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PPAKTAJIBHOCTb HAHOCTPYKTYPUPOBAHHBIX
HOJIYITPOBOJHUKOBBIX TIVIEHOK

ITokazana BO3ZMOKHOCTh MOACTHPOBAHHA NPOCTPAHCTBCHHOTO PACIPEACICHHA JTEKTPOHOB, ABIPOK H MPHMECCH
(ae(heKTOB pa3mIIHOTO THIIA) B HAHOCTPYKTYPHPOBAHHBIX MOJIYIIPOBOIHHKOBBIX TOHKHX IUICHKAX. [ Ipu momMommw yuc-
JICHHOTO QHAJIM3A OIHCAHBI IIEPEMEKACMBIC, HCOTHOPOIHBIC PACTIPEACICHIA KOHICHTPAIIMA YACTHI, XAPAKTEPHBIC UL
KAPTHH MOBEPXHOCTEH, MOIYUCHHBIX MPH MOMOIIN CKAHUPYIOIIEH TYHHEIbHOH, ATOMHO-CHIOBOH M 3JICKTPOHHON

MHUKPOCKOIIHHA.

[TonympoBOAHUKOBEIC MIICHKH UMEIOT KJIACTEP-
HYIO CTPYKTYPY, KOTOpas SBISCTCS UEPAPXHUCCKH
camonoa00HOo# U camoadhGUHHON HA PA3HBIX MPO-
CTPaHCTBCHHBIX Macmradax, T.c. PPakTaIbHOU H
myasTudpakraabHoi. s onucanus Gusnueckux
SIBJICHUH B TOHKHX HOIYIPOBOIHHKOBBIX IJICHKAX HE-
00X0IUMO 3HATh PacTPENCICHUC HOCHTEICH TOKa,
3aBHCALICe OT (PaKTaIbHON Pa3MEPHOCTH X MHO-
skectBa. OnpenencHue ¢GpakTaIpbHBIX PA3MEPHOC-
TCH HEOXHOPOIHBIX, aHU3OTPONHHBIX (adPHHHBIX)
00BEKTOB caMo MO cebe ABIACTCS OTACIBHOW Ha-
vaHOU mpoOrnemMoii. OJHaKO MOKHO HCHONb30BATh
3HAYCHUS PA3MEPHOCTEH MOACTBHEIX (PAKTANOB, a
TaKKC M3BECTHBIC 3HAUCHHUS IS CAMOMOTOOHBIX
(uadopmanroHHbIX) 1 camoadhGHUHHBIX (SHTPOITHH-
HbIX) MHOkECTB | 1-3]. Llenbro HacTOsmek paboTh
SBIICTCS MONYYCHHUE (PPAKTATBHOTO U MYIbTH(PAK-
TaIbHOTO PACIPEACICHUS KOHLCHTPALIUI HOCUTENCH
TOKa B HAHOCTPVKTYPUPOBAHHBIX MOTYIIPOBOIHHKAX
U CPABHCHHE PE3YIBTATOB C IEKTPOHHO-MHUKPOCKO-
MUYCCKUMH JAHHBIMH.

1. YpaBHeHHs1, ONHCBIBAIOIIIHE HEPABHOBEC-
HOe pacipejaejieHHe HOCHTeJieli Toka

0003HaYUM YePE3 A, P, & COOTBETCTBEHHO KOH-
LECHTPALMH KBA3WYACTUL — 3JICKTPOHOB, IBIPOK H
KIacTepoB — Ae(eKTOB Pa3mUIHBIX THIOB — 0Opa-
30BaHHUI U3 aTOMOB, MOJICKYJI BEIIECTBA M MPHME-
ce¥ B MOmynpoBoAHUKE. bynem mHTEpEecOBaTHCS U3-
MEHECHUEM KOHIICHTPALIUH M0 KOOPAUHATE X BOTH3H
X = X,, TAC X, — KOOpJWHATA LEHTPa KIacTtepa.
MO:KHO MPHUHATB, YTO LEHTPOM KIACTCPH3ALMH MPe-
HMYILECTBEHHO SIBJISIFOTCS COOCTBCHHEIC H PHMEC-
HBIC aTOMBI, MONEKYJIbl. B Gonee obmem Brae nox
KIACTCPU3aLUECH MOJKHO IOHUMATh arperamuro (00-
Pa30BaHUE PHIXJIBIX CKOTLICHHU ) OAHOTHITHBIX HEHT-
pabHBIX ACECKTOB.

Jita yaeta HeperyIapHOCTH ABHKEHHUS HOCUTE-
JcH Toka BO (hpakTanbHOU CpeAc MPUMEM YCIOBHE
JIummuna-1 €npaepa, OrpaHUIHUBAIOIICE TTPOU3BOI-
HYIO Yepe3 APOOHBIH MOKa3aTelb CTENCHH apryMEHTA
a < 1. ITOT mokasaTeb NPUMEM B BUAE a=1-g
rae g, — (bpakTanbHas pasMEPHOCTb MHOXKECTBA
TOueK pasbuenus aprymenta. Ilpu g, = 0 umeem
00BIYHYIO MPOM3BOIHYIO. I locTe 3TOro mpon3BoAHYIO
KOHLICHTPALIMH 3JICKTPOHOB 72(X) 3aITUIIIeM Yepe3 KO-
HEYHBIC PA3HOCTH B BUIES

dn(x)
dx

_,_ O (1)

177/0n ’
(k=)

rae d — macmrab M3MEPEHHs BETUYHHBI /1(X). B
dopmyiy (1) KOHIICHTPALUS U KOOPAUHATA BXOIIAT
B Oe3pasMEpHOM BHAE OTHOCHTEIBHO HEKOTOPBIX
XapaKTCPHBIX MACIITAOO0B. 3HAK «KMHHYCY (KILTFOCY)
COOTBETCTBYET MOJOKUTEIBHON (OTPULIATSIBHOM)

passocta 6, =n(x)—n(x,).
®dpakraapHyIO MEpY A(X) TPSACTABUM B BHUIC
n(x)=n,(x)s, ", )
rac d — TOMOJOTHYECKAs PA3MCPHOCTDh SUYCHKH
(CTPYKTYpBI) C MPOCTPAHCTBEHHBIM MACIITAOOM,
COOTBETCTBYIOMUM d ; D — (hpakTanbHas pazmep-
HOCTh MHOKECTBA BCEX PA3AUYHBIX AUEEK; 71,(X) —

paBHOBeCHAs (HE (paKTaIbHAS ) KOHLICHTPALINS 3JICK-
TpoHoB. Mckmouus d u3 popmyn (1), (2), nmeem

)m—l n(x)||”

7y (X)

dn(x)

e =i(|x—x*

y, =D —d, d=0,123. Q)

HepaBroBecHas KOHIEHTpanus 72(x,) s GukcHpo-
BAHHOTO 3HAYECHMS X, 33Ja€TCA B BUJAE TPAHUYHOTO
VCIIOBHSL.
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Paouayuonnas dhusuxa u pusuxa mgepoozo mena

VpaBuenue (3) 3amuiieM A1 MHOXKECTBA, CITy-
YAHO PACHIONIOKECHHBIX (M3-32 THHAMHUYCCKUX, TCII-
J0BBIX (JAKTOPOB) KITACTEPOB PA3IUIHOTO CTPOCHHS,
T.C. AN ciydas

x* = {x*](nﬂpja)}ﬁ j = 172"'7
rA¢ X, — CIy4alHbIC YHCIA, PCATU3YCMBIC B HH-

TepBane 0<X,, <X . ToraadepeaosaHue 3HakOB

«UTIOCY, «MHUHYCY» B (hopmyne (1) OyaeT caydaiiHbiM,

U €70 MOXHO OMHUCATh BBIPAKEHHUEM Sl'gn(f (x)) ,

rae x (X) — JenbTa-KOPPeIUPOBaHHBINA CITyYaiHBIA
nporecc. [TonoxeHne 31eKTPOHA B HHTCPBAIIC X—X 4
TOXKE ONMPEICIETC BEPOATHOCTHBIM 00pazoM. Ty
BCPOSITHOCTh OMPEACIUM Kak

). @

rae Y, (n,a, p,X) — BomHOBas QYHKIHS SICKTPO-

P(x)= ’l//n (n,a, p, x)’2 (|x — X,

HA, HAXOSIIETOCS B TIOJIC 3JICKTPOHOB, ABIPOK, ITPH-
Mmecel (knacrepa). I1a QyHKIHS JOTKHA OBITH BBIO-
paHa Ha OCHOBE HPOCTHIX MOJEJICH B3aUMOACHUCTBUS
37ICKTPOHA € KJIACTCPOM.

[MpuauMAas aHATOTHYHBIC PACCYKACHHUSI [7TsI KOH-
LCHTPAIUU ABIPOK p(X) U mpumMecei (KIacTepoB)
a(x), MBI MOKEM 3aIUCATh CACAYIOUYIO CHCTEMY
YPaBHEHHI:

L — sign(z (x)), (m.a.pc o
_ Yon n(.X) 77"
ofpr—=)" ||
®)

%=Sign(é(x))!wp("’a’lﬂ’x)lze
ol o[22 7
b= )] -~ ©

% = sjgn(f(x))h//a(n,a,p,x)|20
e(|x—x*)y°” arx) ya, (7)

ay(x)

. +1, &(x)>0
Si gn(f (x)) = .
-1, &(x)<0

Jis yaera cieuuuke KPUCTATLTUICCKOTO HIH
aMop(¢HOTro CTPOCHHUS MOTYIPOBOAHUKOB BOTHOBBIC
(YHKUHN MOTYT ObITH BHIOpaHE B BHAC (YHKLHN
broxa, yauThIBaOIMX 3aBUCHMOCTH KOHLICHTPALHHA
ot koopauHarel. Eciu moacTasute B ypaBHeHuUs (5)—
(7) maxxe caMbie IPOCTHIC BHIPAXKEHUS 1 BOJTHO-
BBIX (PYHKIIMH, TO BCE PABHO HEBO3MOXKHO HHTCIPH-
POBATh MONMYUCHHYIO cucTeMy AuddepeHIraIbHbIX
VPaBHEHHUH B CHIY UX cTOXacTHIHOCTH. [loaToMy
PaccMOTPUM HX AUCKPETHYIO GOpMYy.

2. HenuHeiiHoe oToOpaxkeHue
AJIS KOHLIEHTpauHuH HOCHTeJell Toka

Jis mpocToThl BHAYANE 3anuineM ypaBaeHue (1)
C ONPEACTCHHBIM 3HAKOM ILTIOC Yepe3 MOCIeaA0Ba-
TENBHOCTh JUCKPETHBIX 3HAYCHUH /1

ny _ n, i

2 i=123,... (8)
Ax Ax ‘Ax 7on

7o

T€ MHJACKC g, O3HAYacT HEOOXOAUMOCTh PEryis-
pusaiuu (OrpaHUUICHHS ) TAHHOTO WICHA B MPEaeIax
macimraba u3MepeHus: O, MyTeM BBEACHHS APOO-
HOro mokasarens crenenu g.. Ilo crpykrype mpa-
Boi wactu Gopmyisl (1) 3anumem

n, nz'5n,z'

1

=0
Ax ‘e ’A_x’ Yon

©)

JINCKPETHBIE 3HAYCHH S OTCUETA 7, MOYKHO B3SITh
yepe3 pasHble HHTEpBansl Dx = 1, Torma popmynst
(5)—(7) mpuHUMarOT BUI

S
e ={n,+ sign(&)y, (a.poi )} 10
0
1
p
D ={pl. +sign(§i)’l//p (a,nl_,l')r}% (1)
0
n
a,, = {a,- +sign(§,-)!l//a(n,-,p,-,i)!2} A (1)
0

Bo3MOXKHBI pa3nHHBIC TOAXOABI K OTPCICTICHIIO
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BOJIHOBBIX (DYHKIMI KBazndacTull. Pa3aenus 3aekT-
POHBI HA 3JICKTPOHBI KIacTepa U CBOOOIHBIC (Ba-
J'ICHTHLIG) QJICKTPOHBI, 3AMMUIICM IraMUJIbTOHUAH IJ1d
paCCManHBaeMOH 33034 B CIEIYIOIIEM BI/I,Z[C [4]:

(Rl—Rm) Zp

e’ /4re,
’l T s
iy

r
o ZV(:; (13)
I UHIAEKCHL [ U m H
i ¥ ] — 3]ICKTPOHBI,
Tepa; P,

i)+

MEPYIOT KIAcTEPHI, HHIACKCHI
, M — mMmmynec 1 Macca Kiac-

L

m — UMNOYJbC U MacCCa JJICKTPOHA,

U (Rz — Rm) — MTOTCHIUAT B3aUMOICHCTBHS MCK-
r 1
n—R
JCUCTBUS CBODOTHBIX BJICKTPOHOB C KJIACTCPaMH.
Cunrtas, 4T0 KaXKABIH 3JICKTPOH B3AUMOJCHCTBYET
€ KJIaCTepOM HE3aBHCHMO OT OCTAIBHBIX, ITOIYIUM
ypasaenue llpeaunrepa B Buae

T
%JFZV({; —fr?l) t//('r’fr?) = Ez-‘//z-(’r’w}r?)’

(14)

Ay Ki1acrepaMu, V( ) — IDOTCHIIMAJ B3auMO-

T
ra¢ I/, — SHEPrus 31EKTPOoHa, Y/, (l‘i, R) — BOJTHOBAs

¢dyukupst. CoOCTBEHHYIO (DYHKIIHIO 3ICKTPOHA MPE/I-
ctaBuM B BuAe pyHkumn broxa

(//k(;):(//f (;)exp(il;),
Vi (F+ R) =y (7).

(a) — axer. [5], (b) — Teop.. Y, = Y, =

ya212>

rae kK — BonHOBOM BekTOp. M3 yenoswii (15) BhiTe-
KaeT, 4To
r 1 r . 11
v, (r +R) =y, (r)exp(sz) .(16)
Mo:xHO IOCTPOHTE BOTHOBBIC PYHKLIMH, LICHTPUPO-

BAHHBIC Ha y3J/IaX KJIACTCPOB R , T.C. 3amucaTthb 4cC-

]13)1
Z(p(r — )exp(sz) (17)

B npubGnukeHnu CHIIBHOM CBA3H MEXKAY 3ICKTPO-
HAMH U KJIACTCPaMU MOKHO amIpOKCHMHPOBATH
¢byHkunn BaHbe aTOMHBIMH OpOHTANAMHU

(o(F~R)=0,,(r)
2

(Dn,l(r): nl+2(21+1)!

o(2r) eiF[

[J¢ # — TJIABHOC KBAHTOBOC YHCIO; [ — OpOuTaIb-
HOC KBAHTOBOC YHCIO; /7 — BBIPOXKACHHASI THIICPTC-
oMerpuueckas ¢yHkumi. B cructeme neHTpa Macce
37EKTPOHA U JpIpkH dopmyna (17) onuceiBaet u mo-
BeAcHUE AbIpKU. B npyrom npeaensHOM ciayuae cia-
0O CBSI3H 3NEKTPOHA € KJIACTEPOM MOKHO BOCIIOIb-
30BaThCS MPUOIHIKCHUEM TTOCKUX BOJIH:

v, (x)= (//Oexp( (k +k +k) )

r
pe3 (byHKuHH Banse (p(r —

—n+l+l,2]+2,z} (18)
n

(19)

3. PesyabTaThl YHCJIEHHOI0 AHAJIH3A
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Puc. 1. DnekTpoHHas MUKPOCKOIUS MOBEPXHOCTH Ag, a7copOHpOBaHHOTO Ha TOJIOXKKE Si.

b

n,=p,=a,=5,n=p =1,a=100
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