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8BEAEHV1E\ ~~. ~(. ,	 

,/I	 \' 
~\J	 

i B pa60Tax/ 1, 2 / npeAnomeH HOBW~ MHKpOCKonH4eCKH~ nOAxOA B Teo

pHH xeMocop64HH. OH n03BOnReT, HCXOAR H3 nepBWX npHH4HnOB, no
/ ... ,/ 1	 CneAOBaTenbHO BblBOAHTb MOAenbHble raMHnbTOHHaHbl r uria raMl4nbTOHHa

HOB V13HHra H AHAepCOHa, BBeAeHHWe paHee B TeOpH~ xeMocop64HH 
-, nOnY$eHOMeHOnOrH4eCKH AnR OnHCaHHR pa3nH4HWX aCneKTOB aAcop64HH. 

:'
-/	 '\ 

OCHOBY AaHHOrO nOAXOAa COCTaBnReT Cne4HanbHaR npo4eAypa BTOPH4J, ~' I	 , '" I, 
HOrO KBaHTOBaHHR, n03BOnR~~aR yme Ha 3TOM YPOBHe Y4eCTb HeKOTO
pue OCHOBHble 4ep'Tbl RBneHHR xeMOCOp64HH, H TeXHHKa annpOKCHMa4HHI:' ~,. ;)< 
CnOmHWX CHCTeM 60nee npOCTWMH B CMWCne HX TepMOAHHaMH4eCKO~ 3K
BHBaneHTHOCTH, n03BOnR~~aR BblAenHTb' OTAenbHO 113neKTpOHHbl~" 
\11 11\I10HHbl~11 acnekr a TeOpHH xewocooõuaa. flPH 3TOM CnmXHaR "3neKT

POHHO-\I10HHaR 11 $OpMyn\l1pOBKa MOAenbHOrO raMHnbTOHHaHa BHAa 
\ ~ 

\ ' 

H r dX IJI+(X) [- L v2 + u(;) ] IJI (X)' + L teR ) N +

('I 

~1 '
 2m e x	 a a a 

I	 'i' 

" lo ~\ 

1 
+ - rdXdX"P+(X)IJI+(X'}IJI(X')IJI(X) v1ci ...,;') +J \ 

2	 /1/~-	 ~ 

+	 .... .... 
L	 L r ex v (X)IJI(X) N 'v - x ) +2"1 a ~ f3 v a f3 Na N f3 +	 a 3(R a a" 

<, 

CBOAHTCR	 K ABYM õonee npoc ru« MOAeJiRM: ai 4HCTO 113neKTpoHHOW':!\,l' I 
3aAa4e: 

H == L (~n -+ + L <N > y + 2
1 I <N N{3 > Y {3' 121 

E ka It ka a a fI1 a a~{3 a H1 a 

rAe H 1 -	 HeKoTopblÇj" acrtoaorarens aeui raMHfibTOHHaH BHAa 

1
H1 = L 11 a Na + -2 L h {3 N Na, 

a af:.fJa a t--' 

KOHCTaHTW B3aHMoAe~cTBHR KOToporo HaXOARTCR 143 ypaBHeHH~ 

1 

r dA.«N a - <Na> H )Y: > H 
o	 1 A.

h --------------- " a 1 
f dA. <(N - <N > H ) > H 

o a a 1 A. -, .- © 06"benHHe;;;:;ii-:;~~Ty~~';;ei)H~;;" ~~cn~o'~~~l~-.-,---- 
'I· ' 

I 
I'I 

O~"W;lhrteüHh1~ RncnrryT, 1 
I ·l ! \
 

I, /' \, /'
 ~~B&[K ~C3elOBIU~ 

5HEiJlftiCTEHA 



------------

1 Ai dÀ«Na N {3- <Na.N {3>H l)Y af3 > HÀ 
_. ~~~ -~----------__tr-h af3 1
 

f d À<(Na N {3 - <'Na N(3>H1) > HÀ
 
o ,
 

H À = H E + H 1 + À (H - HE - H1 ) ;
 

I 6/ 4V1CTO 11J,10HHO~il aanaue : 
,C' 

A 1 ~ /3/
H = '!.<y >H N +-2 !. <y a>H N Na

1 a a 2 a a f. (3 at» 2 a fJ 

rAe 

1 
H 2 = 2.. f. n + !. vaYa +-2 !. 1/-af3N aN{34 4 

ka k kC1" a a f:.f3 
t
 

ypaBHeHKR AnR napaM~TpOB v ,v {3 VlMe~T BVlA
a a

f 
1 

<L\«y -<y >H)N >H' 
O a a 2 a À 

lia 
1 A 

fdÀ<Y -<Y >H > H' 
o a a 2 À 

1 ... ....
 rdI\«y o - <v a>H ) NaN a> H'
o at» at» 2 I-' À
 
1/ af3  1 .... --:-------------- 

[dÀ<y a-<Y a>H >H' o afJ ai» 2 À 

VI H À= H I + H 2 + À (H - H I - H 2·) , 

3AeCb 

qr (X) = .!. a -. cf;... (X) + !. b 'N c,b (X).
ao a aoka ka ka aa 

\{J+(X) == l a~ c,b~(X) + !. b~ N c,b* (X) 
aa a aoka ka ka aa 

KBaHToaoe 3J1eKTpOHHoe n011e,; a+k-. • a k4 • b+ • b - onepar opua -<7 aa aa 
pO>KAeHVlR VI ,YH~4To~eHVlR 311eKTpOHOB B COCTOflH~RX c,b k~(X) = c,b k(x) A/(a 

VI c,baa(X) = c,b(R a- x) A K<7 COOTBeTCTBeHHO; c,bk (x) - 3I1eKTpOHHafl B011

Ha runa 6110XOBCK0i:1, onncuaaiouraa COCTOflHVle 3neKTpOHa c KBa3V1V1M... .... ~ 

nyns coa k B nOAIlO>Ki<e agcop6eHTa, c,b(R a - x) - OCHOBHoe SOcToRHVie 

aaIleHTHoro 3IleKTpOHa aAaTOMa, nOKa11~30BaHHoro B tO~Ke R a Ha no

BepXHOCTVI aAcop6eHT~; CVlMBo11KpoHekepa ~KO ~BeAeH A11R onVlcaHVlR 

cru-aoeoro coc TORHVI~ .anexrpoua ; K, a = ± 1; X = Ix. K), Na - onepa
[OP 4V1C11a 3ano11HeHVl51 aAaTOMOM ue-rr pa aAcop6QIo1V1 R a· N a =0, 1 • ... ... 
OOTeH~lo1a11bl u (x) VI teR a) onacuaaor B3aVlMoAei1cTBVle' anexrpous
 

VI VloHHoro OCToaa aAcop6aTa.cooTBeTcTBeHHo c nOIlO>KVlTe11bHO 3aPR


~tHHWM $OHOM VlOHOB KpVlcTa1111K4ecKo~ peweTKVI aAcop6eHTa. nOTeH


ua an B3aVlMoAeCicTBVlfI V 1 (x'" - i') ecr s noreauuan B3aVlMcmei1cTBVlfl'
 

ABYX 311eKTpOHOB Me>KAY C060~7 TO eCTb 4KCTO KY110HOBCKVI~. Va {3
 
OnVlCWBaeT B3aVlMOAe~CTBVle Me>KAY c060~ Aayx VlOHH~X QCTOBOB, 110

2 

Ka11l1'30aaKHblX Ha nO~110>KKe ancopõe-rr a B TQ4KaX R VI RJP VI V3(Réx) a 
nOTeH4KaIl B3aKMOAeVlCTBKR 3neKTpOHa C MOHHblM OCTOBOM. anaroaa , 
Ilor eauaanu t tU, V 1 , v f3 ' V 3 BXO,qRT B $opMym1pOBKY MVlKPOa
cxonavecxoã MOAem1 K HOCRT 11aarpa BOI.l Hbli1 H xaoaxrep , B 3TOM
 

CMblC11e OHK RBIlRIOTCR IInapaMeTpaM1;1" TeopKVI. TOT VlIlK VlHO~
 

IAX KOHK.peTHbl~ auõop onpenermer TY K11Vl VlHYIO KOHKpeT-


HYIO' $Vl3K4eCKYIO cMTya4101~, OTHOCRU{Y~CR, HanpVlMep, K xeMO

cop64MK BOAopOAa Ha KpVlCTaI1IlVl4eCKO~ nOAIlO>KKe npocrux MeTa11JlOB
 

K11Vl APyrOMY CJlY4a~. 0011Y4a~U4aRCR 3$$eKTK13HaA MOAeIlb /3/, onncu

BalOU4aR IAOHHY~ nOACIACTeMY, IAMeeT BcerAa 4V1CTO M3V1HrOBCKIA~ BVlA,
 

O,ltHaKO KOHKpeTHbte Bblpa>KeHVlfI A11A KOHCTaHT B3aVlMoAe~cT~VlR s.,Y >H ,
a 
<Ya{3 >H2 saBVlCRT ~T CTPYKTYPbl 311eKTpOHHblX onepar opoa Yq", K,.,Y f3 ' 2a
TaK >Ke, KaK K MOAeIlb /2/. KOHKpeTHbli1 BVlA onepatopoa Y ' Y {3 aaa a 
B~CIAT 01 KOHKpeTHO~ $Vl31A4eCKO~ cVlTyaL\VlVI. HaCTOR~aR pa60Ta no

CBflU4eHa aHa11Vl3,x BKAa oneparopoa Y VI Y~{3 A11fl C11Y4aR xeMocop6L\IAVIa 
BOAopOAonOA06HblX aAaTOMOB ua ,nOA110>KKaX npocrux MeTa11110B. 

1. $OPMYflMPOBKA OCAOBH~X M~KPOCKOO~4ECK~X nPEACTABnEH~A 

B AaHHOM pasnene Mbl C$OPMY11VlPyeM OCHOBHble MVlKpOCKOnP14eCKVle 

npeACTaB11eKIAR, OTHOCRU4V1eCR K cnyl.la~ xeMocop6~101V1 BOAopoAonoA06

HblX aTOMOB Ha KpKCTaJl11lA4eCKlAX nog110>KKaX npocrux MeTa11110B. 

A. OOA BOAopoAonoAo6HblMK aTOMaMK MW 6YAeM nOHVlMaTb aToMw, 

KMeJOll.\Vle, OAI;:IO ABa>KAbl BblpomAeHHoe no cnnuy aaneur aoe COCTOAHlAe, 

06IlaAa~ll.\ee BceMVI CBo~cTBaMVI cVlMMeTpVlVl lS-cocToAHVlA aTOMa BOAO

pona , 311eKTpOHbt BHy'Tp.eHHVlx aanonne aaux- 06011o4eK t:t.I1KaKoro Y4a~TVlR 

8 06pa30eaHVIVI xeMocop64V10HHO~ CBR3V1 He npVlHVlM.~JOTI TaK 4TO no-o 

TeH4V1a11 nOnO>KIATe11bHO 3apA>KeHHOrO OAHOBaIleHTHoro VlOHHoro QCTOBa 

XOPOWO' onacuaae r ca KYIlOHoaCKVlM B3aVlMOAe~CTBKeM.3TO 03Ha4aeT, 

4TO B 06pa30BaHVIVI xeMocop6~VlOHHoi1 CBfl3V1 npVlHKMaeT Y4aCTVle OAVlK 

Ba11eHT Hbli1 3IleKT pOH aAaTOMa, OTBel.lalOO4V1i1 S - COC TOflHVI~, K nOJlHOCT blO 

npeHe6peraeTCR BKnaAOM 06MeHHo-n011RpVl3a4KOHHbIX 3$$eKTOB VlOHHoro 

OCTOBa. TorAa B Ka4eCTBe 3aTpaB04HblX B3aVlMoAei1cTBK~ Vl(~' 
-+ -+ ... ... 

'12 (R a - R(3) = V a {3 ' V 3(Ra - x) Heo6xOAVlMO Bbl6paTb KY110HOBCKoe 

B3aVlMoAei1cTBlf1e: 
... ... -+ e 2 ... I
 

v l(x) = V 2(x) = - = - ...- == v(x) • /4/
v 3(x) ... Ixl 
3HaK MKHYC nepeA v3(~ OTBe4aeT nplATfI>KeHVlIO Me>KAY n0110>KIATeIlbHO 

3apR>KeHH~M IAOHHW~ OCTOBOM IA 311eKTpOHOM. 

OCHOBHoe COCTOflHVle Ba11eHTHoro 311eKTpOHa onVlC~BaeTCfI ypaBHe

HKeM 

11'2 ... 2 ... ::\ -+ 
- - V - v(x)] c,b(X} = Ec,b(x) • /5/

2m x 
e
 

rne E - KOHK.3aLtVloHHbl~ nOTeH4KaIl aoaoponononoõaor-o aTOMa.
 

Ei. nOA npOCTblMVI Mbl 6YA~M nOHKMaTb Me r anna , Y KOTOPblX anexr oo

Hbl , npli1.HIAMa~li1e 'Y4aCl'Ke B 06paSOBaHlAIiI xeMocop6o.~OHHQ~CBR3V1, ~op-

3 



M~PY~T OAHY HeBWpOmAeHHY~ 3neKTpOHHY~ 30Hy. An~ On~CaH~~ CneKT
panbHWX CBO~CTB 3neK1pOHHO~ 30HW TaK~X MeTannOB c~opMyn~PyeM 

CneAYIOL1\YIO ICneKTpanbHYIO" 3aAa4Y: 

1i2 ~ 2 
[- - V + U(X) + ~ (fdi' <p~ (i')cP4 (;')V(;-;'))a: a , 1x 

2m x k ' k r» a ' k ' k ," k ' a' k"(J ,e 

4 ... /6/J 
x cP 4 (X) a -+ ::: € -+ cP 4 (x) a 4 

k' ka k k . ka 

39Aa 4a /6/ ~MeeT oneoaropuaa B~A, OAHaKO OHa ~'\O>KeT 6blTb' peuieua 
B caMocornaCOBaHHO~ cxeMe T~na xapTp~-~OKOBCKO~ ~ nepe~opMyn~po

BaHa Ha ~3tiKe 4~CTO oAH03neKTpoHHO~ 3aAa4~ B~Aa 

1'1 2 4 2 -+ 4 -+ 4 
[- - V +u(x) + f(x)lcP -+(x) == (4 cP -+(x) , /7/

2m x k k k 
e ' 

rAe rei) - caMocornaCOBaHHW~ OAH03neKTpOHHW~ nOTeH4~an, 06ycnoB

neHHbl~ Ae~CTB~eM Ha 3neKTpOH cpenuero nona 3neKT.eoHHoro oicpyxa

H~~. 6YA~M C4~TaT b, 4TO~ 3~~eKT~BHbl~ nOT~H4~an u (x) BKn1'J4aeT_
 
B ce6~ KpOMe TpaHcn~4~OHHO~ C~MMeTp~~, OTB~4alo~e~ C~MMeTp~~ Kp~


CTann~4eCKO~ nOAnO~K~, rpaH~4Hble ycnoB~~, 06ecne4~Bal'J~~e 3aTyxa

H~e BOI1HOBbIX ~YHK4~~ cP~( X) B BaKYYMe. Bo06~e aana-ra /6/ ~ /7/
 
He ~Bn~eTC~ 4~CTO aAcop~4~OHHO~, a OTHOC~TC~ K 06naCT~ 30HHO~
 
Teop~~ MeTannoB/ 3 / . Ecn~ KacaTbC~ 4~C~O aAcop64~OHHO~ CTOPOHbl
 

-+ 
3aAa4~, TO xapexrepacraxn 3neKTpOHHO~ 30Hbl e 17 ~ cPk(x) MO>KHO pac
CMaTp~BaTb KaK napaMeTpw Teop~~o 3aMeT~M, 4TO OTCYTCTB~e TpaHC
n~4~OHHO~ C~MMeTp~~ Y Kp~CTann~4eCKO~ peweTK~ aAcop6eHTa B Ha
npaBneH~~, nepneHA~KynRpHoM K nnOCKOCT~ nOBepXHOCT~, Mo~eT np~

BeCT~ K 3Ha4~Te~bHOMY ~3MeHeH~1'J CBO~CTB (k ~ cP~x) no cpaBHeH~1O 
c 06beMHb1M~ ~ B03H~KHOBeH~1O cne4~f~4eCK~X nOBepXHOCTHblX COCTO~
H~~, MapK~PyeMwx KBa3~~MnynbcoM t, CTporo napannenbHwM nnOCKO
CT~ nOBepXHOCT~/4/. B HaCTO~L1\ee BpeM~ OTHOC~TenbHa~ ponb " 06beM
HbIX" ~ "nOBepXHOCTHbIXII COCTO~H~~ B ~BneHÍII~ xexocopõuna AO cux 
nop He BW~CHeHa. • 

B. OiHoc~+enbHo nOAnomK~ cAenaeM eL1\e npeAnonomeH~e, nO-B~A~
MOMY, xopowo BbJnonH~IOL1\eeC~ gn~ MeTannOB. llpennonoxaa OAHOpoA
Hoe pacnpegeneH~e 3ap~AoB BHYTP~ ~ Ha nOBepxHocT~ agcop6eHTa' 
B OTCYTCTB~e aueuraer-o B03MYL1\eH~~., MaTeMaT~4ecK~ c~opMyn~PyeM 

3Tp B B~ge cnegYIOL1\ero paBeHcTBa: 
4 44-+ 4 -+ 

u(x) + fdy v(x-y) po(y) == O, x i V , /8/ 

rge V - 06beM, 3aH~MaeMW~ aAcop6eHToM. PaBeHCTBO /8/ 03Ha4aeT, 
4TO nOTeH4~an, c03gaBaeMw~ nonom~TenbHO 3ap~meHHWM ~OHOM ~OHOB 

nOAnomR~, yp aaaoaeuraaae r ca nOTeH4~anOM, c03gaBaeMblM ~epM~-m~A
KOCTblO 3neKTpOHOB Kp~cTanna B mo60~ T04Ke :; BHe OObeMa ancop

.õeur a, ílCHO, 4TO /8/ aBToMaT~4ecK~ eunonuaer c a B nOAnO>KKax runa 
" me J1 e l l , 4aCTO ~cnonb3yeMblx An~ MOAen~pOBaH~~ 'v'\eTannOB ancopõea
, /5/' . 

TOB .• OAHaKo YCI10B~e /8/ 60nee TOHKoe, TaK KaK OHO AonYCKaeT 
CYL1\eCTBOBaH~e CTPYKTYPW 8 aAcop6eHTe. 
4 

-+ -+ r. 6YAeM c4~TaTb, llTO ~YHK4~1tt <p(R a - x ) , om1CbIBa~JL1\~e BaneHT-
Hwe COCTO~H~~ 3neKTpoHoB aAaToMoB, .HOC~T c~nbHo nOKan~30BaHHw~ 

xapaKTep. To eCTb 6YAeM c4~TaTb, 4TO o6nacTb nOKan~3a4~~ BaneHT
~wx COCTO~H~~ aAaTOMOB MHoro MeHbwe paCCTO~H~~ Memgy 4eHTpaM~ 
aAcopÕ4~~ 4 TaK 4TO np~MblM nepeKpblT~eM BonHOBblX ~YHKl.l~~ cP (R a- i) 
~ <p(R f3 - x ) npu Ra t- li f3 MomHO npeaeõpe cu, , 3TO 3Ha4~T, 4TO 

eP(R a - x) cP(R f3 - i) =o eP a (i) cPf3(~ ... O, a t- f3 ~ /9/ 
TO eCTb MW 6YAeM npeAnOnaraTb OTCYTCTB~e B03H~KHOBeHItt~ np~Mot;1
 
X~M~4eCK0Il1 CBFl3~. MemAY aAaTOMaM~, C~A~I.!4~M~ Ha coceAH~X
 ue-rrpax 
aAcop64~~. 3TO cnpaBeAn~BO np~ AOCTaT04Ho Manwx pa3Mepax aTb

MOB aAcop6aTa ~ npaKT~4eCK~
 BcerAa npeAnonaraeTc~ B paÕOT~X no
 
xeMocop641>\~ /5/ .
 

2. OUEHKA t~ATPI1LjHbIX 3nEMEHTOB 

OnpeAem·1M onep a r opu Ya ~ Yaf3 KaK onepaTopKble K03r.P$1I14~eHTbl,
 
CTO~~lI1e B Bblpa}l{eH~~ /1/ nepen- 4~CJTaM~ 3anOJlHeHII1Fl Na ~ Na N,gco

OTBerCTBeHHO. 3aMeTII1M, 4TO B CII1JlY npeAnOJlO}J{eHII1~ /9/ o6~a~ one

paTopHan CTpYKTypa raMlI1nbTOHlI1aHa ./1/ 6YAeT II1MeTb BIJI.A
 

... 1 A ...H::: ~ Ya Na + --2- 2 Y f3 N Nf:J + R , /10/a al=('3 a a ) 

r ae R - onepar op , He a-aBlI1cRqll1k1 OT onepar opo s 4111cen 3anOnHeHII1f1 
Na' "Tpex"- 111 "yeTblpexT04e4Hblx"' B3aIl1MOAei:1cTBI.1~ r una a af3 Y' 

yN aNfJN 
a afJyô Na N /1N y N8·o6 y c noHIle HHblx npflMoi:1 XII1M'lI1yeCKoi:1cBFl3blO Me>KJw aTO
MaMI1 Ha coceAHlI1x Y3nax aAcop64~~, He 6YAer, 

B AaIlbHei:1weM YAo6HO rJp0ll13BeCTII1 cneAYI'Jl4ee pa3t5l1eHlI1e 3JleKTpOH
Horo KBaH r o ao r o nOIlR 'V (X), 'I' + (X) : . 

+ +. +'1J (X) ~ '1' A(X} + 'V1 (X) , 'I' (X) =: 'VA (X, + 'VI(X) /1-T/ 
rAe 

-+ -+ +'l' s:(X) " 1 b N 4) * (X) , 'V1 (X) =: L a: </J _~ (X)ao ao a ao 
k a ka ka 

'liA (X) "~ t baaN a Óao (X) • 'V 2: (X) = 1 a -+ cP -~fX} . 
ao k (J' k a k( 

llep aoe c.nar ae-ice r at-1V1IlbTOHlI1aHa /1,/ MO}J{HO nepenucar b B BJ;JAe 

f dX qI+(X)[ - -!:- \~ 2 + U(X) ] 'V (X) =: J dX 'l'-~ (X) T(~) 'lIA (X) + 
2m x e 

Il21 

+ jdXIJ';(X)if(x}'1\,(X)?,+ (fdX'I'+(X)T(X).'f!; 00 +3.C.) • 
~ - A ~ 

fi 



'" ;!.. 11 2 .... 2 ::\.rAe T(X} := - -- V + U(X} /3. C o 03Ha4aeT 3PM\,HOBO-COnpfl}/(eHHOe 
2m e x 

cnaraeMoe/. 
8BeAeM ,cneAYIOU\YIO, YAo6HYIO MapKVlpOBKY cnaraeMblX B ra~1V1nbTOHVla-

fie /1/: BKI1aA BVlAa rdX 'I' 
+
A(X) ( .•. ) '1'2: (X) o603Ha41-1M CItlMSOnOM (AI) 

i' no liVlcny TVlna VI 2:; rdXdX'qJi(X)'Pi(X")'PA(X~)'P2(X)(noneü A	 ... ) 

o603Ha4V1M 4epe3 (lA3~) VI ToA.
 
TorAa /12/ MO}/(HO nepenMcaTb B BVlAe
 

.+ """ ....f dX'P (X) T(x) 'I' (X) = (2A) + (22:) + (A I) , /13/ 

rrie 

... """.... ~ b + b(2A) !. ( rdx <p * (x) T (x) <p (x) Na n aa' n aa:= ao CJf.J • 
a a .aa 

(22: ) I ( rdx<p: (x)T(X) <p ~ (x» a': a.... 
kl~a ,kl k 2 k 1 a k 2a
 

(AI) = í (r d; rP*(~ T(X) <P-+ (~)) N b+ a'.... + 3.C.
 
a k aaa koaka 

3Aecb TaK}/(e 6~no I-1CnOnb30BaHO CBO~CJBO /9/. 8 AanbHe~weM OHO 
6YAeT Vlcnonb30BaTbcfl, rAe HeouxoAVlMO, 6e3 orOBaplllBaHVlflo BTopoe 
cnataeMoe B raMVlnbTOHV1aHe /1/ MO~HO nêpenMcaTb B 8V1~e 

~ r dX dX "'P + {X) 'I' + (X') 'I' (X ;) 'li (X)v(~ - x') '= 

/14/ 

= (4A) + (42) + (lA3.l) + (2A2I) + (3A lI) , 

rAe 

.~-+ -+ ........ 2 .... 2
 
(4A) := I (rdxdx"v(x -x')I<pa(x)l !ePa{x')! )Nan aa	 n a_ a+ 

aa 

........ ........ -t. 1 2 'A, ,~) I 2 N N n'
+ .L I Cf dx dx ' y (x - x ') I <p a (X) I'f' t3 \ X. a {3 n ao , .{3a ' I

2	 a f. (3
 
aa'
 
1 ............. :!\ .-+) .... -+


(4 I) = i I ( r dx dx ' V(x - x" ) cP ~ (X) <p ~ (x" <p ~ (x') cP .... (x) x 
k 1k 2-k 3k 4 k 1 k 2 k 3 k 4 

+ + aa' 
. x	 a ~ a ~ ,a.... , ao -Jo 

k a k a k k3 a 4 a1 2

(lA3.l) = I [(fdxdx'cP.*(x')4> (x")<p, (x) <p:(i) v(x-x')) x 
aka(l' a a a k 

. + n a+ "b , + 3 • c.) N + 
aa	 ku aa a 

6: 

... 

+ I [( r dxdx'v(x -x")<p *(x")cP (x-+')cP~(x) <Pf3(X) x 
a f.	 {3,k,a.o' a a k 

x n , a +»	 b a.; + 3 • C .] Na N {3 ; 
ao ko; fJV 

J'. 

(2A2!.)	 1 2: [(IdXdX'V(; - ;')<p~(i) <P~... (;')<p (x')cP (;» x 
2 akk"aa' k ,k' a a 

+	 + ~ .... ~~ ~2 ..... -+ 
x a	 ~ a~~,b ,b +(rdxdx'V(x-x~)\q) (x) I cP*(x~)q) .... (x')) x 

ka k a ao ao a K k' 

+ ->-+ ~... -+ -+ -+ --'>
 

xnaaa-+,a -+",+ (rdxdx"v(x-x~)<p*(x)1>--t(x)cP"!; (x')<p (x) x
 
ka ka	 a k k" a 

+	 + 
xb b,	 b "a~+3.c.JNa+ 

ao	 k'a' ao k a 

+ 1- I [( rdxdx~v(x"'-i")1>* (x) 1>* (x')<p (Y:') cP{:).(i» x
 
2 af.{3kk'aa' k k' a tJ
 

+ + -+ .... --+--+ -\ -+ .... -+ 
X a -> b a -+ b + ( r dx dx ' v (x ., x ') cP * (X) cP f3 (x ") cP * (x ") <i> (x) ) x
 

k a (3a k'a' aa ' a lt' lt
 

+	 + )x b a ; b ,a-+ +3. c. N N {3 
ao k a' {30 ka a 

, -+ _> ..... -+ .. 2 -+ --} + 
(3AIL) =	 L [(fdxdx'v(x-xf)t<P (x')\ cP (x)ePc4c(x~))n a-+ b +

ak ao '	 a a k ao ka ao 

---3.t.]N + L [(rd;di'v(x-t-'~)cP*(lt;)cP (:;')eP*(:;) <i>{i~) x
 
<T af.{-3.k,a,a' a a lt t-l
 

+ 
x n ao .a ko b (3a + 3 • C .] N a N f3 

npVl 3TOM HeOAHOKpaTHO Vlcnonb30BanOCb CBO~CTBO CI-1MMeTp~~ KynoHoB
cicor o B3aVlMoAellic TBltlR v(x - x') = V(i' - X) . lt1 HaKOHe4, nOCJ1eAHee 
cnaraeMoe VlMeeT BVlA 

+ -+ .... 
l r dX'P (X) 'V (X) N à veR a - x) = (AA) + (~~) + (IA lI) , /15/ 
a 

rAe 

(AA) = I (fdxcP*(X; cf; (X; v(x - i » N n + 
aa a a a a aa 

+	 I Cf d;'cP* (X) cPa(x) veR - ;» n IJ N NfJ; 
a f f3 ,o {3 tJ a fJa a 

7 



;,. 

_~ .... .... -t ~ + 
(2~) l (f t1x<p~ (x) <P.... ~ (x ) v(R - x ) a; a ...., Naa . k k ku krr	 2

kk 'ao	 y..... (9:J~ V {3 i- l (J dx dx" V (x -x ' )\ 4> (x) 1 1 <P{3 (x' )1 2) n n a , ~ 
afJa ,	 a' aa 1-"u 

ou 
.... .... -t .... .... + 

(lA 12) = I [(fdx<p*(x)<p -(x)v(R -x» b a-+ + :3.c·1N + 
aka a k a ao k o a -22, (Jdx ep~O{)1>r~(x-)v(x-Ra»n/~+ 2 2: í Jdxd}Z'x 

o fJ fJ fJU kua ' 

+ 2 i (f dx<p ~C~ cP .... (~ V (x- Ra » b ;ua _+ + :3. c. ] Na N {3 . 
~ al={3,k,u k k rr .o< v (x--x')rjJ* (x')4>, (X')4>~(~)<p (x)n b~,a-> ... +~LC.~- 2 ~ x 

a a fJ k ao pu ku ku 

8 pe3ynbTare AnR onepaTopOB ~ ~ ; (3~MeeM B~pa*eHHR 
a a	 

--40 --J. -+ -~ --40 +1\1 .c [ Cf dx <p ~ (x)cPt (x) v (R a - x) b{3;a ka + 3. C 01 ;
 
y =: y (O) + Y(1) + '" (2) y = y(O) + Y(1) /16/
Y • a a a a af3 a{3 a{3	 . 

Y({31)= 2.( ([dxdx' v (x-x')cjJ* (~)<p->(;')<p{3 (;")<p~, (~'»b-f a+, ,bf3 » 
a·	 a k k ao k o orAe k k (,u'


'" .... ~ fi. 2 .... -~.... ....
 
y(O) = I. fdx<p*(x} [- ---V 2 -veR -x)1<p (x)n +	 --> -> -> -> -> -> -> -> + + 

a o a 2m x a a ao	 x a., ;-«dxdx'v(x-x')4>-: (x)4>* (x')4> (x')<p~(x)ak-> b{3a , +3.C.lo' 
ka .	 k k' a fJ a o k->"bo	 ao 

........ ........ ::\ ~ .... ~ .... )	 .....
 
+ fdxdx"v(x - x ') 4>~(X} <pa(X} cl>~(x ) ePac,x' naa n a _ u+ OnepaTop R OTHOC~TCR K onHcaH~~ CBO~CTe 4HCTO~ nognomKH ~ HMe

eT SHA 

.... .... + f12 -t 2 .... -+ .... -> * ..... -> -, +
 
+ 2 tfdx<p*(x) b [- --v + utx) - veR - x) + R = l Udx<p->'(x)T(x)4>->,(x)a-> a->, +
 

k o a ao 2m x. a	 a kk' .. k k .ku k a 

.... ........ .... .... + -+
 1 -> -> -> -> ->, -> -> -> t t+	 2 Jdx"'v(x-x~)<p:(x')ep .... (x~)a-+ a-+ 1<P .... (x) e .... +3.C.\ + i'-- 2 {Idxdx'v(x-x')cjJ~(x)ep: (x')<p->(x')~->'{x»a~ a, ,a--. ,a--> . 
k~k"a~ k' k" k~u" k"'u" k ka 2. k k k k k 1 k 2 k 3 k 4 k1a kz7 kau k4 u 

1 2 3 4 
........ ........ .... .... -jo.... +	 aa
 

+ 2 [(fdxdx'v(x -x~)<p*(x')<p (x')<p*(x) <p-+(x»n b a-t +3.C.];
kaa a a k a-i-o ao ka	 Y4H~uiBaR paseHCTBO /6/, onepar op R MO>XHO npHBeCTH K cnegYIOUleMY 

npocT9MY BHAY: 

;(P = t + 2 ({ dx<p*(X) u(X) «; (X)) n - R=Lf,-::>n	 /17/
au a .a o a k zr K 1u 

.... .->.... .... +	 PaccMoTpHM Ben~4HHY Jdx'l4> (x' )1 2v (x - x ' )0 OHa 1f1MeeT CMblcn a- 2 {r dx <p~{x) <P ....~(x) v(R a - x») a". a ...., + 
kk"u • k k	 lw k u 

nOTeH~~ana, C03AasaeMoro 3neKTpoHOM B COCTORH~H <pa(i) B T04Ke 
~ r""'" ~ -+....) *.... ~ * ( .....) -+ ') + Xo B cHny CV1nl:. HOi1 no:..::anH30saHHOCT~ <PYHK4HH <P (x) nOTeHl.lHan+	 .:., . dx dx v( x - x' <p (x) <p (X) <P-jo x,, <P .. /x n "a-+ a _~~ ; a 

kk ' ua ~ a a k k aa k a k ,(7 V ex -x') MO*HO pa3nO>l<HTb B 3TOM Bblpa*eHHH B PRA Te~hopa B T04
Ke R :a 

y(2) = ~. 2 [(J~d;'v(;-;")eP*(~)<P~S;~)<Pa(~")<pa(i)) x 
a kk 'uu' Ir K Jdx' I <P fi' )1 2

v (;-x')= v(;-~) Jdx' I<pa(X' )1 2
+ Jdx' (i'- Ra)l 1>a (i ')1 ~ x a 

; 
+ + ........ -+ -+ ::\ -t -+ -t /18/ 

X a~ b a~, b ,+ (fdxdx~v(x-x')<p*(X)<P:"(x)<p:(x')<p (x')) x	 ... -> -> 1 -> -> 2-> -> -> -> -> -> ->-+ 
K O' aO' K u au a k k ,. a	 X VRv (x-R) + -2- Jdx' I cP. (x')1 (x' - R )(x' - R ) ~VR V R V (x-Ra }tooo

a a a a a a a . ,	 l 
+ + 

x b a ...., ~b dil .... +30c.1;	 ;1. 3Ha40K @ sseAeH AnR o603Ha4eHHR YMHo*eHHR ABYX TeH30pOB:
au ku a ku 

-> -> -+ -> -> -+ 3, i j a2 
(x - R )(x - R ) ~ V V =o l (x, - R )(x, - R )---------- o 

a a Ra Ra ij=lIa j a àR i aR j 
a a 

8	 '9
 



j~
 

C~CTeMa 3apAAOB B aAaTOMe nOA4~HReTCA ypaBHeH~~ nyaccoHa~~ 

It 

/21/ 

V2V (~ - R )= o. / 19/
x a 

TorAa /18/ eCTb MynbT~nonbHoe pa3no*eH~e 

[dx'içp (x')t~(x-i')=v(x-R )+d. V v(x-.,.fi )+_l6~V V v(x-.ii)+
'a a R a 2 R R a"', 

• a -f a /20/ 
---Jo ~ ---Jo ..... ---Jo ~ ---Jo ---Jo 

rrie d = f dxx I4>CiOr 2 - AlllnonbHbl~ MOt4eHT aAaTOMa, D = Jdx(xx

_.R~ 1) \ 1> (x) I 2 - KBaAPynonbHbli1 MOMeHT aAaTOMa 11I T. A· 
3 

OTC\OAa AnR BOAopoAonoAo6HblX aAôToMOB, ~cnonb3YA cnexr pansuyo 
3aAa4Y /5/, a TaK~e pa3no*eH~e /2Q/, nonY4111M 

y(Ob l En +"Un n +}2 (V --> bt a., +3.C.)
a a ao aa a-a k rr ak aa ka 

-l (V -->n b+ a ... +<LC.), 
ka ak a-o ao ka 

~ 
, ! 

I 

I 
I 

-, --> 2
rj.,e Po(x) = L i 4>--> (x ) j n ~> - paSHOBeCHaA nnOTHOCT b 3neKTpOHOB

ka k k a 
nOAnO~K~ 

Ilep asre cnaraexae B /24/ onacuaaor s3aVlM~Aei1cTs~e ~'OHHoro 

OCTOBa aAcop6~VI~ C Heso3My~eHHo~ nOBepXHOCTb~ nOAnO}KKV1 aAcop6eH
Ta. AIl.R 3neKTp~4ect<1II Hei1T pansuux noaepxaocr ea 3TO B3aIllMoAei1cT
aue paSHO HynY.J. Ilocneuuee cnar aexoe onucuaae r B3aVlMO.Qei-"1cTBl-1e ~OH
Horo oCTosa aAcop6aTa c B03MYll.\eHVleM nosepxHOcT~ aAcop6eHTa, 
o6ycnosneHHoe OTKI1~KOM nOAno~kVl, Ha np~cYTcTBVle 3neKTpVl4ecKoro 

TorAa 

ta - 2 f dx'4>~(x) 4>-->, (x)v(R a -x)a~ a-->, = 
.kk'a k k k a k a 

ta - J dx po(X)V(Ra-X)  J dxv(Ra - x) 8p (x ), 

/24/ 

rAe U = I -~. ;;\9 --> 2
dx dx ' r <P 

a 
(x;!-i 4> a (x ')!' 

...... 
V (x -x ' ) - KynoHoBcKoe OTTanK~

3apRAa. 

no aHanor~~ c /24/ 

BaH~e MemAY ABYMR 
cornaCHO np~H4Hny 

3neKTpdHaM~ C npOT~BononO~HO HanpaBneHH~M~ 

nayn~ cnlllHaMIII, HaxOAR~~M~CR Ha np~MeCHOM ypos
l 
a 

[dx!4> (x)1 2 n 
. a ao 

[u(x) + l [d;'V(x-x' )ep*(x·'-)cP--> (x')x 
k k ' a" k k ' /25/ 

He: V -k' =
a 

r dx 4>* ut)q).,,(x) v (Ra-X' l. 
a k 

~cnonb3YR cneKTpanbHoe npeA-
X 

+ 
a., a-->,
ka k a 

--> 2
1:= 2 (dxl cP (x)1 n 

a . a ao 

-->
I utx) » 

--> --> --> -->
[dxv(x-x')xPO(x' )]+
' 

cT~BneH~e /7/ ~ 
rIll6pIllA~3a4111111' "ak--> 

opToroHanbHOCTb ia'- .I~> -COCTORHH~, napaMeTp 
MO)KHO nepenacar b B cneAYIOl1.leM 8~Ae: 1 J dxfdx'l 4>a(x' )!2naaoP(X)v(x-x,)]. 

V --> = r di cjJ* (x) h
a 

(x)<,6, (x).
aR:' a H F k 

a 11 2 ': 2 .. 
3ge c b h =  -- \í + II (x ) I 

HF 2m x 

. ,o' 

t (x) - v (R 
a 

... 

- x ) 

/.22/ 

- oAHo3neKTpoH

B C~J1Y ycnoaua /8/ nepBblM CJ1araeMblM B /25/ MO>KHO npe-reõpecu, o 

B peayns r are , Y4V1TbIBaR /25/ V1 /24/, VlMeeM . 

Ya(1~d - fdxop(i)[v(R a-x)  ~ .r dx'v(x-x')Raal 9 a(x')1 
2 ] ~ 

Hbli1 3!p$eKTI1BHbli1 raMVlilbTOHVlôH xeMocop6L\\.o1~. 
PaCC:MOTp~M onepar op }/'(1)., BBeAeM orieparopa A 

POHHOH nnoTHOCT~ B nonnoaoce oP (x), paBHbr~ 
B03My~eHHA 

• 
3J1eKT :=-q, f dXV(Ra -x)op(X)+d.V

a Ra 
f d;v(R a - x)ôp(x)2n + .•. , 

a ao 

~--> --> +op(x)= 2 «: (x ) ç6 --> (x)[a--> a ->, -~ L\... ,.., 1, 
a kk ' k k ' k a k a ka k k 

rAe nIta - cpenuee 4~'cno 3anonHeH~R (k, (1) -COCTORH~R 

nOAI10~Ke : 

+n? = < a a --> > ; H~::: 2 (-.! n --> ;
ka ,lta ka HO .k ka K ka 

~ 

. _ . -it' - t<••..>_.sp(••• e ]\Sp(e ). 
H 
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/23/ 

B 4~CT0i1 1 
i 
~ 

~! 
lI> 

I 
l" 

'I 
~ I 
: t 

+ «ll -+-l>, b" a:, b a -l> +3.C.)]
akk aa k -a a-a ka 

.... ( .... -l> --> -l> "'--> 
y 1) = -q r dxv (Ra-x)op (x),

a u· 

rne q. := 1 - 2 nua -. oneperop aapana Ha aaaroae . 
a a 

OCTaBw~~cA BKnag B onepaTOp Ya YAo6HO nepenVlcaTb 
. , 

/\,. 1 + +
y(2)= __ 1 [(v'~k-->,b a,.. b a-->, +3.C.)+ 

a 2 kk 'a a k aa k (J a- a k - a 

IIInlll AnA aonoponononoõuux aAaTOMoB 

B 

/26/ 

:~ 1: ~. 
/27/ 

BlIIge 

I> 

ti 
~;1:J 



~;1
I
 

+- l ú) ~ .n a , a ~, • 
kk'a aKK ao ka ka 

rne 

'" fd~d-" (~~')rI..*(-.),!.*(~,),!.., ('''),!.	 (~,)v ~kk~' = x x v x-x 'P X 'IJ X 'P""" X 'P X • 
a	 a a k k 

r cu __ = f dx dx' v (x-x' ) cp * (x) cP (x) cP *-. (x' ) cp	 (x').
akk'	 a It k' a t 

I. 
B' 1271 Y4TeHO ~ 4TO cu kk~ =cu ~It 'k' . Ilpoaenex aH~Ilorlll4Hoe paCCMOTpe
Hllle AIlfl BOAoPo.QonoAo6HblX aAaTOMOB orreparop a Y f3 : a 

~ ((J) V v 2 ,'"Y a. = v f-3 + V R.... n ..... llfJ ' -- Va f3 .... n a: + 
as» at- U,J (T ao a')a (J IJ() 

. /28/ 
1 2 (1 - L II ,)}. (V r:r (n. ) bf~ a . -t 3. c.).
 

(J 'aa k a I ) k (J k 17
 

3AeCb 

V,Bk (a) = r dx (jJ;~ (X}ep iZ(X)V(Rn-x'). 

C~MMeTPIll3YfI Y~{{ no IIIHgeKcaM a , N. TaK KaK aHH1cV1MMeTpI-14HaA 4aCTb 
Y f3 sKnaga a raMlIlnbTOHlIlaH /10/ He AaeT, OKOH4aTenbHO I-1MeeMa

i (~~ == v f-j fi qf~ t· ~ I V ... (/"3)Ql1 h I a • I V I • ( (l )4(l f>f~a.. 3. c .1 . /29/ 
a f a,. a k () a k cut k tr l k J k 17 

f 

5~pa~eHllle ~dh) 3an~WeM 8 8l1lge 

y(1)= ~ ú) .."... ,a+ b b ta. +- .L ~ ! v" ""
 
af:J kk'f1a,a/ikk k'a' {h'na k rr 2 kk'mT' a/3k.h:
 

/30/ 

+ t	 }
X (l.t bfél- a ~, ,h ,~3 • C. , 

KO »o K CT acr 

rAe	 )
cu t:J.""k;-.t,~ f d;dX'V(X-x'}c/>*(X)(P ... ·(~)cbf3(i').f;*. (x"), 

at-' lt tI 1\ .	 k ' :I 
, ...." ~ -...... -J -+ -'~ -4 

V a-'í-+;. = rdxdx'v(x-x' )(V~. (x)cpp' (x)4>* (x')c:h (x'~. 1Rp kk: . R: fT k'	 a 

I 
! 

3.	 06CYmAEH~E nOnY4EHH~X PE3ynbTATOB
 
....
 

BwnlllweM nOIlH~e B~pa~eHIIlA AIlA qnepaTopOB	 Y 11I Yap:a 
~	 + 
y = E l n + U n n -+- l (1 - n ) (V -> b a ~ + 

a a aa ao a-a k rr a-a ak ao ka 

~ ~ ~ ~ ~ -+ .l- "" [' b+ a »	 b+ a -> + . 
+3.C·)-qa J dxv (Ra-x)op(x) + 2 k~'a vakk' aa ka a-.ak-a 1311 

+	 + 
+	 co ....~, b a .... , b a .... +3.C.)


akk ao k -a a-a ka
 

+2 cu ~ .... n a~ a~,.
 
kk ' a akk ' ao ka k a
 

.....	 + +~~ ~	 ~ 

Yaf3 "" va f3Qa Q'f3 + ;a [qf3Va k (f3)baa ak a + Qa VfJk (a)b f3aa;a +3.c.l+ 

+ l I ,» ....~ a::' b ,b+ a»	 1321kk'aa' al3kk' kal {3a ao k'o + 

+	 Vi ~-> a+.... b -: .b + 3.C. ] •
 
af3 kk " ka f3a k 'a' ao":
 

Bblpa~eH~fI /311, /321 npenc raanmor coõoü o606~eHIIIA XOPOWO. ~'t3BeCT

HO~ cTaHAapTHo~ MOAeIlIII AHAepcoHa, npeAIlo~eHHo~ BnepB~e B pa6o
Te n l AnA CIlY4aA OAHO~ nplllMeCIII ~ o606~eHHO~ Anfl ABYX npIIIM~ce~, 
<pI-1KCl-1pOBaHHbIX B T04Kax R 11I Rf3' B pa60Te;S1 IMbl He Y4111TblBaeMa 
no.nRp~3a4I11oHHble 3<p<peKTbl gpyrlllx 3IleKTpOHHblX 30H nOAIlO>l<KIII 11I npe
He6peraeM npflMOM XIIIMIII4eCKO~ CBfl3blO MemAY aAaToMaMIII/. B OTIllll4111e 
OT n~ B /311 Y4I11T~BaeTC~ BnlllflHllle 3aceIleHHOCTlIl nplllMeCHoro YPOB
HfI Ha npo4ecc 3IleKTpOHHoro nepeHoca Me~AY nOAIlO1KKol71 11I aAaTOMOM" 
3TO nplllBOAIIIT K nOflBIleHllllO AonOIlHIIITeIlbHoro cnaraeMoro BIIIAa 

-2 V .... n b+ a ; +3.C. 04eHb BamHO 3aMeTIIITb, 4TO 3Ta KoppeK4111f1 
ak a-a ao kaka 

BXOAIIIT B oneparop Ya C TOM we KOHcTaHToM CBfI~1II 4TO 11I "c r auVak • 
AapTHblj;1l1npo4ecc V..,. b+ á -> + 3. C. ;9/ Kpone Toro, Y4l1lTblBalOTCfI ABa 

ak	 aa ka 

AononHIIITeIlbH~X ABYX3IleKTpOHH~X npo4ecca. nepB~M CBfl3aH C OAHO
BpeMeHH~M nepecKOKoM ABYX 3neKTpOHOB 11I3 nOAIlO~KI-1 Ha aAaTOM H Ha
060POT ,c KOHCTaHTo~ CBfl31-1 v~klt'. BTOPOM Y4111TblBaeT OAHOBpeMeHHblM 
nepecKoK 3IleKTpOHa 11I3 nOAIlO~KIII Ha aAaTOM 11I 11I3 aAaTOMa B nOAIlO~
KY, 4TO nplllBOAMT npOCTO ~ onpOKIIIA~~~HMIO C~IIIHa Ha nplllMeCIII. 3TOT 
npo4ecc IIIAeT C KOHcTaHTol71 B3aIllMoAel71cTBI-1f1 . ABa nocIleAHlIlxcuakk ' 
npouecca Mo'rYT 6blTb HeCYlijeCTB€HHbl, r ax KaK KOHCTaHTbl CBA3H 

V~k~' 11I waii' MorYT OKa3aTbCfI 3Ha4I11TeIlbH~ MeHbwe, 4é~ Vak .OAHaKO 
BIlMflHlllfI HaceIleHHOCT~ nplllMeCHoro YPOBHfI Ha 3neKTpOHH~1II 06MeH MemAY 

'13 
12 



I 

:1
I, 

nOAnomKO~ ~ aAaTOMOM He06xoA~MO Y4~T~BaTb, TaK KaK OH ~AeT 

C TO~ lKe KOHCTaHTO~ c aaaa , 4TO VI OCHOBKO~, Bce OTMe4eHHble aenue 

KOppeK~~~ MOlKHO B XapTp~-~OKOBCKO~ CXeMe CBeCT~ K nepeOnpeAene

HYlIO KOHCTaHTbI CBfta~ICTaHAapTHOrO"npo~ecca 3neKTpOHHOrO nepeHOCa: 

+ .lo / + -tl	 (l-n )(V-->b a., +3.C.)+' l [v-->-->,b a., b a ; + 
ka a-a 

+ Cu -H b+ 
c kk ' aa 

+	 ~[v/-->-->, 
k' akk 

a-::",
k' -a 

+ 
<b 

,a-a 

~ ! Va b+ a .• 
ka ak (JfJ	 k a 

rAe 

a 

ak ao ka 2 kk 'O" akk ao ka a-a k '-a" 

V --> ~ (1 - <fi > ) V .... + l I V 
I 

-s-_. < h a --> , > + 
a k a -a a k k " a kk ' a-a k-a 

+ W _. --> < a~ b > I
 
akk' k-a a-a
 

cn~H-aaB~C~Maft 3~~eKT~BHaft KOHCT3HTa r~6p~AM3a~~~. üalKe np~ 

wakk' ~ v -->-->,«V -->k V"-->k MOlKeT 3Ka4~TenbHO OTm14aTbCft OT Vak. 
akk a • a.	 "," 1

Hanp~Mep, B cnyuae Hel-1TpanbHOI1 xexocopõuaa , KorAa < n >""", ~, 

b a, + 3. C.] ~ > ~ I (1 - < n > ) V --> + 
a-a ka ko a-a ak 

/33/ 
+ + 

a .... >+w-->->,<a..., b >lbaaa-->k +3.C.=
k'- a akk K -a a <o a 

+ 3.C., 

+ 

"a-a 

V 17--> '" (1 - <n> ) V -. ",,".1.. V -.'
ak a-a ak 2• rr k 

À 

Aane~, Y~) Y4HT~BaeT BKn~A B 3HeprHIO CBR3~ np~MeCH C 
nOlKKo~, 05ycnoBneHHN~ Baa~MoAe~cTBHeM nOKan~aOBaHHoro Ha 
C~ aapftAa c BoaMy~eH~eM 3neKTpOHHO~ nnOTHOCTI1 nOAnOlKK~, 

H~M np~cyTcTB~eM npHMec~: 

-Cia r dXV(Ra-x)a~(x)~Yu(1)· 

2 

/3'--1/ 

nOA-
np~MC

B~aBaH

/35/ 

Bo06~e, KOHKpeTHbl~ B~A y(~ 1) cyutec r aeuuo 3aB~CV1T OT ycnoB~~ C3

MocornaCOBaH~ft T~na /8/, ~ B cnY4aRX ~OHH~X Kp~CTannOB ~ nony

npoBoAH~KOB y(1) MOlKeT aHa4~TenbHO OTnH43TbCft OT /26/.a 

BKnaA, 05ycnoBneHHbl~ BaaHMoAe~cTm1eM BHAa I w ++, n a+ a ; 
kk'aakk aa ka k'a' 

HOCHT 4~-CTO KBaHTOBbl~ xepax r ep • 3TO oGMeHHoe BaaHMoAe~cTBHe, 

BoaH~KalO~ee MemAY nOAnOlKKO~ H aAaTOMOM ~a-aa TOlKAeCTBeHHO~ Hepaa
J1~4~MO~nl ABYX KBaHTO"BbIX 3neKTpOHOB. OHQ HOC~T HenOKanbHbli1 xa

paKTep. 
B /32/ MomHO B~Aen~Tb ABa BHAa BaaHMOAe~CTB~~. nepBoe cnarae

Moe - npocTo KynoHoBcKoe Baa~MOAe~CTBHe MelKAY ABYMR_ aapftAaMH Ha 
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anar o-rax , OHO nportopuaouansuo til Ra -Rpi. r~Ae \Ra-Rpl - pac-

CTOftHHe MelKAY np~MeCftMH. OCTanbHO~ BKnaA B Yap 06ycnoBneH 
3neKTpOHH~IM oGMeHoM Mell\AY aAaTOMaMH uepea nop,nOHIKY ancopõe-rra , 

OAHaKO BXOAR~Yle B Hero Baa~MOAB~CTB~ft HMelOT paauue nHA~PYlOU\jI1e 
aC~MnTOTHKH. npOVlnnlOcTp~PyeM 3TOT ~aKT: 

V	 (~) = r di' -4. * ('i) -4. (x) v (R - x)= 
aj{1-' J "' « 'Pit a 

r di' q,* (x)q, --> (x)[1 + (x-R ~). v + o., ]vcRa -R~,) """ /36/a k I-' Rp I-' 

-+ Ra-R§. L . 
r di -4.* (x) q, _{x) (x - R &. -,,;----R:; -13- \R_R., [2 

-::.	 J "« k IR - p a-p 
a 

aHaJlOrH4HO MOlKHO noxaaar s , 4TO KOHCTaHTbl CBRaH 

/ 1V	 ........ -::;---':;----3·
Wa {3kk ' , apkk' !Ra-Rpl 

3AeCb BCIOAY npeanonaranace OPTorOHanbHOCT~Ik> 
/3(j)~eKTbl, CBRaaHHble C HeOpTOroHanbHOCTblO [k» 

/37/ 

- ~ la>-COCTOftHVI~ 
~ Ia> -COCTOftHVI~, 

MOXIHO Y4eCTb, OAHaKo OHH AonlKHbl 6blTb nOCneAOBaTenbHO BKnlO4eHbl 

B cxeMY paCCMOTpeHVlR C caNoro Ha4ana/. HeKOTop~e VIa BKnaAOB 

3Toro r ana BaaHMOAe~CTBVlÇ: XOPOWO ~a8eCTHbl B r eopuu xeMocop6~HH 

~ nonY4~nVl Haa BaHI1e KOCBCHHoro BaaHMOAEI1CT BVlft /10 /: B aaKnlO4eHHe 

BblnHLUeM BblpalKeH~ft Anft 
nOAnOlKKH ~ KOHCTaHTaM~ 

y = E ~ Il + U n n a a aa aa- a-a 

~ ~~ I 

Ya~=~f3 q q~ + I [V --> 
f' a f' k a a k 

Boaapautaac s K "V10HHO~" 

}~a VI Yaf3 B npeHe6pelKeH~H nonapuaauaeã 
Ci3fta~ v'~ wll!: 

1- l	 [V --> (1- n )b+ a k--> 
k a a I. a- o CJl:J a" 

~ + ~ + 
(P)Q;qb a -. +- V~-.(a)q" b~ 

f' aa ka" I-' k a f,a k a 

aana-re /3/, BHAHM, 4TO <Y > 2 - KOHCTaHTa a 1I

+ 3 • C .1. 

a-+ +3.c.l. 

CBft3H aAaTOMa aAcop5eHTa C nonnoxxoà , < Y{:l>1l - I<OHCTaHTa B3a~a
MOAeHc T BHR MelKAY coõoa ABYX ancopõapoaau-lux 1JTOMOB. 
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f'aBpHJleHKO r.M., JJu BeH lIP. ~HHH BJ(' PI7-86-S9 
K TeopHH xeNocop6~ BQAOPOAOROAQ6HYX aTOMOB 
HB MeTannax 

Da OCHOBe HHKpocKonuqeCKHX np~CTABneHHA BYBOARTCA MOAenH 
AnA OnHCaHHH xeMOcop6~ BOAOpOAODOA06HYX aTONOB Ha KpHCTan
smqeCKHX noAllOlKltax npOCTbIX MeTannOB. nOAP06HO 06C'YlrAaJOTCH BSau
NO):leAcTBHJI, o60~e CT~apTHyIO MOAeJlh ~epCOHa. YCTaHaBJDI
BaeTCR CJ)JlSh MeJJ,D;Y :;tJleKTPQHHNMJ{ CBOHCTBaHH XeM.OCOp6l1POBaHHOH 
nOAllO_KH H KOHcTaHT~ BsaHMOAeAcTBHH B MOAenH pemeTo~ro ra
sa. 

PaOOTa BblnOJlHeJia B 1la60paTopHH Teo.peTuqeCKoH tliHSlIKlI OHHH. 

Coo6lQe1Q1e ~o HHCDlT)'T. JIJlepHlIIlX ~eneAOBaHHii.,ny&I;i. 1986 

Gavrilenko G.M., Li Benlr, FedYBnin V.K. P]7-86-59 
On Chemisorption of Hydrogen-Like Atoms on Metals 

The models applied for the description of 
chemisorption of hydrogen-like atoms on the crystal metal sub
strares are derived OR the basis of the microscopic considera
tion. The interactions generalizing the ordinary Anderson mo
del are detailly discussed. The connection between the electro' 
nic properties of the chemisorbed substrate and the interacti 
on constants of the lattice-gas model is established. 

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