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B po6oTi 00rpyHTOBaHO KpUTEpiii MPOCTOPOBOrO KBAHTYBAHHS CIIEKTPY HOCIIB CTPyMy B TOHKHX IMPOBIIHHX
iiBKax. B 353Ky 3 M KiHETHYHI BIACTUBOCTI TOHKUX IUIIBOK Ta KOHLIEHTPALlisl HOCIiB 3aps/iiB B HUX KOPEIIOIOTh

3 IXHIMH TOBILMHAMHU.

Kurouosi ciioBa: motenmian ['i66ca, eHTpoIIis, T'yCTHHA €JICKTPHYHOTO CTPYMY Ta TETIOBOTO MOTOKY.
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Beryn

KineTnuHi BIACTHBOCTI KPHCTANiB O0yMOBIIOIOTHCS
KOHIICHTPAI[IEF0 HOCIIB CTpyMy B KpHCTajax Ta
XapakTepoM iX HampaBlIEHOTO pyXy B MIDKBY3ISX
KPHUCTaJIIuHOI rpatku. Takuili HanpaBieHUI pyX BUHHKAE
mix giero 30ypeHb, SIKi BHBOJATH KpHUCTall i3 CTaHy
TEpMOJMHAMIYHOI PiBHOBAarW, a ra3 HOCIiB CTpyMy cTae
HEpiBHOBa)KHHM.

B cratuctnunii  Qi3umi TepMOAMHAMIYHI  Ta
KiIHeTHYHI BJACTUBOCTI TaKOTO Ta3y OMNHCYIOTHCA
BEJIMKUM TePMOTUHAMIYHAM NoTeHmiaaoM [i60ca [1]

Q=-2kTY In

{exp(”“'g”g)_g”;)]]

kT
B mifi  dopmymi

Q)

T

K-TIOCTiiHAa bBonbiMaHa,
TeMIlepaTypa KpHCTaia, k — xsunsoBHii BEKTOP HOCIA
3apsiy, SIKUil Bilirpae posib KBAHTOBOTO YHCIIA, € = S(E)
y7,

nmoteHtian, a Ag(k)— 3MmiHa eHeprii Hocis 3apsamy mix

— 3aKOH JwcIiepcii HOCIIB 3apAmiB, — XIMIYHHAR

nIiero  30ypeHb, SKi BHBOJATH 3

TEPMOJAWHAMIYHOI PiIBHOBATH.
3HaueHHs Ag(k) pospaxosane B pobori [1]. Lle

KpHCTal CTaHy

30ypeHHs € MapHOI0 (YHKIE€I0 BEeKTOpa K i TOTOXKHO
JIOPIBHIOE HYJIIO (Ag(/;):o B CTaHl TEpMOIUHAMIYHOI
piBHOBaru Kpucraa.

Kinpkicts yactusok B kpucrani /N, Ta ix eHTpormis

S, MaioTh TaKi 3HAYEHHS:
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1
N, =2) f;,(2)
( J [ex (5(k) As(k ) - ﬂ] 1} 2

kT
2
s(k) Ag(k) HJ 1]’ (22)
S, = - El' )

B umx dopmyrax f/} — dyHKUIS po3NOALTY ISt
B

TepMoauHamiunoi piBnoaru Bemmuuna Ag(k)=

HEPIBHOBKHUX HOCIIB 3apsIiB. crani

TOMy B LbOMY BHNaaKy ¢yHKUis (2a) cmiBrmajgae 3
piBHOBakHOIO (pyHKIiEr0 po3noziny Depwmi-/lipaka
1

= v : “4)
exp M —1
kT
B HepiBHOBaXHOMY  Ta3i  HOCIiB  CTpymy
BinOyBatoThCs mporecu aucumanii eweprii U, ta
MIEPEHECCHHS EJISKTPUKU 1 TEIUIOTH, SIKi OIHCYIOThCS
HnepluM  Ta  JPYyrdM  3aKOHaMH  HEpiBHOBa)KHOT
TEPMOJAUHAMIKU
dUu U
=—divg + JE , (5)
ds, 1(-= GV,T
e _ -E_ i , 6
di T[j T j ©
ze j— IYCTHHA €NEKTPUYHOTO CTPYMY, ¢ — BEKTOP
['YCTHHHM TEIUIOBOTO TOTOKY, a E,V;T —  BEKTOpH



A.C. bymxak, .M. @peik, B.®. [laciunsk

HAMpPy>KEHOCTI  EJIEKTPUIHOTO
TEMIIEpaTypy B KPHCTAJTI.

monsi Ta TpajieHTa
ITocioBHI pO3paxyHKH BEKTOPIB [, TMOKa3yloTh,

10 BOHU ONMHUCYIOTHCSA TAKUMU 3araJIbHUMHA piBHHHH}IMI/I

. (3 -
j:%ZAg(k)(—éjV,;g(k), ™
2 - = (9 A
q=;;(S(k)—u)ﬁ(k)(—g)vﬁ(k)' ®)

I. TeoperuuHi po3paxyHku

PiBusans (8) 1 (9) HasuBalOThCA y3araJbHEHUMH
PIBHSIHHSIMH eJIeKTpOonpoBigHOCTi (8) 1 TemonpositHoCTi
(9). B uux piBHSHHAX Z — 3HaK 3apsijga, €— BeJIMYHHA

3apafy eneKTpoHa, /i — noctiina ITnanka.

3a J0MOMOrOK LUX pIBHSIHb, 3HAIOYM BEIUYHHY
Ae(k),
BJIACTMBOCTEH KPHUCTAJIIB B TOMY 4YHCIi 1 B TOHKHX
KPHUCTAJIUYHUX IUTIBKaX, B SKUX CIIOCTEPIraeThes
MPOCTOPOBE KBAHTYBAHHS CIIEKTPOHHOTO CIIEKTpy. Take
KBaHTYBaHHS MPUBOAUTH [0 KOPEILIHHNX 3aJIeKHOCTEN
KIHETHYHUX BJIACTUBOCTEH ILIIBOK Bif X TOBIIMHU [2,3].

3 METOI BUSICHEHHS BIUIMBY [POCTOPOBOIO
KBaHTYBaHHS HAa KIHETHYHI BJIACTUBOCTI KPHCTAIB
pO3TISHEMO TOHKY KpPUCTANi4Hy IUTBKY N-THITY
MPOBIIHOCTI 3 MPOCTOPOBO-KBAHTOBAHUM 130TPOITHUM
napaboIiuHUM 3aKOHOM IHCIIEPCii IS E€JICKTPOHHOTO
rasy.

B Takiii IUTBII KOHIICHTPAIlisA EJIEKTPOHHOIO TIa3y
OMMHUCYETHCSI TaKkOr hopmyitoro [2,3]:

MOXKHA  pPO3paxyBaTH HH3KYy KIHETHYHUX

. . . 2
TAaKOro IOJIs BiIOBizae yMoBi (B U D) >>1, ne U, -

npefioBa pyXIMBICTb HOCIIB CTPyMY.

I[# ymMOBa BHUKOpHCTaHA IJIsi TOTO, IO B CHILHOMY
MAarHiTHOMY TOJi [i Koe(imieHTH He 3ajexaTh Hi BiA
MEXaHi3MIB PO3CIOBAaHHS, Hi Bill MardHiTHOro mois. B
[bOMY BHWIIQJIKy CHIJIBHO CHPOIIYIOThCS CTaTUCTHUYHI
PO3paxyHKH IUX KOE]ILIEHTIB, SIKi OMUCYIOTHCS TAKUMHU
dbopmynamu [2,3]:

(10)

an

[ro dopMyIy MpUBEIEMO 10 BUTIISAY 3PYIHOTO ISt
po3paxyHkiB B cepenouiii MathCAD

5]

'y
exp(y+7z-l2 —,u*]Jrl

S S )+1} -’

. T
exp|  ——1
I=1 |: [ Xo

Pospaxynku 3HaueH» koedimienta Xomma R(d) i

2y+£l2
o

>

1=1

St—38

(12)

a(d):i

Oe3po3mipHOTO KOedimieHTa 3eebeka o = B

%a(d )

3aJ1eXKHOCTI Bij TemnepaTypu T i ToBumHu miisku d
noKasaHi Ha puc. 1 i puc. 2.

X, < . T OTKe KIHETHYHI BJIACTUBOCTI TOHKHMX ILTIBOK
n(d)= OXZln exp| it == |+1], . . .
2d4° &= X, KOPEJIOIOTh 3 IX TOBIIMHAMH. SIK BUAHO i3 PUCYHKIB IS
KOPeJISIis CIIOCTEPIraeTbCsi B IDIBKAaX TOBIIWHOIO
8rmkTd’ kT 5
Y = _ «_ M ©9) d~2+5)-10"cm.
0 2 0 ’ ' . . .o .
h X0 kT [IniBku Takoi TOBIIMHM JyXe TOHKI 1 Ui 1X
Koedimieur Xomma R Ta xoedirient edekry BUTOTOBJICHHS ~ Tpeba  3aCTOCOBYBAaTH  CIIElliaibHI
3eebeka I1i€i IUTIBKM PO3MIITHEMO IIPU YMOBI KJIACHYHO HaHOTexHonortl. Tomy B 3BMYAMHIA NPAKTALI, K,
. . . 5 . BUKOPUCTOBYIOThCS ~ IUTIBKOBI ~ 3pa3KM B SIKUX
CHJIHOTO MArHiTHOro 1oJjisi 3 ingykuiero B . Imaykuis
8.7 |
7.4 \\
6.1
)
4.8 ™
k}g@@ 35
—_— 22
0.9—-——_--__I———-—d-—l——-———-——-- —— -
-04
-1.7

1 152 253 35445555665 77588599510

dj-106

Puc. 1. 3anexnicts koedinientiB Xota R 1 R1 HeBUpomKeHOT0O eneKTpoHHOro ra3y(|L = -4) BiJ TOBIIMHU KPHCTaJII4HOT
ik d ta remneparypu T =4 K gnst R i T1 =300 K nns R1
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17
16

15

14

a(L) 12

10

o — —

thh o = oo

1 152 253 35445555665 775885 909510

d(L)»lOG,dli<l(}6

Puc. 2. 3anexHicTh Oe3po3MipHuX KoedirieHTiB 3eeoeka oL) i ol HEBHPOHKEHOTO eNeKTPOHHOTO Ta3y (| = -4)
Bix ToBmMHY 1UTiBKH d st temnepatypu T =4 K ms oL) i temmeparypu T =300 K g al.

IMPOCTOPOBOT'O KBAHTYBAaHHS HEMAE.

Bucunoskn

Binemn TouHMA KpUTEpiil BiACYTHOCTI IPOCTOPOBOTO
KBaHTYBaHHS 3HalzeMo 3a mormomoroi dopmymu (9),
po3paxyBaBIIK HAONMYKEHO 3HAYCHHsSI CyMHU B ii mpaBiid
YaCTHHI.

Toni maeMo
. 1 3.306-10° In(exp(p” ) +1
n(d)=n(T,u'") 1—3-3306 192 (F 73 )cm -(13)
T u
k)
B it bopmymni n(T,u' )— KOHIEHTpaLis
CJIEKTPOHHOTO Trady B  MAaCHBHOMY KpHCTam 3

napaboiyHIM 3aKOHOM JHUCIEpCii JJIsI HOCIiB CTPyMYy.
Bomna nopisHioe

B i 2xmkT

F

ne F,,, (4" )— Binomuii interpan ®epmi.

n(T,u") j E (i), (14)

I3 ¢opmymn (13) BumHO, MO I BiACYTHOCTI
Kopeysilii  KOHLEHTpamil  eNeKTPOHIB  Ta  IHIIMX
KIHETMYHUX BJIACTUBOCTEM BIJ TOBIUMHU  INIIBKHA
HEeoOXiqHO 1100 TOBIIMHA IUTIBKY BIAIIOBiAala YMOBI

>> 3'303.119: " [e;p(ﬂ:)HJ cm - (15)
(%) 1 (H)

s ymoBa uisi NJIBKOBUX CTPYKTYp, SIK IIPaBHIIO,
BUKOHY€THCS Ha TIPAKTHUII].

Poboma uacmkoso ¢hinancyemovca MOH Yxpainu
(Hdeporcasnuii peecmpayivnuti nomep 0106U00220) ma
HADDI] MOH Ykpainu (npoexm Ne 14.1/028).
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To a Question on Correlation Dependences of the Kinetic Properties
Thin Films Depending on Their Thickness
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In work it is proved tests of spatially quantization a spectrum of carriers of current in thin condukting films. In
this connection the kinetic properties of thin films and concentrations of charge carriers correlate with their thickness.
Key words: potential of Gibbs, an entropy, density of an electric current and a thermal stream.
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