;n.a: npOCTOThl yqacTBVOll{He 30Hhl H KOJie6aHHJI 

cquTaJOTc.a: HeBhlpo~eHHhlMH I cp. 1 1 I. 
B /

2
/ Ha OCHOBe raMHJILTOHHaHa lliMeTO~OM ~BYXBpe

MeHHLIX «iJYHKD;HH rpuHa Ha:ii~eH nepeHOPMHpoBaHHhlH Me)l(-

30HHhlM 3JieKTpOH-«iJOHOHHhlM B3aHMO~eHCTBHeM CDeKTp CHC
TeMhl 

li2 
' 

--> --> 1 --> -> 2 
= -t [ f l ( k) + f 2 ( k) J + I 4 [ f 2 ( k) - f I ( k) J + 

+ N -I 
0 

--> 
q 

-> ~ ~ v1 q ) y... y ... I . 
q -q 

121 

llpu nonyqeHHH Bhlpa)l(eHu.a: 121 ~n.a: aKTyanLHoro a cerHeTo-

3JieKTpuqecKoM ljla30BOMllepexo~e~JIHHHOBOJIHOBOroyqacTKa 
aKTHBHOH /r?~hl ( q .... 0) * llOJIO)I(eHo v aa{.. ) = V(q) . 
B pa6oTe , r~e paccMoTpeH BKna~ KYJIOHOBCKHX B3aHMo

~eiicTBHe B KOHCTaHTy Me)I(30HHOrO 3JieKTpOH-«iJOHOHHOrO 

B3aHMO~eHCTBHJI ~JIB cerHeTOaKTHBHOH nonepeqHOH OllTHqe

CKOH MO~hl, noKa3aHo, qTo V aa 'MO)I(eT -6WTL npe~cTaBJieHa 
B TaKOM BH~e llpH q-. 0 . llpH llOJiyqeHHH ClleKTpa 121 npe~-
llOJiaraJIOCL, qTo Y-. - c -qucna. 

C q u A, u 

erHeTo3neKTpuqecKHH ~a30BhlH nepexo~ B03HHKaeT 

BCJie~CTBHe ~HHaMHqecKOH HeyCTOHqHBOCTH KpHCTaJIJia OTHO

CHTeJILHO npe~eJILHOrO OllTHqecKoro KOJie6aHHJI. JTOMy COOT

BeTCTByeT KorepeHTHOe HCKa)l(eHHe peWeTKH - OTHOCHTeJIL

Hhle C~BHrH HOHHhlX llO~peweTOK KaK D;eJILIX OTHOCHTeJILHO 
2 --> -2 ~pyr ~pyra.IJpu 3TOM CYU{eCTBeHHO, qT06hl «iJyHKD;HJI V (q) w -> 

q 

* B aHTHcerHeT03JieKTpHKax, BH~HMo, MaKCHMaJILHO MBr
KHe ljJOHOHhl B03HHKaJOT Ha rpaHHD;e 30Hhl JipHJIJI103Ha. 

4 

'2/ 
HMeJia MaKCHMyM llpH q =o 0 I . BhlllOJIHHMOCTL TaKoro 

ycnoau,.a: . .a:an.a:eTc.a: pa3yMHhlM ~n.a: nonepeqHo:ii onTuqecKo:ii 

MO~hl IS; . IlOCKOJILKY B ~aJILHeHWeM 6y~yT paccMaTpHBaTLCJI 

B03MO)I(HOCTL cerHeTo3neKTpuqecKoro «1Ja3oaoro nepexo~a 
B CHCTeMe H ero KorepeHTHLie CBOHCTBa, TO B 121 MO)I(HO 
llOJIO)I(HTL q-> = 0 . 

/2' 
CornacHo I , CB060~HYIO 3HeprHJO CHCTeMhl MO)I(HO 3a

llHCaTL B BH~e 

.'\ ' ( Y J Mw2 
F ( T, y 0 ) = - N K B T ~ fu 2 [ 1 + ch k ] + _o _ y ~ , 

k KBT 2 131 
r~e 

-2 
~ -~ ~ 

~1(yo) =[-f-+N~IV2(0) y~]2 
141 

3~ecL Li1 = • 2 (k) - • I (k) npe~cTaan.a:eT co6o:H 3«lJ«l!eKTHB

HYIO ID;eJIL, ll_Q_HqeM TO 06CTOJITeJILCTBO, qTo ~= 0 , HMeeT 

cne~CTBHeM * Ll (min) = f 2 min -• I max = 0. N - qucno 3JieKTpo

HOB, 3anoJIHJIIOll{HX npu T =0 30HY £
1 

noJIHOCTLJO. 

Jiy~eM CqHTaTL 06be~HHeHHYIO llJIOTHOCTL 3JieKTpOHHhlX 

COCTOJIHHH llOCTOJIHHOH H BBe~eM 3HepreTuqecKyJO nepeMeH

HYIO E = Li k , H3MeHJIJOID;yJOc.a: OT 0 ~o cyMMapHo:ii wupu

HLI pa3peweHHLIX 30H E 0 . Tor~a npu T =0 Bhlpa)l(eHHe 

~JIJI CB060~HOH 3HeprHH 131 npHHHMaeT BH~ 
Eo 

F ( 0, y 0 ) = - 2~ f [ 
oo 

II 2 2 -I 2 2 12 Mw
0 

2 
E +4N 0 V (0) y

0
] dE+ -

2
- Yo 

N 2 -I 2 2 ~ 
= - "4 I [ E 0 + 4 N 0 V ( 0) y 

0 
J + 

2 
4V (0) 

+ 
No Eo 

. Eov No I+ 
y ~ Arsh 2 I V ( 0 ) yo\ 

Mw6 2 
--y 

2 0 

151 

'~' .D;n.a: paccMoTpeHHB HenpBMoii ll{enu ~=0 Heo6xo~HM Go
nee ~eTaJILHhlH yqeT BCeX BOJIHOBhlX BeKTOpOB 3a~aqu. 
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PaBHOBeCHLie 3Ha'leHH.H y npH T =0 HaXOAHM, MHHH-
MH3HPY.H aAHa6aTH'IeCKHH llOTe38HaJI 151 

aF(O,y
0

) 

I ay0 Yoo 
0. 

161 

HeTpHBHaJILHoe peweHHe 161 onpeAeJI.HeTc.H ypaBHeHHeM 
lpeweHHe y00 = 0 OTBeqaeT MHHHMYMY cBo6oAHoii 3HeprHH 
B napa<iJaJel 

rAe 

r Arsh Eo v' N0 
2 I V(O) y I 

00 

1' 

2V 2 (o) 
T'O: ----

M w~ E0 

V(O) ':" v' ~ V(O) 
No 

PeweHHe ypaBHeHH.H 17 I HMeeT BHA 

N-~ (T =0) 
Yoo 

E + 0 ( 1 -1 
- 2V(O) sh 1) 

171 

181 

191 

IlpH r << 1 KorepeHTHoe HcKa)KeHHe pemeTKH 19 I npHHHMaeT 
BHA I 

-~ Eo --
No Yoo(T =O) = ± V(O)e r • 1101 

B TaKHx ycnoBH.HX E 0 » 2V ( 0) ~ , 'ITO ecTeCTBeHHo 
O)I(HAaTL AJI.H PHAa cHcTeM. N

0 

HcKa)KeHae pemeTKH aa.nyu;apyeT 3anpeTHyro UleJIL B 
3JieKTpoHHOM cneKTpe, paBayro, Ha ocaoBaHHB I 41, 

-~ 
E = 2 N v ( 0) y 0 I 11 I 
~ 0 0 

C y'leToM 191 B 1111 npH T = 0 oaa paBaa 

6 

' 1 
\ 

1 
\ 

. 1 -1 
E (T =0) = E ( sh -) 

g 0 T 

IlpH r<< 1 , Eg(T =0) « E 0 , cornacao <iJopMyne 1121, 
-1/T 

Eg( T=O) =2E
0

e . 

1121 

1131 

- 03 191 - 1131 CJieAyeT, 'ITO KaK HCKft)KeHBe pemeTKH, TaK H 
BHAYUBPOBaHHa.H UleJIL npa T =0 JaBBC.HT OT xapaKTepacTH
'Ie CKoro napaMeTpa r I aHanora'?fLiii napaMeTp no.HBJI.HeTc.H 
B BB6poHHoii TeopaH a npa !). ,J 0 11 I. Ilpa r-. 0 HCKft)KeHae 
pemeTKH H I.QeJIL CTpeM.HTC.H K HYJIIO, a npH T->oo OHH CTpe
M.HTC.H K 6eCKOHe'IHOCTH. 

Mo)KHO noKaJaTL, 'ITO HHAY:UHpoBaHHa.H I.QeJIL MaKca
MaJILHa npa T =0 a y6LIBaeT c pocToM TeMnepaTypLI, KaK 
H B TeOpHH CBepxnpOBOAHMOCTH H naiiepJICOBCKoro nepexo
Aa 16 1. HcKft)KeHae peweTKB, a cneAOBaTeJILHO a ll.{eJIL, 
KaK MO)KHO BBAeTL BJ 131, 161, onpeAen.HroTc.H npa T ,JO 
ypaBHeHBeM 

Eo 2 -I 
2 -1 2 I/ 

f[E +4N
0 0 

~ (O) 2 1-~ [ E + 4N 0 V ( O) r: t2 
y

00 
th . oo dE=r-1 

4K 8T /141 

UJ 1141 AJI.H TeMnepaTypw <iJaJoBoro nepexoAa BToporo poAa, 
npa KOTopoii y =0, nonyqaeTc.H BLipa)KeHae 

00 
E0 a -1/r 

K T =--e , 1151 B c rr 

'rAe fn a= C C - nocTo.HHHa.H 3iinepa. llpa r-. 0 T -. 0 a 

npa r-+ oo k T _ fUa 
B c- -

rr 

c 

OcTaHOBHMC.H TenepL Ha o6I.Qeii KapTBHe <iJaJoBoro nepe
XOAa. llpa T>Tc CHCTeMa, HaXOAHTC.H B BLICOKOCHMMeTpH'IHOH 
~a3e, He 06JiaAaeT CDOHTRHHOH llOJI.HpB3R:u;Heii H JanpeTHR.H 
ll.{eJIL E = 0, T.e. KpHcTann .HBJI.HeTc.H nonyMeTaJIJIOM. llpa 
T = T ntoacxoAHT cTpyKTypawii «)aJoBwii nepexoA BToporo c 
poAa, o6ycnoBneHHWii Me)KJOHHWM 3JieKTpoH-41oHOHHWM BJa-
BMOAeiicTBHeM H O,llHOBpeMeHHO B03HHKaeT HeHyJieBa.H 3Hep· 
reTB'IeCKa.H I.QeJIL. llOCKOJILKy aKTBBHOe KOJie6aaHe .HBJI.HeTC.H 
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OllTHqeCKHM, TO HH)Ke Te B03HHKaeT, B006I.Qe rOBOp.H, CllOH
TaHHa.H llOJIHpH3ai.J;HH 

P (T) =--e -y (T), 
s vv'No oo /16/ 

r)J.e e - 3$$eKTHBHbiH 3ap.H)J., V - 06'beM 3JieMeHTapHOH .HqeB:

KH. BenuquHa ps, ecTeCTBeHHO, qepe3 e 3aBHCHT cyi.QeCTBeH

HO OT xapaKTepa XHMHqeCKOH CBH3H B KpHCTaJIJie. 

Cne)J.yeT oco6o no)J.qepKHYTh, qTo O)J.HoapeMeHHo c cerHe

TOJJieKTpuqecKHM $a30BbiM nepeXO)J.OM B CHCTeMe llpOHCXO

lJ.HT nepeXO)J. llOJiyMeTaJIJI- )J.H3JieKTpHK /rronynpOBO)J.HHK/. 

HH)J.yu;upoaaHHaH Me)K30HHbiM 3JieKTpoH-$OHOHHhlM B3aHMo

JJ.eiicTBHeM BeJIHqHHa ll{eJIH 3aBHCHT OT HCKa)KeHHH perneTKH, 

y 
rrpuqeM npu __Qj! .... 0 

v'No 
TaK)Ke E .... 0. 

g 

,lJ;H3JieKTpHqecKa.H BOCllpHHMqHBOCTb CHCTeMbl MO)KeT 

6b1Tb Haii)J.eHa aHanoruqHo 121 nyTeM pacqeTa <IJypbe- KoMrro

HeHT 3ana3J).biBaiOI.QHX .ll.BYXBpeMeHHbiX <IJYHKUHH rpuHa 

«y--> (t); y > ( 0) ». llpH 3TOM HCllOJib3YlOTCH HHTepnOJI.H-q -q 
I.J;HOHHhie pacu;enneHHH )J.JIH <IJyHKI.J;HH THna 

+ 
<<a --.k(t)a ~-->, (t)y --.(t);y --.(0)». 

U UK q -q 

B pe3yJihTaTe nonyqaeM cTaTuqecxyro .ll.H3JieKTpuqecxyro 

BOCllpHHMqHBOCTb B BbiCOKOCHMMeTpHqHOH $a3e 

-:l 2 -I 
X = e [ v M Q ( 0) ] , 

be Be 

r)J.e 2 

M Q 2 ( 0) = M w2 - 2V j_Q_) fn 
Be 0 E

0 

E0 a 
-;KBT. 

/17/ 

/18/ 

CJie)J.OBaTeJibHO, B CHCTeMe HMeeTCH MHrKa.H $OHOH-

3JieKTpOHHa.H MO)J.a, KBa)J.pa T qacTOTbl KOTopoB: Bbillie T e 

onpe)J.eJI.HeTc.H /18/. llpH T = ~' qacTOTa nne< 0) =0. 
B HH3KOCHMMeTpHqHoB:$a3e)J.H3JieKTpuqecxa.HaocnpHHM

quaocTb paaHa 

- 2 l 
X =e 2 [vMQ f, 

II C HC /19/ 

IIpuqeM qacTOTa MHrKOH MO)J.bl )J.aHa Bblpa)KeHHeM 

8 

Mn2 

HC 

4 
sv {0) 

Eo 

2 
Yoo 

No 

Eo 

J 
0 

dE 
X 

2 E ) A( ·Yoo 

x[ A-l(E,y J th A(E,yoo) 1 -2 A(E,yoo> 
--ch 0 4K T 

B 4Kl 4KnT 

. 2 -1 2 2 ~ 

. A ( E, y ) = [ E + 4 N 
0 

V ( 0) y
0 

] . 
00 0 

/20/ 

], 

/21/ 

0TMeTHM, qTo nBC H Due MoryT 6b1Tb nonyqeHbl nyTeM 

pa3JIO)KeHHH CB060)J.HOH 3HeprHH /3/ B PH.ll. COOTBeTCTBeHHO 

no y0 oxono paaHoaecHbiX nono)KeHuB: y
00

=0 H y 
00

:i 0. 
,ll;n.H T =0 H3 /20/ c yqeToM /12/ cne)J.yeT 

2. 2 -Y. 
Mn

2 
.( T=O) = _lY__iQJ[ 1-dsh _!_)- ] ', 

He E0 r 
/22/ 

qTo llpH Eg(T =0) «EO C yqeTOM /13/ CBO)J.HTCH K 

2 2 11 
2V (0) -r- -/2 
---[1+4e ] . 

Eo 

2 
Mil (T =0) = 

HC /23/ 

3aaucHMOCTH E g(T =0) H T c oT r npu pa3nHqHhlX 

E 0 rrpHBe)J.eHbl Ha puc. 1-2. TeMnepaTypHble 3aBHCHMOCTH 

qaCTOT MJirKOH MO.IJ;bl B o6eux $a3aX H HR3KOCRMMCTpRquoro 

HCKa)KCHRJI perneTKH RJIJIIOCTpRpyiOTCJI COOTBeTCTBeHHO Ha 
puc. 3 H 4. 

H3JIO)KeHHaH TeopHH, no-BH)J.HMoMy, MO)KeT 6b1Tb npuane

qeHa )J.JIH o6'bJICHeHHJI aHoMaJibHhlX JJieKTpuqecxux caoB:cTa, 

o6uapy)KeHHhlX a TTF- TCNQ /I/ . HMeHHo, no ocu a 3)J.ecb 

Ha6JIIO)J.aeTCH llHK MHKpOBOJIHOBOH )J.H3JieKTpRqecKOHllpOHR

UaeMOCTH, qTO CCTeCTBeHHO CBH3aTb C cerHeT03JieKTpRqe

CKHM $a30BbiM nepeXO.IJ;OM /B/. AHOMaJibHbiH llRK npOBO)J.H

MOCTH /7/ , B03MO)KHO, MO)KHO 6biJIO 6bl RHTepnpeTHpOBaTb 

KaK CJie.IJ;CTBHe B03HRKHOBeHRH RH)J.YURPOBaHHOH I.QCJIR R npo-
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E'J,s8 

D,'l 
Eo =S;8 

q2 Eo =398 

Eo =la8 
0 0,-1 0,2. 0,3 't' 

Puc. 1. 3aeucuMocmb MaKcuMa/lbHoii UHOYI.IUPOBaHHoii Ule/lu 
om r . 

~000 

500 

T. o K c, 

0.4 Q.2 

f 0 =5g6 

E0 =-3,6 

Eo= 1s~ 

q.s 'C 
Puc. 2. 3aeucuMocmb meMnepamypbl rjja3oeozo nepexooo om r • 

10 

D 

Mn~&, I r > ic 
. MA2Hc, T ( Tc 

Tc T 
Puc. 3. CxeMamutlecKaJI meMnepamypHall 3aeucuMocmb Keao
pama 'lacmombl MliZKoii MOObl. 

.2 
IE! 

No 

D 
Puc. 4. CxeMamu'lecKaJI meMnepamypHall 3aeucuMocmb Koze
peHmHozo ucKaxeHUJI. 

II 



~eccoa paccexHHH Ha MHrKoH Mo~e. CerHeTo3neKTpuqecKHH 

«Pa30BLIH rrepexo~ rrpoucxo~HT a TTF-TCNQ rrpu "" 53 K /B/ • 

llHKH IIPOBO.LJ;HMOCTH ITO OCHM il H b ll:a6mo~aJOTCH IIpH 

,, 70 K H 60 K, T.e. ijhlille. Bo3MO)f(HO, qro crra~aHue rrpo

BO~MOCTH, o6ycnoaneHHoe B03HHKHoaeHHeM ~enu Eg, MO)f(eT 

IIpOHCXO~HTh y)f(e IIpH fionee BhiCOKHX TeMrreparypax, TaKKaK 

BCJie.LJ;CTBHe MHrKOCTH peilleTKH B 3TOH o6naCTH T:fMIIepaTyp 

~eJIL MO)f(eT HMeTL "clJnyKTyaUHOHHyJO" IIpHpo~y .. 

Heo6xo~HMo OTMeTHTL, qro cy~ecraeHHLIMH Moryr oKa-

3aTLCH, B OCOfieHHOCTH B6JIH3H 6ec~eneaoro COCTOHHHH, 

HeyqTeHHhle 3.LJ;eCh Me)f(3JieKTpOHHhie KOppeJIHUHH /B qaCTHOC

TH, rrpo~eccLI 3KpaHupoaaHHH ~nx P s I / 9 / H 3JieKrpoH

.LJ;LipoqHoe crrapuaaHue 
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·. lbaecrHo, ~'iTO B Mo~eJIH Xa66ap

.n;a ~JIH UIHpOKHX 30H KOppenH~HH He HBJIHJOTCH Cy~eCTBeH
HhiMH '

9
< B HaUleR MO~enu BKJia~ B paccMaTpHBaeMLIH HaMH 

3cPcPeKT ~aeT OTHOCHTeJILHO UIHpOKHH yqaCTOK 3HepreTHqe

CKOrO crreKrpa E s. 1Io3TOMY MO)f(HO ~yMaTL, qro yqer Kop

penxuuoHHLix 3cPcPeKTOB He H3MeHHT cy~eCTBeHHO C~enaHHhle 
B HaCTOH~eH pa6oTe BhiBO~hl. 

HaKoHeu, cne~yer yqecrL H co6craeHHYJO aHrapMoHuq
HOCTL aKTHBHhiX KOJie6aHHH /eM. /I/ /. 

ABTOphi IIPHHOCHT 6naro~apHOCTh B.K.<I>e~HHHHy 3aUeH
Hhie o6cy)f(~eHHH. 
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PyKOIIHCh IIOCTYIIHJia B H3~aTeJILCKHH OT~eJI 

29 OKTH6px 1975 ro~a. 

Y CJIOBHJI 06MeHa 

IIpenpBBTW B C0061QeBBJI OHJIH paCCWJJa.JOTCJI 6ecnnaTHO, Ha OCHOBe 
B3aBMHOrO 06MeHa, }'HBBepCBTeTaM, BHCTBTyTaM, na60paTOpBJIM, 6&6-
DBOTeJCaM B Hay'UIWM rpyDDaM 6onee 50 CTpaH. 

IIoMBMo perynJipaoA paccwnxa B uopa~xe o6MeHa,B3~Ten&cxd 
OT~en e)JCerO~HO BWDODHieT OJCODO 4000 OT~eDI.HWX 3aDpOCOB Ha BW
c.wnxy npenpBHTOB B coo61QeHd OHJIH. B Taxax 3anpocax cne~yeT 
o6a3aTen&ao yxa3WBaT& BH~exc 3aupaWBBaeMoro B3~HBJI. 

A,qpeca 

llBC&Ma DO BCeM BODpOCaM 06MeHa ny6DBJCIUUIIMB, a TaJC)I(e 3anpo-
CW Ha OT~eDI.HWe B3~aHBJI CDe~yeT HaDpaBDITI. DO a~ecy: 

101000 MocKea, 
FAa6HI>ri1 no'f•aM•, n/.11 79, 
H31}a•eAI>CKui1 o•l}eJZ 
Ool>ei)uHeHHozo UHc•u•y•a 
Jl(}epHwx uccJZe(}oeaHui1. 

AJ:lpec ~JI nocwnxa scex ny6nax8.I(d B nopa~e o6Meua, a TaJC)JCe 
~n• 6ecnnaTaoA no~acxa ua aaylfllwe )l(ypuanw:-

101000 MocKea, 
FAa611wi1 no'f•aM•, n/.11 79. 
llay'IHo-•exHU'fecKa.ll ouoJZuo•eKa 
Ool>ei)uHeHHozo UHc•u•ywa 
Jl(}epHWX UCCJZei)oeaHUU. 


