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AnHoTanusi. Panee ObUIO TOKa3aHO, YTO MHOTOCJIOWHOCTH TOJYIPOBOIHUKOBOMN
IFCTCPOCTPYKTYPhI U OINTHMH3ALUA JIUTCIBbHOCTH OTXKHIA ITO3BOJIAIOT YMCHBIIIWUTD
riyOuHy 3ajieraHusi P-N-MEepexo0B M YBEIHYUTh PABHOMEPHOCTH PaCIpeCICHHUS
npuMecu B JITUPOBaHHOM oOmacTu. Panee Takke OBLIO TMOKa3aHO, YTO
MEXaHUUYeCKHe HaNpsDKEHUS B TETEPOCTPYKTYpE BIHUSIOT Ha (popMy pacmpeeseHusl
MIpUMECH B HaIlpaBJICHUH, IICPICHAUKYJIIPHOM I'paHUIIaM pa3jieia FreTePpOCTPYKTYPHI.

B nmanHoii paboTe paccmaTpuBaeTcs Crocod YBEIMYEHHUS IMIIOTHOCTU P-N-TIEPEX0/0B
Ha TIIOBEPXHOCTH TCTCPOCTPYKTYpPbI 3a CUHCT HMCIOJIb30BAHUA MCEXAHHYCCKHUX
HaIpPsKCHUM.

KaroueBble ciioBa: YBCIIMYCHUC PC3KOCTU p-n-nepexosz; YBCIIMYCHUC TIJIOTHOCTHU
p—n—nepexoz[ms; OIITUMU3ALIUA OTKUTa, BIIHUIHUC Hal'[p}I}KCHI/Iﬁ MCXKIY CJIOIMU
IreTePOCTPYKTYPHI.

Abstract. It has been recently shown, that inhomogeneitysehiconductor het-
erostructure and optimization of annealing timedfedo decrease depth pfn-
junctions and to increase homogeneity of doparttidigion in doped area. It has
been also recently shown, that mechanical stresaonlayer heterostructure (sub-
strate and epitaxial layer) changes dopant digtabun heterostructure in directions,
which are perpendicular to interface between lagétseterostructure, in comparison
with unstressed sample. In this paper we consideiltarnative approach to increase
density ofp-n-junctions in the same heterostructure by usinglayer. The overlayer
leads to additional mechanical stress and as laeiago increasing of density pfn-
junctions in the heterostructure.

Keywords. increasing of sharpness pin-junctions; increasing of density @kn-
junctions; optimization of annealing; influence sfress between layers in het-
erostructure.
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BBenenue

OpHoil M3 aKTyalbHBIX 3aJlad  TBEPAOTEIBHOM  DJIEKTPOHUKHU  SIBISIETCS
YMEHBIICHHE pPa3MepOB 3JIeMEeHTOB wuHTerpanbHbix cxem (MC), Takux kak p-n-
nepexoapl, TpaHsuctopel u T.4. [1-3]. [lpum »TOM mpexacraBiser MHTEpeC Kak
yMeHbIIeHUue TriayOuHbl 3aneranus snemeHToB MC, Tak u uX mIOTHOCTh. Jljs
yMEHbILIEHHUs  pa3mepoB  snemMeHToB  WMC  TpaguIMOHHO  HCIONB3YIOTCS
HPUTIOBEPXHOCTHBIC TUITBI OT)KUTOB (JTa3epHBIA U MUKPOBOJIHOBBIN) U J1e()EKTHOCTH
JerupyeMor CTpykTypsl. B paborax [4,5] paccMOTpeH anbTepHATHBHBIA CIIOCOO
yYMEHbILIEHUs TIyOWHBI 3aneraHust P-N-mepexonoB. B pamkax maHHOro metoaa
paccMatpuBaetcs nByxcioiHas rerepoctpykrypa (I), cocrosiias u3z nmomnoxku (I1)
C U3BECTHBIM TUIIOM IpOoBOAUMOCTH (N mwiu P) U snuTakcuaibaoro cios (9C). B OC
1 y3MOHHO BBOJUTCS TPUMECH, (POPMUPYIOLIAs B HEM BTOPOI TUI MPOBOAUMOCTH
(p wiu n). [lasiee IPOBOUTCS OTXKUT MIPUMECH JJIsl IpoHUKHOBeHUs ee 1o [1. Torma B
OKPECTHOCTH TpaHUIbl pasfena popmupyercs Oojiee pe3kuil p-n-mepexon ¢ Oonee
PAaBHOMEPHBIM pAaCHpeeIeHUeM MPUMECH 10 CPaBHEHHIO C P-N-Mepexo/ioM B
OJTHOPOJHOM oOpasme. B [6] Obuto MOKa3aHO, YTO MEXAaHWYECKUE HAIMPSIKCHHS,
BO3HUKawomue B [ M3-3a paccoryiacoBaHusi IMOCTOSHHBIX PEIIETOK, BIUSAIOT Ha
IUIOTHOCTH P-N-niepexoaoB B I'. B nanHoi pabote paccmarpuBaercs I, cocrosimias u3
IT ¢ wm3BectHBIM THIIOM TpoBoauMocTH (N wimm P) u OC (cm. puc. 1). B OC
1 y3MOHHO BBOAUTCS MpUMeCh i (GopMUpoBaHMs P-N-Tiepexoia B OKPECTHOCTH
rpaHunsl pazgena mexay ciosmu [, Ilepen nauwanom omxkura mpumecu OC
3apamuBaeTcs MokpoBHbIM ciioeM ([1C) mpu HU3KOM TemmnepaType, He TPUBOISIICH K
3ameTHOU nudPy3uun npumecH. Jlanee NpoOBOIUTCS OTKUT TPUMECH JI0 TEX MOp, MOoKa
OHAa He JOCTUTHET rpanuiibl pazaena mexay JC u [1. B nanHoil cutyaiuu Bo3pacTtaet
IUIOTHOCTH P-N-tiepexo0B B DC Mo CpaBHEHUIO C Pe3yJIbTaTOM, MOJY4YCHHBIM B [6].
OCHOBHOI 1e/bl0 JaHHOW pabOThl SBISETCA TMOUCK YCJIOBHM, MPU KOTOPBIX
MEXaHUYEeCKHe HaNpsHKEeHUst MexX Ty ciosimu [T yBennunian Obl pe3KocTh P-N-repexoaa

B HaIlpaBJICHUH, MEPIICHIMKYJISIPHOM IrpaHuIiam paszzaena [
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Puc. 1. TpexcioiiHas reTepoCTpyKTypa, COCTOSIIAs U3 MOAJI0XKKH, JIESTUPYEMOTO
AMUTAKCUATILHOTO U TIOKPOBHOTO CJIOEB. B AanuTakcHaibHOM CJ10€ MTPUBEIEHO
HayvaJIbHOE (10 OTXKHIa) pacrpeieieHue MPUMECH.

MeToauka aHajausa

JIns pellleHHs] TMOCTABJICHHOW IEM ONPEAEIMM TMPOCTPAHCTBEHHO-BPEMEHHOE
pacrpeneneHue INpUMECH B paccmaTpuBaemMo [° M mpoBeaeM €ro aHaius.
[IpocTpaHCTBEHHO-BPEMEHHOE paCIpEEICHUE MPUMECH OMPEAEIsIOCh MyTeEM

peleHus Broporo 3akona ®uka [1-3,7,8]

6C(x,y,z,t)=i{D6C(X,y,ZJ)}+ 0 {DaC(X,y,Z,t)}i{DM}(D

ot 0 X 0 X oy oy 0z 0z
o [ Dy
+Qa T O (X, y,zt)jC(x,y,W,t)dW +

0| D
+Qa—y{k_|§ O (%Y, 2, t)j (x, y,W,t)dW}

C 'PAaHUYHBIMU U HAYAJIbHBIM YCJIOBHUAIMU
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aC(x,y,zt) 0 aC(x,y,zt) ~0 aC(x,y,zt) ~0
a X x=0 a X x=L, a y ‘y:O

aC(x,y,zt) -0 dC(x,y,zt) 0 aC(x,y,zt) -0
a y x=L , a 74 ‘z=0 , a z x=L ,

C(x,y,z,0)=1c(xy,2).
B 1gaHHBIX COOTHOIICHHMSX BBEJCHBI cienyromme obOo3naueHus: C(Xy,zt) —

IPOCTPAaHCTBEHHO-BPE-MEHHOE paclpefeleHue KOHIeHTpauuu npumecu; Q -

aTOMHBIA BEC TPUMECH; CHUMBOI [Jg 0003HA4aeT TMOBEPXHOCTHBIA T'PAJHUCHT,;
L,
| C(X, Y, Z,t)dz - TOBEPXHOCTHAsl KOHIIEHTpalWs MPHUMECH Ha TPaHUIE pasjena
0

mexay crosimu; U (XY, zt) - xumudeckuii noreniman; D u Ds — koadduiimeHTs
00BEMHOW W TOBEPXHOCTHOH (0OYCIOBIEHHOW MEXaHUYECKHUMH HAIpsIKESHUSMH)
i y3uil BeTMUNHA KOTOPBIX 3aBUCUT OT CBOWMCTB MaTepHajioB clioeB ['; ckopocTH
mporpeBa © oxJaxaenms [, a Takke OT TPOCTPAHCTBEHHO-BPEMEHHOTO
pacnpeziesieHnsi KOHLIEHTPAlUU MpUMecH. 3aBUCUMOCTh KO3 duurenToB auddys3uu
OT KOHIEHTPAUA TPUMECH MOXKET OBITh amMmpPOKCUMHPOBaHA CIICTYIOIIUM
COOTHOIICHHUEM [2]

D= DL(z,T){1+ g g:((z’;’ ZZPJ D, = DSL(Z,T){1+ & IS:(()’:; ZZ;)J 2)

B mannbix cootHomenusx Dy (Xy,z,T) u D s(X,y,z,T) — npocTpancTBeHHbIE (3a CUET
MHOrocyioiiHOcTH [') M TemmeparypHble (10 3aKOHYy AppeHuyca) 3aBHCHMOCTH
koapduuentos aubdysuu; T — temmeparypa omxkura;, P (X\y,zT) — mnpenen
PacTBOPUMOCTH TPUMECH; OIPEaeIsIeMblii CBONCTBAMH MaTepuaia IapameTp J
MOXXET TpPHHHMATh Iejble 3HadeHus B wuwHTepBane ) [U[1,3] [2]; V (XV,zt) -
HPOCTPAHCTBEHHO-BPEMEHHOE  PACIIPECIICHUE  KOHICHTPAIlMA  PaTUAIlMOHHBIX
BakaHcuii;, V' - paBHOBECHOE paclpeeleHne BakaHCHi. KOHIGHTPAIMOHHAS

3aBHCHUMOCTh  Kod(ddummentoB muddysun moapodHO obcyxkmaercs B [2].
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XUMHUYECKUN TIOTCHIIMAI MOXKET OBITh OMpEeNeIeH C TOMOIIBI0 CIEAYIOIIETO

cooTHomeHus [7]:

H=E(2)Qaq; [u;j(x,y,.zt)+U;i(Xy,zt)])/2, (3)

. .o _1fau 0y
rae E —monyns pactsbkenns (FOHra); 0 — TEH30p HaNpsHKEHUH; U = A + 3
X X;
J

- TeH30p Aedopmanuii; U, U — KOMIOHEHTHI Ux(X,Y,Z 1), Uy(X,y,Zt) 1 U/X,y,Zt) BexTopa

CMEIIECHNI U(X, Y, Z,t); Xi, X — KoopauHatel X, Y, Z. CootHommeHue (3) MOXKeT ObITh
peoOpa30BaHO K CIACAYIOMEMY BUTY

eyt b s

u(xy,zt)=E(2) ‘350}+

1{6ui (x,y,z1) . ou;(xy,zt)

+ =
0 X, 0 X,

2 }505” ~K(2) BT (x,y,2t)-T,] 5”},

rie O - kodpdumment IlyaccoHa; &=(asag )/ag — mapaMeTp HECOOTBETCTBHSI
PCILIETKH, s, 8 — IOCTOSHHBIE PEMIETOK MOMIOKKM W Ti€HKH, K — Moayb
BCECTOPOHHETO cCXartus; [ - KOIPPUIHMEHT TEIJIOBOTO pAacHIUpeHHs; 1, —
COBMajaromas ¢ KOMHATHOW paBHOBeCHas Temiieparypa. KOMIIOHEHThI BeKTOpa

CMEIIEHUN MOTYT OBITh OINpeNeeHbl ¢ TOMOMIBIO CIEAYIOIMENH CUCTEMbl YpaBHEHUN

[8]

-

2
’ (Z)a ux(x,zy, zt) _00,(xy.2t) 00, (xy,zt) L 00.(xy,21)
ot 0 X oy 0z
5 (2)62 uy(x, y,z,t) _ aayx(x, y,zt) N aaw(x, y,zt) N aayz(x, y,z,t)
ot? d X dy 0z
2
’ (Z)a uz(x,zy, zt) _090,(xy.zt) .\ 00, (xy,zt) ,00,(xy,21)
ot 0 X oy 0z

__E(@ |oulxyzt), duxy.zt) & dulxy.zt)|_ .
e g = 21+ 0(z)] dX, * 0 X 30X pla)k ()
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><[T (x,y,zt)-T ] +K(2) 0u,(xy.2) 9, , P (2) - nnotHoCcTL MaTepuanos MC, g; —

k

CHUMBOJI KpOHCKCpa. C YUYETOM TAKOI'o COOTHOIICHHA JaHHAsA CUCTEMA ypaBHCHI/Iﬁ

NMEET BUT

p(z)azux(x,yizst)z{K(z)J, 5E(2) }azux(xiy,zit)J,{K(z) i)z)]}x

ot? 6[1+0(2)] 0 X 310

X

azuy(x,y,z,t)_l_ E(z) azuy(X,y,Z,t)+azuz(x,y,z,t) K ()+ E(2) 9
XAy 2[1+0(z)]{ oy’ 02z° } {K() 3[1”"7(2)]}

xazuz(x, y,zt) 0T (x,y,zt)
0X02Z <(2)A() 0 X

’u,(xy,zt)  E(z
p(2) atzy - 2[1+(a)(z)]{ 0 x? X0y

90°u,(x, y, z,t) N 0u(x, y, z,t)} 0T (xy,zt) 5
0y

0 [ futerz ulnsi] Puler,

><K(z),8(z)+$ 21+0(2)] 0z dy dy?

J 5E(2) Mk () E(2) azuy(x,y,z,t)+ Zazuy(x,y,z,t)
o< KB gefayes Oy @

2
p(z)azuz(x,zy, zt) _| 9°u,(x, Y zt) , 9%u,(x Y. zt) , 0%u,(x y,zt) 0 u,(xy, zt) §
ot 0 X oy 0X0z 0yoz

ey (o] 2oz ulend, vz,

10 ] E(2) 6auz(x,y,z,t)_c’)ux(x,y,z,t)_auy(X,y,Z,'[)_c’)uz(x,y,z,t) _
60z|1+0(2) 0z 0 X dy 0z

-K(2)p() T 2]

Cucrema ycioBHM 11l JaHHBIX YpaBHEHUH MpecTaBUMa B ClIeAyIomIe popme
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0u(0,y,zt) _au(L,.y.zt) _ . 0d(x0zt)_0 ulxL,,zt)
d x 0 X - oy oy

au(xyot)_au(xyL,t)

3z e =000 y,20)=1,; U(x . z,00) =0y,

Jlanee mpoBeneM aHaM3 TEMIIEPATYPHOTO MOJs B IMPOIIECCE OTXKUTA MPUMECH.
[IpocTpaHCTBEHHO-BPEMEHHOE paCTpeIeiIeHUE TEMIIEPATYPhl MOKET OBITh OMTUCAHO C

MTOMOIIIBIO0 COOTBETCTBYIOMIETO 3akoHa Dyphe [I]

c(T)M: p(x, Y, Z’t)+aax{/] oT(x, v, z,t)}_

ot d X
.0 P aT(x,y,z,t)}riP aT(x,y,z,t)} (5)
oy oy 0z 0z

C 'PaHUYHBIMU U HA4YAJIbHBIM YCJIOBHUAMU

T (x,y,zt) _0o, T (x,y,21) _0o, T (x,y,z1) _o.
0 X x=0 0 X ‘x:LX 0 y ‘y:o
T (x,y,21) _o. T (x,y,21) -0 0T (x,y,2.t) =0, T(xy,20)=Fr(Xy.2),
a y x=Ly a z ‘z:O a Z x=L;

rae A(z,T) - ko3 HUIUMEHT TEIIONPOBOAHOCTH, 3HAYEHUE KOTOPOTO 3aBHCHUT KaK OT
CBOWCTB OTKMTaeMOTO Marepuala, Tak W OT TeMIepaTypbl. TemieparypHas
3aBHCHUMOCTh KOA(p(UIIMEHTa TEIJIONPOBOJHOCTH B MCKOMOM 00JacTh TeMmeparyp
MOXXET OBITh amnmpoKCHMHpOBaHa clieayrommM obpasoMm:  A(Z,T)=A.(2)[1+u
TAT(xy,z)]  (cm., mampumep, [9]). c(T)=Cad1l-d exp(-T(xy,zt)/T)] -
TEIIOEMKOCTh MaTepuaina; Ty —temmneparypa ebas [9]. B naubonee naTepecyromnem
HAac ciydae SIBJISIETCS COIMOCTaBHUMOW IO BEJIMYMHE ¢ TemrepaTypou [lebas wm
HpeBbIIaeT e, 4yTo mo3BoisgeT cunutath. C(T)=Cas. P(X,Y,Zt) — BoicHsromascs B I’
o0BeMHas MIOTHOCTh MOIIHOCTH. B paMkax maHHO# pabOThI MPENCTaBIsSET UHTEPEC
MUKPOBOJITHOBBI ~OT)KHAT. OTOT THUI OTXKWATA TPUBOAWT K HEOJHOPOIHOMY
pacnpenenennto temmeparypbl [10,11], uTo mo3BoJISE€T YBEIMYUTH PE3KOCTH P-N-

nepexoa0B U, OAHOBPECMCHHO, YBCINYUTbL PABHOMCPHOCTL PACIPCACICHUA ITPUMECU
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B JIETUPOBaHHOW oOnactu. B maHHOM ciydae 1enecoo0pa3HO BBIOpaTh YacTOTy
AIIEKTPOMArHUTHOTO TOJIA TaKUM OOpa3oM, YTOOBI TONIIMHA CKUH-CIOSI Oblia OBl
COIOCTaBUMA C CyMMAapHOM TONIIMHOMN SMUTaKCHAIBHBIX CIOEB.

Ha mepBoMm »sTame ompenenuM MNpPOCTPAHCTBEHHO-BPEMEHHOE paclpeesieHne
tTemreparypHoro moins. s storo cnemys [4,5] npeacraBuM HE3aBUCHMBIA OT
TeMIepaTypbl MHOKUTENb KOA(PPUIIMEHTA TEMIIEPATYPOIPOBOTHOCTH B BHJIE CyMMBI
MOCTOSTHHOM M MIEPEMEHHOMN COCTABIISIOMINX: @ ass(Z) =Qoasd 1+ &r01(2)]. danee Oynem

UCKaTh penieHue ypasHeHus (5) B BUIe CIEAYIONIET0 CTEICHHOTO Psijia

HT (% Y, 2t). (6)

Ms
Ms

I
T

Txy.zt)=

0 0

[ToncraHoBka naHHOTO psfa B ypaBHeHHE (5) MO3BOJSET MOIYYHTH CHCTEMY
YpaBHCHHU JUJII WMCXOJIHOTO MPHOMMKECHHS TeMrepatypel Too(X,Y,z1), a Takxke

nonpaBouHbIX (yHKIMH K HeMy Tj(X,y,zt) (121, j=1) B cnexnytrommeit Gpopme

0Too(%y.2t) [ 0Too(X, Y 2t) | 0°Too(x, ¥, 2,1) | 9°To(x ¥, 2.8) |, P(x Y. 21)
ot Oass 0 X° 0y? 0z v

ass

0To(x v, zt) _  [07T(xy zt)  0°To(x y.zt) L 0°To(x v, 2,t)
_OOass > + > + > +
ot 0 X oy 0z

0°T (% Yy, 2t 0°T (X y,zt) 0 0T . (xy,zt)|| .
+aOa${gT(Z) l_lcé())((zy : )+gT(X) 13(§2y ‘ )+E|:9T(Z) 10((;(Zy 2 )}},I21

OTo(x Y,z t) _ o 0T (%, y,2,t) | 0°Ty(x Y, 2t) , 0°Teu(X v 2t) |,
ot Oass 9 x? ay? 02

e T {GZTOO(X, y,2.t), 0°Toe(X ¥, 2t)  9°To(x. Y, z,t)} _ )

T2(x,y, zt) X2 dy? 07

0 sl {{m(nv,z’tqz{awy,z,t)}z{ano<x,y,z,t>-2}

_To%ﬂ(x’ Y, Z’t) d X oy 0z

0To(x . 2t) o 0To(x ¥, 2t) , 0°Tou(%, Y, 2,t) | 9°To(, Y, z,t)] .\
ot 0ass 0 x? 0 y? 0z
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+ aOa$Td¢ az-I-Ol()(’ y’ Z’t) + az-I-Ol()(’ y’ Z’t) + az-I-Ol()(’ y’ Z’t) — ¢ aOassTd¢ X
T2(x y, zt) X2 dy? 07 T2 x,y, z,t)

){GTOO(X, Y,2,t) 0Toy(x ¥, 2t) , 0Too(%,y,2t) 0Tea(X v, 2t) , 0To(X, ¥, 2,t)
0 X 0 X oy oy 0z

9 ATy, (x y,z,t)
0z

0T, (x,y,zt) _ o 0°T,,(x, v, 2,t)

L9 (%Y, z,t)+i{gT(Z)6Too(x, Y, Z’t)}}+00a${i{gT(X)aT°l(x’ Y, z,t)}+

0 y? 0z

2 2 2
HOTAZ) g (TS 2 s (Y 2

X

| Ty 2t) 07To(x,y,2,t) | Tio(x y,2t) 0°Teo(x ¥, 2t) | Tio(x,y,2,t)
Totxy.zt)  0x Tot o y.zt) 0y T (% v, 2 t)

62-I-OO()(’ y’ Z’t) a0a$Td¢ 62-I-ZI.O()(’ y’ Z’t) aleO(X’ y’ Z’t) aleO (X’ y’ Z’t)
x 2 + @ 2 + 2 + 2 +
0z T2(x, y, zt) d X dy 0z

0°T. (X, y, 2zt 0°T. (x,y,zt) 0 oT. (X, y,zt
a2l y2l g (P Tbeset), 9 g (PTubenzt)]|

TousTd [ 0To(X,Y,2,t) 0Too(x, V. 2t) | 0Tog(X, ¥, 2,t) 0 To(x, v, 2,8)
T2(x,y,zt) 9 X 9 X oy oy

+ aTlO(X! Ys Z’t) aToo(x’ Y Z,t) ¢ aOa$Td¢ _ ¢aOassTd¢gT (X) aToo(xr Y Z’t) i +
0z 0z T2 y,zt)  T2Yx,y,zt) d X

J{GTOO(X, y, z,t)T +{aTOO(X, y, z,t)T}

oy 0z
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[ToncranoBka psga (6) B TrpaHWYHBIE W HavYalbHOE  YCIIOBUS  JUIA
MPOCTPAHCTBEHHO-BPEMEHHOTO paclpeiesieHUus] TeMIepaTypbl Mpeodpa3yeT ux K

I'PaHUYHBIM U HA4aJIbHBIM yCIOBHAM Uit pyHkimit Tjj(X,y,z1)

aTij(x,y,z,t)| “o 6Tij(x,y,z,t)| “o aT”.(x,y,z,t)|

1) = O’
a X x=0 a X x=L, a y ‘y:O
oT;(x,y, z,t)| “o oT;(xy, z,t)| “o oT;(x,y, z,t)| “o
a y x=L a Z ‘z:O a 74 x=L, ’
Too(Xy,2,0)=fr(X)y,2), Tjj(x,y,2,0)=0,i=1, j =1. (8)

Pemenne ypaBHeHuii (7) C COOTBETCTBYIOIIMMH YCIOBHUSMH TMPHBOAUT K
CJIEIIOLIEMY PE3YJIbTaTy

sz f(u,v,w)dwdvdu+
0

00

>C, (%), (y)en(2)e (t)x

x Ly Zn=1

Too(x’ Y Z,t) =

X ijcn (u)Ljyc:n (v)Lchn (w)f, (u,v,w)dwdvdu+ C 1 }

0 0 0 X

Lo p(u,v, W, 7)

jxjyj dwdvdudr +
000

a$

+2ni;lcn(x)cn(y)cn(z) e () ie,ﬂ(— r)jcn(u)jcn(v)jcn(w)Md wdvdudr,

0 0 0 Vv

rae Ch(x)=cos(/my/L), e (t)=exp{ °n? aOasst[ 1 +i+iﬂ;

TANTART,
Tolx y,20) =222 $ nc, (), ()e, (e (e ()3, ()6, ()1 e, (W) g, (w)x
<OTalvmr) w)dwavaudr+2 /7= £nc, (e, (Y)er(2)e (e (-7)x
e, (s (w)cn(w)aTi-m(;’VV’ ") gwavdudr+2 Ll Sna (9 ()
<, (2)a O -1, 1) e, )5, (), ()Y D g vauar, iz,

10
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rae S\(Y)=sin(7/my/L);

2nT! & t e () e (T
T (01:2:)= @ 27 S0, (e, )6, (B ) (7)1, 0, ) ()
x byl n=1 0 0 0 0
0°T,,(u,v,w,7) dwdvdudr 271T? = t
X ooa U2 TO%(U,V, W, Z') T 0pass I—xl—idl—z ng‘lnc” (X)Cn(y)cn (Z)enT (t)J(;enT (_ T)><
LN e 07T (u,v,wr) dwdvdudr 2iT! =
X J(;Cn (U) .([)Sn(v) OCn (W) avz TO%(U,V, W, T) aOass I—x I—y I—i nZ=:10n (X)Cn(y)cn (Z)X
t Y e 07Tyo(u,v,w,7) dwdvdudr pa
t _ oo\* vy YV _2T¢ Oass
><nenT( )J(;enT( T).([)Cn (u),!;cn (V) Osn(W) 9 u2 TO%(U,V, W, T) d LxLyLz X
- t Lo o\ L aT,,(uv,w,7)| dwdvdudr
500D e (1) o) 0, ) TTelierr) | dyududr,

x, (-2 2% S (e (y)e, (e ()] e (- r)Tcn(u)?cn(v)?;{"”oo(“’v’w' )}

LXLyLZ n=1 0 0 0 ov
dwdvdudr pa,. . & t Ly Yy
@ _ @ Oass _
de n( )TO%H(U,V, W, T) 2Td I—X Ly LZ nE::lCn (X)Cn(y) Cn (Z)enT (t)J(; enT( T)J(;Cn (U)J(;Cn (V)><

2
5 LIZCn (w) {aToo(u,v, W, r)} dwdvdudr

0 ow T2 u,v,w,7)’

¢ t Ly Ly L,
T Y, 2:) = Gy 20 1, (X, (V) (2 (U & (-1)]5 () [, ), ()

2 $ & t Lx
xa T01(U’V’W’ T) dwdvdudr +a 2Ty ZCn(X)Cn(Y)Cn(Z)enT(t)IeT(_ T)Icn(u)x

ou? Toluvwr) = LLL, w= o 0
Y Nz 07T, (uv,w,7) dwdvdudr 27T! &
xn J(;Sn(v)(j)cn (W) Olavz TO%(U,V, W, z_) + aoassl_xL—j_ir%:lcn (X)Cn(y)cn (Z)enT (t)><

11
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t b\ e 20T (U v, w,r) dwdvdudr ., 7Tdg,, &
_ T Oass
5 0 )0 0 W ow? T2 (u,v,w,7) “L2LL nZ:IlCn(X)X

X—y*=z

Lfc (W)aToo(u’V’W, r) 0Ty (u,v,w,7) dwdvdudr
0 0 0 o " ou ou To%ﬂ(U,V,W, T)

t Lx L

e (1)-274 7%= 56, (3, (y)e, (2) - 1), o

x—y =z

)I]:Cn (W) 6T00(l3,\\//, W, T) N

N
o <

O

]

—

<

aTOl(u1V1W, T) de VdUd T ¢ 2nao o) t
_T ass t _
X av To%ﬂ(u’\/’ W, T) T() d L L L2 nzzllcn(X)Cn (y)cn(z)enT( )E[)ehT( z')x

X —y*=z

be o\l sz (W)aToo(u,v,W, r)dT,(u,v,w,7) dwdvdudr
0 0 0 ow ow T2 u,v,w,7)°

e e R e

N 02T, (u,v,w,7) L0 O, (u,v,w,7) || T,,(u,v,w,7) y
9 () oV’ OW{QT(W) ow }}Too(u,v,w, r)deVdUdT
6, ()6, (2) e 0)+-295= S, (4)c, (), (2)e (e (=), 0)] 4o, ()

o Tbermt) g (P Tberr) 2 o i), o)

t LX

)}dwdvdudr+‘[0¢Tficn(x)cnw)cn(z)em(t)fem(—r)Jcn(u)x

Ly, el 0 0

X

z{ To(u,v,w,7) 97T, (u,v,w, r)+ T (u,v,w,7) 97T, (u,v,w, r)+ T,o(u,v,w,7)
00

Ly|_
2
x2]] T2 u,v,w,7) du? T2 u,v,w,7) oV T (u,v,w,7)

2 ?
x9 Toogu\;v\g’ W, T)} c.(w)dwc (v)dvdudr + ZCLY"@LTd > c,(x)c,(y)c,(2) e (t)x
xylbs n=1

12
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<fesr)fe )6, 0|

0°T,,(u,v,w,7) .\ 0°T,,(u,v,w,7) .\ 0°T,,(u, v, w, r)} y
0

ou? o V? oW

dwdvdudr  _a, T! t b o\
>(Cn (W) TO%(U,V, W, Z_) +2 I—zl—yljz lecn (X)Cn(y)cn(z)enT (t),([ ehT (_ z-),c[)cn (U)J;)Cn (V)X

XLJZ{QT o) Tellovi) g () Toollover) 0 {QT o) sl T)}"

0 o u? oV? ow ow
dwdvdudr Au ! t b\
X Cn (W) TO%(U,V, W, T) - 2¢Lj|_—y|jz nzzllcn (X)Cn(y)cn (Z)enT (t).([ enT (_ T)J(;Cn (U) .([)Cn (V)X

fo {aTlo(u,v, W,7) O Too(U,V,W,7) | 9T (U, v, W, 7) 0Too (U, v, W 7) L 0T,o(u v, Wi7)

0 ou Ju ov oV ow
0T (u,v,w, 7 dwdvdudr ¢ t Ly Ly
Saliontir) o () TEVIUAT S c e, (1) e (s (1)) 0

0 ou ov ow T2 u,v,w,7)

<2 (w) {FTOO(U,V, w, T)T +{6T00(u,v, w, T)T +{6T00(u,v, w, r)ﬂ dwdvdudr

¢
0'0 assTd

X .
? LLL,

JIns KadeCTBEHHOIO aHain3a IMPOCTPAHCTBEHHO-BPEMEHHOTO pacCIpeIeIeHuUs
TEMIIEPATYPHOTO IOJIs, @ TAKXKe JJIS HEKOTOPHIX KOJMYECTBEHHBIX OI[CHOK OOBIYHO
JOCTAaTOYHO €ro BTOPOro MPHOIMKEHHS [0 MapaMeTpaM, HCIOIb3yeMbIM B
pazioxenun (cM., Hampumep, [4,5]). AHamuTHueckHe pe3yJabTaThl IO03BOJIAIH
BBISIBUTH M HATJSITHO TMPOMUTIOCTPUPOBATH OCHOBHBIE 3aBUCUMOCTH. J{JIs1 yTOUHEHHS
MOJTyYEHHBIX PE3yJbTaTOB UCIOIb30BAINCH YUCICHHBIE METOIBI.

Ha crnenyroreM stare MmpoBeIeM OIIEHKY KOMIIOHEHT BeKTOpa cMmemieHus. OHH
MOTYT OBITh HaiJEeHbI AHAJOTMYHO MPOCTPAHCTBEHHO-BPEMEHHOMY paCIpPEACICHHIO
TEMIIEPATYpPHOTO TOJIsI, HO 0OoJiee KOMIIAKTHOE PEIICHHE MOXET OBITh IOJyYCHO

METOAOM ocpeaHeHus (yHKIHOHAIBHBIX monpaBok [13].  IlpeaBapurensHO

13
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ypaBHeHUsI cuctembl (4) menecooOpa3HO MpeoOpa3oBaTh K CIEAYIOUIEH HHTETPO-

auddepennnanbHon hopme

UX(X,y,z,t)=ux(x,y,z,t)+¢{éii w) {;azux(x,y,w,r)_azuy(x,y,w,r)_

E(
1+ow)|”~  9x X0y

_0°u,(x, y,w,7) Ctez E(w) | 0% (xy,wr) 0% (xy,wr)
0 XO0W }dvv(t r)dr _H)l a(w){5 d x° 0X0y

G 9 X X0y

0

0%, (x, y,w, T)}dwd r+}( _o)iK (W){aZUX(x, y,W,7) N 0°u, (%, y,w,7) N

wz| 32 2
L 0%u,(x y,w,r)}dwdr_t”{a u, (x, )Z,W,T)+a u, (x, y,w,r)+azuz(x, y,w,r)}(
0XO0W 00 0 X 0Xdy 0XO0wW

—_ z 2 2
><K(W)dwdr+j(t T)j 4 ux(x,y,w,r)+0 UV(X’Z’W’T) E(W)dwdr+£
2 o 9xdy ay 1+ o (w) 2

xf azux(x,y,w,r)Jrazuy(x,y,w,r) E (w)dw
o axow oW |1+o(w)

2!

N 0%u, (%, y, w, r)} it
2

2 9%u (x, y,w,7) . 0°U, (X, y,w,7) | E(w)d w
0 y? £ *

0 XO0W ow?

+62uy(X1Y1W’T)}E(W)dW 12%TT{OZUX(X’MW’Thazuy(x’y’w’rqE(W)dwdr+
00

0y + 0 (w) dX0W ow? 1+ 0 (w)

1K ) TS g - -2k () p ) T g

x[(t-7)] p(w) i UX(;(:Z/ w7) dwd7z-t]] p(w) i UX(;(’ y,w7) dwdr-o_(x,y, z,t)} ,

z.2

u,(x,y,zt)=u,(xy, z,t)+§0{;ii{a - (;Xy = T) azuxa();g;/w, T)} EEV(‘??WV;’X

14



XYPHAIT PAOVNOJJIEKTPOHUKW, N6, 2011

Ctez au(X,y,W,T)+62uX(X,y,W,T) E(W)dW .|.1t —7)x
x(t-7)d7 —H{ P Ixay }1+a(w)dr Eg(t 2

00

< 5azuy(x,y,W,T)_c?zux(x,y,w,r)_azuz(x,y,w,r) E(w)dw lﬁ E(w)
0 ay’ X0y dyow |1+o( ) 6001+J(W)
0°u,(x, y.w,7) o (x,y,w7) 0°u,(x y,wr) t z
5—2 - T A 2l T dwdr—|{t-7)[K
{ ay’ dxdy dyow et !,( T)£ () 5 w)

aT(X,y,W,T) 0z GT(X,y,W,T) tZ_azuy(X,y,W,T)
dwdr+t[[K dwd
g oy wars ££ ()5 (w) " T+££ oxay *

2 2 o3z Y
L0 u, (x, );,W,T)+6 u, (x, y’W’T)}K(w) (t=r)dr—t}FK (w) 0%u, (%, y,w,r)+
oy oyow 00 0X0y

. 9%, (x, 32 w,7) . 0%u, (x, y,w, r)}d wdr +}{6 u,(x,y,27) Lu(xy.2 r)} y
oy oyow 0z oy

0

< (t-7)d E(z) (x,y,z,r)+auz(x,y,z,r) . tE(2)
(t )d ] J{ }d

2[1+0(2) 0z oy 2[1+c7(z)]4-!)!)'0(\/\/)><

xazuy(x, y'W'T)dwdr—}(t—r)fp (W)azuy(x, y,W,7)

= J 0 = dwdr-® ,(x y,zt), (9)

1tz| 0%u,(x, y,w,7) . 0°u (X, y,w,7) |E(w)dw
onsutonso{ [Pl Sufu o

(- )dr_yﬁ{a u,(x, y,w,r)+62ux(x,y,w,r)}f(w)dwdﬂ_}ﬁ Ew)

00 o X IXOW + 0 (w) 2001+ 0 (w)

[ gy

. “va(?(_jy;vw’f)} B i ) ()T g -1 1)

15
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15 (WK () TV g i —r){sf’“z(xi v,27)_ou(xy.21)_

0 ow 0z 0 X
auy(x, ,2,7) E(z E(z oulxy,zr) oulxyzr
- a;/ }d 6[1+(a)( I e[iﬂ(f())] {5 (ai - (ai -

ay ay 9z
<K (2)-,,(6.y,20)- ‘f{au ovar) Qulne) oulerzny, |
0

rae P, (X, Y, Z,t) = f 0 (W) [us(x, Y, W,t)]i dw, Ey — cpeanee 3nauenue moayns FOwra,
0

2 .
@=LIOEy, s =X, Y,z Haiee HaiiieMm mepBoe NpHOJIMKEHWE KOMIIOHCHT BEKTOpa
cMmelieHus. J[ns 3TOro B mpaBoil 4YacTH JAHHBIX HMHTErpo-aud@epeHnanbHbIX
ypaBHEHMI HCKOMbIe (YHKIMU 3aMEHHM Ha UX cpegHHe 3HadeHus ULXY,zt) - Qua.,

ompeesieMbIe CIeAYIOMMUM 00pa3om

Q=M /4LO. (10)

O Ly Ly L,

rie M, = [ | Ju,(xy,zt)dzdydxdt. Takas 3aMeHa O3BOISET IOTYUHTH
0-Ly-Ly 0

U (X, Y, 2t) = Ay + ¢{tojof K (w)a (w) ot (Xai/( w,7) dwd7-a,,®,.(x y,wt)-

00
-t a2 Dawar |
0 0 X

@z 0T (X Y,W,
uyl(x,y,z,t)zauﬂnu{tg{)K(W)a'(w) (Xa{/WT)dwdr P (%, y, Wi t) -

A

—i( —r){)K (W),B(W)aT(X(_’)i//’W’ T)dwd T]

16



XYPHAIT PAOVNOJJIEKTPOHUKW, N6, 2011

K (W)a'(w)aT (Xasz T)d wd 7 -a,,® . (x y,wt)-

uzl(X’ y’ Z’t) = azl + ¢|:t

o—-38
o N

‘i(t - r)iK (W)ﬁ(w)aT(Xa’y’W’ T)dwd r}.

w

[ToncTaHoBKa MOTYYCHHBIX COOTHOIIEHHH B OIpeNeieHne cpennux 3Hadenuii (9)
IO3BOJIAET ONPENEIAUTh IapaMeTpbl Qup. VX 3HaUEHUsA ONpPENEeNsroTCs CEeIyHOIIUM

obpazom

L I_XXO 00)—XX2(9)J L |_X 00)—Xy2(9)J

a,, =0

, Oy, =0 ,
8L3j(L -2)p(z)dz 8L3j(L -2)p(z)dz

o, - OLlKudle)X..(0)]

- 8L j(L -2)p(z)dz

rie X, (©)= E(hg)i ij Ljy LjZ(LZ—z)K(z)/\/(z)aT(Xéy’z’r)d zdydxdr.

-Ly-Ly 0 S

Bropoe mnpubimkeHne KOMIIOHEHT BEKTOpA CMEIICHUS MOXET OBITh IMOJy4eHO
3aMeHOl B mTpaBoi dYacTW ypaBHeHHH (8) HckoMbIx QyHKIUMHA ULXY,Zt) Ha
CIIEIYIOIINe CYMMBI (yptUsi(X,Y,Zt), Tie a'u32=(Mu32-Mu31)/4L3G). Pesynbrarel manHoi
3aMEHbl M BBIUYMCJICHHS IapaMeTpOB Oy BbIHECEHbI B [IpuiokeHue wu3-3a
IPOMO3/IKOCTH COOTBETCTBYIOIIUX COOTHOIICHHUH.

Jlanee ornpenenuM MpoCTPAHCTBEHHO-BPEMEHHOE PaCIIpPEICICHUE MTPUMECH MyTeM

pemrenus ypaBuenus (1). s sroro, cneays [4,5], npeacraBum ko3 PHUIIMESHTHI

madpdysun D (zT) u Dg (zT) B Buge cymm D (zT) =Do [1+€1 9u(zT)] u Dg(zT)

=Dog [1+&50s (2 T)], a Takke BBeneM Oe3pa3mepHblii mapameTp w=Dog /Doy .

ac(xy.zt) _ {[mgL(zT)]{w x y’“)}"c(x’y’z’t)}Dow

ot P'(zT) d X

P (2T) dy oz 0z

2 oo elcSlaiicterasl s s,
y

17
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T e (AEACY) S D28

.\ Cy(xyzt)L .\ 0 )4, C’(x,y,zt) y
|:1 $s pY (’ ) :|£ (X’y!W’t)dW}DOLw wQDOLay{|:l $s Py(Z,T) :|

g (]P0 2 e oy aw (1)

Pemrenune ypaBaenus (1) onpenenum B BUJE CIICIYIOIIETO CTEIIEHHOTO psijia

C(xy,zt)= 3 'L_Zof‘kzowkcijk(x, Y, Zt). (12)
i= j= =
[ToacraHoBKa JaHHOTO psifa B ypaBHeHue (11) mo3BosiseT MOayYHUTh CIEAYIOIIYEO
CHCTEMY YypaBHEHHH JJISI HWCXOJHOTO NPUOIIKEHHS KOHIICHTPAIMK TMPHUMECH
CoooX,y,zt), a Tarke mnompaBounbix ¢yHKumii k Helt Cy(Xy,zt) (121, j=21) B
CIICTYFOIIIEM BUJIC

a COOO(X’ y’ Z’t) — D 62(:000()(’ y’ Z’t) + azc:OOO(X’ y’ Z’t) + azc:000()(1 y’ Z!t) .
ot o 0 x? 0 y? 0 Z° ’

0C, (% y,2.t) _ { o {gL (5.7)2 Cal 3. z,t)}r 0 { g, (2,7)2Cianlx. Y z,t)}+

ot 0 X 0 X oy oy

0 0C _0lX Y, Z 1 0°C (%, y,21t)  0°Co(x Y, zt
+E{QL(Z1T) |100( y ):|}DOL+DOL|: OB(XZy )+ ooa(yzy )+

0 C010()(1 Y, Z,t) =D az C010(Xs Y Z,t) + az C010(Xs Y Z,t) + az C010(Xs Y Z,t) +
ot o 0 x> 0y 0z

oD 19| Clolx ¥, 2t) 0Cu(x v, 2,t) |, 9 [ Col*, ¥, 2,t) 0Cu(x ¥, 2.1) |,
“lax| P(zT) d X oyl P/ (zT) oy

18
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+i Cé/oo(x1 Y Z1t)aCooo(X1 Y, Z1t) ; (13)
0z| P'(zT) 0z

0 Cozo(x1 Ys Z1t) =D 62 Cozo(xa Ys Z’t) + 62 Cozo(xa Ys Z’t) + 62 Cozo(xa Ys Z’t) +
ot o 0 X° 0y 0z

Cooo (% ¥, 2,t) 9 Cop(x, ¥, Z’t)}ro 0 {C&Ié(x, y.zt),

0
+D°LR{C°1°(X’y’Z’t) PY(z,T) 9 X oyl P(zT)

X C010(X1 Y,z

0 Cooo(xr Y:Z, t) i Cevo (X, Y:Z, t) 0 Cooo(xr Y, 4, t)
) X "oz Cosl.¥. 21 P'(zT) 0z g

D +D. 0| Clool* ¥, 2t) 0Cy (X y,2.t) |, 9 | Ciol% ¥, 2,t) 0Cy(x v, 2.1) |
% T%ax| P(zT) 9 X oyl P'(zT) oy

0
X DOL + DOL E{

Clool(X. ¥, 2,t) 0 Coug(X, ¥, 1) |
P"(2,T) 0z ’

0 C001(X, Y, Z’t) =D 02C001(X, Y, Z’t) + 62(3001()(1 Y; Z,t) + 02C001(X, Y, Z1t) +
ot o 0 X 0y 02

9 Ost (%Y, 2.1) CLy(x v, zt) |- )
+ax{[1+ €s5.0s1 (Z,T)] KT {l+ s PV(Z,T) !)Cooo(X’ y,W,t)dW

0 Cr.(xvy,zt)|=
X QDOSL +QD05|_ a_y{[l+£SLgSL (Z’T)]{l-" 55 ch(y(zy.l.) )}({Cooo(x’ y’Wit)d\N><

KT

Ot (%Y, z,t)};

a COOZ(X! y’ Z’t) — D OZCOOZ(X’ y’ Z’t) + OZCOOZ(X’ y’ Z’t) + OZCOOZ(X’ y’ Z’t) +
ot o 9 x? 0 y? 0 2

+%{[1+85L95L (Z,T)]{1+ & cg(g(:z a ;t)ﬁ Copi(x, YW, 1) dW 25 (kXTy Z’t)}x

19
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0 Cr (x,y,zt) |
xQ DOSL + QDOSL a_y{[l+£SLgSL (Z’T)]{l-kgs Oc;g(y(zy.l.) )}gcom(xr y,W,t)dWX

O (%, y,2t) 0 [Ogu (x,y,z1) Cri(x,y,zt)
=S }+QDOSL6X{ - 1+ &CL.(x y, 2t) Pofzx,y,z,T) X

L, 0 | ] X, VY, 2zt
X[l+ gSLgSL (Z’T)].([COOO(X’ y’W’t)dW}-i-a_y{ J(;COOO(X’ y,W,t)dW S'u (kTy )X

x[L+ £ g, (z,T)]{1L+ ECh(x v, 2,t) C“"F(),E)((’Zyﬁt)}} QDyq ;

aCllO(X! Y Z,t) =D azcno(xs Y, Z’t) + azcllo(x’ Y Z,t) + azcllo(xl Y, Z,t) +
ot o 0 x> 0 y? 0 2

d aC. (x,vy,zt 0 9C. (xy. zt
+DOL{£{9L(Z,T) iy 2], 3, (om2Cutenai,

+i gL(Z1T)aC01O(X’y’Z’t) +D,, 4 CgOO(X’y’Z’t)aCloo(X1y1Z,t) +
z 0z d X PV(Z,T) 9%

0 {Cgoo(x’ Y,2,t) 9 Cioo(X, Y, Z,t)}r 9 {Cgoo(x’ Y,2,t) 9 Cioo(X, ¥, z,t)}r

ay| P"(zT) dy az| P/(zT) 0z

+D,, i ClOO(X’ y, Z,t) Cé/c;clJ(X1 Y, Z1t) aCooo(x1 Y, Z1t) + 0 0C000(X, Y, Z1t) %
P(z,T) d X dy dy

X ClOO(X1 Y, Z, t)

Cho(x.y,2t)|, 0 Cino(%, ¥,2,t) 0Cu(x ¥, 21) | .
— t
P(zT) Toz Cuaol.,2:1) P(2T) by ’

0C,(x. Y, 2t) _ 5 {azcloo(x, y,2.t) , 0°Cioo(%, ¥, 2t) , 9°CiolX. Y, z,t)} 4D, x
ot o 0 X° 0y? 0 2> o

o lem)2Cuber 20|, 3l (mCubenel], 9 ).
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aCooo(X1 Y, Z1t) Dslu XY, Z t) Cé/oo(x’ Y, Z,t)
T ez a [+ ec9a (27) T TSR |

L 0 Cri(x,y,zt
X .([ClOO(X’ y’W7t)dW} Q DOS_ + Q DOS_ R{|:l+ ESC100(X7 y’ Z7t) OOFO)E(Z?/T) ):| X

X[1+€SL95L 2T ]DS,U X, Y, Z, t) fCooo(X YW, t)dW}+ Dy O 66 {Dsﬂ (x, Y, z,t)x

kKT y kT

X [1+ €s.0sL (Z’T)]|:1+ és Cg(gS)EZyTj t):|1 1oo(X y,W t)dW} aay{ljs'u (kx_’l_y’ Z’t) X

Cé/oclJ(X Y, Z t)
P"(zT)

X[1+ gSL gSL (Z’T)]|:l+ C(S(.:lOO(X’ y’ Z’t) :|jCOOO(X y W t)dw} Q DOSL
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Ananuz IMPOCTPAHCTBCHHO-BPEMCHHOI'O pacClpCACIICHNA KOHLUCHTpAllUU IMPUMCCH
IMPOBOOUJIICA AHAJIMTHYCCKHU BO BTOPOM HpI/I6J'II/I)KCHI/II/I I10 InapamMeTpam,

HCIIOJIb3YCMbIM B COOTBCTCTBYIOIICM PAAC, 1 YTOUHAJICS YUCIICHHO.

Pe3yabTarsl aHaau3a

B nanHOM pa3nene mnpoBeleM  aHalu3 [epepaclpeniesieHus IpUMecH B
paccmarpuBaeMoii ' B TeueHun omkura. Panee Obl10 mokaszaHo (cM., Hampumep, [4-
6,11]), uro nmoctmwxkeHWe TpuMecH TpaHuI] pasaena mexay IC u I mo3Bosster
OJIHOBPEMEHHO YBEIUYUTH PE3KOCTh P-N-TIepexo/ia U paBHOMEPHOCTh pacIpeIeICHHS
npuMecu B oboramieHHON e obmactu. Ha puc. 2 npuBeneHbl pacnpeiesieHus
MIPUMECH B OJHOPOJHOM MaTepuaie U I’ mpu OJMHAKOBBIX 3HAYEHUSX JIUTEIbHOCTU

omxkura. Ecam YMECHBIIUTE JJIMUTCIBHOCTL OTXKHUIA, PACIPCACICHUE MIPHUMCCH
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CTAaHOBHUTCA MCHCC PABHOMCPHBIM. VBenuuenue JJIMTCIIBHOCTU OTXKUTA IIPUBOAUT K
YBCIIMYCHUIO PABHOMCPHOCTH PACIIPCACIICHUA ITPUMECH U CHUKCHHUIO PC3KOCTU p-n-

nepexoaa. O0e 3aKOHOMEPHOCTH MPUBEICHBI Ha puc. 3.

C(x,0)

| | |
0 L/4 L/2 3L/4 L
Puc. 2.Pacnpenenenus npuMecu B 0HOPOHOM oOpasiie (kpuBast 1), a Takxke B I
(xkpuBbie 2-4)ipu D;=D3>D, n cpennem 3naueHneM koddpuimenTa muddysuu,
coBmazaromieM ¢ kodpdunuerrom auddys3un B oqHOpogHOM 00pasie. Kpusas 2
cootBercTByeT oTHOmEeHHI0 D1/D,=1,2. KpuBast 3 COOTBETCTBYET OTHOIICHUIO
D1/D,= 4,75 .KpuBas 4 cootBercTBYyeT oTHOIEeHHI0 D1/D,=11,5.

C(x,0)
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Puc. 3.KpuBas 1 —uneanu3upoBaHHOE pacipeesieHne IpUMecu; KpuBble 2-4 —
peasibHbIe pacupeziesieHus] IPUMECH B pa3IMuHble MOMEHTHI BpEMEHH, BeJIMUuHA
KOTOPBIX PACTET C HOMEPOM KPUBBIX.

C(x,0), C(1y.®)

o

X. ¥

Puc. 4. Pacnpenenenust npuMecu B HalIpaBJICHUH, IEPIICHIUKYISIPHOM IPAHUIIE
paznena mexay ciosimu I'. KpuBast 1 cooTBeTCTBYET OTpULIATEILHOMY 3HAUEHUIO
napameTpa HecooTBeTCTBUsA perieTku Mexay JC u 1, a Takke Moa0KuTeIbHOMY

3Ha4YEeHUs MapaMmeTpa HecooTBeTcTBUs pemeTku Mexay IC u I1C. Kpusas 2
COOTBETCTBYET 3HAUCHUSIM IMapaMeTpa HECOOTBETCTBUS PEILIETKH,
MPOTUBOIIOIOKHBIM 3HAYEHUSIM JJAHHOTO MapaMeTpa A Kpusoid 1.

B pesynbraTte mnpoBeIEeHHOrO aHaiu3a ObUIO MOJYyYEHO, YTO MEXaHHYeCKOoe
HanpspbkeHue B ', BO3HHMKarollee 3a CHYET paccorjacoBaHMs MOCTOSHHBIX PELIETKU
CJIOEB, HE MPUBOIUT K KAUECTBEHHBIM M3MEHEHUSIM paclpeesIeHuil MPUMECH BIITyOb
I'. OnHako, MeXaHWYeCKOe HANPSHKEHHE MOXKET NMPUBECTU K YBEITMUEHUIO TIOTHOCTH
p-n-nepexonoB, Bxoxsaumx B coctaB MC. JlanHOe yBenMueHUE TOCTUTAETCS 33 CUET
3aMmeqyieHus OokoBoW mud¢y3uun OpUMECH, NPOUCXOAUT MPH OTPHUIATEIHLHOM
3HaYeHUHM TapaMeTpa HEeCOOTBETCTBUs pemieTku & Mmexay OC u II, a takxke mpu
MOJIOKUTEIHPHOM 3HAUYEHUHU IMapaMeTpa HECOOTBETCTBUS peHIeTKH & Mexay OC u

I1C. /JaHHas 3aBUCUMOCTb IPOUJUTFOCTPUPOBAHA € MTOMOILBIO pUc. 4.

3akJIroueHue

B  nmanHoil paboTre aHanu3 BIMSAHUS ~MEXAaHUYECKOIO  HANpSOKEHHUs B
reTepOCTPYKTYpE Ha TIyOMHY 3ajieraHuss P-N-MepexofoB M HMX IUIOTHOCTH B

UHTErpanbHbIX cxemax. ChopmynupoBaHbl yCIOBUS, MPU KOTOPBIX YBETUUHBACTCS
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IIJIOTHOCTB p-n-nepexosz.

JlanHast paborta momuepikaHa rpaHToM mpesuaeHTta Poccmm (npoekt Ne MK-
548.2010.2).
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IIpunoxenue

Bropsie npuOimkeHrnss KOMIIOHEHT BEKTOPa CMEIIEHUS UMEIOT CIIEAYFOIIHI BU/T
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0 x° X0y

1t z
ux2 (X’ y’ Z’t) = auxz + uxl(X! y’ Z’t) + ¢1 {6.{[ .L

(o) foywr)
0 x° X0y

(t-7)d T_£6I

0%, (% y,w,7) | E(w)dw
dX0W 1+ o (w)

O >N
[
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