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KyaeMcKnii A.n. P4 ~ 7749 

K TeOpHH KOppenSillHH d-sneKTpOHOB B nepeXOllHbiX MeTanna;IC 

PaccttHTallbi onHottacTH'tllbie xapaKTepHCTHKH o6o6meHaoi\ MonenH. 

Xs66apna c ytteToM s-d- rH6pHllH3aUHH, aHanorHttHOii paccMaTpHsaeMoii 

s MOnenH Aanepcoaa. B npH6nHlKeHHH XapTpH-¢OKa aai\neH cneKTP 
B036ylKJJ.eHHii CHCTeMbi, CpeJJ.HRe 'tHCna 3anon!leHHSI S- H d -sneKTpOHOB, 
S!lepi"HSI CHCTeMbl H CMemaHHbie KOppenSI!lliOHIIble «j>yHKUHiio JlnSI d -sneKTpo
HOB yCT8HOBneH aaanor KpHTepHSI CTaHepa B03HHKHOBeHHSI «!>eppOM8I"HeTH3-

M8. Dposenea ytteT ·KoppenSIUHH MelKllY: aHTHnapannenbHbiMH cnHHaMH, KaK I 'i 
s npH6nHlKeHuli Xa66apna, TaK H s npH6nHlKeHHH HH3Kai\ nnoTHOCTH. ·I 

OpenpHHT 06be.nMHeHHoro HHC'l'HTyTa H,llepHhlx HCCJie,lloBaHJdl. 

,lcy6Ha, 1974 

. P4 - 7749 
Kuzemsky A.L. 

On the Theory of the d-Electron Correlations 
in the Transition Metals 

The one-particle characteristics of the generalized 
Hubbard model with the Anderson..:like s-d hibridization are 
calculated. The excitation spectrum of the system, the 
mean occupation numbers for s and d -electrons, the mean 
energy of the system and the mixed correlation functions 
are found in the ~artree-Fock approximation. The criterium 
is derived analogous to the Stoner criterium for ferromag
netism of the d-electrons. The correlations are included 
between antiparallel spins in the Hubbard approximation as 
well as in the low density limit. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1974 

--.~- ----- --~~-

© /974 ()6~~dUHCHHb~U-~~~;~;~-;;-~c)-;;p-;,r.~;-,;~~AedoeaHUU ,[{y6Ha 
i 
! 

. 1. Beeoeuue 

B HaCTO.Il~eii pa6oTe Hccne.nyeTc.ll o6o611\eHHblH BapHaHT 
Mo.nenu Xa66ap.na /I I Koppen.IIUHH 3neKTpoiloB B Y3KHX 
3HepreTH'leCKHX d - 30Hax nepexo,nHblX MeTannoB. 06oGII\eHue 
COCTOHT B .I(ODYII\eHHH . Cyll\eCTBOB8.HHH s- d - B38.HMO,neif-' 
CTBHH THDa O.I(H03neKTp~JIHOH . 3HeprHH. ru6pu_.Aa38.UHH /HnH 
nepeMeWHBaHHH/, KaK B MO,nenH AH,nepcoiia / 2/, H ODHCblBaro-
11\ero DpHMOe pacc'eHHHe s- H .d - 3neK1'POHOB.Cyll\eCTBOIJaHHe 
wupoKoii 30Hbl s -_3neKTPOHOB HeHBH.O Y'IHTblBaeTCH H. B 
o6~'1HOH o,nH030HHOH Mo.nenu Xa66ap.na npu peanucTH'lec:Kux 

. OUeHKaX BenH'IHHbl napaMeTpa KynOHOBCKOro OTTanKHBaHHH·. · 
lloCKOnbKY CKOpOCTb nepeCKOKa d-3neKTpOHOB CaTOMa Ha, 
aToM 3Ha'luTenbHo MeHbwe ·xapaK~epHoii cl<opocTH 3nei<Tpo-. . 
HOB DpOBO,I(HMOCTH, DOCne,nHHe MOryT 3cWJeKTHBHO KOppenu
poBaTb C d -3neKTpOH8.MH H 3KpaHHpOBaTb HX DOnH /1/. 
C ,npyroii CTOJlOHbl, .I(HCKYTHpyeTCH BODpOC 0 npHMeHHMOCTH 
o,nHo3oHHOii Mo.nenu Xa66ap.na K 'IHCTblM nepexo,nHbiM MeTan
naM. C'IHTaeTCH, 'ITO Mo.nenb y3KHX 30H 6onee npe.nno'ITH
TenbHa ,nnH xanbKoreHu.no·B nepexo,nHbiX MeTannoB, B KOTo
pbiX HOHbl. TaKHX' MeTannoB CHnbHO pa3.zieneHbl aTOMaMH 
0, . S, Sc;u d - 30Hbl MoryT cTaHOBHTbCH .nocTaTo'IHO Y3KHMH; 
C ,npyroii CTOpOHbl, BnHHHHe 30Hbl DpOBO.I(HMOCTH ocna6neHO. 

,l(nH 'tHCThiX · nepexo.z.iHbiX MeTannoB /no· KpaiiHeii :Mepe 
,nn.ll: nepBOrO 6onbWOrO nepuo,na, T.e. ,nnH 3d .:MeTannoB/ 
uccne.noBaHHH 3HepreTH'lecKoii 30HHoii cTpyKTYPbl /B/ no
Ka3biBaroT · Ba:lKHYIO ponb npoueccoB s- d -ru6pu.nu3auuu. 
3aiiMaHoM /4/ 6blno noKa3aHo, 'ITO ,nnH 6naropo,nHbiX u ne
pexo,nHbiX MeTannoB B paMKax npuMeHHMOCTH MeTo.na KKP 
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d- 3.oHa l}laKTH'IeCKH HBmieTCH pe30HaHCOM B WHpOKOH sp -

30He. 3TO ll03BOJIHeT rrpe.u;rrOJIO)l(HTh, 'ITO ywupeHHe aTOMHbiX 

d-ypoBHeii rrpoucTeKaeT cKopee u3-3a s~d-ru6pH.u;H3aUHH, 
a He BCJie,IJ;CTBHe llpHMOro rrepeKphlTHH BOJIHOBhlX l}lyHKUHH 

d- 3JieKTpOHOB. 3Ta TO'IKa 3peHHH llOJIY'IHJia llO,IJ;TBep)l(,IJ;eHHe 

B pa6oTaX /S- B/. Brrocne,IJ;CTBHH llpHMhle pacqeTbl Ha OCHOBe 

HHTeprronsuuoHHLIX cxeM /9 I rroKa3a.Jiu, 'ITO HHTerpanLI 

rrepeKphlTHH BOJIHOBhlX l}lyHKUHH d - 3Jie.KTpOHOB MeHbWe, 'I eM 

HHTerpanw rrepeKpbiTHH BOJIHOBhlX l}lyHKUHii s- H d - 3JieKT

poHoB, XOTH OTJIH'IHe He CJIHWKOM 3Ha'IHTeJibHO. 

TaKHM o6pa3oM, B ps.u;y .u;'pyrux o6o6IUeHuii Mo.u;enu 

Xa66ap.u;a, 6onee COOTBeTCTBYIOIUHX peaJibHOH CHTyaUHH 

B 'IHCThlX rrepexo.u;HLIX MeTannax, Mo.u;enL c s- d - ru6pu.u;u-

3auueii 3aHHMaeT o.u;uo H3 rnaBHhiX MeeT. O.u;HO'IaCTH'I~Lie 

caoiic'iaa pa3JIH'IHLIX aapuauToB 3Toii Mo.u;enu uccne.u;oaa

nHcL :8 ps,rte pa6oT /8, 10 - 13/. B HaCTOHIUeii pa6oTe pac

CMOTpeH o6~HH BapHaHT O,IJ;H030HHOH MO,IJ;eJIH Xa66ap.u;a C 

O,IJ;HO'IaCTH'IHOH s- d -ru6pH,D;H3aUHeii, H 6onee ,IJ;eTaJibHO 
' . . . 

rrpoae.u;eHo He cne.u;oaaHHe ~~KoTopwx acrreKTOB o.u;Hoqac-

TH'IHhlX _CBOHCTB MO,IJ;eJIH. · B 'IaCTHOCTH, HCCJie,IJ;yiOTCH CMe

WaHUbie KOppeJIHUHOHHhle l}lyHKUHH s H d - 3JieKTPOHOB,· ycno

BHe cy~ecTBOBauus l}leppoMar:HeTH3M.Fl B c.HcTeMe d- 3JieKT

pouo:S B paMKaX rrpH6JIH)l(eHHH XapTpH-clloKa, a TaK)l(e 

Bhl'IHCJieHHe MaCCOBOrO orrepaTopa O,IJ;HO'IaCTH'IllbiX l}lyHKUHH 

rpuHa B rrpu6riu)l(eHHH, He uapywaiOIUeM 3aKoH coxpaheHHH 

HMIIYJibCa B CHCTeMe. 

2. MooeAb cucmeMM 

PaccMaTpuaaeMaH Mo.u;enh rrepexo.u;Horo MeTaiD.Ja ocHo

BaHa Ha rrpe.u;cTaBJieHHH, IIO,IJ;06HOM TOMy,KOTOpoe OKa3a

JIOCb liOJie3HbiM llpH. H3y'IeHHH OQ'fiaCTeH KOHUeHTpaUHH 

C JIOKaJIH30BaHHbiMH MarHHTHhiMH. MOMeHTaMH HOHOB rrepe

XO,IJ;HhiX MeTaJIJIOB, paCTBOpeHHhiX B HeMarHHTHhiX .MeTaJIJiaX, · 

B 3TOH MO,IJ;eJIH /T .H. MO,IJ;eJIH Au.u;epcoHa/ 30HHbie COCTOHHHH 

MeTanna-p~CTBOpHTeJIH. paCCMaTpHBaiOTCH KaK He3aBHCH

Mhle KBa3H'IaCTHUhl, a llpHMeCb BBO,IJ;HTCH C liOMOIUbiO 

KOHUeliUHH ,IJ;OliOJIHHTeJihHOH JIOKaJIH30BaHHOH d -op6HTaJI~, 

rH6pH,D;H3HpOBaHHOH C COCTOHHHHMH s - 30Hhl. CB060.D;HhlX 
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3JieKTpOHOB. JJpH 3TOM llpHHHMaeTCH BO BHHMaHHe TOJibKO. 

KynoHoacioe B3aHMo.u;eiicTaue Me)l(:,ziy 3JieKTpoHaMH · c · rrpo;.; · 

THBom)n(»KHhiMH CliHHaMH . Ha noKaJIH30BaHHOH op6i1Tami~ 
,I:(orrycKas:, 'ITo d -3neKTpoHLI.o6pa3yroT.3ouy, ICakB.MHoro·

npu:Mecuoii 3a.u;aqe Au.u;epcoHa~ H 'ITO OHH HCllhlThlBaiOT 

KYJIOHOBC~Oe OTTanKHBaHHe B O,IJ;HOM Y3Jie, IIOJIY'IHM ec

TeCTBeHHOe o6o6IUeHHe. M.o.u;enu AH.u;e·pcoHa, rrpHMeHB::Moe 

.u;ns 'IHCToro rrepexo.u;Horo MeTanna. · · 

raMHJibTOHHaH TaKOH CHCTeMhl 3aliHChlBaeTCH B BH-
.u;e /12, 13/ 

R=Kd+R +J< ·d s s-
. /2.1/ 

r.u;e 

J{d I, .Itt .. d:t" d. + u/2 It n. n. 
•• 1) 1.U )a 1a 1-a 
1) a i, a 

/2.2/' 

raMHJibTOHHaH Xa66ap.u;a /
1

/ 3JieKTPOHOB, rrpHHa,IJ;Jie)l(aiUHX 

o.u;iloii Y3Koii: d - 30He. 

J{ 
s 

=I.E a+a 
ka k ka ka 

/2.3/ 

- _raMHJibTOHHaH WHpOKOH- s.-30Hhl·3JleKTpOHOB llpOBO,IJ;HMO:-

CTH •. 

.. + 
.Ks-d =It (V.k d. ak· + Vk. ak+ d. )· 

· . k 1 1a a· 1 a 1a 
~ ,a . . 

/2.4/'' 

- .OAHO'IaCTH'IHhiH orrepaTOp rH6pH,D;H3aUHH 3JieKTpOHOB s. H 

d - 3.0H, BCJie,IJ;CTBHe llpHMOrO pacceHHHH s-H d- 3JieKTPOHOB. 

MaTpH'IHhlii 3JieMeHT V ik, · KBa.u;paT KoToporo rrporropuuo

HaneH BepOHTHOCTH pacceHHHH, paBeH c· 

v ik J d 3 r <P : J r .- R i ) J{ 0 ( r) ¢ k ( r) /2:5// 

3.u;ech J{ 0 - ·_O,IJ;HO'IaCTH'IHhlH. raMHJibTOHHaH 3JieKTpOHOB B 

rrone ·rrepuo.u;uqecKoii ·pewen<H, <P d ~aToMorro.u;o6Has aonHoBa~ 
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ibYHKUHJI BaHLe d.- 3neKTpoua, ¢k - 6n_o~oBcKaJI fbyHKUifJI 
3neKTpOHa npOBO~HMOCTH. IlpHHHMaJI BO BHHMaHHe TpaHCnJI:
UHOHHYIO HHBapHaHTHOCTl. pemeTKH H . TO, 'ITO V ki. = V'jk 
3allHWeM . raMHnLTOHHaH ./2.1/ B H:~mynLCHOM npe~C_TaBne ~ 
HHH: 

}{ d = I. E ( k) d k dk + u/2N I. I. + 
k, a . 'a ' a . k , k ', . q a . 

+ + d + d d d , k' k+q,a k,a k-q,-a . ,-a /2~61 

+ + 
}{ s-d =I. (Vk ak dk + v: dk ak 

·k,a ,a ,a ,a ,a 

' ' . ~ . 

E(k) =I. t .. exp[ik(R.-R.)]; t .. =N I. E(k)exp[ik(R.-R.)]. 
R j I) I ) I) k I ) 

.__() 

3aMeTHM, 'ITO 3HeprHJI s-d ·B3aHMO.IJ.eHCTBHJI THlla /2.6/ 
npe.IJ.CTaBnJieT co6oii 'IHCTO O.IJ.H03neKTpOHHYIO ::meprHIO, 
COBepmeHHO ·oTnH'IHYIO OT 3HeprHH S- d 06MeHHOrO B3a-

HMO.IJ.eHCTBHJI, paccMa TpHBae.Moro B TeoilHH 3euepa 114 I. 
,[(nJI MO.IJ.enu AH.IJ.epcoua B pa6oTe /IS/ 6Lino uaii.IJ.eHo Ka
HOHH'IecKoe npeo6pa30BaHHe, HCKlliO'IaiOIUee Vk B .nepBOM. 
nopJI.IJ.Ke, H noKa3aHo, 'ITO TpaucfbopMHpoBaHHLIH ra
MHnLTOHHaH CO~ep:>KHT cnaraeMoe, nofbopMe COOTBeTCTByiO
IUee s- d 06MeHHOMY B3aHMO.IJ.eHCTBHIO C 3aBHCJIIUHM OT 
3HeprHH aHTHfbeppOMarHHTHLIM 06MeHHLIM HHTerpanOM. Il03-
TOMY 3TH .IJ.Ba raMHnLTOHHaHa CTaHOBJITCJI 3KBHBaneHTHblMH 
TOnLKo B npe.IJ.ene HC'Ie3aiOll\e Manoii aenH'IHHbl s -·d -rH6-
PH~H3aUHH vk /! 6/. B nocne~Hee BpeMJI ' O.IJ.HaKO, 6blnH 
BLICKa3aHLI COMHeHHJIO /16a/ llO llOBO~y cnpaBe.IJ.nHBOCTH. 
pe3yllLTaTa pa60TLI / 1 S/. Bee 3TO 3aCTaBnJieT OTHOCHTLCJI 
C OCTOpO:>KHOCTLIO K llOllLITKaM HHTepnpeTaUHH 3HeprHii 
S -d ·rH6pH.IJ.H3aUHH B TCpMHHaX s- d 06MeHHOrO B3aHMO~ 
~eiicTBHJI; HeManoaa:>Kuylo 'ponL npu paccMoTpeHHH o.ziJio.;: 
qacn{quLix caoiic1-a ra:MHnLTomiaua /2.Ii :HrpaeT xapaKTep 
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It 

HcnonL3yeMLIX · npa6nu>KeHHii. B -cne;yiOuulx pa3~enax noT 
·aorrpoc paccMaTpeaeTCH 6onee rro~po6HO. 

3. 1Ipu6:~~uxeHue Xapmpu- cJ)oKa. · KaHOHU<~ecKoe 
· npeo6pa3oeaHue 

< ~ t 

,[(nJI npocTOTLI npH nepaouaqanLHOM paccMoTpeHHH or
paHH'IHMCJI npH6nH>KeHHeM XapTpH·<I>oKa ~nJI KoppenJIUHOH
uoro imeHa B /2.2/, T.e:: npeHe6pe:>KeM KOppenJIUHeii Me:>KJi'y 
aHTHnapam1enLHLIMH cnHHaMH, KaK H B Mo~enH Au~epcoua12 

( 
B 3TOM cnyqae raMHnLTOHHaH uameii 3a~aqH /2.7/ nepe

nHmeTcJI B BH~e : 

~'HF = i E !F (k) d :.a dk,a +I. c k a ;,a a k,a + 
k,a k,a 

+I.'(V a+ dk +'V* d a+.):: 
· k k a ,a ·k k a k a · ··· k ,a , . • , 

r~e 

HF 
E a (k) E(k) + ul/NI. 

q 
< n .:.a>. 

q t 

;,;: 

/3:·1/ 

/3.2/ 

raMHllhTOHHaH /3.1/ JIBllJieTCJI O~HO'IaCTH'IHhiM onepaTOpOM 
H no3TOMY .IJ.onycKaeT TO'IHoe_pemeHne. CoaepmHM Kauouu-

c:- . . 
'ICCKOe npeo6pa30BaHHC K .HOBhiM onepaTopaM U k a H 
{3 k a /I 7/: 

tika d ka-, ""ka ~~a ' 
aka 

~~ ka vka dka .+ "k~'aka' 
/3.3/ 

., 

I<OTopLie Bhipa:>KaiOTCJI . qepe3 cTapi.Ie · onepaTophl 
aka: cne~yiOIUifM o6pa30M: . 

d 'k (1 H 

7 



I 

\ 
' t 

dka uka aka·+ vka.f3'ia 

''; /3.4/ 
a . = 

ka 
u. f3 -v a 
.k.a ka ka ka 

npH'IeM Ko34>4>Hn;HeHTLI npeo.6pa3oBaHH.II u , v y,D;oBJieTBOp.II

IOT yc:UoBHIO uk2a + vk~- ,;_1. IlpliM(:m.ll.ll cTaH,D;apTHYIO npou;e,D;y

py ,D;HaroHaiiH3aiJ;HH, nony'IHM 

HF - ·" + · · 
}{ = ~- lui . ak+ ak + w 2ka f3 ka f3ka · · Ika· a a 

k,a 
/3.5/ 

I HF 
w = l/21< E ( k) +E 

2 a 
) ± v' ( E H F ( k) -f ) 

2 + ,q v I 2 l . 
a k . k 13_61 

'2 
uka 

2 
vka 

{ l H F 
[ l + w 2ka - E ;. (k) ) 

2 

( V* )2 
k 

rl. /3.7/ 

· HeTpy;J;HO BLI'IHCJIHTL B 3TOM npH6JIH'lKCHHH .. cMewaHHLie 
KOppeJI.IIIJ;HOHHLie li>YHKIJ;HH . . .. 

<d + a > 
ka ka 

u v ( <f3k+ f3k > - <ak+ a k. >) + 
kaka a a a a 

+ u 2 <a+ f3 > 
ka ka ka 

v 2 <{3 + a > 
ka ka ka 

+ . 
<aka dka> 

+ + ) 
ukavka ( <f3kaf3ka> -<aka aka> 

2 + . 2 + . 
+ 1\a <{3ka dka>- vka<aka f3ka > • 

lh /3.8/ H /3.9/ CJieAyeT, 'ITO 

<d~aaka>-<ak+adka >=<ak~J3ka >-<J3k: aka·>. 
. . 

8 

/3.8/ 

/3.9/ 

/3.i0/ 

B cneAYIO~eM pa3,11;ene, ,D;JI.II y,D;o6cTBa o6o6~eHH.II Ha 

KOppeJI.IIIJ;HOHHLIH CJiy'lai; MLI npoaHaJIH3HpyeM O,IJ;HO'IaCTH'I

HLie CBOHCTBa raMHJILTOHHaHa /3.1/ c" noMO~LIO MeTOAa 

. ,D;BYXBpeMeHHLIX 3ana3ALIBaiO~X TeMnepaTypHLIX li>YHKIJ;HH 
rpHHa /I7/. 

4. IIpu6AuxeHue Xap~tpu-flloKa. Me111o() ~YHKfluil 
FpuHa 

·BBe,D;eM CJieAYIO~ee onpe,D;eJieHHe ;J;BYXBpeMeHHOH 3a

na3~LJBaiO~ei TeMnepaTypHo'i O,IJ;HO'IaCTH'IHOH 4>YHKIJ;HH rpH-
:Ha /I7 I<<A(t); B» H ee 4>YPLe-o6pa3a «A I B >>~ · 

«dk (t); d+k. >> = -i (} (t) <hlk· (t), d+k . ] . > = .. a . a a a ,. 

oo -iwt . + . 
f dw_ e <<dk ·]dk >>: .. /4.1/ 

· ·a- a w 
-oo 

d , . h{3w' l) J ( w) - w ( e _ + ka 
(t) - (t) ' ... 

00 00 

f d 
-hut 

. we l/271 f. 
-oo ...:oo 

.rAe {3 = (kT)-l, a J k·a- _cneKTpaJILHa.ll HHTeHCHBHOCTL, CB.II-

3aHHa.ll C BpeMeHHLIMH KOppeJI.IIIJ;HOHHLIMH ijlyHKIJ;H.IIMH CJie-

;J;YIOIIJ;~M o6pa30M: . . 

00 

. + + 
<dka dku(t) > = < dka (-t) ~a> 

-iwt 
f. dw e Jka(w) = 

-oo 
/4.2/ 

"" = f. d -iwt 
, w e 

+ • · 1 d » I ri(w) x {-21m« dka ka w + i< .. 
1 ~ • 0 • • • 

-oo· 
1 ,.. . . . • 

rAe n(w)=[exp(hw{3)+l]:-- _q}u::no qacTHU: c 3HeprHeii hw 
B npH6JIH>KeHHH XapTpH-ci>oxa ypaBHeHH.II ;J;JI.II 4>YH-l<U:Hi 

rpHHa pewaiOTC.II TO'IHO, H JierKO HaiTH, 'ITO· 
I v 12 /4.3/ . 

k ~-1 h - H F 
-lhw-·E (k) 271 . · .. 0'' . « d k a . I d :a » 

hw- _-; .<k 

,., 9 ... 



t .. 

; . _, .. ,-,- + -- -·- " -- h~- ' -
<<::ak -I ak >::> = -_ lhw- f:k . -~· - a· · a w z11 • - - . 

1
-. 12, :'' ,. 
v k - }.:.1 .... 

hw-EHF(k)' · - /4:4/ 
·:. a - .. ~. J; • 

«dkala;a»~= 
h 

27T 

: __ r 12 -1 } 
HF lvk I ,· l .'1_ lhw - E u (k) - hw -<k I 

h (i)-f:k· . •. _,_ 
• • '> J 

/4.5/ 

. ,. . + '• 
«aka. I dka, »w-

h·· - vk :, .. · 
2rr h·.. E HF lli(t) ..;.f . 

2 
lvk I -I . I 

w- · . k 
. u hw ~'E!~k)~ 

/4.6/ 

B~a~pa)l(eHH.R /4.4/-/4.7 I MO)I(HO 3anHcaTL B cne.I\YIOU\CM 
BH,I\e II 2 I : ' · --

+ ., 
'<< d k I d k » u a w 

hCtJ - f:k I 1 - l I 
2 " Ctlika- Ctl2ka hCtJ-wika h-w-w2ka 

h 

. HF 

- + 
<<ak I ak » a a CtJ 

h h w - E a ( k) 
- .1----

211 w ·- w hw - CtJ 
lka 2ka lka 

l 

l 
j . 
hw-w lka 

. h 

« dk ~ r~k: » ~ = 2; ~ ka -w2ka 

..,. .. 

vk I l «a ld+ » 
· ·- ka ka 

h 

/4.7/ 
l . -

hCtJ -w2ku 

/4,8/ 

I I 
: h w - w· 2 k a 

/4.9/ 
f'' 

----1. 

I 

2rr w -w hw -w .,.hw-w 2ka 
. . lka . 2ka Ika · 14_101 

CooTBeTCTBYIDU\He Koppen.RIJ,Houu~a~e 4JynKIJ.HH MO)I(HO uaaTH 
· 83./4.8/-/4.11/ C DOMOU\LIO /4.2/ . 

•. ' ~" • . : • ~ :' 00 - ... 4 '·. .'. .t ~ : • ' ' • ' ~ 

+ d 
.-<·d ka dka >: = f-·· dw n(w) p '"'. (w L= ,_ 

--oo. ,· . ~-·:-·~~ . )ca .,.· /4.fl/ 

w I k · - l k Ctl2 k ' - f k 
I _. a_- · '( ) -, . a · ( ) 1· = n· w - · n w ~ 1ka . . 2ka 
wlk~- w2ka wlkci- w 2ka 

r~ 10 

_, 

I 

1, 
!.I 
I. 
1: 

- } 
} 

;. 

00 

<a-+ ak >'=J.dwn(w)p 5 (w) 
ka a ka /4.12/ -oo 

HF HF 
wlku-Ea (k) w2ka-E a· (k): · 

l n( w I k a) - . n ( w 2 k a ) I 
wlku- w2ka wika- w2ka 

d 
p s (w) 

ka 

f:k. 

. - HF (k) 
- E . ) (i) Ika u o(hw- (i)Ika 

(i) r ku - (i) 2ka 

1:;. •. 

-. f k-. ;_ 
/4~13/ 

.. ~ E JIF:,()() . . ) 
-~2ka ,.a •.o(hw- w2ka 

r )~ ~. 

' 
;, :'iV~ • 

Ctl I ka - IJi 2ka 
·' 

_.._-· 

DHOTHOCTH COCTO.RHHH COOTBCTCTBCHHO d.;. H s - 3HCKTpOHOB . 
CMewanHLie KoppemnJ.HOHHLie 4JyHKIJ.HH HMCIOT 6onee npocToii' 
BH,I\: 

-+ 
<<aka 

v* · ) I 
k .. I (w ) - n (w2ka d > ·= .. . . 0 I k a 

ka wlka-CtJ2ka . /4.14/ . . 
~ Jl . 

' --
<d+ a··· > 

ku" ka 
v k . I n ·(·~ ) - ri ( Ctl2 .· k ) I .. : 

Ikn · a. 
wlku-w 2ka /4.15/ 

C DOMOU\LIO /4.10/-/4.15/. MO)I(HO. BLJ'IHCHHTb Y.I\CHI:>HYIO 
cpe,I\HIOIO 3HeprHIO CHCTCMLJ 

' . -1 
<J<> .... E=N 

HF 
(E a ( k) + ( k) .. ' 

I I · · ' - (u· 
k 

w _ w .ka 
,a . lka 2ka 

""':' :-:-~;~ 

( . ) 
n wlka 

~II 



_ cu .( ~E HF 
· 2 k an cu 

2 
ka ) ) _ a ( k) f k 

cu 1 ka cu 2ka 

. - n (w 2k~) )I+ (~E)2' 

r,lle 

. ) -(n (culka. 

/4.16/ 

(~E) =-N-1~ {2lv 12[ n(w lkt)-n(w2k.,J n(culk-1-)-n(w 2k~) 
2 k k . + ]· 

(U 2k t- (L)lk t (L) 2kJ. - (L) 1H ~ 

/4.17/ 
- . BenH'IHHa, no cTpyxType· no,llo6Hax nonpaaxe ::mepruu 
BTOporo nopH,llKa B MHOronpHMCCHOH MO,llenHAH,llepCOHa/2~ 
IIonL3YHCL aHanoruei c MO,llenLro AH,llepcoHa, MO)I(HO pac
cMoTpeTL, xaxyro 4JopMy npuo6peTaeT xpuTepHH CToHepa 
4JeppoMarHeTH3Ma d -·3_neKTpOHOB. 

PaccMoTpHM cnyqai. uyneaoi TeMnepaTypLI H HaH,lleM 
'IHCna 3anonHeHHH COCTOHHHH d- 3HCKTpOHOB H3 BLipa)KCHHH 

d 
n 

a 

h JL rk (w) 
-~ fdw N k HE · 2. 2 11 -"" . [hw- E (k) -~ (w) ]+r (w) 

a · -- . k 

r,lle 11 - ~HMH'ICCKHH llOTCHD;Han, 

. /4.18/ 

lvk 1
2 

11 • 2 
rk (w) =lml l = -lv I 8{hw-E ) /4.19/ 

·· hcu -£ + i£ h k · k 
k 

. I v 1
2 

~ < w > = Re t · · k · · 
k. h (L) - ( k + i£ 

BBe,lleM o6o3Ha'leHHH 

2 
I vk I l p 

1 =·-:r hw-:-Ek 

d 
n N 

k 

'd '.· 
~ £ (p.; E(k) + u ~- ) . 

-a a 

12 

,/4.20/ 

/4.21/ 

d d 
n ·= l/2 (n t + n .i. l · 

• -, ... , m = l/2(~ d- n d) -· 
t .j. 

~.' 

/,4.22/_. 

/~.23~( 
·.:· · .. ,,-; 

• • 4 • 

Ilo. · OllJ?C,lleneHHIO BCHH'IHHY m MO)I(HO npe,llCTaBHTL B BH,": 
]le /18/ . . 

-I . . . 
m=N ~ll/2 £<11 ;E(k) +un -um)-l/2f(tt;E(k) +un +um)l;/4.24/ 

Ycnoaue ao3HHKHoaeHu.a 4eppoMarHeTH3Ma a cucTeMe. d.-
·-c ~ " .f. '.·: 

3HCKTpOHOB CCTL 

·. -I a£(11;E(k) +un) 
-. uN. ~ . ·· > , l. 

k a ( E ( k) + un) ,. /4.25/' 

:T~!-" -

Mo)KHO c xopowei cieneHLIO TO'IHOCTH nonaraTL, 'ITO.oc'-
HOBHOH axna;D; aHoc.IIT d. - 3nexTpoHLI, 1J?acnono)KeHHLie a 
oxpeCTHOCTH noBep:imocTH «<>epMH 12 ' 3 I. B 3TOM cnyqae 
BenH'IHHhl r k ( w) H , ~\ ( w) 'MO)I(HO npu9nH)Ke,HHO 3aMeHHTL 
HX 3Ha'leHHHMH Ha DOBepXHOCtH cl>epMH. IIpH 3TOM 6y,lleM 
HMeTL 

-1 
N ~ 

k 

. d 
df(JL;E(k) + un ) · _ 1 11 
-------.,-a_._'-~ N ~ J 
a ( E ( k) + u n d ) k -oo 

-a 

-I d 
N ; Pka (11)_ 

d 
p (p.) 

·a··. 

r,lle 

t! . -.' d . 
: ap . (ru) ' 

dw ka 

a (E(k) +un ) 
-a 

/4.26/. 

p d (w)=~ . rk (w). 

k a 11 
( h w ~ E ~ F ( k) ~ ~k ( w) ) 

2 + r ~(w) /4.27/ 

.i· 

. _. 

nnoTHOCTL pacnpep;eneHHH d - cocTOHHHH c . 3a]laHHLIM. 
XB.a3HHJ.mynLCOM; _k. 3aMe.THM,_. 'ITO. npe_ncTaaneHHe '/4~26/ 
B cnyqae~ KOr,lla Mo)t{Ho npeu.e6pe'IL 34M}J_eKTHBHLIM C,IJ;BHrOM 

13: .. 



/" 

/1 k (cJ) 3HeprHH d -c.OCTOJIHHH, B pa6oTe / 2/ "nHTepnpeTH
poBallOCL cne~YJOlllHM o6pa3oM. Ecnu He paccMaTpHBaTL 
c~:Bura 3HeprHH, TO BenH'IHHa << dkmld+ka >>.w "/4.4/ 

. Be~eT ce6.11 TaK, KaK 6y~TO HMeeT MeC'l'O cneKTp 3HepreTH
qeCKHX COCTOJIHHH TH~a "BHpTyanLHLIX" COCTOJIHHH C 3Hep- , 

rue:ii 
HF 

E a ( k) + iii r k (w ) 
/4.28/ 1iw 

· .. 
.; 

Y'IHTLIBaJI ·Bee cKaJaHHoe, npe~cTaBHM ycnoBHe /4.25/ 
B cne~yiO~eM :Bu~e: 

d 
up a (/l) > I, .. /4.29/ 

KOTOpLiii no !llopMe coBna~aeT c ycnoBHeM CToHepa ~ng 
o6LI'IH~ii Mo~enu Xa66ap~a /I/". B pa6oTe /I 2/ B npe~ene 
HyneBOH lliHpHHLI d - 30HLI 'IHCJJeHHO 6LinO noKa3aHO ~jiJI 
paccMaTpHBaeMor:o npu6nu>KeHHJI, 'ITO o6nacTL !lleppoMai·
HHTHLIX perneHHH cy~aeTCJI npH yaenuqeHHH CTeneHH rH6pu
~H3a"iJ,HH s- ~· d ·~ 30H, T .e. 'rJiopH~H3alJ,HJI yMeHLWaeT TeH.
~eHlJ,HIO ~HCTeMhl K o6pa30BaHHJO MarHHTHo-ynopJi.zio'leH
HOrO c'ocTOJIHHJI. ~ "3.fo MO>K~o cpa3y JaKniD'IHTL u3 KpuTe
pug /4.29/. 'Bu.i\Ho, 'IT~ !lleppoMarHeni'3M.MO>KeTB03HHKaTL: 
KOr~a KynOHOBCKOe OTTanKHBaHHe U 

cpaBHeHHIO c .rnupHHoii I'. TaK KaK 

I' "' ,:! \'12 
..:: N" (ll) 

~OCTaTO'IHO BellHKO no 

/4.30/ 

. -1 
r~e N{ w) = N I o ( h w - c k ) - nnoTHOCTL cocTOJIHHii 

) k. ,. . ' 
CB060~HLIX s -.3lleKTpOHOB, TO _nerKO 3aMeTHTL, <ITO B03-
HHKHOBeHHe !lle.ppoMarHeTH3Ma o6ner<teHo npu Manoii nnoT: 
HOCTH COCTOJIHHH N (fl) H MallLIX 3Ha'leHHJIX V, 'ITO COBDa~aeT 
c BLIBo~aMH pa6oTLI /12/. r . . 

PaccMoTpeHHoe. B ~aHHoM: pa3~epe npu6nu>KeHue XapTpu
<l>oxa o6na~aeT, O)::{HaKO' pg.zioM cyriJ,ecTBeHHLIX 'He~OCTa TKOB .. 
B qacTHOCTH, 3TO npu6nu>KeHHe HapjrnaeT HHBapuaHTHOCTL_ 
CHCTeMLI OTHOCHTenLHO BpallleHHii I I u TeM caMLIM ~enaeT 
6one:e' Bhlf8AH.~~. Y.~op'~AO~ein~<?~' c"ocioJIHHe.~ npeyaenH'~;HBaJI. 
TeH~eHlJ,HID cuc·teMLi :ic'o6pa3oiiaHHID !lleppoi.ui'rHe'rH.3Ma. 'qTo·" 

. 15bi 'yhyt.iui~~.f~··f;e:iY,ii~raiLi· Xapipli-<l>oi<a, ueo6xo~lfM~ pac~ 

. ' 
• 14 

CMOTpeTL TaK>Ke H KOppenJllJ,HH Me~y aHTHnapannenLHLIMH 
cnHHaMH. 3TO oco6eHHO HHTepecHO ~nJI paCCMaTpHBaeMOH 
CHCTeMLi, nOCKOllLKY, KaK noKa3'aHO B pa60Te /l 2( npH y'leTe 
TaKOH KOppenJllJ,HH yBellH'IeHHe CTeneHH ru6pH~H3alJ,HH 6na
ronpH.IITCTByeT B03HHKHOBeHHJO MarHHTHo-ynopJI~O'IeHHOro 
COCTOJIHHJI, 'ITO npJIMO npOTHBOnOllO>KHO pe3ynLTaTy npu6nH
>KeHHJI XapTpu-«<>oKa.· 

5. Y11em KoppeAJil.IUU 

Y'leT KoppenJllJ,HH Me>K~Y aHTHnapannenLHLIMwcnuHaMH 
npoBe~eH ~oBonLHO nonHo B paMKax· npu6nu>KeHHJI Xa66ap~a 
B pa6oTax /IO • 12 • 13 /. 3~ecL MLI JaTpoHeM TaK>Ke Bonpoc 
0 BLI'IHClleHHH CMelllaHHLIX KOppenJilJ,HOHHhiX cPYHKlJ,HH B ~aH
HOM npu6nH>KeHHH H OCTaHOBHMCJI Ha cPH3H'IeCKOH HHTep
npeTalJ,HH peJynLTaTOB. Mo>KHO noKaJaTL, 'ITO B npu6nu
>KeHHH . Xa66ap~a /I/ cPYHKlJ,HH rpuHa CHCTeMLI paBHLI: 

. 2 

«dk ldk+ >>·=_?_IF (w)-E(k)- IVd .r-1 /5.1/ 
a . a w 2u a h co ~ £ . 

- k 

. + h 2 -1 
<<ak I a k >> =- lhw- (k -I v"·' F (w)l a a w 2 17 ... a 

+ h « d k I a k >> = - V *k t( k, w) ; 
a a w 217 

+ 
«aka I dka » 

h. 
2u vk t(k,cJJ) . 

r.u.e 

-I . 
F (w) 
··a 

l - n n 
-a· -a __ .....:..., + --

1iw iiw-u 

. -1 .. . 
d k, "') ;, Fa ( w) !l (h.w 

. --1 
E(k) H a ( (JJ) 

/5.2/ 

/5.3/ 

/5.4/ 
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. '2' 
I vk I 

hcu(hw- Ek) 
] (Ii~ E ) ~-1' 

k . • _/5.5/ 

, ... _-

· PaccMoTpHM cHa'lana BenH'IHHy/5~1/. HaH6onee acHoe 
o6cy~eHHe nony'leHuoro 3~ecL pemeHHH 6hlno npoBe~eHo 
3nLKOM /1 3 ~.KOTOpOMY Mhl 6y~eM cne~oBaTb. )J;na cllYHKD;HH 
rpHHa <<d ka lata >>~ no cpaBHeHHIO c 'pe3ynLTaTOM MJI 
06hl'IHOH MO~enH Xa66ap~a /1/ B03HHKaeT TOnbKO O~HH 
~o6aBO'IHhlH qneH I 'V k I 2/ ( h cu-E k). Ilonwca cllYHKIUIH rpHHa 
6y~yT .onpe~enHTbCJI ypaBHeHHeM 

Fa. (!f) - E(k) · -1Vk1 2
/(hcu ~ E.k) o. ··;5.6/-

0TCIO~a .BH~HO, 'ITO ypaBHeHHe ~nH KOpHeH B 06II.teM cnyqae 
Ky6H'IecKoe. EcnH paccMOTpeTL npe~en u·-> oo, TO ypaBHeHHe 

CTaHOBHTCJI KBa~paTHbiM 

ilw E(k) o·- n ). + 
-a 

2 lVI O-n) 
k -u 

(hcu ~ Ek J 
/5.7/. 

1i cu = ..!. {[ € + E ( k)( l - n ) ] ± 
1,2 2 . k .. -u 

/5.8/ 
2 2 

± v ( (k - E ( k) ( l - n ) ) + 41 vk I ( l - n ) • -a -a 

B oTnH'IHe oT npH6nH)I(eHHH XapTpH-<lloKa /3.6/, npH E(k) 
H IV k 12 CTOHT.cllaKTop (l-n-a).<I»H3H'IeCKH 3TO caa3aHo c yqe
TOM KOppenHD;HH. IlpH HanH'IHH nepeCKOKOB OT y3na K y3ny 
'IHCnO aTOMHhlX y3nOB, KOTOphle MO)I(eT 3aHJIT'b 3neKTpOH 
co cnHHOM a H c 3HeprHeii E ( k) yMeHLmaeTca Ha cllaKTOP 

. I 

U-n ). Bo3HHKaeT TaK)I(e ~pyraa KBa3H'IaCTH'IHaa 30HanpH . -a . . . . 
~ononHHTenLHOH 3HeprHH U, HO, TaK KaK u-> oo , TO MO)I(HO 
C'IHTaTL 3TY BepxHIOIO 30HY nycToii. O~HaKo, KaK yKa3aHo 
B pa6oTe /13/ MOryT B03HHKaTb TaK)I(e H C~BHr H .H3MeHeHHe ' .. 

cllopMhl d - 3.0Hhl B :3aBHCHMOCTH OT nonO)I(eHHJI nyCTOH s -
30Hhl H CTeneHH s- d rH6pH~H3aD;HH . vk . TaKoe H3MeHeHHe 

16· 

cllopMhl 3~eKTHBHO CllOC06CTByeT C~BHry d - 30Hbl H OC06eH
HO cyii.teCTBeHHO ~na nepeKphlaaiOIIUIXCa s-H d -3oH •. B Mo
~enH Xa66ap~a pacu;enneHHe, HcnonL30BaHHoe Xa66ap~oM /I/, 
npHao.riHT K TOMY, .'ITO npHCYTCTBHe 3neKTPOHOB n -a 341-
clleKTHBHO Cy)l(aeT 30HY 3neKTpOHOB na, HO He H3MeHHeT 
u;eHTpa TJI)I(eCTH 30Hhl. Il03TOMY B TaKOM npH6nH)I(eHHH 
raMHnLTOHHaH Xa66ap~a ~aeT TonLKO napaMarHHTHoe pe
weHHe npH T = 0 °, YnyqmeHHLie cxeMhl pacu;enneHHH npHao
~aT K C~BHry 30Hbl, 3aBHCHII.teMy OT n-a' 'ITO ~ng HeKOTOpbiX 
cnyqaeB npHBO~HT K B03MO)I(HOCTH CYII.teCTBOBaHHJI clleppo

MarHeTH3M~ /19/ . .D;na cnyqaa Mo~enH Xa66ap~a c s ...::d· 
rH6pH~H3au;Heii c~:BHr B03HHKaeT H ~na o6LI'IHoro pacu;en
neHHH Xa66ap~a. QqeHL rpy6o 3TOT 3~eKT MO)I(HO ou;eHHTL, 
npeue6peraa · 3aBHCHMOCTLIO oT hw B nocne~HeM qneHe 

/5~7/ 
2 

1i cu "" E ( k) ( l - n -a ) - IV k I ( l - n -a ) /E k • /5.9/ 

Tor~a HeTpy~Ho 3aMeTHTL, 'ITO c~BHr ,6y~eT TeM 6onLme, 
'I eM 6onLwe cTeneHL s- d rH6pH~H3au;HH V k' -.{To· coana~aeT 
C pe3ynLTaTOM /12/, 

Bhl'IHcneHHe . cMemaHHLIX Koppenau;HOHHLIX cllYHKu;Hii + . . . + . . . 
<aka dka > H <dka aka>, KaK 3TO BH~HO H3 /5.3/, 
/5.5/, B o6II.teM cnyqae BeCLMa cno)I(HO. Hx, o~HaKo; MO)I(HO 
ou;eHHTL B npe~ene 6onLmoii KynoHoBcKoii Koppenau;HH u • 

B 3TOM cnyqae 

- . 2~ 
t ( k , w ) = { ( ii w - E ( k) ) ( h cu - E k ) ( l - n _ a ) -I V k I I (l - n -a) , 

/5.10/ 

ypaBHeHHe ~na noniOCOB CTaHOBHTCJI KBa~paTHbiM H MO)I(HO 
npoBeCTH ou;eHKy, KaK B §4. 

3aMeTHM Tenepb, 'ITO MaCCOBbiH onepaT_Op, KOTOpbiH~a:. 
eT pacu;enneHHe Xa66ap~a. KpoMe Taro, He 3aBHCHT oT 
KBa3HHMnynLca, 'ITO 03Ha'laeT HapymeHHe coxpaHeHHH Kaa-
3HHMnynLca npH pacu;enneHHHX · /20 I. B pa6oTax /21 • 22 I o6-
cy~anca aonpoc o BLI'IHcneHHH MaccoBoro onepaTopa ~na 
MO~enH •. Xa66ap~a c . nOMOII.\LIO . MeTo~a ~BYXBpeMeHHhlx . 
TeMnepaTypHbiX liJyHKD;HH rpHHa C . yqeTOM co6nw~eHHJI 
3aKOHa COXpaHeHHJI .KBa3HHMnynLCa npH pacu;enne_HHJIX. lihlnO 
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llOKa3aHO, 'ITO MO:>KHO nony'IHTL 3aBHCJllllHH- OT KBa3HHM" 
nynLca MaccoBhiH on epa TOP M k ( w) B npe,IJ;ene cna6oii 
CBJI3H H HH3KOH nnOTHOCTH B CaMOCOrnaCOBaHHOM npa6nit:· . . 
:lKeHHH BTOpOrO llOpH,D;Ka: 

<<'d I dk+. >> 
· ka a 

r,IJ;e 

2 2 
Mk(w)=u /N :£ 

pq 

_!:_I hw 
211 

HF -1 
E a ( k) - M k ( w) l , /5;11/ 

np+q,-a[l ...:nk+p,a - nq,-a l+ nk+p,a nq,-a 

hw + E( p+q) - E(k +p) -~ (q). 

/5.12/ 

3TH pe3ynLTaTLl MO:>KHO o606IllHTL Ha cnyqaji MO,IJ;enH 
c s- d -ra6pH.D;H3aJJ,Heii. Tor,IJ;a nony'IHM: 

+ h HF 
«d I d » = -

2 
lh w-E (k) -M k(w) 

ka ka 11 a . 

2 
I Vkl l-1 

<<a I a+ » 
ka ka 

+ 
<< d k a I a k a » 

'hw - fk /5.13/ 

~ {h'w - fk 
211 

IV 1
2
(hw-E

11
F(k) -M (w))-

11-1 
k a k 

h 

277 

V* k 

hw - fk 

/5.14/ 

HF 
I hw- E (k) -a 

/5.15/ 
2 -1 

- M k ( w) - I y k I /h w - ( k l 

+ 
<<aka I d k a » 

h 

2rr hw -

vk. 
X 

EHF(k) -M· (w) 
a k 

2 HF . . -1 
_x lhw -fk -IVkl /(hw-Ea (k) -Mk(w)l •. 

/5.16/ 

,lJ.nH BenH'IHHLI /5.13/ MO:lKHO npoBecni paccy:lK,IJ;eH:HH, no
,IJ;o6HLie npHBe,IJ;eHHLIM BLJWe, 0 TOM~ 'ITO s- d rH6pH,D;H3aJJ,HJI 
H B cnyqae HH3KOH nnOTHOCTii ·npHBO~HT x· ,IJ;o6aBO'IHOMY 

_.18 

.•. C,IJ;BHry d "3.0Hhl, 'ITO, B006IllC rOBOpH, CllOC06CTByeTB03• . 
...• HHKHOBeHHIO <!>eppoMa.raenpMa. 1i o~ee no,D;po6Hoe o6cy:lK,IJ;e:. . 
. HHe KpHTepHJI B03HHKHOBeHHH. <!>eppoMarHeTH3Ma UpH y'leTe 

KOppenHJJ,HH · .D;nJI• pa3HhiX npH6nH:lKeHHH Tpe6yeT OT,IJ;e'nLH;Oro 
paCCMOTpeHJIJl H 6y,IJ;eT paCCMOTpeHO oco6o. . · .. 

TaKHM o6pa30M,' 'npoBe,IJ;eHH~H B H:acTOSilleH~-·pa6oTe 
aHanH3 O.D;H0.30HHoii MO,IJ;enH Xa66ap,IJ;a. c O.D;HO'IaCTH'IHoii~ 
s- d- ra6pH.D;H3au:Heii yxa3h1Bae"'' Ha Ba:lKHo~TL ·yqent: riocnew · 
HeH ,IJ;nJI peanHCTH'IeCKHX pac'leTOB. CBOHCTB . nepeXO,IJ;Hl>IX 
MeTannoB, · B oco6eHHOCTH··,IJ;nH HX MarHHTHhiX· xapaKTepH
CTHK~ He MeHee HHTepeCHO paCCMOTpeTL ,IJ;nH.TaKoii.CHC.TeMbi' 
ee xonneKTHBHhle xapaxiepH:ciHKH, B oco6eHHOCTH none.peq-

. HYIO CllHHOBYIO BOCUPHHM'IHBOCTL. Ilocne,IJ;HJIH, KaK H3BCCTHO, 
onpe,IJ;enHeT CUCKTp B03MO:lKHhiX CUHHOBhiX B036y:lK,IJ;eHHH 
B CHCTCMe H CC'ICHHe Heynpyroro pacceHHHJI TennOBhiX HeHT
poHoB. Y'leT · s - d - ra6pH.D;H3aJJ,HH npHBO.D;HT K noJIBne
HHIO BMeCTO 06Ll'IHhiX CTOHepOBCKHX B036y)I(,IJ;eHHH 'leTblpeX 
onTH'IeCKHX KBa3HCTOHepoBCKHX MO.D; B: o6Ll'IHOH axycTH'Iec .. 
xoii BeTBH •. PaccMoTpeHHe 3THX ·BonpocoB 6y.D;eT ony6naxo- · 
BaHo B cne,IJ;yiOilleii pa6o"''e. - ·~ · 
··--- B 3aKmo'leHHe :Bwpa:lKaro rny6oxyro 6naro,D;apHOCTL 
E.IlwHcTaBe ·3a npo'ITCHHe :PYKOUHCH pa6oTLl H none3HLie. 
3aMe'laHHH, a TaK:lKe K.3nLKY H H.M.Ilnaxa,IJ;e 3a· ueHHhle 

· .D;HCKyccHH. JI acxpeHHe 6naro.D;apeH K.A. KHKOHHY H 
JI.A.MaKCHMOBY 3a none3Hble COBeTbl H 3aMe'laHHJI OTHO-: 
CHTenLHO paCCMOTpeiiHOH 3,IJ;CCL MO,IJ;enH. 
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Y CJIOBJUI 06MeH 

IIpenpHHTLI H coo6111eHHH OIUIH paccLm 
BJaHMHOrO o6Meaa, YHHBepcHTeTeM; H 
OHOJIHOTeKaM, aayqHLIM rpynnaM H OT,!leJILII 

MLI O)I(H,!laeM, qTo nonyqaTeJIH HJ,!laHHi 
JI.IITb HHHUHaTHBY B 6ecnJia THOH nOCblJIKe ny6 
OOMeHa· npHHHMalOTC.II aayqHble KHHrH, )l(y 
BH,!la ny6JIHKaUHH no TeMaTHKe OHJIH . 

E,!lHHCTBeHHLIH BH.Il ny6nHi<auaii,KoTop!d 
. eT ,·:no penpHHTbl /OTTHCKH CTaTeH, y)Ke•: 
)l(ypaanax/. 

B· pH,!le·cnyt!aes MLI·caMH o6pa!llaeMCH · 
HHH c npocL6oil: 6ecnnaTao· npHcnan> 
BbJnHCaTb ,!lJI.II HallleH OHOJIHOTeKH HayqHLie; 
CTpaH~X • 

OT,neJibHble 3anpo 
liJ,!laTeJILCKHH OT,!leJI e)l(erO,!lHO BbJnOJIII 

JanpoCOB · Ha BbiCbiJIKY npenpHHTOB H COOl 
n_Po~ax . cne,!lyeT o6HJaTeJILHO yKaJLIBaT 
HJ,!laHH.II; 

A,npeca· 

IlHCLMa no·sceM sonpocaM o6MeHa:ny6 
CLI Ha OT,!leJibHbJe · HJ,!laHH.II CJie,!lyeT aanpaB 

101000 MocKea, 
F11aeH&Ii1 no'lmaMm, n/JI 7~ 
H3oame/l&CKuii omoe11 · 
06oeOUHeHH020 UHCIIIUIIIYIII 
JIOepHbiX UCC/leOoeaHUU •. 

A,!lpec ,!lJIJI nocLIJIKH scex ny6JIHKauHil: 
) ,!lJIH 6ecnnaTHOH no,!lnHCJ<H aa aayqaLie )l(yp 

101000 MocKea, . 
F11aeH&IiJ no'll!laMm; n/JI i 
Hay'lHo-mexHU'lecKaJI6ul 
06oeOUHeHHOZO UHC/IIU/IIy, 

· JIOepH&IX uccll_eooeaHuii. 


