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Po3B’ A3aH0 3a/1a4y PO BUCOKOYACTOTHY MiXK30HHY IIPOBIJHICTb INIOCKOTO NPSIMONiHIHHOrO rpad)eHOBOro ApoTy
IpY BpaxyBaHHI KJIaCHYHMX PO3MIpHUX edekTiB BinOMBaHHA HOCI{B 3apsAmy BiJ OiYHMX Mex apory. Po3paxyHku
MPOBEJEH] NpHU JOBUIBHOMY CHiBBIJHOIIEGHHI MDK IIHMPUHOIO JPOTY i JOBXKHHOIO BUIBHOTO HPOOIry HOCI{B 3apsany

JOBXKMHA  JIPOT gabararo Oinplia 3a  HOro  IIMPHHY). IIpy  poM IHIYKOBAaHUA  CT

pory _ PUHY, p y YK pyM
I(t) = (G, U, +G,U} +..)e ™ 3 nacrynnumu Hemapuumu nonpaskamu 3a amrutityioro U, Hanpyru Ha Kismsx
IpOTY.

KorouoBi cioBa: mnpsiMoininiiHa cMmyxka rpadeHy, BHCOKOYACTOTHA MiXK30HHA IIPOBiIHICTb, Audy3He i

JI3epKabHe BiOMBaHHA HOCIiB CTPYMYy.

Cmamms nocmynuna 0o pedakyii 12.02.2010; npuiinama oo opyky 15.03.2010.

Beryn

B poborax [1,2] Oy10 M[OKIAAHO PO3MIISHYTO
BHCOKOYaCTOTHY BHYTPILTHE030HHY MIPOBIIHICTH
obMexeHoro rpad)eHy B MOJENI TUTOCKOI MPSMOJTiHIHHOT
CMYXKH TpadeHy 1 BpaxoBaHO BIUIMB KIACHYHHX
po3MipHuX  e(peKTiB, TIOB'S3aHUX 3  MEXaHI3MOM
J3epKabHO-TU(Y3HOrO  BiOMBAHHSA HOCIIB  3apsmy.
Mertoro maHOi pOOOTH € JOCTIHKCHHS B MEKax M€l K
MOJeTi  MIXK30HHOI  TPOBIJTHOCTI, 00yMOBIIEHOT
NepexoJlaMu  eJIEKTPOHIB 3 BAaJEHTHOI 30HM B 30HY
MPOBITHOCTI Ta 3BOPOTHUMH HepexoJaMu. MiX30HHA
NMpoBiAHICTE y  HeoOMexxeHomy rpadeni [3] €
JIOMIHYIOUOI0O TIpM OiIbII BHCOKMX YacTrorax abo
HU3BKMX  TeMIleparypax, BHACIIJOK  BiJICYTHOCTI
€HEpreTUYHOI INIJIMHU MK 30Hamu rpadeny. Ilpu
9acToTax 3MIiHHOTO eJeKTpuuHoro momsiw> K T/h, ne

k; — crama Bonbimana, T — aGcomoTHa Temmeparypa,

h=h/2p, h — crana Ilnanka, Mi>K30HHa TPOBIAHICTH
Ma€ B IPaHUYHOMY BHIIQJIKy YHIBEpCaJIbHUH XapakTep,
HE3aJISKHUH BiJl MapaMeTpiB eIeKTPOHHOTrO cHeKkTpa. B
IaHiii poOOTI  MPOBEACHO JOCHIDKCHHS  BIUIUBY
KJIaCHYHUX  pO3MIpHHX  e(peKTiB Ha  MDK3OHHY
IHTErpaJIbHy TPOBIAHICT IUIOCKOTO TPSIMOJIIHIHHOTO
rpag)eHOBOrO IPOTY.
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|. PiBHSIHHS JJIsl MAaTPHUUi TiCTUHH i
Mi’K30HHI Iepexoau B rpa)eHOBOMY
APOTi

Posrisiemo MOJIETTh [1,2] IUIOCKOTO
NPSIMONTIHIHHOTO  Tpa)eHOBOrO  JPOTY 3  BEJIHKOIO
JNOBXHHOIO L B HampsmKy oci X 1 mmpuHoro 2d B
HAMPAMKY oci y (L?2,
-L/2ExEL/2,-dEY£d). Onnopinne i 3miHHE 3
YacTOTOK W eNICKTPUYHE MOoJIe

1 1 .
E(t) = B, exp(- iwt) )
HAMPSMIICHO B3JIOBX OCi X JPOTY i BHKJIHMKAE B HHOMY
1
CIpyMy

l'aminbToHIaH cucTeMu NOONHU3Y " AipaKiBCHKHUX" TOUOK Y
TICEBJIOCITIHOBOMY ITPOCTOPI MiArpaTOK Ma€e BUIIISA

%:ug%H%ngx,
w

y . .
ne S — marpumi IMayni, u»10°wm/c — XapakTepHa s

TNoABY BHUCOKOYAaCTOTHOI'O T'yCTUHU J .

(2

. . y L
rpadeny depmieBchka mBHAKiCTh, P=-ihN, € —3apsn
enekTpoHa. OnepaTop I'yCTUHH CTPYMY
y
j=eus. ©)]
KBaHTOBE piBHSHHS pyXYy sl CTATUCTUYHOTO ollepaTopa
/ (MaTpuIli TyCTHHH)
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h——I2|P )

3armmeMo  JJid ManI/I‘IHI/IX

(4)

€JIEMEHTIB MDK30HHUX

TIepEXOJIiB
qr
h ﬂ:z = (Hll - H22)r 12 + (r 22 r11)H12 ' (5)
nme "1" — iHmekc cTaHy eJeKTpoHa B 30HI MPOBIAHOCTI, a

"2" — y BaneHTHi#l 30Hi. 3a 0a3ucHy cucteMy (yHKIIiH
obupaemo BiIacHi (YHKIIT orepaTopa

o =Usp
pu Biz[cyrHOCTi 30BHIIIHBOT'O €JIEKTPUYHOTO TIOJIS:
& rro 1 es O

elogh ﬂf%

s=+1msa crany 1 (enexkTpoHa B 30HI npOBiz[HOCTi) i
s=-1 mia crany 2 (eneKTpoHa y BaJeHTHiH 30Hi),

(6)

1ps>= )

p, =pcosj ,,p, =psinj ,. Omneparop B3aemomii 3
ENEKTPUYHHUM TI0JIEM

\YJ

(=121 €, exp(- ) (®)

B (2) posrmsimaemo sik Mane 30ypensst. [Ipu mpomy
»(Hp),a =SUp=se (s==1),
H, - H,, »2e,

aa

(9)

H, _WMU(J)Q‘%EmelbLa

Marpuyni exements r,; i r,, B (5) BimmosigaroTh

BHYTPIIIHBO30HHMM  TiepexomaM. Y  HaOJWKeHHi
BpaxyBaHHS JIHIHHOTO BiI'YKy 33 YaCOBUM MHOKHHKOM

e ™ BBaxaemo I, i I',, He3anexHumu Bia yacy. Toni 3
(5), (9) maemo

(t) = # (t)
"0 w2 7

JliaroHanbHi €JeMEHTH MaTpHIi TYCTUHH [

@tb). (10)

11 1 r22
MalOTh 3MICT BHYTPIIIHHO30HHHUX (DYHKIH po3momiay
CTalliOHAPHOTO HEPiIBHOBAXHOI'O CTaHy. BpaxoByrouu
KJIacuuHi po3MipHi edeKTH I3epKabHO-IU(Y3HOTO
poscisuas  [1,2], 3HaiimeMo HepiBHOBaXHY (YHKIIiO
rll('r, b) €JIEKTPOHIB B 30HI MPOBITHOCTI Y BUTJISL:

[ [ [
ry (1, p) =fo(8) +f,(r,p) +1,(r. p) , (11)
ae fl,Z(Ir’b) — HepiBHOB&XHi BiAXWIIEHHA [, BiX
PIBHOBa)KHOT (depmieBchKOI byHKIii

posmoziny f,(€) = (exp[(e- M/k,T]+1)*,

npuuomy f, 4 E,, af, u E;. Oynkuis f, orpumana B

[1,2] 3 xBasikiacMYHOrO KIHETHYHOI'O  PiBHSHHS
Bospimana [4] MeTomoM XapakTepucTuk [5]:
f nty u
f,=- e"JpXEﬂ e]_& k=12, (12)
np feg 1-ae
me a — koedimieHT a3epkaibHOCTI  (HMOBIpHICTH
J3epKanpHoro Bimousanus), O£ a £1,
1.
n:?- iw;t,30,t,>0;
=y-d Of£y£d, p, <O0; 13
t1 - v nipu y ' py ’ ( )

y
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y+d

vy

t, = npu-d£y£0,p, >0;t,=2d/|v, |,

t— wac penmakcamii enmextponiB. Jlusg  BuUmanxy
€JIEKTPOHIB Y BaJICHTHIH 30HI NPH BU3HAYEHHI rzz(lr, b)
B (11)-(13) cnim mposectu 3aminy.e® -e, m® -m,
b® -b (mpu ymoOBI, 10 Yac penakcarii i KoedimieHT
JI3EPKabHOCTI BBaXKAaTH OMHAKOBUMH B 000X 30HAX).
HepiBHoBakHy mobaBky f, MoxHa 3Halithm 3
KIHETHYHOTO PiBHSAHHS, BPaxOBYIOUH OTPUMAaHHi BHpa3
st f,

r ﬂf 1f, f_z, (14)
“fp,
=y ﬂflk (1-a)™u
- R G k=12. 15
2% n T, & <« él- 1- a6 H 1 (19)

[l1. Mixk30HHA ryCTHHA CTPyMY Ta
iHTerpajibHa MPOBiAHICTH

rpageHoBOro Apory

MartpuuHi eJeMEHTH OrepaTopa MiK30HHOI T'YCTHHH
crpymy (3) 3a Bnacaumu GyHKIissMu (7)

j =(-1° o, 1 1b=12 16
() =D Tp 2dl (@*b=12). (16)
BayBaxkumo, mo wMarpuii (9)-(12), (15), (16) e

JiarOHAJIbHUMHU B IMITYJIb,CHOMY TIPE/ICTaBJICHHI JUIst
€JIEKTPOHIB 000X 30H. TOMy BU3HaYEHHS CTATHCTHYHOTO

CepeqHbOro Bl  MDK30HHOI  TYCTHHH  CTPYMY
Biz[GyBaC’ELCH 3a (bopMyJIOIo'
()= =8 & ruli- (17)

p a,b;atb

Bukopucrosyrouu (9), (10), (16) i (17), orpumaemo
zezuz @y O e(r 2 ° 11)

(18)

(ix)=9 é- Ee™,
5 owdl &p g [(hw)* - 4¢’]
JIe BPaxOBaHO CIIIHOBE 1 JIOJMHHE BHUPOIKCHHS
(%,i0,,9, =9, =2).

Ipu miacranoBui B (18) piBHOBaXHOI YaCTHHH
(GyHKIIH po3noniny
rQ-r =f,(-e-f,(e (19)
Ta IHTETPYBaHHI 10 KYTYy ABOBHUMIPHOTO BEKTOpa p i
mepexoy 10 3MiHHOT €=Up 3 06xomom momoca B (18)
[(hw)?- 4€’] 'mpu W® w+id (d® +0) orpumaemo
BiJloMu#t pe3ysabtar [3] st MiXk30HHOT TudepeHIiaTbHOT
npoBigHocTi S(W) HeoOMexeHoro rpadeHy, 3HalaeHuH
MeTo/oM TemIleparypHux ¢yHkuiii I'pina. Omxke, B
oMy HabmmwkenHi (19) kmacuuHi posMmipHi edexTn

rpad)eHOBOro OpOTYy B MeEXax PO3IIAHYTOI MOAENi He
BUSIBIISIFOTHCS.

HepiroBaxxni nobasku f, i f, srimxo (11)-(13),
(15) mo depmieBchkux Qynkuin fy(-€) i f,(€) e
HEOMHOPIMHUMH  B3JI0OBX  HIMpUHH  apoty. Ilpu
BU3HAYCHHI iX BIUIUBY MpoinTerpyemo B (18) mo mupusi
JIpOTY 1 3HaieMOo iHTerpaibHy MiXK30HHY TPOBIJHICTb.
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[pu ; [ DI, =G,U,€& " (21)
(6] @ =

re-ra =f(y,-p,-6- f, (v.pe (20) ge U, =E,L — ammmiTyga Hampyru Ha KiHLISX JpOTY.

i BpaxyBanui (12), (13) i (18) mepma HepiBHOBa)KHa

BignosigHa Mi>K30HHA iHTErpajibHa IPOBIIHICT
J00aBKa 10 MOBHOT'O CTPYMY

2
4i(eu)’ g\ q Py P 0 ef (€) e (-ae™u r
17 2 2 20 Gjyo_(}_y+ 2 > 2 2 él' Tt Qg(tk)dz ) (22)
(ph)“nwL k=15 Pé&p g l[h“(w+id)"- 4e°]g 1-ae™
iloput, 2 0,
At =1, ‘ (23)
iOmput, <O.
Buacrninok interpyBanns B (22) venaproi GyHKIii p, B r@-r®=£,(y,- E), -e)- f, (y, E), €) (24)
CHUMETPUYHHUX MekaxX MaeMo, mo G, =0, TobTo miHiiiHa i Bpaxomyroun (15), (12), (13), 3HaiizemMo HacTymHY
3a manpyroro U, HepiBHOBaxHa (yHKIis posmoximy  NOMPABKY y MiK3OHHHUH CTPWJPaq’eHOBOFO Apoty
(20) me BIUTMBaE Ha TOBHUIA MIDK3OHHHUHA CTPYyM B D, =G,U,e™, (25)
rpageHoBomy apoti (DI, =0) . ne
IMoknamaroun B (18) npyry HepiBHOBaXXHY TOOABKY
dien)* .8 %, @@ 0@ 6 el & (l-ae™u . r
G, = 2 201 3 Usa Gqui__ C T 2 N2 2 él' ol g(t,)dp. (26)
(ph)“n“wL kcig P g &P g[h(w+id) - 4e]& 1-ae™ g

3 (26) BuruuBae, mo G, * 011G, p UZ. ammniTynd Hampyrn U, Ha KIHIAX  CMYXKH.
IunykoBanmit Mixksonnuii ctpym I(t) =1,(U,)e™,, ne

BHCHOBKH 1,(Uy)) =G,U, +G,US +... 3 HacTymHUMH BHIIMMH
YJIeHAaMH PO3KJIaly 3a HEMIapHUMH CTENICHIMH aMILTI Ty

Brus KJTACUYHHUX PO3MipHUX edeKTiB, 3MIHHO!1 HaIIpYTH.

00yMOBJIEHUX 3MiIIAHUM JI3epKaIbHO-TU(Y3HUM
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OPAMONIHIHHOT CMYXKH Tpadeny (Koau mOBXKHHA i (isuKH i XiMii TBEpAOro Tia.
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I nterband Dynamic Conductivity of Straight-Line Graphene Ribbon
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The problem of high-frequency interband conductivity of plane straight-line graphene wire has been solved with
taking into account the classical dimensiona effects of charge carriers from the lateral wire borders. The calculations
have been fulfilled at arbitrary relations between the wire width and free path length of charge carriers (the wire

length is much greater than its width). At this the induced current 1(t) = (G,U, + G,U3 +...)e ™ with the following
odd corrections in point of voltage amplitude U, on the wire ends.
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