
n . T.3HKaTaHOB*, M.C . Kac4HeB* 

COOfilllBHMR 
OfihBAMHBHHOro 

MHCTMTYT8 
RABPHblX 

MCCJBAOB8HMM 

AYfiHa 

P11-91-371 

METOA KOHElf HblX 3TTEMEHTOB 
ATTH MOtJ,ETT~POBAH~R 
nonYnPOBOAH~KOBWX nP~60POB 

1991 
• 



1. BaeneHHe 

B nocneAHee apeMSI HHTeHCHBHO H3Y'-lalOTCSI qll-!31'!'-leCKHe npo~eCCbl B 

nonynpOBOAHHKOBUX np1-16opax, nepeHoc 3apS!AOB B 

Kpe11H1-1eaux 1-1 npyr1-1x c1pyK1ypax. Monen1-1poaaH1-1e 3THX npoueccoa, 

HMelO~HX 6qnbWOH npaKTH'-leCKHH HHTepec, npHBOAHT K He06XOAHMOCTH 

pa3pa6aTb!BaTb Bll'-IHCflHTenbHUe Y'-IHT uaa10~e cneu1-1¢1-1Ky 

¢H3H'-leCKHX 3aAa'-1 [1-7]. 

B COOTBeTCTBHH C coapeMeHHllMH npeACTaBneHHSIMH, ¢1-131'!'-leCKHe 

npoueccu B nonynpoBOAHHKOBUX np1-16opax onHCb!BalOTCH CHCTeM08 He­

nHHe8HbJX ~H~~epeH~HanbHblX ypaaHeHHH AH¢¢Y3HOHHO-Apen¢oaon 11onen1-1 

[1]: 

-divgrad ~ = QCn,p,C), nnsi x,yen 

-divJn =-q.R, AflSI x,yeni 

-divJp = q.R, AflSI x,yeni, 

I"' Ae 0=0 U ii? (pHC. 1 ) H 
1 

QCn,p,C) = { 

0, nnsi x,yeil? 

q 
z-,Cp-n+C), Ansi x,yen

1 

J =-qµ pgrad~ - qu µ gradp. p p l p 

(1. 1) 

(1. 2) 

(1. 3) 

(1. 4) 

(1. 5) 

YpaaHeHHe (1.1) SIBflSleTCSI ypaaHeHHeM TiyaccOHa AflSI 3neKTpo-

CTaTH'-leCKOI"'O noTeHuttana ~. a ypaBHeHHSI (1.2) 1-1 (1. 3) 
' 

Ha3UBalOTCSI 

ypaaHeHHSIMH Hepa3pUBHOCTH AflSI HOCHTenen 3apsina. 
I 

B 3THX ypaBHeHHSIX ¢YHKUHH µn H 

noABHXHOCTH 3neKTpOHOB n H AllpOK 

µ npenc1aansi101 to6on 11onen1-1 
P I 
p, a B reHep~UHOHHo-peKOM-. 

' 6HHaUHOHHOM 'lneHe R BKfllO'leHU reHepau1-1si-peko~61-1Hau1-1si no 

W0Kn1-1-Xonny- PHAY H MeX30HHasi. oxe - pe!<OM6HHaUHSI [ 1 l. illyHKUHSI 
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CCx,y) onpeoen~er KOHUeHrpau1-1ro np1-1ttecen, q 3netteHrapHun 3ap~o 

nporoHa, £: - 01-1,rneKrp1-1'iecKa~ npoH1-1uaexocr,b cpeou, ul =kT/q, rae 

K-nocro~HHa~ Eonb~MaHa, T- rexneparypa cp,eou. 

E 

ip 

C 

A 

l 
G 

n 
1 

P1-1c.1 

F 

C¢opxyn1-1pyex Kpaesue ycnos1-1~ (PHc.1), 
i11f 

D 

B 

Ha rpaH1-1uax AC, CE, 

GF, BD 1-1xeex 0, a·Ha rpaH1-1uax AB, GD, EF ¢YHKUH~ ~ 3aoaHa. 
av 

Ha rpaH1-1uax AC 1-1 BD 
an 

av 
= 0 1-1 

ap 

av 
= 0, a Ha rpaH1-1uax AB 1-1 GD 

c))yHKUl-11-1 n 1-1 p onpeoen~rorc~ no c))opxynatt 

C + .fc2 +4.n2 

n =-----' 
-c + 

f" 2 2 
-f C +4. n, 

p = ------- t 

2 2 
10 -3 

roe ni = 1,6x10 [sm l on~ KpettHH~-

Ha rpaHHUe pa3oena CG rpaHH'iHUe ycnOBl-1~ HMeIOT B1-10 

CJn,v)=O 1-1 CJp,v)=O. 

2 3oecb C. ,.) 03Ha'iaer CKan~pHoe npo1-13seoeH1-1e B ~, a v 

BHeWHett HOpttan1-1. 
BeKTOp 

Hel-!3BeCTHNMI-I c))yHKUl-l~Ml-1 B ypaBHeHH~X (1.1)-(1.3) ~Bn~IOTC~ 

KOHUeHrpau1-11-1 3neKTpOHOB 1-1 oupoK n 1-1 p 1-1 3neKrpocTaTH'ieCKl-ltt 

noreHu1-1an ~- nocne nooxoo~wen Hopx1-1posK1-1 [1l c1-1crexa C1.1)-C1.3) 

.... " ... , , ........ ,, ........ ,. 

•~>...t·•:::-r~~.,,.J~ !t/:.),-"',,·.,~,:11;~.?1l-,: ,· 

,.;~·l:.:4~CJ2.r/• ~: ~J:f-1:~!'"~1•. ~; 

~ h~ '! or-'A i~t,..i 
- _,._ .. _ .... ,_ ....... 

,, 

np1-1mrnaer Bl-IO ( He 6yoeM BBOOl-!Tb HOBUe o603Ha'ieHH~): 

-divgrad ~ = f(n,p,C), (1. 6) 

-divJn =-R, C1. 7) 

·-di vJp =-R, (1.8) 

J =-µ ngrad~ + u µ gradn, 
n n l n 

(1. 9) 

J = µ pgrad~ + u µ gradp. 
p p l p 

(1.10) 

Kpaesue ycnos1-1~ on~ n,p.~ ocrarorc~ npexHHMH. 

Uenb pa6oru cocroHr B pa3pa6orKe 1KOHeqH03JieMeHTHOH cxexu, 

coxpaH~rowen OCHOBHNe Q)l-13H'ieCKl-!e npHHUflITU 1 raK1-1e 

3KCTTOHeH~HaJibHafl 3aBHCI-IMOCTb 3neKrpoHOB H oupoK n 1-1 p 

KaK 

OT 

3neKrpocraTH'ieCKoro noreHuHana ~ 1-1 nocrpoeHHe 

xerooa peweHH~ c1-1crexu C1.6)-C1.9). 

2. HrepaUHOHHUtt Meroo 

1-1repau1-10HHoro 

llanbHettwHe paccyxoeHH~ 6yoex npoBOOHTb np1-1 npeononoxeHHH, 'iTo 

ip=0. 

2.1. Ksa31-1n1-1Heap1-13au1-1~ ypaBHeH1-1~ nyaccoHa 

PaccxorpHM 

noreHu1-1ana: 

ypaBHeHHe nyaccoHa on~ 3neKrpocraTH'ieCKoro 

-divgrad ~ = p-n+C. 

npeononOXI-IM, 'iTO B COOTBeTCTBl-11-1 

Hoc1-1renen 3ap~oa 1-1xeex 

n = u. e~. 

p v.e-~. 

CO CTaTI-ICTI-IKOtt 

noocraan~~ C2. 2),-C2. 3) a C2. D, nony'iaex, 'iTO 

-divgrad ~ + u.e~ - v.e-~ - C = 0. 

3 

EonbUMaHa 

(2.1) 

on~ 

(2.2) 

(2.3) 

(2.4) 



3anttweM C2.4) a BHAe 

LC1t1) = 0. 

BBeAeM HenpepuBHUH napaMerp O~l<oo, 

HeH3BeCTHa5! ¢YHKUH5! 'I' 11 3anttweM 

or Koroporo 

3B0fllOUl10HHOe 

(2.5) 

3aBl1CHT 

ypaBHeH11e 

HenpepUBHoro attanora MeToAa Hb!OTOHa CHAMH), 

ypaaHeHHIO (2.5): 
COOTBeTCTBYIOWee 

, ~ 
LC1t1).at = -LC1t1), (2.6) 

1t1Cx,O) 'I' Cx)-3aAaHHa5! 
0 ¢YHKU115!, 

a'I' 
YAOBneTBOp5!10LJ1a5! KpaeBI,IM ycnoBH/IM Afl5! 11'· nonOXHM W = al Ilp1rneH5!5! 

K 3aAa9e KowH (2.6) MeTOA 3Hnepa, nony9aeM 11repaUHOHHy10 cxeMy 

_Lci,'k).w = -LC't'k), 

V'k+i = ljlk+TkWk. 

C yMeHb1I1eH1IeM HOpMU HeB5!3KH "!: = I Lc1,1k)I I 

crpeM11Tc5! K 1. B (2. 6) 9epe3 L o6o3Ha9eHa 

oneparopa L [8]. 

(2.7) 

(2. 8) 

"ap erieHHofl war" Tic 

npo113BOAHa5! $pewe 

B AaHHOM cny9ae ypaBHeHHe (2. 7) npHHHMaer cneAYIOW11H B11A: 

(2.9) -di vgradwk + w/n+p)=di vgrad1,1k + (p-n+C). 

2.2. flHHeapH3aUl15! ypaBHeHH5! Hepa3pUBHOCTH 

npeAnOnOXHM, 9TO ¢YHKUH5! 1,1 3aAaHa,H pacCMOTpHM 

peKOMOHHau110HHUH 9neH B ypaBHeHH5!X (1.7), (1.8), 

_rettepau110HHO-

KOToporo Hcnonb3yeM annpOKCl1MaUHOHHYIO ¢opMyny [1]: 

np-1 
R = --­

fCn,p) 

BBeAeM cneAy10w11e o603Ha9eHH5!: 

p 
w = ---. 
p fCn,p) 

n 
w = ---, 
"- fCn,p) 

4 

An5! on11caHH5! 

(2.10) 

C 2. 11) 

(2.12) 

~ 

~ 

)' 

w 
1 

fCn,p) 
(2.13) 

IlOACTaBn5!5! BUpaxeHH5! (2.11)-(2.13) B ypaBHeHH5!X Hepa3pUBHOCTl1, 

nony9aeM ypaatteHl15! 

L (n) = -divJ +nW w, (2.14) 
1 n p 

L/p) -di vJ +pW = W . 
P n 

(2.15) 

npeAnaraeMUl1 3AeCb HTepaUHOHHUH MeTOA 5!Bn5!eTC5! MOAH¢HKau11e11 

AByxcryneH9aToro HTepaUHOHHO!'O MeTOAa CeHAMaHa-'-!y [2]. 11 ero 

anropnrn cocT011r B cneAy10weM: 

1)"3aAaeTC5! Ha9anbHOe np116n11xeHHe Afl5! 1,1, n 11 p BO BCeH 

CTPYKTYPe np116opa. 

2) lln5! ¢11KCHpoBaHUX n Hp Bll9HCfl5!IOTC5! 3Ha9eHH5! W, w, w. n p 

3) lln5! 3aAaHHOf"O 11' pewa!OTC5! HenHHeHHhle ypaBHeHl15! (2.14), 

(2.15) MeTOAOM npocTofl HTepau1111 11n11 HAMH. 

4) C nony9eHHUMl1 ¢YHKU115!Ml1 n 11 p pewaeTC5! ypaBHeHHe (2.4) Afl5! 

'{J HenpepuBHUM aHanoroM MeTOAa HblOTOHa. HTepau11H 

9epe3 ypaaHeH11e (2.9). 

5) nyttKTU 2)-4) nosTop5!10Tc5! AO BbmonHeHHff 

Kp11repH5! T09HOCTH. 

◊Tn11911e AaHHOf'O MeTOAa OT KnacCH9eCKO!'O 11eT011a 

COCTOHT B cnoco6e y9eTa BHAa peKOMOllHaUHOHHOf'O 9neHa R. 

2.3. Bu6op Ha9anbHoro np~6nnxeHl15! 

npoBOA5!TC5! 

HeKoroporo 

fyMMen5! 

np11 npaKTH9ecKoR pean113au11n HTepauuoHHoro npouecca, on11caHHoro 

BUWe, Heo6XOAHMO 3aAaTb AOCTaT09HO T09Hlle Ha9anbHUe np116n11::t:eHl15!. 

HanpHMep, Afl5! ypaBHeHl151 C 2. 4), "KOT op oe p ewaer C5! Mer OAOM 

H3BeCTHO, 9TO Ha9anbHOe np116n11xett11e nonxHo OUTb 

AOCTaT09HO "6nH3KO" K pewem110 11' [2]. 

Hb10T0Ha, 

su6paHo 

PacCMOTpllM CHCTeMy Cl.6)-(1.8). 3aMeH5!5! ¢YHKUl1IO C Ha a:C, !'Ae 

O<a:~1, nony9HM ypaBHeH11a AR5! 3neKTpocTar119ecKoro noTaHu11ana 
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-divgrad .~ = Cp-n+cx.C), C2.16) 

a ycnos11H ll11p11xne anH n 11 p np11tt11Maror B11A 

aC + -fcx. C +4. n. -cx.C + -fcx. C +4. n. /"2 2 /"2 2 1 
n = ________ t__ p = ________ t__ C 2. 1 7) 

2 2 J 
Tiycrb pewett11e, nony,;ettttoe np11 cx.=cx. , o6o3Ha'i11M ,;epe3 n , p u ' 

0 0 0 

~o· llanee, nonaraH ex. = ex. >ex. 11 11cnonb3YR s 
1 0 

Ka'ieCTBe HaYanbttoro 

np116n11xemrn n
0

, p
0 

11 ~
0

• nony,;aen pewett11e n
1

, p
1 

11 ~
1 

np11 ex.= cx.
1

. 

TipoaonxaH raKHM o6pa3oM, np11 cx.t=l nony,;aen 11cxonttyro 3aaa,;y, 

KOTopaH pewaeTCH C ¢YHKU11HMl1 nt-1' pl -1 
11 

~l -1 
AnH 

np116n11xett11B. 

np11seaen anrop11rn su6opa Ha'ianbHoro np116n11xett11H. 

1) nonaraen cx.=cx. > 
0 

n. t ___ _ 

max ,,., ICCx,y) 1· x,ye., · 

2) Bu,;11cnHeM n°11 p0 no ¢opnynan 

0 
n = 

aC + ✓ aC
2

+4.n
2 

_________ t 

2 

0 p = 

✓ 2 2 -cx.C + cx.C +4. n. 
. t 

2 

0 
a~ BllOHpaeM KaK peweHHe ypastteH11H (2.16). 

Ha'ianbHllX 

3) K c11crene Cl. 6)-Cl. 8) np11neHHeM 11repaunoHHllH npouecc, 

on11caHHllH B n.2.2. Orner11M, 'iTO B 3TOH c11creMe ypaBHeH11e (1.6) 

3aMeHHercH Ha (2.16), a Kpaesue ycnos11H ll11p11xne anH n 11 p - Ha 

(2.17). 

4) nonaraen cx.=Acx., rae A>l. 
0 

5) nosropHeM nn. 3)-4) ao cx.tl. 

◊TMer11M, 'iTO raKOH Bll6op Ha'ianbHoro np116nnxeH11H He 3aBl1C11T OT 

np11noxeHHoro HarrpR~eHHR, 'iTO O'ieHb BaXHO np11 peweHl111 KOHKperHllX 

npaKT11'ieCKHX 3aAa'f. 

6 

3. ll11cKper113au11H 
I 

ll11cKper113au11H no MeTOAY KOHe'iHllX 3neMeHTOB CMK3) npoBOA11TCH 

Ha OCHOBe cnaooB ¢opMll 3aAa'il1 (2.5),(2.14),(2.15), KOTOpaH 

cocronr s cneayrowen: 

HaBTl1 ¢YHKU1111 ~- n 11 p E H
1
(0), yaosneTBOpHIDW11e 1HHTerpanbHb!M 

E 

TO~ecTBaM: 

CLC~),w)=O, CL Cn),w)=CW,w), CL Cp),w)=CW,w), 
1 2 i 

C3.1) 

1 1 1 anH Vw e HECO). 3aecb HECO)-noanpocrpattcrso npocrpattcrsa H CO), c 

3neMeHTaM11, yaosnersopH~Wl1M11 OAHOpOAHllM ycnOBl1HM ll11p11xne Ha 

COOTBeTCTBYIDW11X rpatt11uax. 

llnH annp0Kc11nau1111 (3.1) 11cnonb3yeM 113onapanerp11,;ecK11e 
! h 

611n11HeBttue 'leTblpexyronbHble 3nenettru (g.,10J. n:ycrb S 
1 

KOHe'iHOMepHoe noanpocrpaHCTBO npocrpaHCTBa HECO) co :craHaapTHllMl1 
I 

6a311cttuM11 ¢YHKUHHM11 ,cBR3aHHble c KOHKperttuM pa3611ett11eh 06nacr11 n 
N ! h 

Ha 'leTblpexyronbH11Kax. Tor aa, ecn11 <¢/ k = 
1 

- oa311c np9crpattcrsa S , 

¢yHKUH11 ~. n 11 p npeacraBnHIDTCH B B11Ae 
N 

~= E ~k¢kCx,y), 
k = 1. 

3aecb N 03Ha'iaer 

N 

n= Ecnk¢/x,y), p= 
k=1 

,;11cno y3nos, a 

N 

E pk¢kCx,y). 
k=t 

~k' nk , 11 pk 
COOTBeTCTBYIDW11X ¢YHKU11H B y3nax ceTKl1. 

npeACTaBnHeTCH attanorl1'iHllM o6pa30M; 

TipoottaH 

N 

w= E wk¢/x,y). 
k:1 

Toraa C3.1) np11tt11naer B11A 

CLC~),w)=O, CL Cn),w)=CW,w), CL Cp),w)=CW,w), 
1 2 

! 

C3.2) 

3 Ha 'i eH11 H 

¢YHKUl1H W 

(3.3) 

(3.4) 

h 
AnH Vw ES 11 Ha3usaercH'traHAaprttaH ¢opnyn11posKa ff3.nepK11tta': 113 

KOTOpOH nony,;aeM Cl1CTeMy Al1CKpeTHllX ypasHeHl1H 
h Lhn = F' Lhp = F'. C3.5) LC~)= 0, 1 • 2 

OcraHOBl1MCH Ha rrocnenH11x nsyx cHcTeMax B (3; 5). KorAa 

KOHBeKTl1BHllH ,;nett - grad~ nan no cpastteHl1ID C a11¢¢y311pHHllM ,;neHOM, 

ro BKnaA B n11arottanbHble aneMeHTbl ocywecrsnHercH ronlKo 3a c,;er 
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A11¢¢Y3110HHOro qneHa. B Cny"-lae, KOrAa npeo6na~aeT KOHBeKTHBHblH 

qne~ AHaroHanbHble 3neneHTbl naTp11uu He 6yAyT cywecTBeHHblMH H B 

3aBHCHMOCTH OT rpaHHqHblX ycnoBHH peweHH5! 3Tl1X 3aAaq Moryr HMeTb 

ocu11nn11pyro~11n xapaKTep[4,11l. 

np11 np11neHeH1111 cTaHAapTHoro MeTOAa ranepKHHa K 

paccMaTpHBaenoA 3aAaqe Ha6nroAaeTc5! B03HHKHOBeHHe "0Tp11uaTenbHbIX" 

KOHUeHrpau11A, qro ¢H3HqecKH HeB03MOXHO. H36exaTb 3Toro MOXHO, 
2 

h<-­
maxlE I' rAe E yneHbWa5! war ceTKl1 h AO BblITOnHeHl15! ycnOBl15! 

-grad~ - HanpH~eHHOCTh 3neKTp11qecKoro non5!. 3ro oqeHb xecrKoe 

orpaH11qem1e 

6e3pa3MepHbIX 

[3]' TaK KaK 

eA11H11UaX. 

IEI npHHHnaer 3HaqeHl15! 10
3
-10

4 
B 

llpyr11n cnoco6on ITOAaBneHl15! B03H11KHOBeHl15! ocu11nm1py10w11x 

peweH11A 5!Bn5!eTc5! nepeonpeAeneH11e 
"h 

KOHeqHoMepHoe ITOAnpocrpaHCTBO s 
recTOBblX ¢YHKUHH w. Paccnorp11M 

npocrpaHCTBa H
1 CO\ HaT5!Hyroe Ha 
E 

A N 
6a311ce {¢} . l!lopna ran·epK11Ha-nerpoBa 3aKnJ0qaerc51 

k k= 1 

HaAr11 ¢YHKU1111 ~. n 11 p E sh, YAOBneTBOp5!10W11e 
"h 

B cneAyJOwen: 

11HTerpanhHblM 

TOJK.I,eCTBaM(3. 4) An5! 'tjw e S . 

Paccnorp11n KaHoH11qecK11A 3neneHr [-1,1lx[-1,1l (pnc.2). 
h 

Ba3HCHble ¢YHKUHH npocrpaHCTBa s onpeAen51e~ KBK B [9,101. nycrb 

\CU= 0,5(1-U, h/U = 0,5C1+U. TorAa 

"' s ¢ Cr,s)=h Cr)h Cs) 
1 1 1 

3 I 4 

¢ Cr,s)=h Cr)h Cs) 
2 2 1 

s 

¢ Cr,s)=h Cr)h Cs) 
3 ~ 2 

1 2 
¢ Cr,s)=h Cr)h Cs). 

4 2 2 
P11c.2 

"h 
B (11] 6a311C B s crp011TC5! cneAYJOWHM o6pa30M; 

8 

¢ Cr,s)=h Cr)C1+3a h Cr))h Cs)C1+3a h Cs)) 
1 1 12 2 1 13 2 

A 

¢ Cr,s)=h Cr)C1+3a h Cr))h Cs)C1+3a h Cs)) 
2 2 12 1 1 24 2 

A 

¢ Cr,s)=h Cr)C1+3a h Cr))h Cs)C1+3a h Cs)) 
3 1 34 2 2 13 1 

A 

¢ Cr,s)=h Cr)(1+3a h Cr))h Cs)C1+3a h Cs)). 
4 2 34 1 2 . 24 1 

3HaqeHl15! O' . Bb1611pa10TC5! B 3aBl1Cl1MOCTH OT KOHKperHoA 38Aaq11. 
L J 

Pa3Hble Bap11aHru Bb16opa 3Tl1X napanerpoB paccnorpeHu B (11]. lln5! 

paccnarp11BaenoA 3&Aaq11 

YPaBHeH11n ITyaccona Ha 

anre6pa11qecK11x ypaBHeH11A 

3HaqeHH5! O'. 
LJ 

Bb16paHbl TaK, qro6bl An5! 

paBHOMepHoR cerKe nonyqeHHa5! 

6una 3KBl1Ban eHr HOH p83HOCTHOH 

Bl,IBeAeHHOR HHTerpo-11HTepnonm-1110HHblM MeTOAOM [ 1.2]. 

c11crena 

CXeMe, 

lln5! Bblq1tcneH11s:i 1rnrerpanoB B (3. 4) 11cnonh30BaHa KBaAparypHa5! 

¢opnyna, roYHas:i An5! non11HOMOB rperbeA cTeneH11 Ha KaHoH11qecKoM 

,rneneHre. !:l3namt KBaApaTypHoA ¢opnynu 5!Bn5!JOTC5! roqK11 CO, -1), 

(1,0), (0,1), C-1,0), (0,0). AnnpOKCHMaU115! K03¢¢HU11eHTOB B y3nax 

KBaAparypu An5! 611n11HeAHux 3neMeHTOB no~o6Ha annp0Kc11Mau1111,pac-

CMOTPeHHOH B [13]. np11 TaKOM Bbl6ope KB8Aparypu nonyYeHHa5! H8Ml1 

cxena coBnaAaeT co cXeMOH Wap¢eTTepa-rynnen51 

cneAOBarenbHO, 5!Bn5!eTC5! MOHOTOHHOH. 

4. TecroBuA np11nep 

(1-5] 

nycTb 0-np5!MOyronbHal'I o6naCTb B ~ 2
• 0=[0,llx[-4,0l. BBeAeM 

,j)yHKUIIIO CCx) cneAYIOWHM o6pa30M: 

20 
{ 10 , '"' xe[O,ll, ye[-0.5,0J 

CCx,y) = 

-101
:i. An5! xe[0,1],ye[-4,-0.5]. 

11, 

B paccMaTp11BaeMOM np11nepe ¢YHKU1111 µ 11 µ 3aBl1C5!T OT Hanpn-
n p 

~eHHOCTl1 3neKrp11qecKoro non5! 11 KOHUeHTpau11R 3neKTpOHOB 11 AblpOK. 

HaqanbHble np116n11xeHl15! nonyqeHbl MeTOAOM, on11caHHblM B 

3HaqeHH5! napanerpa a Bu6paHu cne~y10~11M 06pa30M: 

n. 

-3 -2 -1 -1 
a = 10 , a = 10 , a = 10 , a = 5.10 , 

1 2 3 4 

9 

ex. = 1. 
:I 

2. 3. 
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Puc.3 

IO 

Y11c110 BHYTpeHHHX HT epauuii A/151 YPaBHeHHfi Hepa3p IIBH0CTH 

HHKOrAa He npeB0CX0AHT 4, a 911C/I0 11repat.1HH HAMH, K0ropue 

np0B0A51TC51 A/151 ~,He npeB0CX0AHT 3. 

3aAa9a pewaerc51 Ha pery1151pHoB 11 Hepery1151pHoB cerKe.rronyqeHHwe 

pewemrn Ha pa3/1119HIIX CeTKax npaKTH'IeCKH 0.[lHHaKoBW. 

Ha PHC.3a, 6, B noKa3aHU rpa¢HKH ¢YHKL.1HH ~. n H p, 

no11y9eHHhle np11 np1111oxeHH0l1 °Hanp1rn<eHHH -0, 6 B. lb 3THX PHCYHK0B 

BHAH0 no11Hoe OTCYTCTBHe 0Cl.lH/l/151l.lHH, 

3¢¢eKTHBHOCTb MeT0Aa ranepKHHa-ITerpoaa 

5. 3aK/II09eHHe 

K0T0poe IT0.[lTBep)!(.z:laeT 

peIUel!HR TaKHX 3aAa9. 

8 pa6oTe npeA/I0XeH 11 pea/lM30BaH B BMAe nporpa1111 11repat.1H0HH!IH 

MeT0A pewem151 ypaBHeHHl1 AH¢¢Y3HOHHo-ApeB¢oaoB 

110AellHpoaai-lH51 no11ynpoB0AHHK0BIIX np116op0B. AnnpoKCHMat.11151 

110Ae/lH 

3THX 

ypaBHeH11B ocy~eCTB/151eTC51 no MeT0AY K0He9HhlX 3/leMeHT0B C 

ttcnonb30Bam-1eM ¢opnu ra11epK1rna-ITerpoaa. ITpaBH/lbHOe onpeAe/leHHe 

npo6HUX ¢YHKLIHH npHB0AHT K M0H0T0HHII11 CXeMaM," HCKmoqaIOIItiJ:M 

B03HHKHOBeHHe OCl.lll/1/IHpyrownx AllCKpeTHIIX peweH11B. ,ljaHIIWfi n0.rtX0.rt M0-

lKeT 6WTb npuMellellHWM K peweHH!O H Apyrux npaKTH9eCKHX 3aAa9 3Toro 

Knacca. 

Aaropu 611ar0Aap51r B. IT. 11nh1111a, H. 1-l. rop6eHKO H 0. ITeH3HHa H3 BU 

CO AH CCCP 3a raop9eCKHe o6cyxAeHH51 11 no11o~b. B pa6ore. · 
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3ttKaTaHoB JI.T., Kact.fHeB M.C. 
MeTO,IJ, KOHE;tIHb!X 3JieMeHTOB ,IJ,Jl.H MO,IJ,eJIHpoBaHH.H · 
-nonynpoBO,l],HHKOBbIX npH6opoB 

'Pl J'.-91-37 J' 

Pa3pa60TaH HTepau;ttoHHbIH MeTo,IJ, pemeHHR cttcTeMbI HeJittHeu 
HbIX ypaBHeHHH p;mW>Y3HOHH0-,1],peuq>OBOH MO,l],eJIH ,IJ,Jl.H MO,l],eJIHpo­
BaHHR nonynpoBo,IJ,HHKOBblX ITPH60POB •' ,/lHCKpeTH3au;H.H ypaBHe-

' HHH npoBO,IJ,HTcR -no MeTo,IJ,Y IleTpoBa-ranepKHHa .c H~noJib3oBa-. 
HHeM 6HJIHHettHb!X KoHetIHb!X 3JleMeHTOB. Il~Ka3atio ~ 'ITO nony­
qeHHa.H cxeMa JIBJIReTcR MoHoTonnou H·ocu;HJIJIRD;HH pemeHHR., . '' 

B o6nacTH p~n nepexo,1J,a OTCYTCTBYIOT. IlPHBe,[J,eHbl llHCJleHHbie . 
~ . . . '. ' .. 
pacqeThl npH MO,D;eJIHpoBaHHH op;Horo IlOJIYITPOBO,IJ,HHKOBOro npH-
6opa. .. 

Pa6oTa BhlITOJIHena B J1a6opaTopHH BhlllHCJlHTeJibHOH TeXHHKH 
H aB_ToMaTH3au;HH, 

Coo6merrne 061.e,rumennoro HHCTHTyra H.llepHbIX HCCJJe,llOBaHHH. ny6na 1991 

IIepeBo,IJ, aBTOPOB 

Zikatanov L.T.~ Kaschiev M.~. 
The Firiite ElementMethod for Simulation 
of the Semiconductof·Devices. 

.Pll-91-371 

An iterative meth~ for.soiving•the system of nonli.:: 
near equations of the drift-diffusion representation for 
the.simulation of the semico~ductor devices is worked 

·out •. The Petrov-Galerkin method is• taken for the discre..:. 
tization of these equations using~the bilinear finite 
elements. It is shown that the numerical. scheme i~ a mo­
notonous one and .. there are no oscillati.oris of the solu-. 
tions in the region of p-n transition. The numerical cal-: 
culations.of the.simulation of one semiconductor device 

·are presented. 

The investigation has been performed at 
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